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temperaturesareincreasing at about twicetherate of maximum
temperatures (0.2 versus 0.1°C/decade).

Temperatures above the surface layer from satellite
and weather balloon records

Qurface, balloon and satel lite temper ature measurements show
that the troposphere and Earth's surface have warmed and
that the stratosphere has cool ed. Over the shorter timeperiod
for which there have been both satellite and weather balloon
data (since 1979), the balloon and satellite records show
significantly less|ower-tropospheric warming than observed
at the surface. Analyses of temperature trends since 1958 for
the lowest 8 km of the atmosphere and at the surface are in
good agreement, asshownin Figure4a, with awarming of about
0.1°C per decade. However, since the beginning of the satellite
record in 1979, the temperature data from both satellites and
weather balloons show awarming inthe global middle-to-lower
troposphere at a rate of approximately 0.05 + 0.10°C per
decade. The global average surfacetemperature hasincreased
significantly by 0.15 + 0.05°C/decade. The differencein the
warming ratesis statistically significant. By contrast, during
the period 1958 to 1978, surfacetemperaturetrendswere near
zero, whiletrendsfor thelowest 8 km of the atmosphere were
near 0.2°C/decade. About half of the observed difference in
warming since 1979islikely* to be dueto the combination of the
differencesin spatial coverage of the surface and tropospheric
observations and the physical effects of the sequence of
volcanic eruptions and a substantial El Nifio (see Box 4 for a
general description of ENSO) that occurred withinthisperiod.
The remaining difference is very likely real and not an
observing bias. It arises primarily due to differences in the
rate of temperature change over the tropical and sub-tropical
regions, whichwerefaster in thelowest 8 km of the atmosphere
before about 1979, but which have been slower since then.
Thereareno significant differencesin warming rates over mid-
latitude continental regions in the Northern Hemisphere. In
the upper troposphere, no significant global temperaturetrends
have been detected since the early 1960s. In the stratosphere,
as shown in Figure 4b, both satellites and balloons show
substantial cooling, punctuated by sharp warming episodes of
one to two years long that are due to volcanic eruptions.

Surface temperatures during the pre-instrumental
period from the proxy record

It is likely that the rate and duration of the warming of the
20th century is larger than any other time during the last

41n this Technical Summary and in the Summary for Policymakers, the
following words have been used to indicate approximate judgmental
estimates of confidence: virtually certain (greater than 99% chance that
aresult istrue); very likely (90-99% chance); likely (66-90% chance);
medium likelihood (33-66% chance); unlikely (10-33% chance); very
unlikely (1-10% chance); exceptionally unlikely (lessthan 1% chance).
The reader is referred to individual chapters for more details.
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Figure 4: (a) Time-series of seasonal temperature anomalies of the
troposphere based on balloons and satellites in addition to the surface.
(b) Time-series of seasonal temperature anomalies of the lower
stratosphere from balloons and satellites. [Based on Figure 2.12]

1,000 years. The 1990s are likely to have been the warmest
decade of the millennium in the Northern Hemisphere, and
1998 is likely to have been the warmest year. There has been
aconsiderable advancein understanding of temperature change
that occurred over the last millennium, especially from the
synthesisof individual temperature reconstructions. Thisnew
detailed temperature record for the Northern Hemisphere is
shown in Figure 5. The data show arelatively warm period
associated with the 11th to 14th centuriesand arel atively cool
period associated with the 15th to 19th centuries in the
Northern Hemisphere. However, evidence does not support
these “Medieval Warm Period” and “Little Ice Age” periods,
respectively, as being globally synchronous. As Figure 5
indicates, the rate and duration of warming of the Northern
Hemisphere in the 20th century appears to have been
unprecedented during the millennium, and it cannot simply
be considered as arecovery from the “Little Ice Age” of the
15th to 19th centuries. These analyses are complemented by
sensitivity analysisof thespatial representativenessof available
palaeoclimatic data, indicating that the warmth of the recent
decade is outside the 95% confidenceinterval of temperature
uncertainty, even during the warmest periods of the last
millennium. Moreover, severa different analyses have now
been compl eted, each suggesting that the Northern Hemisphere
temperatures of the past decade have been warmer than any
other time in the past six to ten centuries. Thisis the time-
span over which temperatures with annual resolution can be
cal cul ated using hemispheric-widetree-ring, ice-cores, corals,
and and other annually-resolved proxy data. Becauselessdata
are available, less is known about annual averages prior to
1,000 years before the present and for conditions prevailing
in most of the Southern Hemisphere prior to 1861.
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Figure 5: Millennial Northern Hemisphere (NH) temperature reconstruction (blue — tree rings, corals, ice cores, and historical records) and
instrumental data (red) from AD 1000 to 1999. Smoother version of NH series (black), and two standard error limits (gray shaded) are shown.

It is likely that large rapid decadal temperature changes
occurred during thelast glacial andits deglaciation (between
about 100,000 and 10,000 years ago), particularly in high
latitudes of the Northern Hemisphere. In afew places during
the deglaciation, local increases in temperature of 5to 10°C
are likely to have occurred over periods as short as a few
decades. During the last 10,000 years, there is emerging
evidence of significant rapid regional temperature changes,
which are part of the natural variability of climate.

B.2. Observed Changes in Precipitation and
Atmospheric Moisture

Since the time of the SAR, annual land precipitation has
continued to increase in the middle and high latitudes of the
Northern Hemisphere (very likely to be 0.5 to 1%/decade),
except over Eastern Asia. Over the sub-tropics (10°N to 30°N),
land-surface rainfall has decreased on average (likely to be
about 0.3%/decade), although thishas shown signs of recovery
inrecent years. Tropica land-surface preci pitation measurements
indicate that precipitation likely hasincreased by about 0.2 to
0.3%/ decade over the 20th century, but increases are not
evident over the past few decades and the amount of tropical

land (versus ocean) area for the latitudes 10°N to 10°S is
relatively smal. Nonethdless, direct measurementsof precipitation
and model reanalyses of inferred precipitation indicate that
rainfall hasa soincreased over large parts of thetropical oceans.
Where and when available, changesin annual streamflow often
relate well to changes in total precipitation. The increasesin
precipitation over Northern Hemisphere mid- and high latitude
land areas have a strong correlation to long-term increasesin
total cloud amount. In contrast to the Northern Hemisphere,
no comparabl e systematic changesin precipitation have been
detected in broad latitudinal averages over the Southern
Hemisphere.

Itislikely that total atmospheric water vapour hasincreased
several per cent per decade over many regions of the Northern
Hemisphere. Changesin water vapour over approximately the
past 25 years have been analysed for selected regionsusingin
situ surface observations, as well as |lower-tropospheric
measurements from satellites and weather ball oons. A pattern
of overall surface and lower-tropospheric water vapour
increases over the past few decadesis emerging from the most
reliable datasets, althoughtherearelikely to betime-dependent
biases in these data and regional variations in the trends.
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Water vapour in the lower stratosphere is also likely to have
increased by about 10% per decade since the beginning of the
observational record (1980).

Changes in total cloud amounts over Northern Hemisphere
mid- and high latitude continental regions indicate a likely
increase in cloud cover of about 2% since the beginning of
the 20th century, which has now been shown to be positively
correlated with decreases in the diurnal temperature range.
Similar changes have been shown over Australia, the only
Southern Hemisphere continent where such an analysis has
been completed. Changesin total cloud amount are uncertain
both over sub-tropical and tropical land areas, aswell asover
the oceans.

B.3. Observed Changes in Snow Cover and Land-
and Sea-Ice Extent

Decreasing snow cover and land-ice extent continue to be
positively correlated with increasing land-surfacetemperatures.
Satellite data show that there are very likely to have been
decreases of about 10% in the extent of snow cover sincethe
late 1960s. There is a highly significant correlation between
increases in Northern Hemisphere land temperatures and the
decreases. There is now ample evidence to support a major
retreat of alpine and continental glaciersin response to 20th
century warming. In a few maritime regions, increases in
precipitation dueto regional atmospheric circulation changes
have overshadowed increases in temperature in the past two
decades, and glaciers have re-advanced. Over the past 100 to
150 years, ground-based observations show that thereisvery
likely to have been areduction of about two weeksin theannual
duration of lake and river icein the mid- to high latitudes of
the Northern Hemisphere.

Northern Hemisphere sea-ice amounts are decreasing, but
no significant trendsin Antarctic sea-ice extent are apparent.
A retreat of sea-ice extent in the Arctic spring and summer of
10 to 15% since the 1950s is consistent with an increase in
Spring temperaturesand, to alesser extent, summer temperatures
inthehigh latitudes. Thereislittleindication of reduced Arctic
sea-ice extent during winter when temperatures have increased
in the surrounding region. By contrast, there is no readily
apparent relationship between decadal changes of Antarctic
temperatures and sea-ice extent since 1973. After an initial
decrease in the mid-1970s, Antarctic sea-ice extent has
remained stable, or even slightly increased.

New data indicate that there likely has been an approximately
40% declinein Arctic sea-icethicknessin late summer to early
autumn between the period of 1958 to 1976 and the mid-1990s,
and a substantially smaller decline in winter. The relatively
short record length and incomplete sampling limit the
interpretation of these data. Interannual variability and inter-
decadal variability could be influencing these changes.

WGl Technical Summary

B.4. Observed Changes in Sea Level
Changes during the instrumental record

Based on tide gauge data, the rate of global mean sea level
rise during the 20th century isin the range 1.0 to 2.0 mmvyr,
with a central value of 1.5 mm/yr (the central value should
not beinterpreted asa best estimate). (See Box 2 for thefactors
that influence sea level.) As Figure 6 indicates, the longest
instrumental records (two or three centuries at most) of local
sealevel come from tide gauges. Based on the very few long
tide-gauge records, the averagerate of sealevel rise hasbeen
larger during the 20th century than during the 19th century.
No significant acceleration in the rate of sealevel rise during
the 20th century has been detected. This is not inconsistent
with model results due to the possibility of compensating
factors and the limited data.

Changes during the pre-instrumental record

Snce the last glacial maximum about 20,000 years ago, the
sea level in locations far from present and former ice sheets
hasrisen by over 120 masa result of loss of mass fromthese
icesheets. Vertical land movements, both upward and downward,
are still occurring in response to these large transfers of mass
from ice sheets to oceans. The most rapid rise in global sea
level was between 15,000 and 6,000 years ago, with an average
rate of about 10 mm/yr. Based on geological data, eustatic sea
level (i.e., corresponding to a change in ocean volume) may
haverisen at an average rate of 0.5 mm/yr over the past 6,000
yearsand at an average rate of 0.1 to 0.2 mm/yr over the last
3,000 years. Thisrateisabout onetenth of that occurring during
the 20th century. Over the past 3,000 to 5,000 years,
oscillationsin global sealevel ontime-scales of 100 to 1,000
years are unlikely to have exceeded 0.3 to 0.5 m.

B.5. Observed Changes in Atmospheric and
Oceanic Circulation Patterns

The behaviour of ENSO (see Box 4 for a general description),
has been unusual since the mid-1970s compared with the
previous 100 years, with warm phase ENSO episodes being
relatively more frequent, persistent, and intense than the
opposite cool phase. Thisrecent behaviour of ENSOisreflected
in variations in precipitation and temperature over much of
the global tropics and sub-tropics. The overall effect islikely
to have been a small contribution to the increase in global
temperatures during the last few decades. The Inter-decadal
Pacific Oscillation and the Pacific Decadal Oscillation are
associated with decadal to multidecadal climate variability over
the Pacific basin. It islikely that these oscillations modul ate
ENSO-related climate variability.

Other important circulation featuresthat affect the climatein
largeregions of the globe are being characterised. The North
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Box 2: What causes sea level to change?

The level of the sea at the shoreline is determined by many
factorsin the global environment that operate on agreat range
of time-scales, from hours (tidal) to millions of years (ocean
basin changes due to tectonics and sedimentation). On the
time-scale of decades to centuries, some of the largest
influenceson the average levelsof the seaarelinked to climate
and climate change processes.

Firstly, as ocean water warms, it expands. On the basis of
observations of ocean temperatures and modd results, thermal
expansion is believed to be one of the major contributorsto
historical sea level changes. Further, therma expansion is
expected to contribute the largest component to sealevel rise
over the next hundred years. Deep ocean temperatures change
only slowly; therefore, thermal expansion would continue
for many centuries evenif the atmospheric concentrations of
greenhouse gases were to stabilise.

The amount of warming and the depth of water affected vary
with location. In addition, warmer water expands more than
colder water for agiven changeintemperature. Thegeographica
distribution of sealevel changeresultsfrom the geographical
variation of thermal expansion, changes in salinity, winds,
and ocean circulation. The range of regional variation is
substantial compared with the global average sealevel rise.

Sea level also changes when the mass of water in the ocean
increases or decreases. This occurs when ocean water is
exchanged with the water stored on land. The major land
store is the water frozen in glaciers or ice sheets. Indeed,

Atlantic Oscillation (NAOQ) is linked to the strength of the
westerlies over theAtlantic and extra-tropical Eurasia. During
winter the NA O displaysirregular oscillations on interannual
to multi-decadal time-scales. Sincethe 1970s, thewinter NAO
has often been in aphasethat contributesto stronger westerlies,
which correlate with cold season warming over Eurasia. New
evidenceindicatesthat the NAO and changesinArctic seaice
arelikely to be closely coupled. The NAO isnow believed to
be part of a wider scale atmospheric Arctic Oscillation that
affects much of the extratropical Northern Hemisphere. A
similar Antarctic Oscillation has been in an enhanced positive
phase during the last 15 years, with stronger westerlies over
the Southern Oceans.

B.6. Observed Changes in Climate Variability and
Extreme Weather and Climate Events

New analyses show that in regions where total precipitation
hasincreased, it isvery likely that there have been even more
pronounced increases in heavy and extreme precipitation

Synthesis Report

the main reason for the lower sealevel during thelast glacial
period was the amount of water stored in the large extension
of the ice sheets on the continents of the Northern
Hemisphere. After thermal expansion, the melting of
mountain glaciersand ice capsisexpected to makethelargest
contribution to the rise of sea level over the next hundred
years. These glaciers and ice caps make up only a few per
cent of theworld'sland-ice area, but they are more sensitive
to climate change than the larger ice sheetsin Greenland and
Antarctica, becausetheice sheetsarein colder climateswith
low precipitation and low melting rates. Consequently, the
large ice sheets are expected to make only a small net
contribution to sealevel change in the coming decades.

Sealevel isasoinfluenced by processesthat are not explicitly
related to climate change. Terrestrial water storage (and
hence, sealevel) can bealtered by extraction of ground water,
building of reservoirs, changesin surface runoff, and seepage
into deep aquifers from reservoirs and irrigation. These
factorsmay be offsetting asignificant fraction of the expected
acceleration in sea level rise from thermal expansion and
glacial melting. In addition, coastal subsidenceinriver delta
regions can also influence local sea level. Vertical land
movements caused by natural geological processes, such as
slow movements in the Earth’s mantle and tectonic
displacements of the crust, can have effectson local sealevel
that are comparable to climate-related impacts. Lastly, on
seasonal, interannual, and decadal time-scales, sea level
respondsto changesin atmospheric and ocean dynamics, with
the most striking example occurring during El Nifio events.

events. The converse is also true. In some regions, however,
heavy and extreme events (i.e., defined to be within the upper
or lower ten percentiles) have increased despite the fact that
total precipitation has decreased or remained constant. Thisis
attributed to adecrease in thefrequency of precipitation events.
Overdl, itislikely that for many mid- and highlatitude areas,
primarily inthe Northern Hemisphere, statistically significant
increases have occurred in the proportion of total annual
precipitation derived from heavy and extreme precipitation
events; itislikely that there hasbeen a2to 4% increaseinthe
frequency of heavy precipitation events over the latter half of
the 20th century. Over the 20th century (1900 to 1995), there
wererelatively small increasesin global land areas experiencing
severe drought or severe wetness. In some regions, such as
partsof Asiaand Africa, thefrequency and intensity of drought
have been observed to increase in recent decades. In many
regions, these changes are dominated by inter-decadal and
multi-decadal climate variability, such as the shift in ENSO
towards more warm events. In many regions, inter-daily
temperature variability hasdecreased, and increasesinthedaily
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Figure 6: Time-series of relative sea level for the past 300 years from Northern Europe: Amsterdam, Netherlands; Brest, France; Sheerness,
UK; Stockholm, Sweden (detrended over the period 1774 to 1873 to remove to first order the contribution of post-glacial rebound); Swinoujscie,
Poland (formerly Swinemunde, Germany); and Liverpool, UK. Data for the latter are of “Adjusted Mean High Water” rather than Mean Sea
Level and include a nodal (18.6 year) term. The scale bar indicates +100 mm. [Based on Figure 11.7]

minimum temperature are lengthening the freeze-free period
in most mid- and high latitude regions. Since 1950 it is very
likely that there has been a significant reduction in the
frequency of much-below-normal seasonal mean temperatures
across much of the globe, but there has been asmaller increase
inthefrequency of much-above-normal seasonal temperatures.

There is no compelling evidence to indicate that the
characteristics of tropical and extratropical storms have
changed. Changesin tropical storm intensity and frequency
are dominated by interdecadal to multidecadal variations,
which may be substantial, e.g., inthetropical North Atlantic.
Owing to incompletedataand limited and conflicting analyses,
it is uncertain as to whether there have been any long-term
and large-scale increases in the intensity and frequency of
extra-tropical cyclonesinthe Northern Hemisphere. Regional
increases have been identified in the North Pacific, parts of
North America, and Europe over the past several decades. In
the Southern Hemi sphere, fewer analyses have been completed,
but they suggest a decrease in extra-tropical cyclone activity

since the 1970s. Recent analyses of changes in severe local
weather (e.g., tornadoes, thunderstorm days, and hail) in a
few selected regions do not provide compelling evidence to
suggest long-term changes. Ingeneral, trendsin severeweather
events are notoriously difficult to detect because of their
relatively rare occurrence and large spatial variability.

B.7.The Collective Picture: A Warming World and
Other Changes in the Climate System

Assummarised above, asuite of climate changesis now well-
documented, particularly over the recent decades to century
time period, withitsgrowing set of direct measurements. Figure
7 illustratesthese trendsin temperatureindicators (Figure 7a)
and hydrological and storm-related indicators (Figure 7b), as
well as also providing an indication of certainty about the
changes.

177



Climate Change 2001 Synthesis Report

(a) Temperature Indicators
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(b) Hydrological and Storm related Indicators
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Figure 7: (a) Schematic of
observed variations of the
temperature indicators.
[Based on Figure 2.39a]
(b) Schematic of observed
variations of the hydrological
and storm-related indicators.
[Based on Figure 2.39b]
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Taken together, these trends illustrate a collective
picture of a warming world:

 Surface temperature measurements over the land and
oceans (with two separate estimates over the latter) have
been measured and adjusted independently. All data sets
show quite similar upward trends globally, with two major
warming periods globally: 1910 to 1945 and since 1976.
Thereisan emerging tendency for global land-surface air
temperaturesto warm faster than the global ocean-surface
temperatures.

* Weather balloon measurements show that lower-
tropospheric temperatures have been increasing since 1958,
though only slightly since 1979. Since 1979, satellite data
are available and show similar trends to balloon data.

» Thedecreasein the continental diurnal temperature range
coincides with increases in cloud amount, precipitation,
and increasesin total water vapour.

» Thenearly worldwide decreasein mountain glacier extent
and ice mass is consistent with worldwide surface
temperature increases. A few recent exceptionsin coastal
regions are consistent with atmospheric circulation
variations and related precipitation increases.

* The decreases in snow cover and the shortening seasons
of lake and river ice relate well to increases in Northern
Hemi spheric land-surface temperatures.

* The systematic decrease in spring and summer sea-ice
extent and thicknessintheArcticisconsistent with increases
in temperature over most of the adjacent land and ocean.

» Ocean heat content has increased, and global average sea
level hasrisen.

» The increases in total tropospheric water vapour in the
last 25 years are qualitatively consistent with increasesin
tropospheric temperatures and an enhanced hydrologic
cycle, resulting in more extreme and heavier precipitation
events in many areas with increasing precipitation, e.g.,
middle and high latitudes of the Northern Hemisphere.

Some important aspects of climate appear not to have
changed.

« A few areasof the globe have not warmed in recent decades,
mainly over some parts of the Southern Hemisphere oceans
and parts of Antarctica.

» Nosignificant trendsin Antarctic sea-ice extent are apparent
over the period of systematic satellite measurements(since
1978).

» Based onlimited data, the observed variationsintheintensity
and frequency of tropical and extra-tropical cyclonesand
severelocal stormsshow no clear trendsin the last half of
the 20th century, although multi-decadal fluctuations are
sometimes apparent.

The variations and trends in the examined indicators imply
thatitisvirtually certainthat therehasbeen ageneraly increasing

WGl Technical Summary

trend in global surface temperature over the 20th century,
although short-term and regional deviations from this trend
occur.

C.The Forcing Agents That Cause
Climate Change

In addition to the past variations and changes in the Earth’s
climate, observations have also documented the changes that
have occurred in agents that can cause climate change. Most
notable among these are increases in the atmospheric
concentrations of greenhouse gases and aerosol s (microscopic
airborne particles or droplets) and variationsin solar activity,
both of which can alter the Earth’sradiation budget and hence
climate. These observational records of climate-forcing agents
are part of the input needed to understand the past climate
changes noted in the preceding Section and, very importantly,
to predict what climate changes could lie ahead (see Section F).

Liketherecord of past climate changes, thedatasetsfor forcing
agentsare of varying length and quality. Direct measurements
of solar irradiance exist for only about two decades. The
sustai ned direct monitoring of the atmospheric concentrations
of carbon dioxide (CO,) began about the middle of the 20th
century and, in later years, for other long-lived, well-mixed
gases such as methane. Palaeo-atmospheric datafromice cores
reveal the concentration changesoccurring in earlier millennia
for some greenhouse gases. In contrast, the time-series
measurementsfor the forcing agentsthat haverelatively short
residence times in the atmosphere (e.g., aerosols) are more
recent and are far less complete, because they are harder to
measure and are spatially heterogeneous. Current data sets
show the human influence on atmospheric concentrations of
both the long-lived greenhouse gases and short-lived forcing
agents during the last part of the past millennium. Figure 8
illustrates the effects of the large growth over the Industrial
Erain the anthropogenic emissions of greenhouse gases and
sulphur dioxide, the latter being a precursor of aerosols.

A change in the energy available to the global Earth-
atmosphere system due to changes in these forcing agentsis
termed radiative forcing (Wm) of the climate system (see
Box 1). Defined in this manner, radiative forcing of climate
change constitutes anindex of thereative global mean impacts
on the surface-troposphere system dueto different natural and
anthropogenic causes. This Section updates the knowledge of
theradiativeforcing of climate changethat has occurred from
pre-industrial timesto the present. Figure 9 showsthe estimated
radiative forcings from the beginning of the Industrial Era
(1750) to 1999 for the quantifiable natural and anthropogenic
forcing agents. Although not included in thefiguredueto their
episodic nature, volcanic eruptions are the source of another
important natural forcing. Summaries of theinformation about
each forcing agent follow in the sub-sections bel ow.
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Figure 8: Records of changes in atmospheric composition. (a)
Atmospheric concentrations of CO,, CH, and N,O over the past
1,000 years. Ice core and firn data for several sites in Antarctica
and Greenland (shown by different symbols) are supplemented
with the data from direct atmospheric samples over the past few
decades (shown by the line for CO, and incorporated in the curve
representing the global average of CH,). The estimated radiative
forcing from these gases is indicated on the right-hand scale. (b)
Sulphate concentration in several Greenland ice cores with the
episodic effects of volcanic eruptions removed (lines) and total SO,
emissions from sources in the US and Europe (crosses). [Based
on (a) Figure 3.2b (CO,), Figure 4.1a and b (CH,) and Figure 4.2
(N,O) and (b) Figure 5.4a]

The forcing agents included in Figure 9 vary greatly in their
form, magnitude and spatial distribution. Some of the
greenhouse gases are emitted directly into the atmosphere;
some are chemical products from other emissions. Some
greenhouse gases have long atmospheric residence timesand,
asaresult, are well-mixed throughout the atmosphere. Others
areshort-lived and have heterogeneousregional concentrations.
Most of the gases originate from both natural and anthropogenic
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sources. Lastly, asshownin Figure 9, theradiativeforcings of
individual agents can be positive (i.e., atendency towarmthe
Earth’ssurface) or negative (i.e., atendency to cool the Earth’'s
surface).

C.1. Observed Changes in Globally Well-Mixed
Greenhouse Gas Concentrations and Radiative
Forcing

Over the millennium beforethe Industrial Era, the atmospheric
concentrations of greenhouse gasesremained rel atively constant.
Since then, however, the concentrations of many greenhouse
gases have increased directly or indirectly because of human
activities.

Table 1 provides examples of severa greenhouse gases and
summarisestheir 1750 and 1998 concentrations, their change
during the 1990s, and their atmospheric lifetimes. The
contribution of aspeciestoradiativeforcing of climate change
depends on the molecular radiative properties of the gas, the
size of the increase in atmospheric concentration, and the
residencetime of the speciesin the atmosphere, once emitted.
Thelatter —the atmospheric residence time of the greenhouse
gas — is a highly policy relevant characteristic. Namely,
emissions of a greenhouse gas that has a long atmospheric
residencetimeisa quasi-irreversible commitment to sustained
radiativeforcing over decades, centuries, or millennia, before
natural processes can remove the quantities emitted.

Carbon dioxide (CO,)

The atmospheric concentration of CO, has increased from
280 ppnPin 1750to 367 ppmin 1999 (31%, Table 1). Today's
CO, concentration has not been exceeded during the past
420,000 yearsand likely not during the past 20 million years.
Therate of increase over the past century is unprecedented, at
least during the past 20,000 years (Figure 10). The CO, isotopic
composition and the observed decrease in Oxygen (O,)
demonstratesthat the observed increasein CO, is predominately
duetotheoxidation of organic carbon by fossil-fuel combustion
and deforestation. An expanding set of palaeo-atmospheric
datafromair trapped inice over hundreds of millenniaprovide
a context for the increase in CO, concentrations during the
Industrial Era (Figure 10). Compared to the relatively stable
CO, concentrations (280 + 10 ppm) of the preceding several
thousand years, the increase during the Industrial Era is
dramatic. The average rate of increase since 1980 is 0.4%/yr.
Theincrease is a conseguence of CO, emissions. Most of the
emissionsduring the past 20 yearsareduetofossil fuel burning,

5 Atmospheric abundances of trace gases are reported here as the mole
fraction (molar mixing ratio) of the gasrelative to dry air (ppm = 10°,
ppb = 10°, ppt = 107?). Atmospheric burden is reported as the total
mass of the gas (e.g., Mt = Tg = 10*? g). The global carbon cycle is
expressed in PgC = GtC.
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Figure 9: Global, annual-mean radiative forcings (Wm=) due to a number of agents for the period from pre-industrial (1750) to present (late
1990s; about 2000) (numerical values are also listed in Table 6.11 of Chapter 6). For detailed explanations, see Chapter 6.13. The height of
the rectangular bar denotes a central or best estimate value, while its absence denotes no best estimate is possible. The vertical line about
the rectangular bar with “x” delimiters indicates an estimate of the uncertainty range, for the most part guided by the spread in the published
values of the forcing. A vertical line without a rectangular bar and with “0” delimiters denotes a forcing for which no central estimate can be
given owing to large uncertainties. The uncertainty range specified here has no statistical basis and therefore differs from the use of the term
elsewhere in this document. A “level of scientific understanding” index is accorded to each forcing, with high, medium, low and very low
levels, respectively. This represents the subjective judgement about the reliability of the forcing estimate, involving factors such as the
assumptions necessary to evaluate the forcing, the degree of knowledge of the physical/chemical mechanisms determining the forcing, and
the uncertainties surrounding the quantitative estimate of the forcing (see Table 6.12). The well-mixed greenhouse gases are grouped
together into a single rectangular bar with the individual mean contributions due to CO,, CH,, N,O and halocarbons shown (see Tables 6.1
and 6.11). Fossil fuel burning is separated into the “black carbon” and “organic carbon” components with its separate best estimate and range.
The sign of the effects due to mineral dust is itself an uncertainty. The indirect forcing due to tropospheric aerosols is poorly understood. The
same is true for the forcing due to aviation via its effects on contrails and cirrus clouds. Only the “first” type of indirect effect due to aerosols as
applicable in the context of liquid clouds is considered here. The “second” type of effect is conceptually important, but there exists very little
confidence in the simulated quantitative estimates. The forcing associated with stratospheric aerosols from volcanic eruptions is highly
variable over the period and is not considered for this plot (however, see Figure 6.8). All the forcings shown have distinct spatial and seasonal
features (Figure 6.7) such that the global, annual means appearing on this plot do not yield a complete picture of the radiative perturbation. They
are only intended to give, in a relative sense, a first-order perspective on a global, annual mean scale and cannot be readily employed to obtain
the climate response to the total natural and/or anthropogenic forcings. As in the SAR, it is emphasised that the positive and negative global
mean forcings cannot be added up and viewed a priori as providing offsets in terms of the complete global climate impact. [Based on Figure 6.6]

therest (10 to 30%) is predominantly due to land-use change,
especially deforestation. As shown in Figure 9, CO, is the
dominant human-influenced greenhouse gas, with a current
radiative forcing of 1.46 W2, being 60% of the total from
the changes in concentrations of all of the long-lived and
globally mixed greenhouse gases.

Direct atmospheric measurements of CO, concentrationsmade
over the past 40 years show that year to year fluctuationsin
therate of increase of atmospheric CO, arelarge. Inthe 1990s,
the annual rates of CO, increase in the atmosphere varied
from 0.9 to 2.8 ppmvyr, equivalent to 1.9 to 6.0 PgC/yr. Such
annual changes can berelated statistically to short-term climate
variability, which atersthe rate at which atmospheric CO, is
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Table 1: Example of greenhouse gases that are affected by human activities. [Based upon Chapter 3 and Table 4.1]

CoO, N,O CFC-11 HCF-23 CF,

(Carbon CH, (Nitrous (Chlorofluoro- | (Hydrofluoro- | (Perfluoro-

Dioxide) (Methane) Oxide) carbon-11 carbon-23 methane)
Pre-industrial concentration | about 280 ppm | about 700 ppb | about 270 ppb| zero zero 40 ppt
Concentration in 1998 365 ppm 1745 ppb 314 ppb 268 ppt 14 ppt 80 ppt
Rate of concentration change® | 1.5 ppm/yr2 | 7.0 ppb/yrd | 0.8 ppb/yr —1.4 ppt/yr 0.55 ppt/yr 1 ppt/yr
Atmosphericlifetime 5t0200yrc | 12 yrd 114 yrd 45yr 260 yr >50.000 yr

2Rate has fluctuated between 0.9 ppm/yr and 2.8 ppm/yr for CO, and between 0 and 13 ppb/yr for CH, over the period 1990 to 1999.
Rateis calculated over the period 1990 to 1990.

°No single lifetime can be defined for CO, because of different rates of uptake by different removal processes.

dThis lifetime has been defined as an “ adjustment time” that takes into account the indirect effect of the gas on its own residence time.

Table2: Global CO, budgets (in PgC/yr) based on measurements of atmospheric CO, and O,. Positive values arefluxesto the
atmosphere; negative values represent uptake from the atmosphere. [Based upon Tables 3.1 and 3.3]

SAR2P Thisreport?

1980 to 1989 1980 to 1989 1990 to 1999
Atmosphericincrease 33+01 3301 32+01
Emissions (fossil fuel, cement)© 55+0.3 54+03 6.3+04
Ocean-atmosphere flux -20+£05 -19+£0.6 -1.7+05
L and-atmosphere flux¢ -0.2+06 -02+ 0.7 -14+07

aNotethat the uncertaintiescited in thistable are £1 standard error. The uncertaintiescited in the SAR were +1.6 standard error (i.e., approximately
90% confidence interval). Uncertainties cited from the SAR were adjusted to +1 standard error. Error bars denote uncertainty, not interannual
variability, which is substantially greater.

bPrevious |PCC carbon budgets cal culated ocean uptake from models and the land-atmosphere flux was inferred by difference.

“Thefossil fuel emissions term for the 1980s has been revised dightly downward since the SAR.

4The land-atmosphere flux represents the balance of a positive term due to land-use change and aresidual terrestrial sink. The two terms cannot be
separated on the basis of current atmospheric measurements. Using independent analyses to estimate the land-use change component for 1980 to
1989, theresidual terrestrial sink can beinferred asfollows: Land-use change 1.7 PgClyr (0.6 to 2.5); Residual terrestrial sink —1.9 PgC/yr (-3.8

to 0.3). Comparable data for the 1990s are not yet available.

taken up and released by the oceans and land. The highest
rates of increase in atmospheric CO, have typically been in
strong El Nifio years (Box 4). These higher rates of increase
can be plausibly explained by reduced terrestrial uptake (or
terrestria outgassing) of CO, during El Nifioyears, overwhelming
the tendency of the ocean to take up more CO, than usual.

Partitioning of anthropogenic CO, between atmosphericincreases
and land and ocean uptake for the past two decades can how
be cal culated fromatmospheric observations. Table 2 presents
aglobal CO, budget for the 1980s (which provesto besimilar
to the one constructed with the hel p of ocean model resultsin
the SAR) and for the 1990s. M easurements of the decreasein
atmospheric oxygen (O,) aswell astheincreasein CO, were
used in the construction of these new budgets. Resultsfrom this
approach are consistent with other anal ysesbased on theisotopic
composition of atmospheric CO, and with independent estimates
based on measurementsof CO, and *CO, in seawater. The 1990s

budget isbased on newly available measurementsand updates
the budget for 1989 to 1998 derived using SAR methodology
for the IPCC Special Report on Land Use, Land-Use Change
and Forestry (2000). The terrestrial biosphere as awhole has
gained carbon during the 1980sand 1990s; i .e., the CO, released
by land-use change (mainly tropical deforestation) was more
than compensated by other terrestrial sinks, which are likely
located in both the northern extra-tropics and in the tropics.
There remain large uncertainties associated with estimating
the CO, release due to land-use change (and, therefore, with
the magnitude of the residual terrestrial sink).

Process-based modelling (terrestrial and ocean carbon
models) hasallowed preliminary quantification of mechanisms
in the global carbon cycle. Terrestrial model results indicate
that enhanced plant growth dueto higher CO, (CO, fertilisation)
and anthropogenic nitrogen deposition contribute significantly
to CO, uptake, i.e., arepotentially responsiblefor theresidual
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Variations in atmospheric CO» concentrations on different time-scales
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Figure 10: Variations in atmospheric CO, concentration on different time-scales. (a) Direct measurements of atmospheric CO,. (b) CO,
concentration in Antarctic ice cores for the past millenium. Recent atmospheric measurements (Mauna Loa) are shown for comparison. (c)
CO, concentration in the Taylor Dome Antarctic ice core. (d) CO, concentration in the Vostok Antarctic ice core. (Different colours represent
results from different studies.) (e to f) Geochemically inferred CO, concentrations. (Coloured bars and lines represent different published
studies) (g) Annual atmospheric increases in CO,. Monthly atmospheric increases have been filtered to remove the seasonal cycle. Vertical
arrows denote El Nifio events. A horizontal line defines the extended El Nifio of 1991 to 1994. [Based on Figures 3.2 and 3.3]
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terrestrial sink described above, along with other proposed
mechanisms, such as changes in land-management practices.
The modelled effects of climate change during the 1980s on
the terrestrial sink are small and of uncertain sign.

Methane (CH,)

Atmospheric methane (CH,) concentrations have increased
by about 150% (1,060 ppb) since 1750. The present CH,
concentration has not been exceeded during the past 420,000
years. Methane (CH,) is a greenhouse gas with both natural
(e.g., wetlands) and human-influenced sources(e.g., agriculture,
natural gasactivities, and landfills). Slightly morethan half of
current CH, emissions are anthropogenic. It isremoved from
the atmosphere by chemical reactions. As Figure 11 shows,
systematic, globally representative measurements of the
concentration of CH, in the atmosphere have been made since
1983, and the record of atmospheric concentrations has been
extended to earlier times from air extracted from ice cores
and firn layers. The current direct radiative forcing of 0.48
Wm2from CH, is20% of thetotal from al of the long-lived
and globally mixed greenhouse gases (see Figure 9).

The atmospheric abundance of CH, continuesto increase, from
about 1,610 ppbin 1983 to 1,745 ppbin 1998, but the observed
annual increase hasdeclined during thisperiod. Theincrease
was highly variable during the 1990s; it was near zero in 1992
and as large as 13 ppb during 1998. There is no clear
quantitative explanation for this variability. Since the SAR,
quantification of certain anthropogenic sources of CH,, such
asthat from rice production, hasimproved.

The rate of increase in atmospheric CH, is due to a small
imbal ance between poorly characterised sourcesand sinks, which
makes the prediction of future concentrations problematic.
Although the major contributors to the global CH, budget
likely have been identified, most of them are quite uncertain
quantitatively because of the difficulty in ng emission
rates of highly variable biospheric sources. The limitations of
poorly quantified and characterised CH, source strengths
inhibit the prediction of future CH, atmospheric concentrations
(and henceits contribution to radiativeforcing) for any given
anthropogenic emission scenario, particularly since both
natural emissions and the removal of CH, can be influenced
substantially by climate change.

Nitrous oxide (N,O)

The atmospheric concentration of nitrous oxide (N,O) has
steadily increased during the Industrial Era and is now 16%
(46 ppb) larger than in 1750. The present N,O concentration
has not been exceeded during at | east the past thousand years.
Nitrous oxideisanother greenhouse gaswith both natural and
anthropogenic sources, and it isremoved from the atmosphere
by chemical reactions. Atmospheric concentrations of N,O
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Figure 11: (a) Change in CH, abundance (mole fraction, in ppb =
10-°) determined from ice cores, firn, and whole air samples plotted
for the last 1,000 years. Radiative forcing, approximated by a linear
scale since the pre-industrial era, is plotted on the right axis. (b)
Globally averaged CH, (monthly varying) and deseasonalised CH,
(smooth line) abundance plotted for 1983 to 1999. (c) Instantaneous
annual growth rate (ppb/yr) in global atmospheric CH, abundance
from 1983 through 1999 calculated as the derivative of the
deseasonalised trend curve above. Uncertainties (dotted lines) are
+1 standard deviation. [Based on Figure 4.1]

continue to increase at a rate of 0.25%/yr (1980 to 1998).
Significant interannual variationsin the upward trend of N,O
concentrations are observed, e.g., a 50% reduction in annual
growth ratefrom 1991 to 1993. Suggested causes are several-
fold: adecreasein use of nitrogen-based fertiliser, lower biogenic
emissions, and larger stratospheric losses due to volcanic-
induced circulation changes. Since 1993, the growth of N,O
concentrations has returned to rates closer to those observed
during the 1980s. Whilethis observed multi-year variance has
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provided some potential insight into what processes control
the behaviour of atmospheric N,O, the multi-year trends of
this greenhouse gas remain largely unexplained.

The global budget of nitrous oxide is in better balance than
inthe SAR, but uncertaintiesin the emissions fromindividual
sourcesarestill quitelarge. Natural sourcesof N,O areestimated
to be approximately 10 TgN/yr (1990), with soilsbeing about
65% of the sourcesand oceans about 30%. New, higher estimates
of theemiss onsfrom anthropogeni c sources (agriculture, biomass
burning, industrial activities, and livestock management) of
approximately 7 TgN/yr have brought the source/sink estimates
closer in balance, compared with the SAR. However, the
predictive understanding associ ated with this significant, long-
lived greenhouse gas has not improved significantly sincethe
last assessment. Theradiativeforcing isestimated at 0.15Wnr
2, whichis6% of thetotal fromall of thelong-lived and globally
mixed greenhouse gases (see Figure 9).

Halocarbons and related compounds

The atmospheric concentrations of many of those gases that
are both ozone-depleting and greenhouse gases are either
decreasing (CFC-11, CFC-113, CH,CCI, and CCl,) or
increasing more slowly (CFC-12) in response to reduced
emissionsunder the regulations of the Montreal Protocol and
itsAmendments. Many of these halocarbonsare also radiatively
effective, long-lived greenhouse gases. Hal ocarbons are carbon
compoundsthat contain fluorine, chlorine, bromine or iodine.
For most of these compounds, human activitiesarethe solesource.
Halocarbons that contain chlorine (e.g., chlorofluorocarbons
— CFCs) and bromine (e.g., halons) cause depletion of the
stratospheric ozonelayer and are controlled under the Montreal
Protocol. The combined tropospheric abundance of ozone-
depleting gases peaked in 1994 and is slowly declining. The
atmospheric abundances of some of the major greenhouse
hal ocarbons have peaked, as shown for CFC-11in Figure 12.
The concentrations of CFCs and chlorocarbons in the
troposphere are cons stent with reported emissions. Halocarbons
contribute aradiative forcing of 0.34 Wm=2, which is 14% of
theradiativeforcing from all of the globally mixed greenhouse
gases (Figure 9).

The observed atmospheric concentrations of the substitutesfor
the CFCs are increasing, and some of these compounds are
greenhouse gases. The abundances of the hydrochlorofluoro-
carbons (HCFCs) and hydrofluorocarbons (HFCs) areincreasing
as aresult of continuation of earlier uses and of their use as
substitutes for the CFCs. For example, the concentration of
HFC-23 hasincreased by morethan afactor of three between
1978 and 1995. Because current concentrations arerel atively
low, the present contribution of HFCs to radiative forcing is
relatively small. The present contribution of HCFCs to
radiativeforcingisalsorelatively small, and future emissions
of these gases are limited by the Montreal Protocol.

WGl Technical Summary
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Figure 12: Global mean CFC-11 (CFCl,) tropospheric abundance
(ppt) from 1950 to 1998 based on smoothed measurements and
emission models. CFC-11"s radiative forcing is shown on the right
axis. [Based on Figure 4.6]

The perfluorocarbons (PFCs, e.g., CF, and C,F;) and sulphur
hexafluoride (SF;) have anthropogenic sources, have
extremely long atmospheric residence times, and are strong
absorbersof infrared radiation. Therefore, these compounds,
even with relatively small emissions, have the potential to
influence climate far into the future. Perfluoromethane (CF,)
resides in the atmosphere for at least 50,000 years. It has a
natural background; however, current anthropogenic emissions
exceed natural ones by a factor of 1,000 or more and are
responsible for the observed increase. Sulphur hexafluoride
(SFy) is 22,200 times more effective a greenhouse gas than
CO, onaper-kgbasis. The current atmospheric concentrations
are very small (4.2 ppt), but have a significant growth rate
(0.24 pptlyr). Thereis good agreement between the observed
atmospheric growth rate of SF, and the emissions based on
revised sales and storage data.

C.2.Observed Changes in Other Radiatively
Important Gases

Atmospheric ozone (O,)

Ozone (O;) is an important greenhouse gas present in both
the stratosphere and troposphere. The role of ozone in the
atmospheric radiation budget isstrongly dependent onthealtitude
at which changesin ozone concentrations occur. The changes
in 0zone concentrationsare a so spatialy variable. Further, ozone
isnot adirectly emitted species, but rather it isformed in the
atmospherefrom photochemica processesinvolving both natural
and human-influenced precursor species. Once formed, the
residence time of ozonein the atmosphereisrelatively short,
varying fromweeksto months. Asaresult, estimation of ozone's
radiative roleis more complex and much less certain than for
theabovelong-lived and globally well-mixed greenhouse gases.
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The observed |osses of stratospheric ozone layer over the past
two decades have caused a negative forcing of 0.15 + 0.1
Wm2 (i.e., a tendency toward cooling) of the surface
troposphere system. It was reported in Climate Change 1992:
The Supplementary Report to the |PCC Scientific Assessment,
that depletion of the ozonelayer by anthropogenic halocarbons
introduces a negative radiative forcing. The estimate shown
in Figure 9 is dlightly larger in magnitude than that given in
the SAR, owing to the 0zone depl etion that has continued over
the past five years, and it is more certain as a result of an
increased number of modelling studies. Studieswith General
Circulation Models indicate that, despite the inhomogeneity
in ozoneloss (i.e., lower stratosphere at high latitudes), such
anegativeforcing doesrelate to asurface temperature decrease
in proportion to the magnitude of the negative forcing.
Therefore, thisnegativeforcing over the past two decades has
offset some of the positive forcing that is occurring from the
long-lived and globally well-mixed greenhouse gases (Figure
9). A mgjor source of uncertainty in the estimation of the
negative forcing is due to incomplete knowledge of ozone
depletion near the tropopause. Modd cal culationsindicatethat
increased penetration of ultraviol et radiationto thetroposphere,
asaresult of stratospheric ozone depletion, leadsto enhanced
removal rates of gaseslike CH,, thusamplifying the negative
forcing dueto ozone depletion. Asthe ozonelayer recoversin
future decades because of the effects of the Montreal Protocol,
relativeto the present, future radiative forcing associated with
stratospheric 0zone is projected to become positive.

The global average radiative forcing due to increases in
tropospheric ozone since pre-industrial times is estimated to
have enhanced the anthropogenic greenhouse gas forcing by
0.35 +0.2 Wh12. This makestropospheric ozonethethird most
important greenhouse gas after CO, and CH,. Ozoneisformed
by photochemical reactions and its future change will be
determined by, among other things, emissions of CH, and
pollutants (as noted below). Ozone concentrations respond
relatively quickly to changes in the emissions of pollutants.
On the basis of limited observations and several modelling
studies, tropospheric ozoneis estimated to have increased by
about 35% since the Pre-industrial Era, with some regions
experiencing larger and some with smaller increases. There
have been few observed increasesin ozone concentrationsin
the global troposphere sincethe mid-1980s at most of the few
remote locations where it is regularly measured. The lack of
observed increase over North America and Europeis related
tothelack of asustained increasein ozone-precursor emissions
from those continents. However, someAsian stationsindicatea
possiblerisein tropospheric ozone, which could berelated tothe
increasein East Asian emissions. Asaresult of moremodelling
studies than before, there is now an increased confidence in
the estimates of tropospheric ozone forcing. The confidence,
however, isgtill much lessthan thet for thewel l-mixed greenhouse
gases, but more so than that for aerosol forcing. Uncertainties
arise because of limited information on pre-industrial ozone
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distributions and limited information to evaluate modelled
global trendsin the modern era (i.e., post-1960).

Gases with only indirect radiative influences

Several chemically reactive gases, including reactive nitrogen
species(NO,), carbon monoxide (CO), and thevolatile organic
compounds (VOCs), contral, in part, the oxidising capacity
of the troposphere, aswell as the abundance of ozone. These
pollutants act as indirect greenhouse gases through their
influence not only on ozone, but also on the lifetimes of CH,
and other greenhouse gases. The emissions of NO, and CO
are dominated by human activities.

Carbon monoxide is identified as an important indirect
greenhouse gas. Model calculationsindicate that emission of
100 Mt of CO is equivalent in terms of greenhouse gas
perturbations to the emission of about 5 Mt of CH,. The
abundance of CO in the Northern Hemisphere is about twice
that in the Southern Hemisphere and has increased in the
second half of the 20th century along with industrialisation
and population.

The reactive nitrogen species NO and NO,, (whose sum is
denoted NO, ), are key compounds in the chemistry of the
troposphere, but their overall radiativeimpact remainsdifficult
to quantify. The importance of NO, in the radiation budget is
because increases in NO, concentrations perturb several
greenhouse gases; for example, decreasesin methane and the
HFCs and increases in tropospheric ozone. Deposition of the
reaction products of NO, fertilises the biosphere, thereby
decreasing atmospheric CO,. While difficult to quantify,
increases in NO, that are projected to the year 2100 would
cause significant changes in greenhouse gases.

C.3. Observed and Modelled Changes in Aerosols

Aerosols(very small airborne particlesand droplets) areknown
to influence significantly the radiative budget of the Earth/
atmosphere. Aerosol radiative effects occur in two distinct
ways. (i) thedirect effect, whereby aerosolsthemsel ves scatter
and absorb solar and thermal infrared radiation, and (ii) the
indirect effect, whereby aerosols modify the microphysical
and hence the radiative properties and amount of clouds.
Aerosols are produced by avariety of processes, both natural
(including dust stormsand vol canic activity) and anthropogenic
(including fossil fuel and biomass burning). The atmospheric
concentrations of tropospheric aerosols are thought to have
increased over recent years due to increased anthropogenic
emissions of particlesand their precursor gases, hence giving
riseto radiativeforcing. Most aerosols arefound in the lower
troposphere (below afew kilometres), but the radiative effect
of many aerosols is sensitive to the vertical distribution.
Aerosolsundergo chemical and physical changeswhileinthe
atmosphere, notably within clouds, and are removed largely
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andrelatively rapidly by precipitation (typically within aweek).
Because of this short residence time and the inhomogeneity
of sources, aerosols are distributed inhomogeneously in the
troposphere, with maxima near the sources. The radiative
forcing due to aerosols depends not only on these spatial
distributions, but also on the size, shape, and chemical
composition of the particles and various aspects (e.g., cloud
formation) of the hydrological cycleaswell. Asaresult of all
of these factors, obtaining accurate estimates of this forcing
has been very challenging, from both the observational and
theoretical standpoints.

Nevertheless, substantial progress has been achieved in better
defining the direct effect of a wider set of different aerosols.
The SAR consdered thedirect effectsof only threeanthropogenic
aerosol species: sulphate aerosols, biomass-burning aerosols,
and fossil fuel black carbon (or soot). Observations have now
shown the importance of organic materialsin both fossil fuel
carbon aerosols and biomass-burning carbon aerosols. Since
the SAR, theinclusion of estimatesfor the abundance of fossil
fuel organic carbon aerosols has led to an increase in the
predicted total optical depth (and consequent negativeforcing)
associated with industrial aerosols. Advancesin observations
and in aerosol and radiative model s have allowed quantitative
estimates of these separate components, aswell asan estimate
for therange of radiativeforcing associated with mineral dust,
asshown in Figure 9. Direct radiative forcing is estimated to
be —0.4 Wm2 for sulphate, -0.2 Wm= for biomass-burning
aerosols, —0.1 W2 for fossil fuel organic carbon, and +0.2
Wm-= for fossil fuel black carbon aerosols. Uncertainties
remain relatively large, however. Thesearisefrom difficulties
in determining the concentration and radiative characteristics
of atmospheric aerosols and the fraction of the aerosols that
areof anthropogenic origin, particularly the knowledge of the
sources of carbonaceous aerosols. Thisleadsto considerable
differences (i.e., factor of two to three range) in the burden
and substantial differencesin the vertical distribution (factor
of ten). Anthropogenic dust aerosol is also poorly quantified.
Satellite observations, combined with model calculations, are
enabling the identification of the spatial signature of thetotal
aerosol radiative effect in clear skies; however, the quantitative
amount is still uncertain.

Estimates of the indirect radiative forcing by anthropogenic
aerosolsremain problematic, although observational evidence
pointsto a negative aerosol-induced indirect forcing in warm
clouds. Two different approaches exist for estimating the
indirect effect of aerosols: empirical methodsand mechanistic
methods. The former have been applied to estimate the effects
of industrial aerosols, while the latter have been applied to
estimate the effects of sulphate, fossil fuel carbonaceous
aerosols, and biomass aerosols. In addition, models for the
indirect effect have been used to estimate the effects of the
initial changein droplet sizeand concentrations (afirst indirect
effect), as well as the effects of the subsequent change in

| WGl Technical Summary

precipitation efficiency (asecond indirect effect). The studies
represented in Figure 9 provide an expert judgement for the
range of thefirst of these; therangeisnow dlightly wider than
in the SAR; the radiative perturbation associated with the
second indirect effect isof the same sign and could be of similar
magnitude compared to the first effect.

The indirect radiative effect of aerosolsis now understood to
also encompass effects on ice and mixed-phase clouds, but the
magnitude of any such indirect effect is not known, although
itislikelytobepositive. It isnot possibleto estimatethe number
of anthropogenicicenuclei at the present time. Except at cold
temperatures (below —45°C) where homogeneous nucleation
is expected to dominate, the mechanisms of ice formationin
these clouds are not yet known.

C.4. Observed Changes in Other Anthropogenic
Forcing Agents

Land-use (albedo) change

Changes in land use, deforestation being the major factor,
appear to have produced a negative radiative forcing of —0.2
+0.2 W2 (Figure 8). The largest effect is estimated to be at
the high latitudes. This is because deforestation has caused
snow-covered forestswith relatively low albedo to be replaced
with open, snow-covered areaswith higher albedo. Theestimate
given above is based on simulations in which pre-industrial
vegetationisreplaced by current land-use patterns. However,
thelevel of understandingisvery low for thisforcing, and there
have been far fewer investigations of this forcing compared
to investigations of other factors considered in this report.

C.5. Observed and Modelled Changes in Solar and
Volcanic Activity

Radiative forcing of the climate systemdueto solar irradiance
changeis estimated to be 0.3 + 0.2 Whr2 for the period 1750
to the present (Figure 8), and most of the changeis estimated
to have occurred during thefirst half of the 20th century. The
fundamental source of all energy inthe Earth’s climate system
isradiation from the Sun. Therefore, variation in solar output
isaradiativeforcing agent. The absolute value of the spectrally
integrated total solar irradiance (TSI) incident onthe Earthis
not known to better than about 4 Wm, but satellite observations
sincethelate 1970s show relative variations over the past two
solar 11-year activity cyclesof about 0.1%, whichisequivalent
to avariation in radiative forcing of about 0.2 Wm. Prior to
these satellite observations, reliable direct measurements of
solar irradiance arenot available. Variationsover longer periods
may have been larger, but the techniques used to reconstruct
historical vauesof TS| from proxy observations(e.g., sunspots)
have not been adequately verified. Solar variation variesmore
substantially inthe ultraviolet region, and studieswith climate
models suggest that inclusion of spectrally resolved solar
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irradiance variations and solar-induced stratospheric ozone
changes may improvetherealism of model simulationsof the
impact of solar variability on climate. Other mechanisms for
theamplification of solar effectson climate have been proposed,
but do not have arigorous theoretical or observational basis.

Stratospheric aerosolsfrom explosive volcanic eruptionslead
to negative forcing that lasts a few years. Several explosive
eruptionsoccurredin the periods 1880t0 1920 and 1960t0 1991,
and no explosive eruptionssince 1991. Enhanced stratospheric
aerosol content due to volcanic eruptions, together with the
small solar irradiance variations, result in anet negative natural
radiativeforcing over the past two, and possibly even the past
four, decades.

C.6. Global Warming Potentials

Radiative forcings and Global Warming Potentials (GWPS)
are presented in Table 3 for an expanded set of gases. GWPs
are a measure of the relative radiative effect of a given
substance compared to CO,, integrated over a chosen time
horizon. New categoriesof gasesin Table 3 includefluorinated
organic molecules, many of which are ethersthat are proposed
as halocarbon substitutes. Some of the GWPs have larger
uncertainties than that of others, particularly for those gases
where detailed laboratory data on lifetimes are not yet
available. The direct GWPs have been calculated relative to
CO, using an improved calculation of the CO, radiative
forcing, the SAR response function for a CO, pulse, and new
valuesfor theradiative forcing and lifetimes for anumber of
halocarbons. Indirect GWPs, resulting from indirect radiative
forcing effects, are also estimated for some new gases,
including carbon monoxide. The direct GWPsfor those species
whose lifetimes are well characterised are estimated to be
accurate within £35%, but theindirect GWPsarelesscertain.

D.The Simulation of the Climate System
and its Changes

The preceding two Sections reported on the climate from the
distant past to the present day through the observations of
climate variables and the forcing agents that cause climate to
change. This Section bridges to the climate of the future by
describing the only tool that provides quantitative estimates
of future climate changes, namely, numerical models. Thebasic
understanding of the energy balance of the Earth system means
that quite s mplemodel scan provideabroad quantitative estimate
of someglobaly averaged variables, but moreaccurate estimates
of feedbacks and of regional detail can only come from more
elaborate climate models. The complexity of the processesin
the climate system prevents the use of extrapolation of past
trends or statistical and other purely empirical techniquesfor
projections. Climate model s can beused to simulate theclimate
responsesto different input scenarios of futureforcing agents
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(Section F). Similarly, projection of the fate of emitted CO,
(i.e., therelative sequestration into the various reservoirs) and
other greenhouse gases requires an understanding of the
biogeochemical processes involved and incorporating these
into anumerical carbon cycle model.

A climate model isasimplified mathematical representation
of the Earth’sclimate system (see Box 3). Thedegreetowhich
the model can simulate the responses of the climate system
hingesto avery large degree on the level of understanding of
the physical, geophysical, chemical and biological processes
that govern the climate system. Since the SAR, researchers
have made substantial improvementsin the simulation of the
Earth’s climate system with models. First, the current
understanding of some of the most important processes that
govern the climate system and how well they are represented
in present climate models are summarised here. Then, this
Section presentsan assessment of the overall ability of present
models to make useful projections of future climate.

D.1. Climate Processes and Feedbacks

Processesin the climate system determine the natural variability
of the climate system and its response to perturbations, such
astheincreasein theatmospheric concentrations of greenhouse
gases. Many basic climate processes of importance are well-
known and modelled exceedingly well. Feedback processes
amplify (apositive feedback) or reduce (anegative feedback)
changes in response to an initial perturbation and hence are
very important for accurate ssimulation of theevolution of climate.

Water vapour

Amajor feedback accounting for thelarge warming predicted
by climate models in response to an increase in CO, is the
increase in atmospheric water vapour. An increase in the
temperature of the atmosphere increases its water-holding
capacity; however, Sncemos of theatmosphereisundersaturated,
thisdoes not automatically mean that water vapour, itself, must
increase. Within the boundary layer (roughly thelowest 1t0 2
km of the atmosphere), water vapour increaseswith increasing
temperature. In the freetroposphere abovethe boundary layer,
where the water vapour greenhouse effect is most important,
the situation is harder to quantify. Water vapour feedback, as
derived from current models, approximately doubles the
warming fromwhat it would be for fixed water vapour. Since
the SAR, major improvements have occurred in the treatment
of water vapour in models, although detrainment of moisture
from clouds remains quite uncertain and discrepancies exist
between model water vapour distributionsand those observed.
Models are capable of simulating the moist and very dry
regions observed in the tropics and sub-tropics and how they
evolvewith the seasonsand from year to year. Whilereassuring,
this does not provide a check of the feedbacks, although the
balance of evidence favours apositive clear-sky water vapour
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Table 3: Direct Global Warming Potentials (GWPs) relative to carbon dioxide (for gases for which the lifetimes have been
adequately characterised). GWPsare an index for estimating rel ative global warming contribution due to atmospheric emission
of akg of aparticular greenhouse gas compared to emission of akg of carbon dioxide. GWPs calculated for different time
horizons show the effects of atmospheric lifetimes of the different gases. [Based upon Table 6.7]

Global Warming Potential
(TimeHorizon in years)

Lifetime

Gas (years) 20yrs 100 yrs 500 yrs
Carbon dioxide CO, 1 1 1
Methane? CH, 12.0° 62 23 7
Nitrous oxide N,O 114° 275 296 156
Hydrofluorocarbons
HFC-23 CHF, 260 9400 12000 10000
HFC-32 CH,F, 5.0 1800 550 170
HFC-41 CH,F 2.6 330 97 30
HFC-125 CHF,CF, 29 5900 3400 1100
HFC-134 CHF,CHF, 9.6 3200 1100 330
HFC-134a CH,FCF, 13.8 3300 1300 400
HFC-143 CHF,CH,F 34 1100 330 100
HFC-143a CF;,CH, 52 5500 4300 1600
HFC-152 CH,FCH,F 05 140 43 13
HFC-152a CH,CHF, 14 410 120 37
HFC-161 CH,CH,F 0.3 40 12 4
HFC-227ea CF,CHFCF, 33 5600 3500 1100
HFC-236¢ch CH,FCF,CF, 13.2 3300 1300 390
HFC-236ea CHF,CHFCF, 10 3600 1200 390
HFC-236fa CF,CH,CF, 220 7500 9400 7100
HFC-245ca CH,FCF,CHF, 5.9 2100 640 200
HFC-245fa CHF,CH,CF, 7.2 3000 950 300
HFC-365mfc CF,CH,CF,CH, 9.9 2600 890 280
HFC-43-10mee CF,CHFCHFCF,CF, 15 3700 1500 470
Fully fluorinated species
Sk, 3200 15100 22200 32400
CF, 50000 3900 5700 8900
CF 10000 8000 11900 18000
CF 2600 5900 8600 12400
C,Fp 2600 5900 8600 12400
c-C,F 3200 6800 10000 14500
CFy, 4100 6000 8900 13200

F1a 3200 6100 9000 13200
Ethers and Halogenated Ethers
CH,OCH, 0.015 1 1 <<1
HFE-125 CF;OCHF, 150 12900 14900 9200
HFE-134 CHF,OCHF, 26.2 10500 6100 2000
HFE-143a CH,OCF, 44 2500 750 230
HCFE-235da2 CF,CHCIOCHF, 2.6 1100 340 110
HFE-245fa2 CF,CH,OCHF, 44 1900 570 180
HFE-254ch2 CHF,CF,0OCH, 0.22 99 30 9
HFE-7100 C,F,OCH, 5.0 1300 390 120
HFE-7200 C,F,OC,H; 0.77 190 55 17
H-Galden 1040x CHF,OCF,OC,F,OCHF, 6.3 5900 1800 560
HG-10 CHF,OCF,OCHF, 12.1 7500 2700 850
HG-01 CHF,OCF,CF,0CHF, 6.2 4700 1500 450

#The methane GWPs include an indirect contribution from stratospheric H,O and O, production.
bThe values for methane and nitrous oxide are adjustment times, which incorporate the indirect effects of emission of each gasonitsown lifetime.
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Box 3. Climate Models: How are they built and how are they applied?

Comprehensive climate models are based on physical laws
represented by mathematical equationsthat are solved using
a three-dimensional grid over the globe. For climate
simulation, the major components of the climate system must
be represented in sub-models (atmosphere, ocean, land
surface, cryosphere and biosphere), along with the processes
that go on within and between them. M ost resultsin thisreport
are derived from the results of models, which include some
representation of al these components. Globa climatemodels
in which the atmosphere and ocean components have been
coupled together are also known as Atmosphere-Ocean
Genera Circulation Models (AOGCMSs). Inthe atmospheric
module, for example, equations are solved that describe the
large-scale evolution of momentum, heat and moisture.
Similar equations are solved for the ocean. Currently, the
resolution of the atmospheric part of atypical model isabout
250 km in the horizontal and about 1 kmin the vertical above
the boundary layer. The resolution of atypical ocean model
is about 200 to 400 m in the vertical, with a horizontal
resolution of about 125 to 250 km. Equations are typically
solved for every haf hour of amodel integration. Many physical
processes, such asthoserelated to clouds or ocean convection,
take place on much smaller spatial scalesthan themodel grid
and therefore cannot be modelled and resolved explicitly.
Their average effects are approximately included inasimple
way by taking advantage of physically based relationships
with the larger-scale variables. This technique is known as
parametrization.

In order to make quantitative projections of future climate
change, it is necessary to use climate models that simulate
all theimportant processes governing the future evol ution of
the climate. Climate models have developed over the past
few decades as computing power hasincreased. During that
time, models of the main components, atmosphere, land,
ocean and sea ice have been developed separately and then
gradually integrated. Thiscoupling of the various components
isadifficult process. M ost recently, sulphur cycle components

feedback of the magnitude comparable to that found in
simulations.

Clouds

As has been the case since the first IPCC Assessment Report
in 1990, probably the greatest uncertainty in future projections
of climate arises from clouds and their interactions with
radiation. Clouds can both absorb and reflect solar radiation
(thereby cooling the surface) and absorb and emit long wave
radiation (thereby warming the surface). The competition

have been incorporated to represent the emissions of sulphur
and how they are oxidised to form aerosol particles. Currently
inprogress, in afew models, isthe coupling of theland carbon
cycle and the ocean carbon cycle. The atmospheric chemistry
component currently is modelled outside the main climate
model. The ultimate aim is, of course, to model as much as
possible of thewhole of the Earth’s climate system so that all
the components can interact and, thus, the predictionsof climate
change will continuously take into account the effect of
feedbacks among components. The Figure above shows the
past, present and possible future evolution of climate models.

Some models offset errors and surface flux imbal ancesthrough
“flux adjustments’, which areempirically determined systematic
adjustments at the atmosphere-ocean interface held fixed in
time in order to bring the simulated climate closer to the
observed state. A strategy has been designed for carrying out
climate experimentsthat removes much of the effects of some
model errorson results. What isoften doneisthat first a“ control”

climate simulation is run with the model. Then, the climate
change experiment simulationisrun, for example, withincreased
CO, inthe model atmosphere. Finally, the differenceistaken
to provide an estimate of the change in climate due to the
perturbation. The differencing technigque removes most of the
effects of any artificial adjustments in the model, as well as
systematic errors that are common to both runs. However, a
comparison of different model results makes it apparent that
the nature of some errors still influences the outcome.

Many aspects of the Earth’s climate system are chaotic — its
evolutionissensitiveto small perturbationsininitial conditions.
This sensitivity limits predictability of the detailed evolution
of weather to about two weeks. However, predictability of
climateis not so limited because of the systematic influences
on the atmosphere of the more slowly varying components of
the climate system. Nevertheless, to be able to make reliable
forecasts in the presence of both initial condition and model
uncertainty, it isdesirableto repeat the prediction many times

between these effects depends on cloud height, thicknessand
radiative properties. Theradiative properties and evolution of
cloudsdepend on the distribution of atmospheric water vapour,
water drops, ice particles, atmospheric aerosols and cloud
thickness. The physical basis of cloud parametrizations is
greatly improved in models through inclusion of bulk
representation of cloud microphysical propertiesin a cloud
water budget equation, although considerable uncertainty
remains. Cloudsrepresent asignificant sourceof potential error
in climate s mulations. The possibility that modelsunderestimate
systematically solar absorptionin cloudsremainsacontroversia
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Box 3, Figure 1: The development
of climate models over the last 25
years showing how the different
components are first developed
separately and later coupled into
comprehensive climate models.
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from different perturbed initial statesand using different global
models. These ensembles are the basis of probability forecasts
of the climate state.

Comprehensive AOGCMs are very complex and take large
computer resources to run. To explore different scenarios of
emissions of greenhouse gases and the eff ects of assumptions
or approximationsin parametersin the model morethoroughly,

matter. The sign of the net cloud feedback is till a matter of
uncertainty, and the various models exhibit a large spread.
Further uncertainties arise from precipitation processes and
the difficulty in correctly ssimulating the diurnal cycle and
precipitation amounts and frequencies.

Stratosphere
There has been a growing appreciation of the importance of

the stratosphere in the climate system because of changesin
itsstructure and recognition of thevital role of both radiative

simpler modelsare also widely used. The simplifications may
include coarser resolution and simplified dynamics and
physical processes. Together, simple, intermediate, and
comprehensivemodelsform a*“ hierarchy of climate models’,
all of which are necessary to explore choices made in
parametrizations and assessthe robustness of climate changes.

and dynamical processes. Thevertical profile of temperature
change in the atmosphere, including the stratosphere, is an
important indicator in detection and attribution studies. Most
of the observed decreasesin lower-stratospheric temperatures
have been due to ozone decreases, of which the Antarctic
“ozonehol€” isapart, rather than increased CO, concentrations.
Waves generated in the troposphere can propagate into the
stratospherewherethey are absorbed. Asaresult, stratospheric
changes alter where and how these waves are absorbed, and
the effects can extend downward into the troposphere. Changes
in solar irradiance, mainly in the ultraviolet (UV), lead to
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photochemically-induced ozone changes and, hence, alter the
stratospheric heating rates, which can alter the tropospheric
circulation. Limitations in resolution and relatively poor
representation of some stratospheric processes adds uncertainty
to model results.

Ocean

Major improvements have taken place in modelling ocean
processes, in particular heat transport. These improvements,
in conjunction with an increase in resolution, have been
important in reducing the need for flux adjustment in models
and in producing realistic simulations of natural large-scale
circulation patterns and improvementsin simulating El Nifio
(seeBox 4). Ocean currentscarry heat fromthetropicsto higher
|atitudes. The ocean exchanges heat, water (through evaporation
and precipitation) and CO, with the atmosphere. Because of
its huge mass and high heat capacity, the ocean slows climate
change and influences the time-scales of variability in the
ocean-atmosphere system. Considerable progress has been
made in the understanding of ocean processes relevant for
climate change. Increases in resolution, as well asimproved
representation (parametrization) of important sub-grid scale
processes (e.g., mesoscal e eddies), haveincreased therealism
of simulations. Major uncertainties still exist with the
representation of small-scale processes, such asoverflows (flow
through narrow channels, e.g., between Greenland and | celand),
western boundary currents (i.e., large-scale narrow currents
along coastlines), convection and mixing. Boundary currents
in climate simulations are weaker and wider than in nature,
although the consequences of thisfor climate are not clear.

Cryosphere

The representation of sea-ice processes continuesto improve,
with several climate models now incorporating physically
based treatments of ice dynamics. The representation of land-
ice processes in global climate models remains rudimentary.
The cryosphere consists of those regions of Earth that are
seasonally or perennially covered by snow andice. Seaiceis
important because it reflects more incoming solar radiation
thantheseasurface(i.e., it hasahigher abedo), and it insulates
the seafrom heat loss during the winter. Therefore, reduction
of seaice gives a positive feedback on climate warming at
high latitudes. Furthermore, because seaice containsless salt
than seawater, when seaiceisformed the salt content (salinity)
and density of the surfacelayer of the oceanisincreased. This
promotes an exchange of water with deeper layers of the ocean,
affecting ocean circulation. Theformation of icebergsand the
melting of ice shelvesreturnsfresh water from theland to the
ocean, so that changes in the rates of these processes could
affect ocean circulation by changing the surface salinity. Snow
has a higher albedo than theland surface; hence, reductionsin
snow cover lead to asimilar positive albedo feedback, although
weaker than for seaice. Increasingly complex snow schemes
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and sub-grid scalevariahility inice cover and thickness, which
can significantly influence albedo and atmosphere-ocean
exchanges, are being introduced in some climate models.

Land surface

Research with models containing the latest representations
of theland surfaceindicatesthat the direct effects of increased
CO, on the physiology of plants could lead to a relative
reduction in evapotranspiration over the tropical continents,
with associated regional warming and drying over that
predicted for conventional greenhouse warming effects. Land
surface changes provideimportant feedbacks as anthropogenic
climate changes (e.g., increased temperature, changes in
precipitation, changesin net radiative heating, and the direct
effectsof CO,) will influence the state of theland surface (e.g.,
soil moisture, albedo, roughness and vegetation). Exchanges
of energy, momentum, water, heat and carbon between the
land surface and the atmosphere can be defined in models as
functions of the type and density of the local vegetation and
the depth and physical propertiesof the sail, all based on land-
surface data bases that have been improved using satellite
observations. Recent advancesin the understanding of vegetation
photosynthesis and water use have been used to couple the
terrestrial energy, water and carbon cycles within a new
generation of land surface parametrizations, which have been
tested against field observations and implemented in a few
GCMs, with demonstrableimprovementsin the simulation of
land-atmospherefluxes. However, significant problemsremain
to be solved in the areas of soil moisture processes, runoff
prediction, land-use change and the treatment of snow and
sub-grid scale heterogeneity.

Changes in land-surface cover can affect global climate in
several ways. Large-scale deforestation in the humid tropics
(e.g., South America, Africa, and Southeast Asia) has been
identified asthe most important ongoing land-surface process,
because it reduces evaporation and increases surface
temperature. These effects are qualitatively reproduced by
most models. However, large uncertainties still persist onthe
guantitative impact of large-scale deforestation on the
hydrological cycle, particularly over Amazonia.

Carbon cycle

Recent improvements in process-based terrestrial and ocean
carbon cyclemodelsand their eval uation against observations
have given more confidence in their use for future scenario
studies. CO, naturally cycles rapidly among the atmosphere,
oceansand land. However, theremoval of the CO, perturbation
added by human activitiesfromthe atmospheretakesfar longer.
Thisisbecause of processesthat limit the rate at which ocean
and terrestrial carbon stocks canincrease. Anthropogenic CO,
istaken up by the ocean because of its high solubility (caused
by the nature of carbonate chemistry), but therate of uptakeis
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limited by thefinite speed of vertical mixing. Anthropogenic CO,
istaken up by terrestrial ecosystems through several possible
mechanisms, for example, land management, CO, fertilisation
(the enhancement of plant growth as a result of increased
atmospheric CO, concentration) and increasing anthropogenic
inputsof nitrogen. Thisuptakeislimited by therelatively small
fraction of plant carbon that can enter long-term storage (wood
and humus). The fraction of emitted CO, that can be taken up
by the oceans and land is expected to decline with increasing
CO, concentrations. Process-based moddl s of the ocean andland
carbon cycles (including representations of physical, chemical
and biological processes) have been devel oped and eval uated
against measurements pertinent to the natural carbon cycle. Such
models have a so been set up to mimic the human perturbation
of the carbon cycle and have been ableto generate time-series
of ocean and land carbon uptake that are broadly consistent
with observed global trends. Therearetill substantia differences
among models, especially in how they treat the physical ocean
circulation and in regional responses of terrestrial ecosystem
processesto climate. Nevertheless, current models consistently
indicatethat when the effects of climate change are considered,
CO, uptake by oceans and land becomes smaller.

D.2.The Coupled Systems

Asnoted in Section D.1, many feedbacks operate within the
individual components of the climate system (atmosphere,
ocean, cryosphereand land surface). However, many important
processes and feedbacks occur through the coupling of the
climate system components. Their representation isimportant
to the prediction of large-scale responses.

Modes of natural variability

There is an increasing realisation that natural circulation
patterns, such as ENSO and NAO, play a fundamental rolein
global climate and itsinterannual and longer-termvariability.
The strongest natural fluctuation of climate on interannual
time-scales is the ENSO phenomenon (see Box 4). It is an
inherently coupled atmosphere-ocean mode with its core
activity in the tropical Pacific, but with important regional
climateimpactsthroughout theworld. Global climate models
are only now beginning to exhibit variability in the tropical
Pacific that resembles ENSO, mainly through increased
meridional resolution at the equator. Patterns of sea surface
temperature and atmospheric circulation similar to those
occurring during ENSO oninterannual time-scalesal so occur
on decadal and longer time-scales.

The North Atlantic Oscillation (NAO) isthe dominant pattern
of northernwintertime atmospheric circulation variability and
is increasingly being simulated realistically. The NAO is
closely related to the Arctic Oscillation (AO), which has an
additional annular component around the Arctic. There is
strong evidence that the NAO arises mainly from internal
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atmospheric processes involving the entire troposphere-
stratosphere system. Fluctuations in Atlantic Sea Surface
Temperatures (SSTs) are related to the strength of the NAO,
and a modest two-way interaction between the NAO and the
Atlantic Ocean, leading to decadal variability, isemerging as
important in projecting climate change.

Climate change may manifest itself both as shifting means,
aswell as changing preference of specific climate regimes, as
evidenced by the observed trend toward positive values for
the last 30 yearsin the NAO index and the climate “ shift” in
thetropical Pacific about 1976. While coupled modelssimulate
features of observed natural climate variability, such as the
NAO and ENSO, which suggests that many of the relevant
processesareincluded inthe models, further progressisneeded
to depict these natural modes accurately. Moreover, because
ENSO and NAO are key determinants of regional climate
change and can possibly result in abrupt and counter intuitive
changes, there has been an increase in uncertainty in those
aspects of climate change that critically depend on regional
changes.

The thermohaline circulation (THC)

The thermohaline circulation (THC) is responsible for the
major part of the meridional heat transport in the Atlantic
Ocean. TheTHC isaglobal-scaeoverturninginthe ocean driven
by density differences arising from temperature and salinity
effects. In the Atlantic, heat is transported by warm surface
watersflowing northward and cold sdinewatersfrom the North
Atlantic returning at depth. Reorganisations in the Atlantic
THC can betriggered by perturbationsin the surface buoyancy,
whichisinfluenced by precipitation, evaporation, continental
runoff, sea-ice formation, and the exchange of heat, processes
that could al changewith consequencesfor regional and global
climate. Interactions between the atmosphere and the ocean
are also likely to be of considerable importance on decadal
andlonger time-scales, wherethe THC isinvolved. Theinterplay
between the large-scale atmospheric forcing, with warming
and evaporation in low latitudes and cooling and increased
precipitation at high latitudes, forms the basis of a potential
instability of the present Atlantic THC. ENSO may also
influencetheAtlantic THC by altering the fresh water balance
of thetropical Atlantic, therefore providing acoupling between
low and high latitudes. Uncertainties in the representation of
small-scale flows over sills and through narrow straits and of
ocean convection limit the ability of models to simulate
situationsinvolving substantial changesinthe THC. Theless
saline North Pacific meansthat adeep THC does not occur in
the Pacific.

Non-linear events and rapid climate change

Thepossibility for rapid and irreversible changesintheclimate
system exists, but thereisa large degree of uncertainty about
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Box 4: The El Nifio-Southern Oscillation (ENSO)

The strongest natural fluctuation of climate on interannual
time-scales is the El Nifio-Southern Oscillation (ENSO)
phenomenon. The term “El Nifio” originally applied to an
annual weak warm ocean current that ran southwards along
the coast of Peru about Christmas-timeand only subsequently
became associated with the unusually large warmings. The
coastal warming, however, is often associated with a much
more extensive anomal ous ocean warming to the I nternational
Dateline, and it is this Pacific basinwide phenomenon that
forms the link with the anomalous global climate patterns.
The atmospheric component tied to “El Nifio” istermed the
“Southern Oscillation” . Scientists often call thisphenomenon,
where the atmosphere and ocean collaborate together, ENSO
(El Nifio-Southern Oscillation).

ENSO isanatural phenomenon, and thereis good evidence
from cores of cora and glacial ice in the Andes that it has
been going on for millennia. The ocean and atmospheric
conditions in the tropical Pacific are seldom average, but
instead fluctuate somewhat irregularly between El Nifio
events and the opposite “La Nifia’ phase, consisting of a
basinwide cooling of the tropical Pacific, with a preferred
period of about threeto six years. The most intense phase of
each event usually lasts about ayear.

A distinctive pattern of seasurface temperaturesin the Pacific
Ocean sets the stage for ENSO events. Key features are the
“warm pool” in the tropical western Pacific, where the
warmest ocean watersin theworld reside, much colder waters
in the eastern Pacific, and a cold tongue along the equator
that ismost pronounced about October and weakest in March.
The atmospheric easterly trade winds in the tropics pile up
the warm waters in the west, producing an upward slope of
sea level along the equator of 0.60 m from east to west. The
winds drive the surface ocean currents, which determine
where the surface waters flow and diverge. Thus, cooler

the mechanismsinvolved and hence al so about the likelihood
or time-scalesof such transitions. The climate systeminvolves
many processes and feedbacks that interact in complex non-
linear ways. Thisinteraction can giveriseto thresholdsin the
climate system that can be crossed if the system is perturbed
sufficiently. Thereisevidencefrom polar ice cores suggesting
that atmospheric regimes can change within afew years and
that large-scale hemispheric changes can evolve as fast as a
few decades. For example, the possibility of athreshold for a
rapid transition of the Atlantic THC to a collapsed state has
been demonstrated with ahierarchy of models. Itisnot yet clear
what thisthreshold isand how likely it isthat human activity
wouldleadtoit being exceeded (see Section F.6). Atmospheric
circulation can be characterised by different preferred patterns;
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nutrient-rich waters upwell from bel ow along the equator and
western coasts of the Americas, favouring development of
phytoplankton, zooplankton, and hence fish. Because
convection and thunderstorms preferentially occur over
warmer waters, the pattern of sea surface temperatures
determinesthe distribution of rainfall in the tropics, and this
in turn determines the atmospheric heating patterns through
the release of latent heat. The heating drives the large-scale
monsoonal-type circulationsin the tropics, and consequently
determines the winds. This strong coupling between the
atmosphere and ocean in thetropicsgivesriseto the El Nifio
phenomenon.

During El Nifio, the warm waters from the western tropical
Pacific migrate eastward asthe trade winds weaken, shifting
the pattern of tropical rainstorms, further weakening thetrade
winds, and thusreinforcing the changesin seatemperatures.
Sealeve dropsinthewest, but risesin the east by asmuch as
0.25 m, as warm waters surge eastward along the equator.
However, the changes in atmospheric circulation are not
confined to the tropics, but extend globally and influencethe
jet streamsand storm tracksin mid-latitudes. Approximately
reverse patterns occur during the opposite La Nifa phase of
the phenomenon.

Changes associated with ENSO produce large variationsin
weather and climate around theworld from year to year. These
often have a profound impact on humanity and society
because of associated droughts, floods, heat waves and other
changes that can severely disrupt agriculture, fisheries, the
environment, health, energy demand, air quality and also
changetherisksof fire. ENSO also playsaprominent rolein
modulating exchanges of CO, with the atmosphere. The
normal upwelling of cold nutrient-rich and CO,-rich waters
in the tropical Pacific is suppressed during El Nifio.

e.g., arising from ENSO and the NAO/AO, and changes in
their phase can occur rapidly. Basic theory and model s suggest
that climate change may be first expressed in changesin the
frequency of occurrence of these patterns. Changesin vegetation,
through either direct anthropogenic deforestation or those caused
by global warming, could occur rapidly and could induce
further climate change. It is supposed that the rapid creation
of the Sahara about 5,500 years ago represents an exampl e of
such anon-linear changein land cover.

D.3. Regionalisation Techniques

Regional climateinformation wasonly addressed to a limited
degreeinthe SAR. Techniques used to enhance regional detail
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havebeen subgtantially improved sincethe SAR and have become
morewidely applied. They fall into three categories: high and
variableresolution AOGCMSs; regional (or nested limited areq)
climatemodel s (RCMs); and empirical/statistical and statistical/
dynamical methods. Thetechniquesexhibit different strengths
and weaknesses and their use at the continental scale strongly
depends on the needs of specific applications.

Coarse resolution AOGCMs simulate atmospheric general
circulation featureswell in general. At theregional scale, the
models display area-average biases that are highly variable
from region to region and among model s, with sub-continental
areaaveraged seasonal temperature biasestypically +4°C and
precipitation biases between —40 and +80%. These represent
an important improvement compared to AOGCMs evaluated
inthe SAR.

The development of high resolution/variable resolution
Atmospheric General Circulation Models (AGCMs) sincethe
SAR generally shows that the dynamics and large-scale flow
inthe modelsimproves asresolution increases. In some cases,
however, systematic errors are worsened compared to coarser
resolution models, although only very few results have been
documented.

High resolution RCMs have matured considerably since the
SAR. Regional models consistently improve the spatial detail
of simulated climate compared to AGCMs. RCMs driven by
observed boundary conditions evidence area-averaged
temperature biases (regional scales of 10° to 10° km?) generally
below 2°C, while precipitation biases are below 50%.
Regionalisation work indicates at finer scalesthat the changes
can be substantially different in magnitude or sign from the
largearea-averageresults. A relatively large spread existsamong
models, although attribution of the cause of these differences
isunclear.

D.4. Overall Assessment of Abilities

Coupled modelshave evolved and improved significantly since
the SAR. In general, they provide credible simulations of
climate, at least down to sub-continental scales and over
temporal scales from seasonal to decadal. Coupled models,
asaclass, areconsidered to be suitabletoolsto provide useful
projections of future climates. Thesemodel scannot yet ssimulate
all aspects of climate (e.g., they still cannot account fully for
the observed trend in the surface-troposphere temperature
differences since 1979). Clouds and humidity also remain
sources of significant uncertainty, but there have been
incremental improvementsin simulations of these quantities.
No single model can be considered “best”, and it isimportant
to utilise results from arange of carefully evaluated coupled
models to explore effects of different formulations. The
rationaefor increased confidencein modelsarisesfrom model
performance in the following areas.

WGl Technical Summary

Flux adjustment

The overall confidence in model projections is increased by
the improved performance of several models that do not use
flux adjustment. These models now maintain stable, multi-
century simulations of surface climate that are considered to
be of sufficient quality to allow their use for climate change
projections. The changes whereby many models can now run
without flux adjustment have comefrom improvementsin both
the atmospheric and oceanic components. In the model
atmosphere, improvementsin convection, the boundary layer,
clouds, and surface latent heat fluxes are most notable. Inthe
model ocean, the improvements are in resolution, boundary
layer mixing, and in the representation of eddies. The results
from climate change studies with flux adjusted and non-flux
adjusted models are broadly in agreement; nonetheless, the
development of stable non-flux adjusted models increases
confidencein their ability to simulate future climates.

Climate of the 20th century

Confidence in the ability of modelsto project future climates
is increased by the ability of several models to reproduce
warming trends in the 20th century surface air temperature
when driven by increased greenhouse gases and sulphate
aerosols. Thisisillustrated in Figure 13. However, only idealized
scenarios of sulphate aerosolshave been used and contributions
from some additional processes and forcings may not have
been included inthe models. Some modelling studi es suggest
that inclusion of additional forcings like solar variability and
volcanic aerosols may improve some aspects of the simulated
climate variability of the 20th century.

Extreme events

Analysisof and confidencein extreme events simulated within
climatemodelsare still emerging, particularly for stormtracks
and stormfrequency. “ Tropical-cyclone-like” vorticesarebeing
simulated in climate models, although enough uncertainty
remainsover thelr interpretation to warrant caution in projections
of tropical cyclonechanges. However, in general, theanalysis
of extreme events in both observations (see Section B.6) and
coupled modelsis underdevel oped.

Interannual variability

The performance of coupled modelsin simulating ENSO has
improved; however, itsvariability is displaced westward and
its strength is generally underestimated. When suitably
initialised with surfacewind and sub-surface ocean data, some
coupled models have had a degree of success in predicting
ENSO events.
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Figure 13: Observed and modelled global annual mean temperature
anomalies (°C) relative to the average of the observations over the
period 1900 to 1930. The control and three independent simulations
with the same greenhouse gas plus aerosol forcing and slightly
different initial conditions are shown from an AOGCM. The three
greenhouse gas plus aerosol simulations are labeled ‘run 1’, ‘run
2’, and ‘run 3’ respectively. [Based on Figure 8.15]

Model intercomparisons

Thegrowth in systematic intercomparisons of models provides
the core evidence for the growing capabilities of climate
models. For example, the Coupled Model Intercomparison
Project (CMIP) is enabling a more comprehensive and
systematic eval uation and intercompari son of coupled models
run in a standardised configuration and responding to
standardised forcing. Some degree of quantification of
improvements in coupled model performance has now been
demonstrated. The Palaeoclimate Model Intercomparison
Project (PMIP) provides intercomparisons of models for the
mid-Holocene (6,000 years before present) and for the Last
Glacial Maximum (21,000 years before present). The ability
of these models to simulate some aspects of palaeoclimates,
compared to a range of palaeoclimate proxy data, gives
confidence in models (at least the atmospheric component)
over arange of difference forcings.

E.The Identification of a Human Influence
on Climate Change

Sections B and C characterised the observed past changesin
climate and in forcing agents, respectively. Section D examined
the capabilities of climate models to predict the response of
the climate system to such changes in forcing. This Section
uses that information to examine the question of whether a
human influence on climate change to date can be identified.

Synthesis Report

Thisisan important point to address. The SAR concluded that
“the balance of evidence suggests that there is a discernible
human influence onglobal climate”. It noted that the detection
and attribution of anthropogenic climate change signals will
be accomplished through agradual accumulation of evidence.
The SAR aso noted uncertainties in a number of factors,
including internal variability and the magnitude and patterns
of forcing and response, which prevented them from drawing
astronger conclusion.

E.1.The Meaning of Detection and Attribution

Detection is the process of demonstrating that an observed
change is significantly different (in a statistical sense) than
can be explained by natural variability. Attribution is the
process of establishing cause and effect with some defined
level of confidence, including the assessment of competing
hypotheses. The response to anthropogenic changesin climate
forcing occurs against a backdrop of natural internal and
externally forced climate variability. Internal climate
variability, i.e., climate variability not forced by external
agents, occurs on all time-scales from weeksto centuries and
even millennia. Slow climate components, such asthe ocean,
have particularly important roles on decadal and century time-
scales because they integrate weather variability. Thus, the
climate is capable of producing long time-scal e variations of
considerable magnitude without external influences. Externally
forced climate variations (signals) may be due to changesin
natural forcing factors, such as solar radiation or volcanic
aerosol s, or to changesin anthropogenic forcing factors, such
asincreasing concentrations of greenhouse gases or aerosols.
The presence of thisnatural climate variability meansthat the
detection and attribution of anthropogenic climate changeisa
statistical “signal to noise” problem. Detection studies
demonstrate whether or not an observed change is highly
unusual inastatistical sense, but thisdoes not necessarily imply
that we understand its causes. Theattribution of climate change
to anthropogenic causes involves statistical analysis and the
careful assessment of multiplelinesof evidenceto demonstrate,
within a pre-specified margin of error, that the observed
changes are:
« unlikely to be due entirely to internal variability;
 consistent with the estimated responses to the given
combination of anthropogenic and natural forcing; and
» not consistent with alternative, physically plausible
explanationsof recent climate changethat excludeimportant
elements of the given combination of forcings.

E.2. A Longer and More Closely Scrutinised
Observational Record

Three of the last five years (1995, 1997 and 1998) were the
warmest globally in the instrumental record. The impact of
observationa sampling errorshas been estimated for the global
and hemispheric mean temperature record. There is also a
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better understanding of the errors and uncertainties in the
satellite-based (Microwave Sounding Unit, M SU) temperature
record. Discrepancies between M SU and radiosonde datahave
largely been resolved, although the observed trend in the
difference between the surface and lower tropospheric
temperatures cannot fully be accounted for (see Section B).
New reconstructions of temperature over thelast 1,000 years
indicate that the temperature changes over the last hundred
yearsare unlikely to be entirely natural in origin, eventaking
into account the large uncertaintiesin palaeo-reconstructions
(see Section B).

E.3. New Model Estimates of Internal Variability

The warming over the past 100 years is very unlikely to be
due to internal variability alone, as estimated by current
models. Theinstrumental record isshort and coversthe period
of human influence and pal aeo-recordsinclude natural forced
variations, such asthose due to variationsin solar irradiance
andinthefrequency of mgjor volcanic eruptions. Theselimitations
leavefew aternativesto using long “ control” simulationswith
coupled modelsfor the estimation of internal climatevariability.
Since the SAR, more models have been used to estimate the
magnitude of internal climate variability, a representative
sample of whichisgivenin Figure 14. Ascan be seen, thereis
awiderange of global scaleinterna variability inthese models.
Estimates of the longer time-scale variability relevant to
detection and attribution studies is uncertain, but, on
interannual and decadal time-sca es, somemodelsshow similar
or larger variability than observed, even though models do
not include variance from external sources. Conclusions on
detection of an anthropogenic signal are insensitive to the
model used to estimateinternal variability, and recent changes
cannot be accounted for as pure internal variability, even if
the amplitude of simulated internal variationsisincreased by
a factor of two or perhaps more. Most recent detection and
attribution studies find no evidence that model-estimated
internal variability at the surface is inconsistent with the
residual variability that remains in the observations after
removal of the estimated anthropogenic signals on the large
spatial and long time-scales used in detection and attribution
studies. Note, however, the ability to detect inconsistenciesis
limited. As Figure 14 indicates, no model control simulation
showsatrendin surfaceair temperature aslarge asthe observed
trend over the last 1,000 years.

E.4. New Estimates of Responses to Natural
Forcing

Assessmentsbased on physical principlesand model smulations
indicate that natural forcing alone is unlikely to explain the
recent observed global warming or the observed changesin
vertical temperature structure of the atmosphere. Fully
coupled ocean-atmosphere model s have used reconstructions
of solar and volcanic forcings over the last one to three
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Figure 14: Global mean surface air temperature anomalies from
1,000 year control simulations with three different climate models,
— Hadley, Geophysical Fluid Dynamics Laboratory and Hamburg,
compared to the recent instrumental record. No model control
simulation shows a trend in surface air temperature as large as the
observed trend. If internal variability is correct in these models, the
recent warming is likely not due to variability produced within the
climate system alone. [Based on Figure 12.1]

centuries to estimate the contribution of natural forcing to
climate variability and change. Although the reconstruction
of natural forcingsisuncertain, including their effects produces
anincreasein variance at longer (multi-decadal) time-scales.
Thisbringsthelow-frequency variability closer to that deduced
from palaeo-reconstructions. It is likely that the net natural
forcing (i.e., solar plus volcanic) has been negative over the
past two decades, and possibly even the past four decades.
Sttistical assessmentsconfirm that smulated natural variability,
both internal and naturally forced, is unlikely to explain the
warming in thelatter half of the 20th century (see Figure 15).
However, thereisevidencefor adetectable volcanicinfluence
on climate and evidence that suggests a detectable solar
influence, especially intheearly part of the 20th century. Even
if the models underestimate the magnitude of the responseto
solar or volcanic forcing, the spatial and temporal patterns
are such that these effects alone cannot explain the observed
temperature changes over the 20th century.

E.5. Sensitivity to Estimates of Climate Change
Signals

Thereisawiderange of evidence of qualitative consistencies
between observed climate changes and model responses to
anthropogenicforcing. M odel sand observationsshow increasing
global temperature, increasing land-ocean temperature contrast,
diminishing sea-ice extent, glacial retreat, and increases in
precipitation at high latitudes in the Northern Hemisphere.
Some qualitative inconsistencies remain, including the fact
that models predict afaster rate of warming in the mid- to upper
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Figure 15: Global mean surface temperature anomalies relative to the 1880 to 1920 mean from the instrumental record compared with ensembles
of four simulations with a coupled ocean-atmosphere climate model forced (a) with solar and volcanic forcing only, (b) with anthropogenic forcing
including well mixed greenhouse gases, changes in stratospheric and tropospheric ozone and the direct and indirect effects of sulphate
aerosols, and (c) with all forcings, both natural and anthropogenic. The thick line shows the instrumental data while the thin lines show the individual
model simulations in the ensemble of four members. Note that the data are annual mean values. The model data are only sampled at the
locations where there are observations. The changes in sulphate aerosol are calculated interactively, and changes in tropospheric ozone were
calculated offline using a chemical transport model. Changes in cloud brightness (the first indirect effect of sulphate aerosols) were calculated
by an offline simulation and included in the model. The changes in stratospheric ozone were based on observations. The volcanic and solar
forcing were based on published combinations of measured and proxy data. The net anthropogenic forcing at 1990 was 1.0 Wm-2including a net
cooling of 1.0 Wm due to sulphate aerosols. The net natural forcing for 1990 relative to 1860 was 0.5 Wm2, and for 1992 was a net cooling of
2.0 Wm2 due to Mount Pinatubo. Other models forced with anthropogenic forcing give similar results to those shown in (b). [Based on Figure 12.7]

troposphere than is observed in either satellite or radiosonde
tropospheric temperature records.

All simulations with greenhouse gases and sul phate aerosols
that have been used in detection studies have found that a
significant anthropogenic contribution isrequired to account
for surface and tropospheric trends over at least the last 30
years. Since the SAR, more simulations with increases in
greenhouse gases and some representation of aerosol effects
havebecomeavailable. Several studieshaveincluded anexplicit
representation of greenhouse gases (as opposed to an equivalent

increasein CO,). Some have also included tropospheric ozone
changes, aninteractivesulphur cycle, anexplicit radiativetrestment
of the scattering of sulphate aerosols, and improved estimates
of the changesin stratospheric ozone. Overall, while detection
of the climate response to these other anthropogenic factorsis
often ambiguous, detection of the influence of greenhouse
gases on the surface temperature changes over the past 50
yearsisrobust. In some cases, ensembles of simulations have
been run to reduce noisein the estimates of the time-dependent
response. Some studies have evaluated seasonal variation of
theresponse. Uncertaintiesintheestimated climatechangesigna's
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have madeit difficult to attribute the observed climate change
to one specific combination of anthropogenic and natural
influences, but all studieshavefound asignificant anthropogenic
contributionisrequired to account for surface and tropospheric
trends over at least the last thirty years.

E.6. A Wider Range of Detection Techniques
Temperature

Evidence of a human influence on climate is obtained over a
substantially wider range of detection techniques. A major
advancesincethe SARistheincreasein therange of techniques
used and the eval uation of the degree to which theresultsare
independent of the assumptions made in applying those
techniques. There have been studies using pattern correlations,
optimal detection studies using one or more fixed patterns
and time-varying patterns, and anumber of other techniques.
Theincreasein the number of studies, breadth of techniques,
increased rigour inthe assessment of therole of anthropogenic
forcingin climate, and the robustness of resultsto the assumptions
made using those techniques, hasincreased the confidencein
these aspects of detection and attribution.

Results are sensitive to the range of temporal and spatial
scales that are considered. Several decades of data are
necessary to separate forced signalsfrominternal variability.
| dealised studies have demonstrated that surface temperature
changes are detectable only on scales in the order of 5,000
km. Such studies show that the level of agreement found
between simulations and observations in pattern correlation
studiesis close to what one would expect in theory.

Most attribution studies find that, over the last 50 years, the
estimated rate and magnitude of global warming due to
increasing concentrations of greenhouse gases alone are
comparable with or larger than the observed warming.
Attribution studies address the question of “whether the
magnitude of the simulated response to a particular forcing
agent isconsistent with observations’. The use of multi-signal
techniques has enabled studies that discriminate between the
effects of different factors on climate. The inclusion of the
time dependence of signal's has hel ped to distinguish between
natural and anthropogenic forcings. As moreresponse patterns
areincluded, the problem of degeneracy (different combinations
of patterns yielding near identical fits to the observations)
inevitably arises. Nevertheless, even with all themajor responses
that have been included in the analysis, a distinct greenhouse
gassignd remainsdetectable. Furthermore, most modd estimates
that take into account both greenhouse gases and sulphate
aerosolsare consistent with observations over thisperiod. The
best agreement between model simulations and observations
over thelast 140 yearsisfound when both anthropogenic and
natural factorsareincluded (see Figure 15). These results show
that theforcingsincluded are sufficient to explain the observed
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changes, but do not exclude the possibility that other forcings
havea so contributed. Overall, the magnitude of thetemperature
response to increasing concentrations of greenhouse gasesis
found to be consi stent with observationson the scal esconsidered
(seeFigure 16), but there remain di screpi es between modelled
and observed responseto other natural and anthropogenicfactors.

Uncertaintiesin other forcings that have been included do not
prevent identification of the effect of anthropogeni c greenhouse
gases over the last 50 years. The sulphate forcing, while
uncertain, isnegative over thisperiod. Changesin natural forcing
during most of this period are also estimated to be negative.
Detection of theinfluence of anthropogenic greenhouse gases
therefore cannot be eliminated either by the uncertainty in
sulphate aerosol forcing or because natural forcing has not
beenincludedinal model simulations. Studiesthat distinguish
the separate responsesto greenhouse gas, sul phate aerosol and
natural forcing produce uncertain estimates of the amplitude
of the sulphate aerosol and natural signals, but almost all
studies are nevertheless able to detect the presence of the
anthropogenic greenhousegassignd intherecent climaterecord.

The detection and attribution methods used should not be
sengtiveto errorsinthe amplitude of the global mean response
to individual forcings. In the signal-estimation methods used
inthisreport, the amplitude of the signal isestimated from the
observations and not the amplitude of the simul ated response.
Hencetheestimatesareindependent of thosefactorsdetermining
the simulated amplitude of the response, such as the climate
sensitivity of the model used. In addition, if the signal dueto
a given forcing is estimated individually, the amplitude is
largely independent of the magnitude of the forcing used to
derive the response. Uncertainty in the amplitude of the solar
and indirect sulphate aerosol forcing should not affect the
magnitude of the estimated signal.

Sea level

Itisvery likely that the 20th century warming has contributed
significantly to the observed sea level rise, through thermal
expansion of sea water and widespread loss of landice. Within
present uncertainties, observations and models are both
consistent with alack of significant acceleration of sealevel
rise during the 20th century.

E.7. Remaining Uncertainties in Detection and
Attribution

Some progress has been madein reducing uncertainty, though
many of the sources of uncertainty identified in the SAR il
exist. Theseinclude:

« Discrepancies between the vertical profile of temperature
changeinthetroposphere seenin observationsand models.
These have been reduced asmoreredlistic forcing histories
have been used in models, although not fully resolved.
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Figure 16: (a) Estimates of the “scaling factors” by which the amplitude of several model-simulated signals must be multiplied to reproduce
the corresponding changes in the observed record. The vertical bars indicate the 5 to 95% uncertainty range due to internal variability. A
range encompassing unity implies that this combination of forcing amplitude and model-simulated response is consistent with the corresponding
observed change, while a range encompassing zero implies that this model-simulated signal is not detectable. Signals are defined as the
ensemble mean response to external forcing expressed in large-scale (>5,000 km) near-surface temperatures over the 1946 to 1996 period
relative to the 1896 to 1996 mean. The first entry (G) shows the scaling factor and 5 to 95% confidence interval obtained with the assumption
that the observations consist only of a response to greenhouse gases plus internal variability. The range is significantly less than one
(consistent with results from other models), meaning that models forced with greenhouse gases alone significantly over predict the observed
warming signal. The next eight entries show scaling factors for model-simulated responses to greenhouse and sulphate forcing (GS), with
two cases including indirect sulphate and tropospheric ozone forcing, one of these also including stratospheric ozone depletion (GSI and
GSIO, respectively). All but one (CGCM1) of these ranges is consistent with unity. Hence there is little evidence that models are systematically
over- or under-predicting the amplitude of the observed response under the assumption that model-simulated GS signals and internal
variability are an adequate representation (i.e., that natural forcing has had little net impact on this diagnostic). Observed residual variability
is consistent with this assumption in all but one case (ECHAMS3, indicated by the asterisk). One is obliged to make this assumption to include
models for which only a simulation of the anthropogenic response is available, but uncertainty estimates in these single signal cases are
incomplete since they do not account for uncertainty in the naturally forced response. These ranges indicate, however, the high level of
confidence with which internal variability, as simulated by these various models, can be rejected as an explanation of recent near-surface
temperature change. A more complete uncertainty analysis is provided by the next three entries, which show corresponding scaling factors
on individual greenhouse (G), sulphate (S), solar-plus-volcanic (N), solar-only (So) and volcanic-only (V) signals for those cases in which the
relevant simulations have been performed. In these cases, multiple factors are estimated simultaneously to account for uncertainty in the
amplitude of the naturally forced response. The uncertainties increase but the greenhouse signal remains consistently detectable. In one
case (ECHAMB3) the model appears to be overestimating the greenhouse response (scaling range in the G signal inconsistent with unity), but
this result is sensitive to which component of the control is used to define the detection space. It is also not known how it would respond to
the inclusion of a volcanic signal. In cases where both solar and volcanic forcing is included (HadCM2 and HadCM3), G and S signals remain
detectable and consistent with unity independent of whether natural signals are estimated jointly or separately (allowing for different errors
in S and V responses). (b) Estimated contributions to global mean warming over the 20th century, based on the results shown in (a), with 5
to 95% confidence intervals. Although the estimates vary depending on which model’s signal and what forcing is assumed, and are less
certain if more than one signal is estimated, all show a significant contribution from anthropogenic climate change to 20th century warming.
[Based on Figure 12.12]
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Also, the difference between observed surface and lower-
tropospheric trends over the last two decades cannot be
fully reproduced by model simulations.

« Large uncertainties in estimates of internal climate
variability from models and observations. Although as
noted above, theseareunlikely (bordering onvery unlikely)
to be large enough to nullify the claim that a detectable
climate change has taken place.

» Considerable uncertainty in the reconstructions of solar
and vol canic forcing which are based on proxy or limited
observational data for all but the last two decades.
Detection of the influence of greenhouse gaseson climate
appearsto be robust to possible amplification of the solar
forcing by ozone-solar or solar-cloud interactions, provided
these do not alter the pattern or time-dependence of the
responseto solar forcing. Amplification of the solar signal
by these processes, which are not yet included in models,
remains speculative.

e Large uncertainties in anthropogenic forcing are
associated with the effects of aerosol s. The effects of some
anthropogenic factors, including organic carbon, black
carbon, biomass aerosols, and changes in land use, have
not been included in detection and attribution studies.
Estimates of the size and geographic pattern of the effects
of theseforcingsvary considerably, although individually
their global effects are estimated to be relatively small.

* Large differences in the response of different models to
thesameforcing. These differences, which are often greater
than the difference in response in the same model with
and without aerosol effects, highlight thelarge uncertainties
in climate change prediction and the need to quantify
uncertainty and reduceit through better observational data
sets and model improvement.

E.8. Synopsis

In the light of new evidence and taking into account the
remaining uncertainties, most of the observed warming over
the last 50 yearsislikely to have been due to the increase in
greenhouse gas concentrations.

F.The Projections of the Earth’s Future
Climate

Thetools of climate models are used with future scenarios of
forcing agents (e.g., greenhouse gases and aerosols) as input
to make a suite of projected future climate changes that
illustrates the possibilities that could lie ahead. Section F.1
providesadescription of the future scenarios of forcing agents
given in the IPCC Special Report on Emission Scenarios
(SRES) on which, wherever possible, the future changes
presented in this section are based. Sections F.2 to F.9 present
the resulting projections of changes to the future climate.
Finally, Section F.10 presentsthe results of future projections
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based on scenarios of a future where greenhouse gas
concentrations are stabilised.

F.1.The IPCC Special Report on Emissions
Scenarios (SRES)

In 1996, the IPCC began the development of a new set of
emissions scenarios, effectively to update and replace thewell-
known S92 scenarios. The approved new set of scenariosis
described in the IPCC Special Report on Emission Scenarios
(SRES). Four different narrative storylineswere developed to
describe consi stently therel ationshipsbetween theforcesdriving
emissionsand their evolution and to add context for the scenario
quantification. The resulting set of 40 scenarios (35 of which
contain dataon thefull range of gasesrequired to force climate
models) cover awide range of the main demographic, economic
and technological driving forces of future greenhouse gasand
sulphur emissions. Each scenario represents a specific
guantification of one of the four storylines. All the scenarios
based on the same storyline constitute ascenario “family” (See
Box 5, which briefly describesthe main characteristics of the
four SRES storylines and scenario families). The SRES
scenarios do not include additional climateinitiatives, which
means that no scenarios are included that explicitly assume
implementation of the United Nations Framework Convention
on Climate Change or the emissions targets of the Kyoto
Protocol. However, greenhouse gas emissions are directly
affected by non-climate change policies designed for awide
range of other purposes (e.g., air quality). Furthermore,
government policies can, to varying degrees, influence the
greenhouse gasemission drivers, such asdemographic change,
social and economic development, technological change,
resource use, and pollution management. This influence is
broadly reflected in the storylines and resulting scenarios.

Since the SRES was not approved until 15 March 2000, it
wastoo late for the modelling community to incorporate the
final approved scenariosin their models and have the results
availableintimefor this Third Assessment Report. However,
draft scenarios were released to climate modellers earlier to
facilitate their input to the Third Assessment Report, in
accordance with a decision of the IPCC Bureau in 1998. At
that time, one marker scenario was chosen from each of four
of the scenario groups based directly on the storylines (A1B,
A2, B1, and B2). The choice of the markers was based on
which of theinitial quantifications best reflected the storyline
and features of specific models. Marker scenariosare no more
or less likely than any other scenarios, but are considered
illustrative of a particular storyline. Scenarios were also
selected later to illustrate the other two scenario groups (A 1FI
and A1T) within the A1 family, which specifically explore
alternative technol ogy developments, holding the other driving
forces constant. Hencethereisanillustrative scenario for each
of the six scenario groups, and all areequally plausible. Since
thelatter two illustrative scenarioswere selected at alate stage
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Box 5: The Emissions Scenarios of the Special Report on Emissions Scenarios (SRES)

A1l. TheAl storyline and scenario family describes afuture
world of very rapid economic growth, global population that
peaks in mid-century and declines thereafter, and the rapid
introduction of new and more efficient technologies. Major
underlying themes are convergence among regions, capacity
building and increased cultural and social interactions, with
a substantial reduction in regional differencesin per capita
income. The Al scenario family develops into three groups
that describe alternative directions of technological change
in the energy system. The three A1 groups are distinguished
by their technological emphasis: fossil intensive (A1Fl), non-
fossil energy sources (A1T), or a balance across all sources
(A1B) (where balanced is defined as not relying too heavily
on one particular energy source, on the assumption that similar
improvement rates apply to all energy supply and end use
technol ogies).

A2. The A2 storyline and scenario family describes a very
heterogeneousworld. The underlying themeissdf-relianceand
preservation of local identities. Fertility patternsacrossregions
convergevery slowly, which resultsin continuously increasing
population. Economic development is primarily regionally

in the process, the AOGCM modelling results presented in
thisreport only usetwo of the four draft marker scenarios. At
present, only scenarios A2 and B2 have been integrated by
more than one AOGCM. The AOGCM results have been
augmented by results from simple climate models that cover
al six illustrative scenarios. The 1S92a scenario is also
presented in a number of cases to provide direct comparison
with the results presented in the SAR.

Thefinal four marker scenarios contained in the SRES differ
in minor ways from the draft scenarios used for the AOGCM
experiments described in this report. In order to ascertain the
likely effect of differences in the draft and fina SRES
scenarios, each of the four draft and final marker scenarios
were studied using a simple climate model. For three of the
four marker scenarios (A 1B, A2, and B2) temperature change
from the draft and marker scenarios are very similar. The
primary difference is a change to the standardised values for
1990 to 2000, which is common to all these scenarios. This
resultsin ahigher forcing early intheperiod. Therearefurther
small differencesin net forcing, but these decrease until, by
2100, differences in temperature change in the two versions
of these scenariosareintherange 1 to 2%. For the B1 scenario,
however, temperature changeissignificantly lower inthefinal
version, leading to a difference in the temperature change in
2100 of almost 20%, as aresult of generally lower emissions
across the full range of greenhouse gases.

oriented and per capita economic growth and technological
change more fragmented and slower than other storylines.

B1. The B1 storyline and scenario family describes a
convergent world with the same global population, that peaks
in mid-century and declinesthereafter, asintheA1 storyline,
but with rapid changein economic structurestoward aservice
and information economy, with reductions in material
intensity and theintroduction of clean and resource-efficient
technol ogies. Theemphasisison global solutionsto economic,
social and environmental sustainability, including improved
equity, but without additional climateinitiatives.

B2. The B2 storyline and scenario family describes aworld
inwhich the emphasisisonlocal solutionsto economic, social
and environmentd sustainability. Itisaworld with continuoudy
increasing global population, at a rate lower than A2,
intermediate level s of economic devel opment, and lessrapid
and more diverse technological change than in the B1 and
A1 storylines. While the scenario is also oriented towards
environmental protection and social equity, it focusesonlocal
and regional levels.

Anthropogeni ¢ emissions of the three main greenhouse gases,
CO,, CH, and N,O, together with anthropogenic sulphur
dioxide emissions, are shown for the six illustrative SRES
scenarios in Figure 17. It is evident that these scenarios
encompass a wide range of emissions. For comparison,
emissions are also shown for 1S92a. Particularly noteworthy
are the much lower future sulphur dioxide emissions for the
six SRES scenarios, compared to the S92 scenarios, due to
structural changes in the energy system as well as concerns
about local and regional air pollution.

F.2. Projections of Future Changes in Greenhouse
Gases and Aerosols

Modelsindicatethat theillustrative SRESscenarioslead to very
different CO, concentration trajectories(seeFigure 18). By 2100,
carbon cycle models project atmospheric CO, concentrations
of 540 to 970 ppm for the illustrative SRES scenarios (90 to
250% above the concentration of 280 ppm in 1750). The net
effect of land and ocean climatefeedbacksasindicated by models
isto further increase projected atmospheric CO, concentrations
by reducing both the ocean and land uptake of CO,. These
projections include the land and ocean climate feedbacks.
Uncertainties, especially about the magnitude of the climate
feedback from the terrestrial biosphere, cause a variation of
about —10 to +30% around each scenario. The total range is
490 to 1260 ppm (75 to 350% above the 1750 concentration).
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Measuresto enhance carbon storagein terrestrial ecosystems
could influence atmospheric CO, concentration, but the upper
bound for reduction of CO, concentration by such meansis
40 to 70 ppm. If al the carbon released by historic land-use
changes could berestored to theterrestrial biosphere over the
courseof the century (e.g., by reforestation), CO, concentration
would bereduced by 40to 70 ppm. Thus, fossi| fuel CO, emissions
arevirtualy certain to remain the dominant control over trends
in atmospheric CO, concentration during this century.

Model calculations of the abundances of the primary non-
CO, greenhouse gases by the year 2100 vary considerably
across the six illustrative SRES scenarios. In general A1B,
A1T and B1 have the smallest increases, and A1FI and A2,
thelargest. The CH, changes from 1998 to 2100 range from
—190 to +1970 ppb (-11 to +112%), and N,O increases from
+38 to +144 ppb (+12 to +46%) (see Figures 17b and c). The
HFCs (134a, 143a, and 125) reach abundances of a few
hundred to a thousand ppt from negligible levels today. The
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PFC CF, is projected to increase to 200 to 400 ppt, and SF is
projected to increase to 35 to 65 ppt.

For the six illustrative SRES emissions scenarios, projected
emissions of indirect greenhouse gases (NO,, CO, VOC),
together with changes in CH,, are projected to change the
global mean abundance of the tropospheric hydroxyl radical
(OH), by —20% to + 6% over the next century. Because of the
importance of OH in tropospheric chemistry, comparable, but
opposite sign, changes occur in the atmospheric lifetimes of
the greenhouse gases CH, and HFCs. Thisimpact dependsin
large part on the magnitude of and the balance between NO,
and CO emissions. Changesin tropospheric O, of —12to +62%
are calculated from 2000 until 2100. The largest increase
predicted for the 21st century is for scenarios A1Fl and A2
and would be more than twice as large as that experienced
sincethe Pre-industrial Era. These O, increasesareattributable
to the concurrent and large increases in anthropogenic NO,
and CH, emissions.
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Figure 17: Anthropogenic emissions of CO,, CH,, N,O and sulphur dioxide for the six illustrative SRES scenarios, A1B, A2, B1 and B2, A1FI
and A1T. For comparison the 1S92a scenario is also shown. [Based on IPCC Special Report on Emissions Scenarios.]
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Figure 18: Atmospheric concentrations of CO,, CH, and N, O resulting
from the six SRES scenarios and from the 1IS92a scenario computed
with current methodology. [Based on Figures 3.12 and 4.14]

Thelarge growth in emissions of greenhouse gases and other
pollutants as projected in some of the six illustrative SRES
scenariosfor the21st centurywill degradetheglobal environment
inwaysbeyond climate change. Changes projectedin the SRES
A2 and A1FI scenarios would degrade air quality over much
of the globe by increasing background levels of tropospheric
O,. Innorthern mid-latitudes during summer, the zonal average
of O, increases near the surface are about 30 ppb or more,
raising background levels to about 80 ppb, threatening the
attainment of current air quality standards over most metropolitan
and even rural regions and compromising crop and forest
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productivity. Thisproblem reachesacross continental boundaries
and couples emissions of NO, on a hemispheric scale.

Except for sulphate and black carbon, models show an
approximately linear dependence of theabundance of aerosols
on emissions. The processes that determine the removal rate
for black carbon differ substantially between the models,
leading to major uncertainty in the future projections of black
carbon. Emissions of natural aerosols such as sea sdlt, dust,
and gas phase precursors of aerosol s such asterpenes, sulphur
dioxide (SO,), and dimethyl sul phide oxidation may increase
asaresult of changesin climate and atmospheric chemistry.

Thesixillustrative SRESscenarios cover nearly thefull range
of forcing that results from the full set of SRES scenarios.
Estimated tota historical anthropogenic radiativeforcing from
1765to0 1990 followed by forcing resulting fromthe six SRES
scenariosareshownin Figure 19. Theforcing from thefull range
of 35 SRES scenariosisshown on thefigureasashaded envel ope,
since the forcings resulting from individual scenarios cross
with time. The direct forcing from biomass-burning aerosols
isscaled with deforestation rates. The SRES scenariosinclude
thepossibility of either increases or decreasesin anthropogenic
aerosols (e.g., sulphate aerosols, biomass aerosols, and black
and organic carbon aerosols), depending on the extent of fossil
fuel use and policiesto abate polluting emissions. The SRES
scenarios do not include emissions estimates for non-sulphate
aerosols. Two methods for projecting these emissions were
consideredin thisreport: thefirst scal esthe emissions of fossil
fuel and biomass aerosols with CO while the second scales
the emissions with SO, and deforestation. Only the second
method was used for climate projections. For comparison,
radiative forcing is also shown for the 1S92a scenario. It is
evident that the range for the new SRES scenarios is shifted
higher compared to the 1S92 scenarios. Thisismainly dueto
the reduced future SO, emissions of the SRES scenarios
compared to the 1S92 scenarios, but also to the slightly larger
cumulative carbon emissionsfeatured in some SRES scenarios.

In almost all SRES scenarios, the radiative forcing due to
CO,, CH,, N,O and tropospheric O, continueto increase, with
thefraction of thetotal radiativeforcing dueto CO, projected
toincreasefromdightly morethan half to about three-quarters
of the total. The radiative forcing due to O,-depleting gases
decreases due to the introduction of emission controls aimed
at curbing stratospheric ozone depletion. The direct aerosol
(sulphate and black and organic carbon components taken
together) radiative forcing (evaluated relative to present day,
2000) variesin sign for the different scenarios. Thedirect plus
indirect aerosol effectsare projected to be smaller in magnitude
than that of CO,. No estimates are made for the spatial aspects
of thefutureforcings. Theindirect effect of aerosols on clouds
isincluded in simple climate model calculations and scaled
non-linearly with SO, emissions, assuming apresent day value
of -0.8 Wm=, asin the SAR.
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Figure 19: Simple model results: estimated historical anthropogenic radiative forcing up to the year 2000 followed by radiative forcing for the
six illustrative SRES scenarios. The shading shows the envelope of forcing that encompasses the full set of thirty five SRES scenarios. The
method of calculation closely follows that explained in the chapters. The values are based on the radiative forcing for a doubling of CO, from
seven AOGCMs. The 1S92a, 1S92c¢, and 1S92e forcing is also shown following the same method of calculation. [Based on Figure 9.13a]

F.3. Projections of Future Changes in Temperature
AOGCM results

Climate sensitivity islikely to bein the range of 1.5to0 4.5°C.
Thisesgtimateisunchanged fromthefirst |PCC Assessment Report
in 1990 and the SAR. Theclimate sensitivity isthe equilibrium
responseof globa surfacetemperatureto adoubling of equivalent
CO, concentration. The range of estimates arises from
uncertaintiesin the climate modelsand their internal feedbacks,
particularly thoserelated to clouds and rel ated processes. Used
for the first timein this IPCC report is the Transient Climate
Response (TCR). The TCR isdefined astheglobally averaged
surfaceair temperature change, at thetime of doubling of CO,,
inal1%fyr CO,-increase experiment. Thisrate of CO, increase
isassumed to represent theradiativeforcing fromall greenhouse
gases. The TCR combines elements of model sensitivity and
factorsthat affect response (e.g., ocean heat uptake). Therange
of the TCR for current AOGCMsis1.1to 3.1°C.

Including the direct effect of sulphate aerosols reduces global
mean mid-21st century warming. The surface temperature
response pattern for agiven model, with and without sulphate
aerosols, ismore similar than the pattern between two models
using the same forcing.

Modelsproject changesin several broad-scaleclimatevariables.
Astheradiativeforcing of the climate system changes, theland

warms faster and more than the ocean, and there is greater
relativewarming at high latitudes. Modd sproject asmdler surface
air temperatureincreasein the North Atlantic and circumpolar
southern ocean regions relative to the global mean. There is
projected to be adecreasein diurna temperaturerangein many
areas, with night-timelowsincreasing morethan daytimehighs.
A number of modelsshow ageneral decreaseof daily variability
of surfaceair temperaturein winter andincreased daily variability
insummer inthe Northern Hemisphereland areas. Astheclimate
warms, the Northern Hemi sphere snow cover and sea-ice extent
are projected to decrease. Many of these changes are consistent
with recent observational trends, as noted in Section B.

Multi-model ensembles of AOGCM simulations for a range
of scenariosare being used to quantify the mean climate change
and uncertainty based on the range of model results. For the
end of the 21st century (2071 to 2100), the mean change in
global average surface air temperature, relative to the period
1961 to 1990, is 3.0°C (with arange of 1.3to0 4.5°C) for the
A2 draft marker scenario and 2.2°C (with arange of 0.9 to
3.4°C) for the B2 draft marker scenario. The B2 scenario
produces a smaller warming that is consistent with its lower
rate of increased CO, concentration.

On time-scal es of a few decades, the current observed rate of
warming can be used to constrain the projected responseto a
given emissionsscenario despiteuncertainty in climate sengtivity.
Analysisof smple modelsand intercomparisons of AOGCM
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responsesto idealised forcing scenarios suggest that, for most
scenarios over the coming decades, errors in large-scale
temperature projectionsarelikely to increasein proportion to
the magnitude of the overall response. The estimated size of
and uncertainty in current observed warming rates attributable
to humaninfluencethusprovidesarel atively model-independent
estimate of uncertainty in multi-decade projectionsunder most
scenarios. To be consistent with recent observations,
anthropogenicwarmingislikely tolieintherange0.1t00.2°C/
decade over the next few decades under the 1 S92a scenario.
Thisissimilar to therange of responsesto this scenario based
on the seven versions of the simple model used in Figure 22.

Most of the features of the geographical responseinthe SRES
scenario experiments are similar for different scenarios (see
Figure 20) and are similar to those for idealised 1% CO,-
increaseintegrations. The biggest difference between the 1%
CO,-increase experiments, which have no sulphate aerosol,
and the SRES experiments is the regional moderating of the
warming over industrialised areas, in the SRES experiments,
where the negative forcing from sulphate aerosol sis greatest.
Thisregiona effect wasnoted in the SAR for only two models,
but this has now been shown to be aconsistent response across
the greater number of more recent models.

Itisverylikelythat nearly all land areaswill warmmorerapidly
than the global average, particularly those at northern high
latitudesin the cold season. Results (see Figure 21) from recent
AOGCM simulationsforced with SRESA2 and B2 emissions
scenarios indicate that in winter the warming for al high-
|atitude northern regions exceeds the global mean warmingin
each model by more than 40% (1.3 to 6.3°C for the range of
models and scenarios considered). In summer, warming isin
excess of 40% above the global mean change in central and
northern Asia. Only in south Asiaand southern South America
inJune/July/ August, and Southeast Asiafor both seasons, dothe
model s cons stently show warming lessthan the global average.

Simple climate model results

Due to computational expense, AOGCMs can only berun for
alimited number of scenarios. A smple model can becalibrated
to represent globally averaged AOGCM responses and run
for amuch larger number of scenarios.

The globally averaged surface temperature is projected to
increase by 1.4 t0 5.8°C (Figure 22(a)) over the period 1990
to 2100. These results are for the full range of 35 SRES
scenarios, based on anumber of climatemodels.®” Temperature
increases are projected to be greater than those in the SAR,
which were about 1.0 to 3.5°C based on six 1S92 scenarios.
The higher projected temperatures and the wider range are
due primarily to thelower projected SO, emissionsin the SRES
scenarios relative to the 1S92 scenarios. The projected rate of
warming ismuch larger than the observed changes during the
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20th century and isvery likely to be without precedent during
at least the last 10,000 years, based on pal aeoclimate data.

Therelative ranking of the SRES scenariosin terms of global
mean temperature changes with time. In particular, for
scenarios with higher fossil fuel use (hence, higher carbon
dioxideemissions, e.g.,A2), the SO, emissionsarealso higher.
Inthe near term (to around 2050), the cooling effect of higher
sulphur dioxide emissions significantly reduces the warming
caused by increased emissions of greenhouse gasesin scenarios
such asA2. The opposite effect is seen for scenarios B1 and
B2, which have lower fossil fuel emissions as well as lower
SO, emissions, and |lead to alarger near-term warming. Inthe
longer term, however, the level of emissions of long-lived
greenhouse gases such as CO, and N,O become the dominant
determinants of the resulting climate changes.

By 2100, differencesin emissionsin the SRES scenarios and
different climatemodel responsescontributesimilar uncertainty
to therange of global temperature change. Further uncertainties
arise dueto uncertaintiesin the radiative forcing. The largest
forcing uncertainty isthat due to the sulphate aerosols.

F.4. Projections of Future Changes in Precipitation

Globally averaged water vapour, evapor ation and precipitation
areprojected toincrease. At theregional scale both increases
and decreases in precipitation are seen. Results (see Figure 23)
from recent AOGCM simulations forced with SRESA2 and
B2 emissionsscenariosindicatethat it islikely for precipitation
to increase in both summer and winter over high-latitude
regions. In winter, increases are al so seen over northern mid-
latitudes, tropical Africa and Antarctica, and in summer in
southern and eastern Asia. Australia, central America, and
southern Africa show consistent decreasesin winter rainfall.

Based on patterns emerging froma limited number of studies
with current AOGCMs, older GCMs, and regionalisation
studies, there is a strong correlation between precipitation
interannual variability and mean precipitation. Future
increasesin mean precipitation will likely lead to increasesin
variability. Conversely, precipitation variability will likely
decrease only in areas of reduced mean precipitation.

5 Complex physically based climate models are the main tool for
projecting future climate change. In order to explore the range of
scenarios, these are complemented by simple climate models calibrated
toyield an equivalent responsein temperature and sealevel to complex
climate models. These projections are obtained using asimple climate
model whose climate sensitivity and ocean heat uptake are calibrated
to each of 7 complex climate models. The climate sensitivity used in
the simple model ranges from 1.7 to 4.2°C, which is comparable to the
commonly accepted range of 1.5 to 4.5°C.

" Thisrange does not include uncertainties in the modelling of radiative
forcing, e.g. aerosol forcing uncertainties. A small carbon cycleclimate
feedback is included
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Figure 20: The annual mean change of the temperature (colour shading) and its range (isolines) (Unit: °C) for the SRES scenario A2 (upper
panel) and the SRES scenario B2 (lower panel). Both SRES scenarios show the period 2071 to 2100 relative to the period 1961 to 1990 and
were performed by OAGCMs. [Based on Figures 9.10d and 9.10¢e]
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F.5. Projections of Future Changes in Extreme Events

Itisonly recently that changesin extremes of weather and climate
observed to date have been compared to changes projected by
models (Table4). Morehot daysand heat wavesarevery likely
over nearly all land areas. Theseincreases are projected to be
largest mainly in areas where soil moisture decreases occur.
Increasesin daily minimum temperature are projected to occur
over nearly all land areasand are generally larger where snow
and ice retreat. Frost days and cold waves are very likely to
becomefewer. The changesin surfaceair temperatureand surface
absolute humidity are projected toresult in increasesin the heat
index (whichisameasure of the combined effects of temperature
and moisture). The increases in surface air temperature are
also projected to result in an increase in the “cooling degree
days’ (whichisameasure of theamount of cooling required on
agiven day once the temperature exceeds a given threshol d)
and adecreasein“ heating degreedays’ . Precipitation extremes
are projected to increase more than the mean and theintensity
of precipitation eventsare projected toincrease. Thefrequency
of extreme precipitation eventsis projected to increase almost

Synthesis Report

everywhere. Thereisprojected to beageneral drying of themid-
continenta areasduring summer. Thisisascribed toacombination
of increased temperature and potential evaporation that isnot
balanced by increases of precipitation. Thereislittle agreement
yet among mode sconcerning future changesin mid-latitudestorm
intensity, frequency, and variability. Thereis little consistent
evidence that shows changes in the projected frequency of
tropical cyclonesand areasof formation. However, somemeasures
of intensities show projected increases, and some theoretical
and modelling studies suggest that the upper limit of these
intensitiescouldincrease. Mean and peak precipitation intensities
from tropical cyclones are likely to increase appreciably.

For some other extreme phenomena, many of which may have
important impacts on the environment and society, there is
currently insufficient information to assess recent trends, and
confidencein modelsand under standing isinadequate to make
firm projections. In particular, very small-scale phenomena
such as thunderstorms, tornadoes, hail, and lightning are not
simulatedin global models. Insufficient analysishas occurred
of how extra-tropical cyclones may change.
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[Based on Chapter 10, Box 1, Figure 1]

Figure 21: Analysis of inter-model consistency in regional relative warming (warming relative to each model’s global average warming).
Regions are classified as showing either agreement on warming in excess of 40% above the global average (‘Much greater than average
warming’), agreement on warming greater than the global average (‘Greater than average warming’), agreement on warming less than the
global average (‘Less than average warming’), or disagreement amongst models on the magnitude of regional relative warming (‘Inconsistent
magnitude of warming’). There is also a category for agreement on cooling (which never occurs). A consistent result from at least seven of
the nine models is deemed necessary for agreement. The global annual average warming of the models used span 1.2 to 4.5°C for A2 and
0.9 to 3.4°C for B2, and therefore a regional 40% amplification represents warming ranges of 1.7 to 6.3°C for A2 and 1.3 to 4.7°C for B2.
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F.6. Projections of Future Changes in Thermohaline

Circulation

Most models show weakening of the Northern Hemisphere
Thermohaline Circulation (THC), which contributes to a
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reduction of the surface warming in the northern North Atlantic.
Even in modelswherethe THC weakens, thereistill awarming
over Europeduetoincreased greenhouse gases. | n experiments
wherethe atmospheric greenhouse gas concentrationis stabilised
at twice its present day value, the North Atlantic THC is
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Figure 22: Simple model results: (a) global mean temperature projections for the six illustrative SRES scenarios using a simple climate model
tuned to a number of complex models with a range of climate sensitivities. Also for comparison, following the same method, results are shown
for IS92a. The darker shading represents the envelope of the full set of thirty-five SRES scenarios using the average of the model results (mean
climate sensitivity is 2.8°C). The lighter shading is the envelope based on all seven model projections (with climate sensitivity in the range 1.7
to 4.2°C). The bars show, for each of the six illustrative SRES scenarios, the range of simple model results in 2100 for the seven AOGCM model
tunings. (b) Same as (a) but results using estimated historical anthropogenic forcing are also used. [Based on Figures 9.14 and 9.13b]
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Figure 23: Analysis of inter-model consistency in regional precipitation change. Regions are classified as showing either agreement on increase
with an average change of greater than 20% (‘Large increase’), agreement on increase with an average change between 5 and 20% (‘Small
increase’), agreement on a change between —5 and +5% or agreement with an average change between —5 and 5% (‘No change’), agreement
on decrease with an average change between —5 and —20% (‘Small decrease’), agreement on decrease with an average change of less than
—20% (‘Large decrease’), or disagreement (‘Inconsistent sign’). A consistent result from at least seven of the nine models is deemed

projected to recover from initial weakening within one to
several centuries. The THC could collapse entirely in either
hemisphere if the rate of change in radiative forcing islarge
enough and applied long enough. Modd sindicatethat adecrease
of the THC reducesitsresilienceto perturbations, i.e., aonce
reduced THC appears to be less stable and a shut-down can
become more likely. However, it is too early to say with
confidencewhether anirreversiblecollapseinthe THC islikely
or not, or at what threshold it might occur and what the climate
implications could be. None of the current projections with
coupled models exhibits a complete shut-down of the THC
by 2100. Although the North Atlantic THC weakens in most
models, therelativeroles of surface heat and fresh water fluxes
vary from model to model. Wind stress changes appear to play
only aminor rolein the transient response.

F.7. Projections of Future Changes in Modes of
Natural Variability

Many model s show a mean El Nifio-likeresponsein thetropical
Pacific, with the central and eastern equatorial Pacific sea
surfacetemperatures projected to warmmorethan thewestern
equatorial Pacific and with a corresponding mean eastward shift
of precipitation. Although many models show an El Nifio-like

change of the mean state of tropical Pacific sea surface
temperatures, the causeisuncertain. It hasbeen related to changes
in the cloud radiative forcing and/or evaporative damping of
the east-west sea surfacetemperature gradient in somemodels.
Confidence in projections of changes in future frequency,
amplitude, and spatial pattern of El Nifio eventsin thetropical
Pacificistempered by some shortcomingsin how well El Nifio
issimulated in complex models. Current projections show little
change or a small increase in amplitude for El Nifio events
over thenext 100 years. However, even with little or no change
in El Nifio amplitude, global warming islikely tolead to greater
extremes of drying and heavy rainfall and increase the risk of
droughts and floods that occur with El Nifio eventsin many
regions. It alsoislikely that warming associated with increasing
greenhouse gas concentrationswill cause an increase of Asian
summer monsoon preci pitation variability. Changesin monsoon
mean duration and strength depend on the details of theemission
scenario. The confidencein such projectionsislimited by how
well the climate models simulate the detailed seasonal
evolution of the monsoons. There is no clear agreement on
changesin frequency or structure of naturally occurring modes
of variahility, such as the North Atlantic Oscillation, i.e., the
magnitude and character of the changesvary acrossthemodels.
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Table4: Estimates of confidencein observed and projected changesin extreme weather and climate events. Thetable depicts
an assessment of confidencein observed changesin extremes of weather and climate during thelatter half of the 20th century
(left column) and in projected changes during the 21st century (right column)?. This assessment relies on observational and
modelling studies, aswell as physical plausibility of future projections across all commonly used scenarios and is based on

expert judgement (see Footnote 4). [Based upon Table 9.6]

Confidence in observed changes
(latter half of the 20th century)

Changesin Phenomenon

Confidence in projected changes
(during the 21st century)

Likely Higher maximum temperatures and | Very likely
mor ehot daysover nearly all land areas

Very likely Higher minimum temper atures, Very likely
fewer cold days and frost days over
nearly all land areas

Very likely Reduced diurnal temperatures Very likely

range over most land areas

Likely, over many areas

Increaseof heat index® over land areas

Very likely, over most areas

Likely, over many Northern Hemisphere
mid- to high latitude land areas

M ore intense per cipitation events®

Very likely, over many areas

Likely, in afew areas

drought

Increased summer continental
drying and associated risk of

Likely, over most mid-latitude
continental interiors (lack of consistent
projectionsin other areas)

Not observed in the few analyses

available wind intensities®

Increasein tropical cyclone peak

Likely, over some areas

Insufficient datafor assassement

Increasein tropical cyclone mean
and peak precipitation intensities®

Likely, over some areas

2 For more details see Chapter 2 (observations) and Chapter 9, 10 (projections).

b For other areas, there are either insufficient data or conflicting analyses.

¢ Past and future changes in tropical cyclone location and frequency are uncertain.

F.8. Projections of Future Changes in Land Ice (Glaciers,
Ice Caps and Ice Sheets), Sea Ice and Snow Cover

Glaciers and ice caps will continue their widespread retreat
during the 21st century and Northern Hemi sphere snow cover
and sea ice are projected to decrease further. Methods have
been developed recently for estimating glacier melt from
seasonally and geographically dependent patterns of surface
air temperature change, that are obtained from AOGCM
experiments. Modelling studies suggest that the evolution of
glacial massiscontrolled principally by temperature changes,
rather than precipitation changes, on the global average.

TheAntarctic ice sheet islikely to gain mass because of greater
precipitation, while the Greenland ice sheet is likely to lose
mass becausetheincreaseinrunoff will exceed the precipitation
increase. The West Antarctic Ice Sheet (WAIS) has attracted
specid attention becauseit containsenoughicetoraisesealeve

8 Heat index: A combination of temperature and humidity that measures
effects on human comfort.

by 6 m and because of suggestionsthat instabilities associated
with its being grounded below sea level may result in rapid
ice discharge when the surrounding ice shelves are weakened.
However, loss of grounded i ce leading to substantial sealevel
risefrom this sourceisnow widely agreed to bevery unlikely
during the21<t century, dthoughitsdynamicsaretill inadequately
understood, especially for projections on longer time-scales.

F.9. Projections of Future Changes in Sea Level

Projections of global average sea level risefrom 1990 to 2100,
using a range of AOGCMs following the 1S92a scenario
(including the direct effect of sulphate aerosol emissions), lie
intherange0.11 to 0.77 m. Thisrange reflectsthe systematic
uncertainty of modelling. The main contributions to this sea
level riseare:

 athermal expansion of 0.11 to 0.43 m, accelerating through

the 21st century;

 aglacier contribution of 0.01t0 0.23 m;

 aGreenland contribution of —0.02 to 0.09 m; and

» anAntarctic contribution of —=0.17 to +0.02 m.
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Alsoincluded inthe computation of thetotal changearesmaller
contributions from thawing of permafrost, deposition of
sediment, and the ongoing contributions from ice sheetsasa
result of climate change sincethe Last Glacial Maximum. To
establish the range of sealeve rise resulting from the choice
of different SRES scenarios, resultsfor thermal expansion and
land-icechangefrom simple model stuned to several AOGCMs
are used (asin Section F.3 for temperature).

For the full set of SRES scenarios, a sea level rise of 0.09 to
0.88 misprojected for 1990t0 2100 (see Figure 24), primarily
from thermal expansion and loss of mass from glaciers and
ice caps. The central valueis0.48 m, which correspondsto an
average rate of about two to four timesthe rate over the 20th
century. Therange of sealevel rise presented in the SAR was
0.13 to 0.94 m based on the 1S92 scenarios. Despite higher
temperature change projectionsin this assessment, the sealevel
projections are slightly lower, primarily due to the use of

Synthesis Report

improved models which give a smaller contribution from
glaciers and ice sheets. If terrestrial storage continues at its
current rates, the projections could be changed by —0.21 to
0.11 m. For an average of the AOGCMs, the SRES scenarios
giveresultsthat differ by 0.02 mor lessfor thefirst half of the
21st century. By 2100, they vary over a range amounting to
about 50% of the central value. Beyond the 21st century, sea
level rise depends strongly on the emissions scenario.

Models agree on the qualitative conclusion that the range of
regional variationin sealevel changeissubstantial compared
to global average sea level rise. However, confidence in the
regional distribution of sea level change from AOGCMs is
low becausethereislittle similarity between models, although
nearly all models project greater than averageriseintheArctic
Ocean and less than average rise in the Southern Ocean.
Further, land movements, both isostatic and tectonic, will
continue through the 21st century at ratesthat are unaffected

1.0 |
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ice sheet. [Based on Figure 11.12]

Figure 24: Global average sea level rise 1990 to 2100 for the SRES scenarios. Thermal expansion and land ice changes were calculated
using a simple climate model calibrated separately for each of seven AOGCMs, and contributions from changes in permafrost, the effect of
sediment deposition and the long-term adjustment of the ice sheets to past climate change were added. Each of the six lines appearing in
the key is the average of AOGCMs for one of the six illustrative scenarios. The region in dark shading shows the range of the average of
AOGCMs for all thirty five SRES scenarios. The region in light shading shows the range of all AOGCMs for all thirty five scenarios. The region
delimited by the outermost lines shows the range of all AOGCMs and scenarios including uncertainty in land-ice changes, permafrost
changes and sediment deposition. Note that this range does not allow for uncertainty relating to ice-dynamic changes in the West Antarctic
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by climate change. It can be expected that by 2100, many
regionscurrently experiencing relative sealevel fall will instead
have arising relative sea level. Lastly, extreme high water
levelswill occur with increasing frequency asaresult of mean
sealevd rise. Their frequency may befurther increasedif storms
become more frequent or severe asaresult of climate change.

F.10. Projections of Future Changes in Response
to CO, Concentration Stabilisation Profiles

Greenhouse gases and aerosols

Al of the stabilisation profiles studied require CO, emissions
to eventually drop well below current levels. Anthropogenic
CO, emission rates that arrive at stable CO, concentration
levels from 450 to 1,000 ppm were deduced from the
prescribed CO, profiles (Figure 25a). The results (Figure 25b)
arenot substantially different from those presentedinthe SAR;
however, therangeislarger, mainly dueto the range of future
terrestrial carbon uptake caused by different assumptionsin
themodels. Stabilisation at 450, 650 or 1,000 ppmwould require
global anthropogenic emissions to drop below 1990 levels
within afew decades, about a century, or about two centuries,
respectively, and continue to steadily decrease thereafter.
Although there is sufficient uptake capacity in the ocean to
incorporate 70 to 80% of foreseeable anthropogenic CO,
emissionsto the atmosphere, this process takes centuries due
totherate of ocean mixing. Asaresult, even several centuries
after emissions occurred, about a quarter of the increase in
concentration caused by these emissionsisstill present inthe
atmosphere. To maintain constant CO, concentration beyond
2300 requires emissions to drop to match the rate of carbon
sinks at that time. Natural land and ocean sinks with the
capacity to persist for hundreds or thousands of yearsare small

(<0.2 PgClyr).
Temperature

Global mean temperature continuesto increase for hundreds
of years at a rate of a few tenths of a degree per century after
concentrations of CO, have been stabilised, dueto long time-
scales in the ocean. The temperature implications of CO,
concentration profiles leading to stabilisation from 450 ppm
to 1,000 ppm were studied using asimple climate model tuned
to seven AOGCM s with a mean climate sensitivity of 2.8°C.
For all the pathways|eading to stabilisation, the climate system
shows cong derablewarming during the 21st century and beyond
(see Figure 26). The lower the level at which concentrations
stabilise, the smaller the total temperature change.

Sea level
If greenhouse gas concentrations were stabilised (even at

present levels), sea level would nonetheless continue to rise
for hundredsof years. After 500 years, sealevd risefromthermal
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Figure 25: Projected CO, emissions permitting stabilisation of
atmospheric CO, concentrations at different final values. Panel (a)
shows the assumed trajectories of CO, concentration (WRE
scenarios) and panels (b) and (c) show the implied CO, emissions,
as projected with two fast carbon cycle models, Bern-CC and ISAM.
The model ranges for ISAM were obtained by tuning the model to
approximate the range of responses to CO, and climate from model
intercomparisons. This approach yields a lower bound on uncertainties
in the carbon cycle response. The model ranges for Bern-CC were
obtained by combining different bounding assumptions about the
behaviour of the CO, fertilisation effect, the response of heterotrophic
respiration to temperature and the turnover time of the ocean, thus
approaching an upper bound on uncertainties in the carbon cycle
response. For each model, the upper and lower bounds are indicated
by the top and bottom of the shaded area. Alternatively, the lower
bound (where hidden) is indicated by a hatched line. [Based on
Figure 3.13]

expansion may have reached only half of its eventual level,
which models suggest may lie within arange of 0.5t0 2.0 m
and 1 to 4 m for CO, levels of twice and four times pre-
industrial, respectively. The long time-scale is characteristic
of the weak diffusion and slow circulation processes that
transport heat into the deep ocean.
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The loss of a substantial fraction of the total glacier massis
likely. Areas that are currently marginally glaciated are most
likely to become ice-free.

I ce sheetswill continueto react to climatic change during the
next several thousand years, even if the climate is stabilised.
Together, the present Antarctic and Greenland ice sheets
contain enough water to raise sealevel by almost 70 mif they
were to melt, so that only a small fractional change in their
volume would have a significant effect.

Models project that alocal annual averagewarming of larger
than 3°C, sustained for millennia, would lead to virtually a
complete melting of the Greenland ice sheet with aresulting sea
level rise of about 7 m. Projected temperatures over Greenland
are generally greater than globally averaged temperatures by
afactor of 1.2 to 3.1 for the range of models used in Chapter
11. For awarming over Greenland of 5.5°C, consistent with
mid-range stabilisation scenarios (see Figure 26), the Greenland
ice sheet islikely to contribute about 3 min 1,000 years. For
awarming of 8°C, the contribution isabout 6 m, theice sheet
being largely eliminated. For smaller warmings, the decay of
the ice sheet would be substantially slower (see Figure 27).

Current ice dynamic models project that the West Antarctic
ice sheet (WAIS) will contribute no more than 3 mm/yr to sea
level rise over the next thousand years, even if significant
changes were to occur in the ice shelves. Such results are
strongly dependent on model assumptions regarding climate
change scenarios, ice dynamics and other factors. Apart from
the possibility of an internal ice dynamic instability, surface
melting will affect thelong-term viability of theAntarcticice
sheet. For warmings of morethan 10°C, simple runoff models
predict that a zone of net mass loss would develop on theice
sheet surface. Irreversible disintegration of the WAIS would
result because the WAI'S cannot retreat to higher ground once
itsmargins are subjected to surface melting and begin to recede.
Such a disintegration would take at least a few millennia.
Thresholds for total disintegration of the East Antarctic ice
sheet by surface melting involve warmings above 20°C, a
situation that has not occurred for at least 15 million years
and whichisfar morethan predicted by any scenario of climate
change currently under consideration.

G. Advancing Understanding

The previous sections have contained descriptions of the
current state of knowledge of the climate of the past and
present, the current understanding of the forcing agents and
processes in the climate system and how well they can be
represented in climate models. Given theknowledge possessed
today, the best assessment was given whether climate change
can be detected and whether that change can be attributed to
humaninfluence. With the best toolsavail abletoday, projections
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Figure 26: Simple model results: Projected global mean temperature
changes when the concentration of CO, is stabilised following the
WRE profiles (see Chapter 9 Section 9.3.3). For comparison, results
based on the S profiles in the SAR are also shown in green (S1000
not available). The results are the average produced by a simple
climate model tuned to seven AOGCMs. The baseline scenario is
scenario A1B, this is specified only to 2100. After 2100, the emissions
of gases other than CO, are assumed to remain constant at their
A1B 2100 values. The projections are labelled according to the level
of CO, stabilisation. The broken lines after 2100 indicate increased
uncertainty in the simple climate model results beyond 2100. The
black dots indicate the time of CO, stabilisation. The stabilisation
year for the WRE1000 profile is 2375. [Based on Figure 9.16]
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Figure 27: Response of the Greenland ice sheet to three climatic
warming scenarios during the third millennium expressed in
equivalent changes of global sea level. The curve labels refer to
the mean temperature rise over Greenland by 3000 AD as predicted
by two-dimensional climate and ocean model forced by greenhouse
gas concentration rises until 2130 AD and kept constant after that.
Note that projected temperatures over Greenland are generally
greater globally averaged temperatures by a factor of 1.2 to 3.1 for
the models used in Chapter 11. [Based on Figure 11.16]
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were made of how the climate could change in the future for
different scenarios of emissions of greenhouse gases.

ThisSectionlooksintothefuturein adifferent way. Uncertainties
arepresent in each step of the chain from emissionsof greenhouse
gases and aerosol s, through to the impacts that they have on
the climate system and society (see Figure 28). Many factors
continueto limit the ability to detect, attribute, and understand
current climate change and to project what future climate
changes may be. Further work is needed in nine broad areas.

G.1. Data

Arrest the decline of observational networksin many parts of
theworld. Unless networksare significantly improved, it may
be difficult or impossible to detect climate change in many
areas of the globe.

Expand the observational foundation for climate studies to
provide accurate, |ong-termdata with expanded temporal and
spatial coverage. Given the complexity of the climate system
and the inherent multi-decadal time-scale, thereis aneed for
long-term consistent datato support climate and environmental
change investigations and projections. Data from the present
and recent past, climate-relevant datafor thelast few centuries,
and for the last several millennia are al needed. Thereis a
particular shortage of datain polar regions and data for the
guantitative assessment of extremes on the global scale.

G.2. Climate Processes and Modelling

Estimate better future emissions and concentrations of
greenhouse gases and aerosols. It is particularly important
that improvementsarerealised in deriving concentrationsfrom
emissions of gases and particularly aerosols, in addressing
biogeochemical sequestration and cycling, and specifically,
in determining the spatial-temporal distribution of CO, sources
and sinks, currently and in the future.

Understand and characterise more completely dominant
processes (e.g., ocean mixing) and feedbacks (e.g., fromclouds
and seaice) inthe atmosphere, biota, land and ocean surfaces,
and deep oceans. These sub-systems, phenomena, and
processes are important and merit increased attention to
improve prognostic capabilities generally. The interplay of
observation and modelswill bethekey for progress. Therapid
forcing of anon-linear system hasahigh prospect of producing
surprises.

Address more completely patterns of long-term climate
variability. Thistopic arisesboth inmodel calculationsandin
the climate system. In simulations, the issue of climate drift
within model calculations needs to be clarified better in part
because it compounds the difficulty of distinguishing signal
and noise. With respect to the long-term natural variability in
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the climate system per sg, it is important to understand this
variabhility and to expand the emerging capability of predicting
patterns of organised variability such as ENSO.

Explore morefully the probabilistic character of future climate
states by devel oping multi ple ensembles of model calculations.
The climate systemisacoupled non-linear chaotic system, and
thereforethelong-term prediction of future exact climate states
isnot possible. Rather the focus must be upon the prediction
of the probability distribution of the system’s future possible
states by the generation of ensembles of model solutions.

Improve the integrated hierarchy of global and regional
climate model swith emphasis on improving the simulation of
regional impactsand extreme weather events. Thiswill require
improvements in the understanding of the coupling between
the major atmospheric, oceanic, and terrestrial systems, and
extensive diagnostic modelling and observationa studiesthat
evaluate and improve simulative performance. A particularly
important issue is the adequacy of data needed to attack the
guestion of changesin extreme events.

G.3. Human Aspects

Link more formally physical climate-biogeochemical models
with models of the human systemand thereby providethe basis
for expanded expl oration of possible cause-effect-cause patterns
linking hurman and non-human components of the Earth system.
At present, humaninfluencesgenerally aretreated only through
emission scenariosthat provide external forcingsto the climate
system. In future more comprehensive modelsarerequired in
which human activitiesneed to begintointeract with thedynamics
of physical, chemical, and biological sub-systems through a
diverse set of contributing activities, feedbacksand responses.

G.4. International Framework

Accelerateinternationally progressin under standing climate
change by strengthening the international framework that is
needed to co-ordinate national and institutional efforts so that
research, computational, and observational resources may
be used to the greatest overall advantage. Elements of this
framework exist in the international programmes supported
by the International Council of Scientific Unions (ICSU), the
World Meteorological Organization (WMO), the United
Nations Environment Programme (UNEP), and the United
Nations Education, Scientific and Cultural Organisation
(UNESCO). Thereisacorresponding need for strengthening
the co-operation within theinternational research community,
building research capacity in many regionsand, asisthe goal
of this assessment, effectively describing research advances
in termsthat are relevant to decision making.
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Figure 28: The cascade of uncertainties in projections to be considered
in developing climate and related scenarios for climate change impact,
adaptation, and mitigation assessment. [Based on Figure 13.2]

| Synthesis Report

Source Information: Technical Summary

This Appendix provides the cross-reference of the topicsin
the Technical Summary (page and section) to the sections of
the chaptersthat contain expanded i nformation about the topic.

Section A: Introduction

TSPage Technical Summary Section and Topic —

168

168

169

Chapter Section

A.1. The IPCC and its Working Groups
Introduction to the Intergovernmental Panel on
Climate Change (from the IPCC Secretariat,
Geneva) or the IPCC web page at http://
www.ipcc.ch

A.2. The First and Second Assessment Reports of
Working Group |

IPCC, 1990a: Climate Change: The IPCC
Scientific Assessment. J.T. Houghton, G.J. Jenkins
and J.J. Ephraums (eds.), Cambridge University
Press, Cambridge, United Kingdom, 365 pp.
IPCC, 1992: Climate Change 1992: The
Supplementary Report to the IPCC Scientific
Assessment. J.T. Houghton, B.A. Callander and
SK. Varney (eds.), Cambridge University Press,
Cambridge, United Kingdom, 198 pp.

IPCC, 1994: Climate Change 1994: Radiative
Forcing of Climate Change and an Evaluation of
thePCC 1592 Emission Scenarios. J.T. Houghton,
L.G Meira Filho, J. Bruce, Hoesung Lee, B.A.
Calander, E. Haites, N. Harris and K. Maskell
(eds.), Cambridge University Press, Cambridge,
United Kingdom, 339 pp.

IPCC, 1996a: Climate Change 1995: The Science
of Climate Change. Contribution of Working
Group | to the Second Assessment Report of the
Intergovernmental Panel on Climate Change
[Houghton, J.T., L.G MeiraFilho, B.A. Callander,
N Harris, A. Kattenberg, and K. Maskell (eds.)].
Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, 572 pp.

A.3. The Third Assessment Report: This Technical
Summary

Background to these questionsisin Chapter 1.
Box 1: What driveschangesin climate?— Chapter 1.

Section B: The Observed Changes in the Climate

System
TS Page

171-174

Technical Summary Section and Topic —
Chapter Section

B.1. Observed Changes in Temperature
Temperatures in the instrumental record for land
and oceans - Chapter 2.2.2 and 2.3.
Temperaturesabovethe surfacelayer from satellite

216

IPCC Third Assessment Report



The Scientific Basis

and weather balloonrecords- Chapter 2.2.3and 2.2.4.
Surface temperatures during the pre-instrumental
record from the proxy record

Last 1,000 years - Chapter 2.3.

Last glacial and deglaciation - Chapter 2.4.

174-175 B.2. Observed Changes in Precipitation and
Atmospheric Moisture
Annual land-surface precipitation - Chapter 2.5.2.
Water vapour - Chapter 2.5.3.

Cloud amounts - Chapter 2.5.5.

175 B.3. Observed Changesin Show Cover and Land-
and Sea-1ce Extent
Snow cover and land-ice extent - Chapter 2.2.5.
Sea-ice extent - Chapter 2.2.5.

Arctic sea-ice thickness - Chapter 2.2.5.

175 B.4. Observed Changes in Sea Level Changes
During the Instrumental Record
Tidegaugedatafor the20th century - Chapter 11.3.2.
Box 2: What causes sealevel to change?- Chapter
11.2.

Changes during the pre-instrumental record -
Chapter 11.3.1.

175-176 B.5. Observed Changes in Atmospheric and
Oceanic Circulation Patterns
El Nifio-Southern Oscillation (ENSO) - Chapter
2.6.2 and 2.6.3.

North Atlantic, Arctic, and Antarctic oscill ations -
Chapter 2.6.5 and 2.6.6.

176-177 B.6. Observed Changesin Climate Variability and
Extreme Weather and Climate Events
Heavy and extreme precipitation - Chapter 2.7.2.
Tropical and extra-tropical storms- Chapter 2.7.3.

177-179 B.7.TheCollective Picture: AWarming World and
Other Changesin the Climate System
A warming world - Chapter 2.8.

Little or no change - Chapter 2.2.5 and 2.7.3.

Section C: The Forcing Agents That Cause Climate
Change

TSPage Technical Summary Section and Topic —
Chapter Section

180-185 C.1. Observed Changes in Globally Well-Mixed
Greenhouse Gas Concentrations and Radiative
Forcing.
Carbon dioxide- Chapter 3.2.2,3.2.3,3.3.1,3.3.2,
and 3.5, Chapter 6.13
Methane - Chapter 4.2.1, Chapter 6.13.
Nitrous Oxide - Chapter 4.2, Chapter 6.13.
Halocarbons and Related Compounds - Chapter
4.2.2, Chapter 6.13.

185-186 C.2. Observed Changes in Other Radiatively
Important Gases
Atmospheric ozone - Chapter 4.2.2 and 4.2.4,
Chapter 6.13.

WGl Technical Summary

186-187

187

187-188

188

Gases with only indirect radiative influence -
Chapter 4.2.3, Chapter 6.13

C.3. Observed and Modelled Changesin Aerosols
Observed and modelled changes in aerosols -
Chapter 5.1, 5.2, 5.3 and 5.4, Chapter 6.7 and 6.8.
C.4. Observed Changes in Other Anthropogenic
Forcing Agents

Land-use (albedo) change - Chapter 6.13.

C.5. Observed and Modelled Changes in Solar
Activity

Observed and modelled changesin solar activity -
Chapter 6.10.

C.6. Global Warming Potentials

Global warming potentials - Chapter 6.12

Section D: The Simulation of the Climate System
and Its Changes

TS Page

188-193

193-194

194-195

195-196

Technical Summary Section and Topic —
Chapter Section

D.1. Climate Processes and Feedbacks

Box 3: Climate Models: How are they built and
how are they applied? - Chapter 8.3.

Water vapour - Chapter 7.2.1.

Clouds - Chapter 7.2.2 and 7.2.3, Chapter 8.5.1.
Sratosphere- Chapter 7.2.4and 7.2.5, Chapter 8.5.1.
Ocean - Chapter 7.3, Chapter 8.5.2.

Cryosphere - Chapter 7.5, Chapter 8.5.3.

Land surface - Chapter 7.4, Chapter 8.5.4.
Carbon cycle - Chapter 3.6.

D.2. The Coupled Systems

Modes of natural variability - Chapter 7.6, Chapter
8.7.

Box 4: The El Nifio/Southern Oscillation (ENSO)
- Chapter 7.6.5, Chapter 8.7.1

The thermohaline circulation - Chapter 7.3.7 and
7.7, Chapter 9.3.4.

Non-linear events and rapid climate change -
Chapter 7.7.

D.3. Regionalisation Techniques

Categories of techniques - Chapter 10.1, 10.2,
Chapter 13.

Coarse resolution AOGCMs - Chapter 10.3,
Chapter 13.

High resolution RCMs- Chapter 10.5, Chapter 13.
D.4. Overall Assessment of Abilities

Flux adjustment - Chapter 7.2, 7.3 and 7.6, Chapter
8.4 and 8.9.

Climate of the 20th century - Chapter 8.6.
Extreme events - Chapter 8.8.

Interannual variability - Chapter 8.7.

Model intercomparisons- Chapter 8.6.2 and 8.10.

217



Climate Change 2001

Section E: The Identification of a Human Influence
on Climate Change

TS Page
196

196-197

197
197

197-198

199

199-201

201

Technical Summary Section and Topic—Chapter
Section

E.1. The Meaning of Detection and Attribution
Detection/Attribution - Chapter 12.1.1 and 12.2.
E.2. A Longer and More Closely Scrutinised
Observational Record

Three of last five years - Chapter 12.2.1.

E.3. New Model Estimates of Internal Variability
Thewarming over thepast 100 years- Chapter 12.2.2.
E.4. New Edtimates of Responsesto Natural Forcing
Natural forcing alone - Chapter 12.2.3.

E.5. Sensitivity to Estimates of Climate Changes
Sgnals

Responsesto anthropogenic forcing - Chapter 12.2.3.
Significant anthropogenic forcing contribution -
Chapter 12.2.3.

E.6. AWder Range of Detection Techniques
Temperature - Chapter 12.3 and 12.4.

Sealevel - Chapter 11.4.

E.7. Remaining Uncertainties in Detection and
Attribution

Summary - Chapter 12.5.

E.8. Synopsis

Most of the observed warming over the past 50
years - Chapter 12.6.

Section F: The Projections of the Earth’s Future

Climate
TS Page

201-202

202-204

Technical Summary Section and Topic —
Chapter Section

F.1. The IPCC Special Report on Emissions
Scenarios (SRES)

SRES scenarios - Chapter 6.15.2, SRES Report.
Box 5: The Emission Scenarios of the Special
Report on Emission Scenarios (SRES) - Chapter
6.15.2, SRES Report, Appendix II.

F.2. Projections of Future Changesin Greenhouse
Gases and Aerosols

CO, concentration trgjectories - Chapter 3.3 and
3.7, Appendix I1.

Carbon storageinterrestrial ecosystems- Chapter
3.2and 3.6.

Abundance of the non-CO, greenhouse gases -
Chapter 4.3, Chapter 6.15, Appendix I1.
Emissions of indirect greenhouse gases and
atmospheric chemistry - Chapter 4.4.4 and 4.4.5,
Chapter 6.15.

Emissions of indirect greenhouse gases and air
quality - Chapter 4.4.5

Dependence of the abundance of aerosols on
emissions - Chapter 5.5, Chapter 6.15, Appendix I1.

Synthesis Report

205-206

206

208

209-210

210

211

211-213

213-214

Projected aerosol emissionsand the SRES scenarios
- Chapter 5.5

Radiative forcing - Chapter 6.15, Appendix I1.
F.3. Projectionsof Future Changesin Temperature
AOGCM Results - Chapter 9.3

Simple Climate Model Results - Chapter 9.3

F.4. Projections of Future Changesin Precipitation
Globally averaged precipitation and variability -
Chapter 9.3.

F.5. Projectionsof Future Changesin Extreme Events
Changesin extreme events - Chapter 9.3.6.

F.6. Projectionsof Future Changesin Thermohaline
Circulation

Weakening of Thermohaline Circulation - Chapter
9.3.4.

F.7. Projections of Future Changes in Modes of
Natural Variability

Changesin modes of natural variability - Chapter
9.3.5.

F.8. Projections of Future Changes in Land Ice
(Glaciers, Ice Caps and Ice Sheets), Sea Ice and
Show Cover

Glaciers, ice caps, and ice sheets - Chapter 11.5.4.
F.9. Projections of Future Changesin Sea Level
Global average sealevel change - Chapter 11.5.1.
Regional sealevel change - Chapter 11.5.2.
Extremes of sealevel - Chapter 11.5.3.

F.10. Projections of Future Changes in Response
to CO, Concentration Sabilisation Profiles
Greenhouse gases and aerosols - Chapter 3.7.3.
Temperature - Chapter 9.3.3.

Sealevel - Chapter 11.5.4.

Section G: Advancing Understanding

TSPage Technical Summary Section and Topic—Chapter

215

215

215

215

Section

G1. Data

Decline of observational networks and the
observing system - Chapter 14.2.1.

G2. Climate Processes and Modelling
Greenhouse gases and aerosols - Chapter 14.2.6.
Processes - Chapter 14.2.3.

Patterns of variability - Chapter 14.2.2.
Ensembles of model results - Chapter 14.2.2.
Hierarchy of models - Chapter 14.2.2

G.3. Human Aspects

Physical system/human system - Chapter 14.3,
Chapter 13.1

GA4. International Framework

Co-ordination - Chapter 14.4.

218

IPCC Third Assessment Report



Working Group Il Summaries

Summary for Policymakers
A Report of Working Group Il of the Intergovernmental Panel on Climate Change

Technical Summary of the Working Group Il Report

A Report accepted by Working Group Il of the Intergovernmental Panel on Climate Change but not approved in detail

Part of the Working Group |l contribution to the Third Assessment Report
of the Intergovernmental Panel on Climate Change



Contents

Summary for Policymakers 4. Natural and Human Systems
4.1. Water Resources
Technical Summary 4.2. Agriculture and Food Security
4.3. Terrestrial and Freshwater Ecosystems
1. Scope and Approach of the Assessment 4.4. Coastal Zones and Marine Ecosystems
1.1. Mandate of the Assessment 4.5. Human Settlements, Energy, and Industry
1.2. What is Potentially at Stake? 4.6. Insurance and Other Financial Services
1.3. Approach of the Assessment 4.7. Human Health

1.4. Treatment of Uncertainties
5. Regional Analyses

2. Methods and Tools of the Assessment 5.1. Africa
2.1. Detecting Responses to Climate Change using 5.2.Asia
Indicator Species or Systems 5.3. Australiaand New Zealand
2.2 Anticipating the Effects of Future Climate 5.4. Europe
Change 5.5. LatinAmerica
2.3. Integrated A ssessment 5.6. North America
2.4. Costing and Valuation 5.7. Polar Regions
2.5. Decision Analytic Frameworks 5.8. Small Island States
3. Scenarios of Future Change 6. Adaptation, Sustainable Development, and
3.1. Scenarios and their Role Equity
3.2. Socioeconomic, Land-Use, and Environmental 6.1. Adaptive Capacity
Scenarios 6.2. Development, Sustainability, and Equity
3.3. Sea-Level Rise Scenarios
3.4. Climate Scenarios 7. Global Issues and Synthesis
3.5. Scenarios for the 21st Century 7.1. Detection of Climate Change | mpacts
3.6. How can We Improve Scenarios and their Use? 7.2. Reasons for Concern

8. Information Needs



Summary for Policymakers

A Report of Working Group Il of the Intergovernmental Panel on Climate Change

This summary, approved in detail at the Sixth Session of IPCC Working Group Il (Geneva, Switzerland, 13-16 February
2001), represents the formally agreed statement of the IPCC concerning the sensitivity, adaptive capacity, and vulnerability of
natural and human systems to climate change, and the potential consequences of climate change.

Based on a draft prepared by:

Q.K. Ahmad, Oleg Anisimov, Nigel Arnell, Sandra Brown, lan Burton, Max Campos, Osvaldo Canziani, Timothy Carter,
Stewart J. Cohen, Paul Desanker, William Easterling, B. Blair Fitzharris, Donald Forbes, Habiba Gitay, Andrew Githeko,
Patrick Gonzalez, Duane Gubler, Sujata Gupta, Andrew Haines, Hideo Harasawa, Jarle Inge Holten, Bubu Pateh Jallow,
Roger Jones, Zbigniew Kundzewicz, Murari Lal, Emilio Lebre La Rovere, Neil Leary, Rik Leemans, Chunzhen Liu, Chris
Magadza, Martin Manning, Luis Jose Mata, James McCarthy, Roger McLean, Anthony McMichael, Kathleen Miller, Evan
Mills, M. Monirul Qader Mirza, Daniel Murdiyarso, Leonard Nurse, Camille Parmesan, Martin Parry, Jonathan Patz, Michel
Petit, Olga Pilifosova, Barrie Pittock, Jeff Price, Terry Root, Cynthia Rosenzweig, Jose Sarukhan, John Schellnhuber, Stephen
Schneider, Robert Scholes, Michael Scott, Graham Sem, Barry Smit, Joel Smith, Brent Sohngen, Alla Tsyban, Jean-Pascal
van Ypersele, Pier Vellinga, Richard Warrick, Tom Wilbanks, Alistair Woodward, David Wratt, and many reviewers



Climate Change 2001

1. Introduction

The sensitivity, adaptive capacity, and vulnerability of natural
and human systems to climate change, and the potential
consequences of climate change, are assessed in the report of
Working Group |1 of the Intergovernmental Panel on Climate
Change (1PCC), Climate Change 2001: Impacts, Adaptation,
and Vulnerability.* Thisreport builds upon the past assessment
reports of the |PCC, reexamining key conclusionsof theearlier
assessments and incorporating results from more recent
research.®

Observed changesin climate, their causes, and potential future
changes are assessed in the report of Working Group | of the
IPCC, Climate Change 2001: The Scientific Basis. TheWorking
Group | report concludes, inter alia, that the globally averaged
surface temperatures have increased by 0.6 + 0.2°C over the
20th century; and that, for the range of scenariosdevelopedin
the IPCC Special Report on Emission Scenarios (SRES), the
globally averaged surface air temperature is projected by
models to warm 1.4 to 5.8°C by 2100 relative to 1990, and
globally averaged sealevel isprojected by modelsto rise 0.09
t0 0.88 m by 2100. These projectionsindicate that thewarming
would vary by region, and be accompanied by increases and
decreasesin precipitation. In addition, therewoul d be changes
inthevariability of climate, and changesin thefrequency and
intensity of some extreme climate phenomena. These general
features of climate change act on natural and human systems
and they set the context for theWorking Group |1 assessment.
Theavailableliterature hasnot yet investigated climate change
impacts, adaptation, and vulnerability associated with the
upper end of the projected range of warming.

ThisSummary for Policymakers, which was approved by IPCC
member governmentsin Genevain February 2001, describes
the current state of understanding of the impacts, adaptation,
and vulnerability to climate change and their uncertainties.
Further details can befound in the underlying report.* Section
2 of the Summary presents anumber of general findings that

1 Climate changein IPCC usagerefersto any changein climate over time,
whether due to natural variability or asaresult of human activity. This
usagediffersfromthat inthe Framework Convention on Climate Change,
whereclimate changerefersto achange of climatethat isattributed directly
or indirectly to human activity that alters the composition of the global
amosphere and that isin addition to natural climate variability observed
over comparable time periods. Attribution of climate change to natural
forcing and human activities has been addressed by Working Group |.

2 Thereport hasbeen written by 183 Coordinating Lead Authorsand Lead
Authors, and 243 Contributing Authors. It wasreviewed by 440 government
and expert reviewers, and 33 Review Editorsoversaw thereview process.

3 Delegationsfrom 100 | PCC member countries participated in the Sixth
Session of Working Group |1 in Geneva on 13-16 February 2001.

4“A more comprehensive summary of the report is provided in the
Technical Summary, and relevant sections of that volume arereferenced
in brackets at the end of paragraphs of the Summary for Policymakers
for readers who need more information.
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emerge from integration of information acrossthefull report.
Each of these findings addresses a different dimension of
climate change impacts, adaptation, and vulnerability, and no
one dimension is paramount. Section 3 presents findings
regarding individual natural and human systems, and Section
4 highlights some of theissuesof concernfor different regions
of the world. Section 5 identifies priority research areas to
further advance understanding of the potential consequences
of and adaptation to climate change.

2. Emergent Findings

2.1. Recent Regional Climate Changes, particularly
Temperature Increases, have Already Affected
Many Physical and Biological Systems

Available observational evidence indicates that regional
changesin climate, particularly increasesin temperature, have
already affected adiverse set of physical and biological systems
in many parts of the world. Examples of observed changes
include shrinkage of glaciers, thawing of permafrost, later
freezing and earlier break-up of ice on rivers and lakes,
lengthening of mid- to high-latitude growing seasons, poleward
and altitudinal shifts of plant and animal ranges, declines of
some plant and animal populations, and earlier flowering of
trees, emergence of insects, and egg-laying in birds (see Figure
SPM-1). Associations between changesin regional temperatures
and observed changesin physical and biological systemshave
been documented in many aquatic, terrestrial, and marine
environments. [2.1, 4.3, 4.4, 5.7, and 7.1]

The studies mentioned above and illustrated in Figure SPM-1
weredrawn from aliterature survey, which identified long-term
studies, typically 20 years or more, of changes in biological
and physical systems that could be correlated with regional
changes in temperature.® In most cases where changes in
biological and physical systems were detected, the direction
of changewasthat expected on thebasis of known mechanisms.
The probability that the observed changes in the expected
direction (with no reference to magnitude) could occur by
chance alone is negligible. In many parts of the world,
precipitation-related impacts may be important. At present,
thereisalack of systematic concurrent climatic and biophysical
dataof sufficient length (2 or more decades) that are considered
necessary for assessment of precipitation impacts.

5There are 44 regional studies of over 400 plants and animals, which
varied inlength from about 20 to 50 years, mainly from North America,
Europe, and the southern polar region. There are 16 regional studies
covering about 100 physical processes over most regions of the world,
which varied in length from about 20 to 150 years. See Section 7.1 of
the Technical Summary for more detail.
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Figure SPM-1: Locations at which systematic long-term studies meet stringent criteria documenting recent temperature-related regional
climate change impacts on physical and biological systems. Hydrology, glacial retreat, and sea-ice data represent decadal to century trends.
Terrestrial and marine ecosystem data represent trends of at least 2 decades. Remote-sensing studies cover large areas. Data are for single
or multiple impacts that are consistent with known mechanisms of physical/biological system responses to observed regional temperature-
related changes. For reported impacts spanning large areas, a representative location on the map was selected.

Factors such asland-use change and pollution also act on these
physical and biological systems, makingit difficult to attribute
changesto particular causesin some specific cases. However,
taken together, the observed changes in these systems are
consistent in direction and coherent across diverse localities
and/or regions (see Figure SPM-1) with the expected effects
of regional changesin temperature. Thus, from the collective
evidence, thereishigh confidence® that recent regional changes
intemperature have had discernibleimpacts on many physical
and biological systems.

8 Inthis Summary for Policymakers, the following words have been used
where gppropriateto indicatejudgmental estimates of confidence (based
upon the collective judgment of the authors using the observational
evidence, modeling results, and theory that they have examined): very
high (95% or greater), high (67-95%), medium (33-67%), low (5-33%),
and very low (5% or less). In other instances, a qudlitative scale to
gauge the level of scientific understanding is used: well established,
established-but-incompl ete, competing explanations, and speculative.
The approaches used to assess confidence levels and the level of
scientific understanding, and the definitions of theseterms, are presented
in Section 1.4 of the Technica Summary. Each time these terms are
used in the Summary for Policymakers, they arefootnoted andinitalics.

2.2.There are Preliminary Indications that Some
Human Systems have been Affected by Recent
Increases in Floods and Droughts

There is emerging evidence that some socia and economic
systems have been affected by therecent increasing frequency
of floods and droughtsin some areas. However, such systems
are also affected by changesin socioeconomic factors such as
demographic shiftsand land-use changes. Therelative impact
of climatic and socioeconomic factors are generally difficult
to quantify. [4.6 and 7.1]

2.3. Natural Systems are Vulnerable to Climate
Change, and Some will be Irreversibly Damaged

Natura systems can be especially vulnerableto climate change
because of limited adaptive capacity (see Box SPM-1), and
some of these systems may undergo significant andirreversible
damage. Natural systems at risk include glaciers, coral reefs
and atolls, mangroves, boreal and tropical forests, polar and
alpine ecosystems, prairie wetlands, and remnant native
grasslands. While some species may increasein abundance or
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Figure SPM-2: Reasons for concern about projected climate change impacts. The risks of adverse impacts from climate change increase
with the magnitude of climate change. The left part of the figure displays the observed temperature increase relative to 1990 and the range of
projected temperature increase after 1990 as estimated by Working Group | of the IPCC for scenarios from the Special Report on Emissions
Scenarios. The right panel displays conceptualizations of five reasons for concern regarding climate change risks evolving through 2100.
White indicates neutral or small negative or positive impacts or risks, yellow indicates negative impacts for some systems or low risks, and
red means negative impacts or risks that are more widespread and/or greater in magnitude. The assessment of impacts or risks takes into
account only the magnitude of change and not the rate of change. Global mean annual temperature change is used in the figure as a proxy
for the magnitude of climate change, but projected impacts will be a function of, among other factors, the magnitude and rate of global and
regional changes in mean climate, climate variability and extreme climate phenomena, social and economic conditions, and adaptation.

range, climate changewill increase existing risks of extinction
of some more vulnerable speciesand loss of biodiversity. Itis
well-established® that the geographical extent of the damage
or loss, and the number of systemsaffected, will increasewith
the magnitude and rate of climate change (see Figure SPM-2).
[4.3and 7.2.1]

2.4. Many Human Systems are Sensitive to Climate
Change, and Some are Vulnerable

Human systems that are sensitive to climate change include
mainly water resources; agriculture (especially food security)
and forestry; coastal zones and marine systems (fisheries);
human settlements, energy, and industry; insurance and other
financial services; and human health. Thevul nerability of these
systems varies with geographic location, time, and social,
economic, and environmental conditions. [4.1, 4.2, 4.3, 4.4,
45, 4.6, and 4.7

Projected adverse impacts based on model s and other studies
include:

A general reductionin potentia cropyieldsin most tropical
and sub-tropical regions for most projected increases in
temperature [4.2]

« A general reduction, with some variation, in potential crop
yields in most regions in mid-latitudes for increases in
annual-average temperature of morethan afew °C [4.2]

« Decreased water availability for populationsin many water-
scarce regions, particularly in the sub-tropics [4.1]

« Anincrease in the number of people exposed to vector-
borne (e.g., malaria) and water-borne diseases (e.g.,
cholera), and an increase in heat stress mortality [4.7]

» A widespread increase in the risk of flooding for many
human settlements (tens of millions of inhabitants in
settlements studied) from both increased heavy precipitation
events and sea-level rise [4.5]

* Increased energy demand for space cooling due to higher
summer temperatures. [4.5]
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Box SPM-1. Climate Change Sensitivity, Adaptive
Capacity, and Vulnerability

Sensitivity isthe degreeto which asystem isaffected, either
adversely or beneficidly, by climate-related stimuli. Climate-
related stimuli encompassall the elementsof climate change,
including mean climate characteristics, climate variability,
and the frequency and magnitude of extremes. The effect
may be direct (e.g., achangein crop yield in responseto a
change in the mean, range, or variability of temperature) or
indirect (e.g., damages caused by an increase in the
frequency of coastal flooding due to sea-level rise).

Adaptive capacity is the ability of a system to adjust to
climate change (including climate variability and extremes)
to moderate potential damages, to take advantage of
opportunities, or to cope with the consequences.

Vulnerability is the degree to which a system is susceptible
to, or unableto copewith, adverse effects of climate change,
including climate variability and extremes. Vulnerability is
afunction of the character, magnitude, and rate of climate
change and variation to which a system is exposed, its
sensitivity, and its adaptive capacity.

Projected beneficial impactsbased on modelsand other studies
include:
Increased potential crop yields in some regions at mid-
latitudesfor increasesin temperature of lessthan afew °C
[4.2]
A potentid increaseinglobal timber supply from gppropriately
managed forests [4.3]
Increased water availability for populationsin somewater-
scarceregions—for example, in partsof southeast Asia[4.1]
Reduced winter mortality in mid- and high-latitudes [4.7]
Reduced energy demand for space heating due to higher
winter temperatures. [4.5]

2.5. Projected Changes in Climate Extremes could
have Major Consequences

The vulnerability of human societies and natural systems to
climate extremesis demonstrated by the damage, hardship, and
death caused by events such as droughts, floods, heat waves,
avalanches, and windstorms. While there are uncertainties
attached to estimates of such changes, some extreme events
are projected to increase in frequency and/or severity during
the 21st century dueto changesin the mean and/or variability
of climate, soit can beexpected that the severity of their impacts
will aso increasein concert with global warming (see Figure
SPM-2). Conversely, the frequency and magnitude of extreme
low temperature events, such as cold spells, is projected to
decreaseinthefuture, with both positive and negative impacts.
Theimpactsof future changesin climate extremes are expected
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to fall disproportionately on the poor. Some representative
examples of impacts of these projected changes in climate
variability and climate extremesare presented in Table SPM-1.
[3.5,4.6, 6, and 7.2.4]

2.6.The Potential for Large-Scale and Possibly
Irreversible Impacts Poses Risks that have yet to
be Reliably Quantified

Projected climate changes’ during the 21st century have the
potential tolead to futurelarge-scale and possibly irreversible
changes in Earth systems resulting in impacts at continental
and globa scales. These possibilitiesarevery climate scenario-
dependent and a full range of plausible scenarios has not yet
been evaluated. Examples include significant slowing of the
ocean circulation that transports warm water to the North
Atlantic, largereductionsin the Greenland and West Antarctic
Ice Sheets, accelerated global warming due to carbon cycle
feedbacksintheterrestrial biosphere, and rel eases of terrestria
carbon from permafrost regions and methane from hydrates
in coastal sediments. Thelikelihood of many of these changes
in Earth systemsis not well-known, but is probably very low;
however, their likelihood is expected to increase with therate,
magnitude, and duration of climate change (see Figure SPM-2).
[35,5.7,and 7.2.5]

If these changesin Earth systemswereto occur, their impacts
would be widespread and sustained. For example, significant
slowing of the oceanic thermohaline circulation would impact
deep-water oxygen levels and carbon uptake by oceans and
marine ecosystems, and would reduce warming over parts of
Europe. Disintegration of the West Antarctic Ice Sheet or
melting of the Greenland | ce Sheet could raise global sealevel
up to 3 m each over the next 1,000 years®, submerge many
islands, and inundate extensive coastal areas. Depending on
the rate of ice loss, the rate and magnitude of sea-level rise
could greatly exceed the capacity of human and natural systems
to adapt without substantial impacts. Releases of terrestrial
carbon from permafrost regions and methane from hydrates
in coastal sediments, induced by warming, would further
increase greenhouse gas concentrationsin the atmosphere and
amplify climate change. [3.5, 5.7, and 7.2.5]

2.7. Adaptation is a Necessary Strategy at All
Scales to Complement Climate Change Mitigation
Efforts

Adaptation hasthe potential to reduce adverseimpactsof climate
change and to enhance beneficial impacts, but will incur costs

" Details of projected climate changes, illustrated in Figure SPM-2, are
provided in the Working Group | Summary for Policymakers.

8Details of projected contributions to sea-level rise from the West
Anarctic | ce Sheet and Greenland | ce Sheet are provided in the Working
Group | Summary for Policymakers.
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Table SPM -1: Examples of impacts resulting from projected changes in extreme climate events.

Projected Changes during the 21¢
Century in Extreme Climate
Phenomena and their Likelihood?

Representative Examples of Projected | mpacts®
(all high confidence of occurrence in some areas’)

Smple Extremes

Higher maximum temperatures;
more hot days and heat waves® over
nearly all land areas (very likely?)

Increased incidence of death and seriousillnessin older age groups and urban
poor [4.7]

Increased heat stressin livestock and wildlife [4.2 and 4.3]

Shift in tourist destinations [ Table TS-4 and 5.8]

Increased risk of damage to a number of crops[4.2]

Increased el ectric cooling demand and reduced energy supply reliability
[Table TS-4 and 4.5]

Higher (increasing) minimum
temperatures; fewer cold days, frost
days, and cold waves® over nearly
all land areas (very likely?)

Decreased cold-related human morbidity and mortality [4.7]

Decreased risk of damage to anumber of crops, and increased risk to others[4.2]
Extended range and activity of some pest and disease vectors [4.2 and 4.3]
Reduced heating energy demand [4.5]

More intense precipitation events
(very likely? over many areas)

Increased flood, landslide, avalanche, and mudslide damage [4.5]

Increased soil erosion [5.2.4]

Increased flood runoff could increase recharge of some floodplain aquifers[4.1]
Increased pressure on government and private flood insurance systems and
disaster relief [Table TS-4 and 4.6]

Complex Extremes

Increased summer drying over most
mid-latitude continental interiors
and associated risk of drought

(likely?)

Decreased crop yields [4.2]

Increased damage to building foundations caused by ground shrinkage [Table TS-4]
Decreased water resource quantity and quality [4.1 and 4.5]

Increased risk of forest fire [5.4.2]

Increasein tropical cyclone peak
wind intensities, mean and peak
precipitation intensities (likely?
over some areas)®

Increased risks to human life, risk of infectious disease epidemics, and many
other risks [4.7]

Increased coastal erosion and damage to coastal buildings and infrastructure
[4.5and 7.2.4]

Increased damageto coastal ecosystems such as cora reefs and mangroves[4.4]

Intensified droughts and floods
associated with El Nifio eventsin
many different regions (likely?)
(see al'so under droughts and
intense precipitation events)

Decreased agricultural and rangeland productivity in drought- and flood-prone
regions[4.3]
Decreased hydro-power potentia in drought-proneregions[5.1.1 and Figure TS-7]

Increased Asian summer monsoon
precipitation variability (likely?)

Increased flood and drought magnitude and damages in temperate and tropical
Asia[5.24]

Increased intensity of mid-latitude
storms (little agreement between
current models)®

Increased risks to human life and health [4.7]
Increased property and infrastructure losses [Table TS-4]
Increased damage to coastal ecosystems[4.4]

a Likelihood refers to judgmental estimates of confidence used by TAR WGI: very likely (90-99% chance); likely (66-90% chance). Unless
otherwise stated, information on climate phenomena is taken from the Summary for Policymakers, TAR WGI.

b These impacts can be lessened by appropriate response measures.

¢ High confidence refers to probabilities between 67 and 95% as described in Footnote 6 .

4 Information from TAR WGI, Technical Summary, Section F.5.

¢ Changes in regional distribution of tropical cyclones are possible but have not been established.

and will not prevent all damages. Extremes, variability, and
ratesof changeareal key featuresin addressing vulnerability
and adaptation to climate change, not simply changesin average
climate conditions. Human and natural systems will to some

degree adapt autonomously to climate change. Planned
adaptation can supplement autonomous adaptation, though
options and incentives are greater for adaptation of human
systems than for adaptation to protect natural systems.
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Adaptationisanecessary strategy at all scalesto complement
climate change mitigation efforts. [6]

Experiencewith adaptation to climate variability and extremes
can be drawn upon to develop appropriate strategies for
adapting to anticipated climate change. Adaptation to current
climate variability and extremes often produces benefits as
well asforming abasisfor coping with future climate change.
However, experiencea so demonstratesthat thereare constraints
to achieving the full measure of potential adaptation. In
addition, maladaptation, such as promoting development in
risk-pronelocations, can occur dueto decisions based on short-
term considerations, neglect of known climatic variability,
imperfect foresight, insufficient information, and over-reliance
on insurance mechanisms. [6]

2.8.Those with the Least Resources have the Least
Capacity to Adapt and are the Most Vulnerable

Theability of human systemsto adapt to and copewith climate
change depends on such factors as wealth, technology,
education, information, skills, infrastructure, access to
resources, and management capabilities. Thereispotential for
devel oped and devel oping countriesto enhance and/or acquire
adaptive capabilities. Populations and communitiesare highly
variable in their endowments with these attributes, and the
developing countries, particularly the least developed
countries, aregenerally poorestin thisregard. Asaresult, they
have lesser capacity to adapt and are morevulnerableto climate
change damages, just as they are more vulnerable to other
stresses. This condition is most extreme among the poorest
people. [6.1; see dls0 5.1.7, 5.2.7, 5.3.5, 5.4.6, 5.6.1, 5.6.2,
5.7, and 5.8.1 for regional-scale information]

Benefits and costs of climate change effects have been
estimated in monetary units and aggregated to national,
regional, and global scales. These estimates generally exclude
the effects of changesin climate variability and extremes, do
not account for the effects of different rates of change, and
only partially account for impacts on goods and services that
arenot traded in markets. These omissionsarelikely to result
in underestimates of economic losses and overestimates of
economic gains. Estimates of aggregateimpactsare controversia
because they treat gains for some as canceling out losses for
othersand because theweightsthat are used to aggregate across
individuals are necessarily subjective. [7.2.2 and 7.2.3]

Notwithstanding the limitations expressed above, based on a
few published estimates, increasesin globa mean temperature’®
would produce net economiclossesin many devel oping countries

9 Global mean temperature changeisused asan indicator of the magnitude
of climate change. Scenario-dependent exposures taken into account
inthese studiesinclude regionally differentiated changesin temperature,
precipitation, and other climatic variables.
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for all magnitudes of warming studied (Iow confidence®), and
losses would be greater in magnitude the higher the level of
warming (medium confidence®). In contrast, an increase in
global mean temperature of up to afew °C would produce a
mixture of economic gainsand lossesin developed countries
(low confidence?), with economic lossesfor larger temperature
increases (medium confidence®). The projected distribution
of economicimpactsissuchthat it would increasethedisparity
in well-being between developed countries and developing
countries, with disparity growing for higher projected
temperature increases (medium confidence®). The more
damaging impacts estimated for devel oping countriesreflects,
in part, their lesser adaptive capacity relative to developed
countries. [7.2.3]

Further, when aggregated to aglobal scae, world grossdomestic
product (GDP) would change by + afew percent for global
mean temperatureincreases of upto afew °C (low confidence®),
and increasing net losses would result for larger increasesin
temperature (medium confidence®) (see Figure SPM-2). More
people are projected to be harmed than benefited by climate
change, even for global mean temperature increases of less
than afew °C (low confidence®). Theseresultsare sensitiveto
assumptions about changes in regional climate, level of
development, adaptive capacity, rate of change, thevaluation
of impacts, and the methods used for aggregating monetary
losses and gains, including the choice of discount rate. [7.2.2]

The effects of climate change are expected to be greatest in
developing countriesintermsof loss of lifeand relative effects
on investment and the economy. For example, the relative
percentage damagesto GDPfrom climate extremes have been
substantialy greater in devel oping countriesthan in devel oped
countries. [4.6]

2.9. Adaptation, Sustainable Development, and
Enhancement of Equity can be Mutually Reinforcing

Many communities and regionsthat are vulnerableto climate
change are al so under pressure from forces such as population
growth, resource depletion, and poverty. Policies that lessen
pressures on resources, improve management of environmental
risks, and increase the welfare of the poorest members of
society can simultaneously advance sustainable devel opment
and equity, enhance adaptive capacity, and reduce vulnerability
to climate and other stresses. Inclusion of climatic risksinthe
design and implementation of national and international
development initiatives can promote equity and devel opment
that is more sustainable and that reduces vulnerability to
climate change. [6.2]
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3. Effects on and Vulnerability of Natural
and Human Systems

3.1. Hydrology and Water Resources

Theeffect of climate change on streamflow and groundwater
recharge varies regionally and between climate scenarios,
largely following projected changes in precipitation. A
consistent projection across most climate change scenariosis
for increasesin annual mean streamflow in high latitudes and
southeast Asia, and decreasesin central Asia, the areaaround
the Mediterranean, southern Africa, and Australia (medium
confidence®) (see Figure SPM-3); the amount of change,
however, varies between scenarios. For other areas, including
mid-latitudes, thereis no strong consistency in projections of
streamflow, partly because of differencesin projected rainfall
and partly because of differences in projected evaporation,
which can offset rainfall increases. Theretreat of most glaciers
is projected to accelerate, and many small glaciers may
disappear (high confidence®). In general, the projected changes
in average annua runoff are less robust than impacts based
solely on temperature change because precipitation changes
vary more between scenarios. At the catchment scale, the effect
of agiven change in climate varies with physical properties
and vegetation of catchments, and may bein addition to land-
cover changes. [4.1]

Approximately 1.7 billion people, one-third of the world's
population, presently livein countriesthat are water-stressed
(defined as using more than 20% of their renewable water
supply, a commonly used indicator of water stress). This
number is projected to increase to around 5 billion by 2025,
depending on the rate of population growth. The projected
climate change could further decrease the streamflow and
groundwater recharge in many of these water-stressed
countries—for examplein central Asia, southern Africa, and
countries around the M editerranean Sea—but may increaseit
in some others. [4.1; seealso 5.1.1,5.2.3,5.3.1,5.4.1,5.5.1,
5.6.2, and 5.8.4 for regional-scale information]

Demand for water is generally increasing due to population
growth and economic development, but is falling in some
countries because of increased efficiency of use. Climate
change is unlikely to have a big effect on municipal and
industrial water demands in general, but may substantially
affect irrigation withdrawal s, which depend on how increasesin
evaporation areoffset or exaggerated by changesin precipitation.
Higher temperatures, hence higher crop evaporative demand,
mean that the general tendency would betowards an increase
inirrigation demands. [4.1]

Flood magnitude and frequency could increasein many regions
asaconsequence of increased frequency of heavy precipitation
events, which can increase runoff in most areas as well as
groundwater recharge in some floodplains. Land-use change
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could exacerbate such events. Streamflow during seasonal low
flow periods would decrease in many areas due to greater
evaporation; changesin preci pitation may exacerbate or offset
the effects of increased evaporation. The projected climate
change would degrade water quality through higher water
temperatures and increased pollutant load from runoff and
overflowsof wastefacilities. Quality would be degraded further
where flows decrease, but increasesin flows may mitigateto
acertain extent some degradationsinwater quality by increasing
dilution. Where snowfall is currently animportant component
of thewater balance, agreater proportion of winter precipitation
may fall asrain, and this can result in a more intense peak
streamflow which in addition would move from spring to
winter. [4.1]

Thegreatest vulnerabilitiesarelikely to bein unmanaged water
systems and systemsthat are currently stressed or poorly and
unsustainably managed dueto policiesthat discourage efficient
water useand protection of water quality, inadequate watershed
management, failure to manage variable water supply and
demand, or lack of sound professional guidance. I|n unmanaged
systems there are few or no structures in place to buffer the
effects of hydrologic variability on water quality and supply.
In unsustainably managed systems, water and land uses can
add stressesthat heighten vulnerability to climate change. [4.1]

Weater resource management techniques, particularly those of
integrated water resource management, can be applied to adapt
to hydrologic effects of climate change, and to additional
uncertainty, so asto lessen vulnerabilities. Currently, supply-
side approaches (e.g., increasing flood defenses, building
welirs, utilizing water storage areas, including natural systems,
improving infrastructure for water collection and distribution)
aremore widely used than demand-side approaches (which ater
theexposureto stress); thelatter isthefocusof increasing attention.
However, the capacity to implement effective management
responsesisunevenly distributed around theworld and islow
in many transition and developing countries. [4.1]

3.2. Agriculture and Food Security

Based on experimental research, crop yield responses to
climate change vary widely, depending upon species and
cultivar; soil properties; pestsand pathogens; thedirect effects
of carbon dioxide (CO,) on plants; and interactions between
CO,, air temperature, water stress, mineral nutrition, air quality,
and adaptive responses. Even though increased CO,
concentration can stimulate crop growth and yield, that benefit
may not always overcome the adverse effects of excessive
heat and drought (medium confidence®). These advances, along
with advancesin research on agricultural adaptation, have been
incorporated since the Second Assessment Report (SAR) into
models used to assess the effects of climate change on crop
yields, food supply, farm incomes, and prices. [4.2]
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Figure SPM-3: Projected changes in average annual water runoff by 2050, relative to average runoff for 1961-1990, largely follow projected
changes in precipitation. Changes in runoff are calculated with a hydrologic model using as inputs climate projections from two versions of
the Hadley Centre atmosphere-ocean general circulation model (AOGCM) for a scenario of 1% per annum increase in effective carbon
dioxide concentration in the atmosphere: (a) HadCM2 ensemble mean and (b) HadCM3. Projected increases in runoff in high latitudes and
southeast Asia, and decreases in central Asia, the area around the Mediterranean, southern Africa, and Australia are broadly consistent
across the Hadley Centre experiments, and with the precipitation projections of other AOGCM experiments. For other areas of the world,
changes in precipitation and runoff are scenario- and model-dependent.

Cogtswill beinvolvedin copingwith climate-inducedyieldlosses  lessthan afew °C warming and generally negative responsesfor

and adaptation of livestock production systems. Theseagronomic
and husbandry adaptation options could include, for example,
adjustments to planting dates, fertilization rates, irrigation
applications, cultivar traits, and selection of animal species. [4.2]

When autonomous agronomic adaptation is included, crop
modeling assessmentsindi cate, with mediumto low confidence?,
that climate change will lead to generally positive responses at

morethan afew °Cinmid-latitudecropyields. Similar assessments
indicate that yields of some cropsin tropical locations would
decrease generally with even minimal increasesin temperature,
because such cropsare near their maximum temperaturetolerance
and dryland/rainfed agriculture predominates. Where there is
also alarge decrease in rainfall, tropical crop yields would be
even more adversely affected. With autonomous agronomic
adaptation, crop yieldsin the tropics tend to be less adversely
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affected by climate change than without adaptation, but they il
tend to remain below level sestimated with current climate. [4.2]

Most global and regional economic studies not incorporating
climate changeindicate that the downward trend in global real
commodity pricesinthe 20th century islikely to continueinto
the 21st, although confidence in these predictions decreases
farther into thefuture. Economic modeling assessmentsindicate
that impacts of climate change on agricultural production and
prices are estimated to result in small percentage changesin
globa income (low confidence®), with larger increasesin more
developed regions and smaller increases or declines in
developing regions. Improved confidencein thisfinding depends
on further research into the sensitivity of economic modeling
assessments to their base assumptions. [4.2 and Box 5-5]

Most studies indicate that global mean annual temperature
increases of afew °C or greater would prompt food pricesto
increase due to a slowing in the expansion of global food
supply relativeto growthin global food demand (established,
but incompletef). At lesser amounts of warming than a few
°C, economic models do not clearly distinguish the climate
change signal from other sources of change based on those
studiesincluded in this assessment. Some recent aggregated
studies have estimated economic impacts on vulnerable
populations such as smallholder producers and poor urban
consumers. These studiesfind that climate changewould lower
incomes of thevulnerable popul ationsand increasethe absolute
number of peopleat risk of hunger, though thisisuncertainand
requiresfurther research. It isestablished, though incompletely,
that climate change, mainly through increased extremes and
temporal/spatia shifts, will worsenfood security inAfrica. [4.2)

3.3.Terrestrial and Freshwater Ecosystems

Vegetation modeling studies continue to show the potential
for significant disruption of ecosystems under climate change
(high confidence?). Migration of ecosystems or biomes as
discreteunitsisunlikely to occur; instead at agiven site, species
composition and dominance will change. Theresults of these
changes will lag behind the changes in climate by years to
decades to centuries (high confidence®). [4.3]

Distributions, population sizes, population density, and
behavior of wildlife have been, and will continueto be, affected
directly by changesin global or regional climate andindirectly
through changes in vegetation. Climate change will lead to
poleward movement of the boundaries of freshwater fish
distributions along with loss of habitat for cold- and cool-
water fishes and gain in habitat for warm-water fishes (high
confidence?). Many speciesand populationsareaready at high
risk, and are expected to be placed at greater risk by the synergy
between climate change rendering portions of current habitat
unsuitablefor many species, and land-use change fragmenting
habitats and raising obstacles to species migration. Without
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appropriate management, these pressures will cause some
species currently classified as “critically endangered” to
become extinct and the mgj ority of those labeled “ endangered
or vulnerable’ to becomerarer, and thereby closer to extinction,
in the 21st century (high confidence®). [4.3]

Possible adaptation methods to reduce risks to species could
include: 1) establishment of refuges, parks, and reserveswith
corridorsto alow migration of species, and 2) use of captive
breeding and transl ocation. However, these options may have
limitations due to costs. [4.3]

Terrestrial ecosystems appear to be storing increasing amounts
of carbon. At thetime of the SAR, thiswaslargely attributed
to increasing plant productivity because of the interaction
between elevated CO, concentration, increasing temperatures,
and soil moisture changes. Recent results confirm that
productivity gains are occurring but suggest that they are
smaller under field conditions than indicated by plant-pot
experiments (medium confidence®). Hence, the terrestrial
uptake may be due more to change in uses and management
of land than to the direct effects of elevated CO, and climate.
The degree to which terrestrial ecosystems continueto be net
sinksfor carbon is uncertain due to the complex interactions
between the factors mentioned above (e.g., arctic terrestrial
ecosystems and wetlands may act as both sources and sinks)
(medium confidence®). [4.3]

Contrary to the SAR, global timber market studiesthat include
adaptations through land and product management, even
without forestry projectsthat increase the capture and storage
of carbon, suggest that asmall amount of climate changewould
increaseglobal timber supply and enhance existing market trends
towardsrising market sharein developing countries (medium
confidence®). Consumers may benefit from lower timber prices
whileproducersmay gain or lose depending on regional changes
in timber productivity and potential dieback effects. [4.3]

3.4. Coastal Zones and Marine Ecosystems

Large-scaleimpacts of climate change on oceansare expected
toincludeincreasesin seasurface temperature and mean global
sealevel, decreases in sea-ice cover, and changesin salinity,
wave conditions, and ocean circulation. The oceans are an
integral and responsive component of the climate system with
important physical and biogeochemical feedbacksto climate.
Many marine ecosystems are sensitive to climate change.
Climatetrendsand variability asreflected in multiyear climate-
ocean regimes (e.g., Pacific Decadal Oscillation) and switches
from one regime to another are now recognized to strongly
affect fish abundance and population dynamics, with
significant impacts on fish-dependent human societies. [4.4]

Many coastal areaswill experienceincreased levelsof flooding,
accelerated erosion, loss of wetlands and mangroves, and
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seawater intrusion into freshwater sourcesasaresult of climate
change. The extent and severity of storm impacts, including
storm-surge floods and shore erosion, will increase asaresult
of climate changeincluding sea-level rise. High-latitude coasts
will experience added impacts related to higher wave energy
and permafrost degradation. Changesin relative sealevel will
vary locally due to uplift and subsidence caused by other
factors. [4.4]

Impactson highly diverseand productive coastal ecosystemssuch
ascoral reefs, atollsand reef idands, salt marshes, and mangrove
forests will depend upon the rate of sea-level riserelative to
growth rates and sediment supply, space for and obstacles to
horizontal migration, changesin the climate-ocean environment
such as seasurface temperatures and storminess, and pressures
from human activitiesin coastal zones. Episodesof cord bleaching
over the past 20 years have been associated with several causes,
including increased ocean temperatures. Future sea surface
warming would increase stress on coral reefs and result in
increased frequency of marine diseases (high confidence?). [4.4]

Assessments of adaptation strategies for coastal zones have
shifted emphasis away from hard protection structures of
shorelines (e.g., seawalls, groins) toward soft protection
measures (e.g., beach nourishment), managed retreat, and
enhanced resilience of biophysical and socioeconomic systems
in coastal regions. Adaptation options for coastal and marine
management are most effective when incorporated with
policies in other areas, such as disaster mitigation plans and
land-use plans. [4.4]

3.5. Human Health

Theimpactsof short-term weather events on human health have
been further elucidated sincethe SAR, particularly inrelation
to periods of thermal stress, the modulation of air pollution
impacts, the impacts of storms and floods, and the influences
of seasonal and interannual climatic variability on infectious
diseases. There has been increased understanding of the
determinants of population vulnerability to adverse health
impacts and the possibilities for adaptive responses. [4.7]

Many vector-, food-, and water-borne infectious diseases are
known to be sensitiveto changesin climatic conditions. From
results of most predictive model studies, there is medium to
high confidence® that, under climate change scenarios, there
would be a net increase in the geographic range of potential
transmission of malaria and dengue—two vector-borne
infections each of which currently impinge on 40-50% of the
world population.®® Within their present ranges, these and many
other infectious diseases would tend to increase in incidence

0 Eight studies have modeled the effects of climate change on these
diseases, five on malariaand three on dengue. Seven use abiological or
process-based approach, and one usesan empirical, statistical approach.
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and seasonality—although regional decreaseswould occur in
someinfectious diseases. In all cases, however, actual disease
occurrence is strongly influenced by local environmental
conditions, socioeconomic circumstances, and public health
infrastructure. [4.7]

Projected climate change will be accompanied by anincrease
in heat waves, often exacerbated by increased humidity and
urban air pollution, which would cause an increase in heat-
related deaths and illness episodes. The evidence indicates
that the impact would be greatest in urban populations,
affecting particularly the elderly, sick, and those without access
to air-conditioning (high confidence®). Limited evidence
indicates that in some temperate countries reduced winter
deaths would outnumber increased summer deaths (medium
confidence®); yet, published research hasbeen largely confined
to populations in developed countries, thus precluding a
generalized comparison of changes in summer and winter
mortality. [3.5 and 4.7]

Extensive experience makes clear that any increasein flooding
will increase the risk of drowning, diarrhoeal and respiratory
diseases, and, in devel oping countries, hunger and malnutrition
(high confidence®). If cyclones were to increase regionally,
devastating impactswould often occur, particularly in densely
settled populations with inadequate resources. A reduction in
crop yields and food production because of climate changein
someregions, particularly inthetropics, will predisposefood-
insecure popul ationsto mal nutrition, leading to impaired child
development and decreased adult activity. Socioeconomic
disruptions could occur in some regions, impairing both
livelihoods and health. [3.5, 4.1, 4.2, 4.5, and 4.7]

For each anticipated adverse health impact thereisarange of
social, ingtitutional, technological, and behavioral adaptation
optionsto lessen that impact. Adaptations could, for example,
encompass strengthening of the public health infrastructure,
health-oriented management of the environment (including air
and water quality, food safety, urban and housing design, and
surface water management), and the provision of appropriate
medical carefacilities. Overall, the adverse health impacts of
climate change will be greatest in vulnerable lower income
popul ations, predominantly within tropical/subtropical countries.
Adaptive palicieswould, ingeneral, reducetheseimpacts. [4.7]

3.6. Human Settlements, Energy, and Industry

A growing and increasingly quantitative literature showsthat
human settlements are affected by climate change in one of
three major ways:

1) The economic sectors that support the settlement are
affected because of changes in resource productivity or
changes in market demand for the goods and services
produced there. [4.5]
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2) Someaspectsof physical infrastructure (including energy
transmission and distribution systems), buildings, urban
services (including transportation systems), and specific
industries (such as agroindustry, tourism, and construction)
may be directly affected. [4.5]

3) Populations may be directly affected through extreme
westher, changesin hedth status, or migration. Theproblems
aresomewhat different inthelargest (<1 million) and mid-
to small-sized population centers. [4.5]

The most widespread direct risk to human settlements from
climate change isflooding and landdlides, driven by projected
increases in rainfall intensity and, in coastal areas, sea-level
rise. Riverine and coastal settlements are particularly at risk
(high confidence®), but urban flooding could be a problem
anywhere that storm drains, water supply, and waste
management systems have inadequate capacity. In such areas,
squatter and other informal urban settlements with high
population density, poor shelter, little or no accessto resources
such as safe water and public health services, and low adaptive
capacity are highly vulnerable. Human settlements currently
experience other significant environmental problems which
could be exacerbated under higher temperature/increased
precipitation regimes, including water and energy resources
and infrastructure, waste treatment, and transportation [4.5]

Rapid urbanization in low-lying coastal areas of both the
devel oping and devel oped worldisgresetly increasing popul ation
densities and the value of human-made assets exposed to
coastal climatic extremessuch astropica cyclones. Model-based
projections of the mean annual number of people who would
be flooded by coastal storm surges increase severa fold (by
75 to 200 million people depending on adaptive responses)
for mid-range scenarios of a40-cm sea-level rise by the 2080s
relativeto scenarioswith no sea-level rise. Potential damages
toinfrastructurein coastal areasfrom sea-level rise have been
projected to betensof billionsUS$ for individual countries—
for example, Egypt, Poland, and Vietnam. [4.5]

Settlements with little economic diversification and where a
high percentage of incomes derive from climate-sensitive
primary resourceindustries (agriculture, forestry, and fisheries)
are more vulnerable than more diversified settlements (high
confidence®). In developed areas of the Arctic, and where the
permafrost is ice-rich, specia attention will be required to
mitigate the detrimental impacts of thawing, such as severe
damage to buildings and transport infrastructure (very high
confidence®). Industrial, transportation, and commercial
infrastructure is generally vulnerable to the same hazards as
settlement infrastructure. Energy demand is expected to
increase for space cooling and decrease for space heating, but
thenet effect i s scenario- and | ocati on-dependent. Some energy
production and distribution systems may experience adverse
impactsthat would reduce suppliesor system reliability while
other energy systems may benefit. [4.5 and 5.7]
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Possible adaptation optionsinvol ve the planning of settlements
and their infrastructure, placement of industrial facilities, and
making similar long-lived decisionsin amanner to reducethe
adverse effects of events that are of low (but increasing)
probability and high (and perhapsrising) consequences. [4.5]

3.7.Insurance and Other Financial Services

Thecogtsof ordinary and extremewesther eventshaveincreased
rapidly in recent decades. Global economic losses from
catastrophic eventsincreased 10.3-fold from 3.9 billion US$
yrin the 1950s to 40 hillion US$ yr? in the 1990s (al in
1999USS$, unadjusted for purchasing power parity), with
approximately one-quarter of thelosses occurring in developing
countries. The insured portion of these losses rose from a
negligiblelevel to 9.2 billion US$yr during the same period.
Total costsareafactor of two larger when lossesfrom smaller,
non-catastrophic weather-related events are included. As a
measure of increasinginsuranceindustry vulnerability, theratio
of globa property/casua insurance premiumsto weather related
losses fell by afactor of three between 1985 and 1999. [4.6]

The costs of weather events have risen rapidly despite
significant and increasing efforts at fortifying infrastructure
and enhancing disaster preparedness. Part of the observed
upward trend in disaster losses over the past 50 yearsislinked
to socioeconomic factors, such as popul ation growth, increased
wealth, and urbanization in vulnerable areas, and part islinked
to climatic factors such asthe observed changesin precipitation
and flooding events. Precise attribution is complex and there
are differences in the balance of these two causes by region
and type of event. [4.6]

Climate change and anticipated changes in weather-related
events perceived to belinked to climate changewould increase
actuarial uncertainty in risk assessment (high confidence®).
Such devel opmentswould place upward pressure on insurance
premiums and/or could lead to certain risks being reclassified
asuninsurable with subsequent withdrawal of coverage. Such
changes would trigger increased insurance costs, slow the
expansion of financial servicesinto devel oping countries, reduce
the availability of insurance for spreading risk, and increase
the demand for government-funded compensation following
natural disasters. In the event of such changes, the relative
roles of public and private entitiesin providing insurance and
risk management resources can be expected to change. [4.6]

Thefinancid services sector asawholeisexpected to be ableto
copewith theimpacts of climate change, although the historic
record demonstrates that low-probability high-impact events
or multipleclosaly spaced eventsseverdly affect partsof thesector,
especialy if adaptive capacity happens to be simultaneously
depleted by non-climatefactors (e.g., adversefinancial market
conditions). The property/casualty insurance and reinsurance
segmentsand small specialized or undiversified companieshave
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exhibited greater sensitivity, including reduced profitability
and bankruptcy triggered by weather-related events. [4.6]

Adaptation to climate change presents complex challenges,
but also opportunities, to the sector. Regulatory involvement
in pricing, tax treatment of reserves, and the (in)ability of firms
to withdraw from at-risk markets are exampl es of factorsthat
influencetheresilience of the sector. Public- and private-sector
actors also support adaptation by promoting disaster
preparedness, loss-prevention programs, building codes, and
improved land-use planning. However, in some cases, public
insurance and relief programs have inadvertently fostered
complacency and maladaptation by inducing development in
at-risk areas such as U.S. flood plains and coastal zones. [4.6]

The effects of climate change are expected to be greatest in
thedeveloping world, especially in countriesreliant on primary
production as a major source of income. Some countries
experienceimpacts on their GDP as a consequence of natural
disasters, with damages as high as half of GDP in one case.
Equity issuesand devel opment constraintswould ariseif weather-
related risksbecome uninsurabl e, pricesincrease, or availability
becomeslimited. Conversely, moreextensive accesstoinsurance
and more widespread introduction of micro-financing schemes
and development banking would increase the ability of
developing countries to adapt to climate change. [4.6]

4. Vulnerability Varies across Regions

The vulnerability of human populations and natural systems
to climate change differs substantially across regions and
across populations within regions. Regional differences in
baseline climate and expected climate change give rise to
different exposures to climate stimuli across regions. The
natural and social systems of different regions have varied
characteristics, resources, and institutions, and are subject to
varied pressuresthat giveriseto differencesin sensitivity and
adaptive capacity. From these differences emerge different key
concerns for each of the major regions of the world. Even
within regions however, impacts, adaptive capacity, and
vulnerability will vary. [5]

In light of the above, al regions are likely to experience some
adverse effects of climate change. Table SPM-2 presentsin a
highly summarized fashion some of the key concernsfor the
different regions. Some regions are particularly vulnerable
because of their physical exposure to climate change hazards
and/or their limited adaptive capacity. Most |ess-developed
regions are especially vulnerable because a larger share of
their economies are in climate-sensitive sectors and their
adaptive capacity islow dueto low levelsof human, financial,
and natural resources, as well as limited institutional and
technological capability. For example, small island states and
low-lying coastal areasare particularly vulnerableto increases
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in sea level and storms, and most of them have limited
capabilities for adaptation. Climate change impacts in polar
regionsare expected to belarge and rapid, including reduction
in sea-ice extent and thickness and degradation of permafrost.
Adverse changesin seasonal river flows, floodsand droughts,
food security, fisheries, health effects, and loss of biodiversity
are among the major regional vulnerabilities and concerns of
Africa, LatinAmerica, and Asiawhere adaptation opportunities
are generally low. Even in regions with higher adaptive
capacity, such as North America and Australia and New
Zedland, there are vulnerable communities, such asindigenous
peoples, and the possibility of adaptation of ecosystems is
very limited. In Europe, vulnerability is significantly greater
inthe south and in theArctic than el sewherein theregion. [5]

5. Improving Assessments of Impacts,
Vulnerabilities, and Adaptation

Advances have been made since previous | PCC assessments
in the detection of changein biotic and physical systems, and
steps have been taken to improve the understanding of adaptive
capacity, vulnerability to climate extremes, and other critical
impact-related issues. These advances indicate a need for
initiativesto begin designing adaptation strategiesand building
adaptive capacities. Further research isrequired, however, to
strengthen future assessments and to reduce uncertainties in
order to assure that sufficient information is available for
policymaking about responses to possible conseguences of
climate change, including research in and by developing
countries. [8]

Thefollowing are high prioritiesfor narrowing gaps between

current knowledge and policymaking needs:
Quantitative assessment of the senditivity, adaptive capacity,
and vulnerability of natural and human systemsto climate
change, with particular emphasis on changesin the range
of climatic variation and the frequency and severity of
extreme climate events
Assessment of possible thresholds at which strongly
discontinuous responses to projected climate change and
other stimuli would be triggered
Understanding dynamic responses of ecosystemsto multiple
stresses, including climate change, at global, regional, and
finer scales
Development of approaches to adaptation responses,
estimation of the effectiveness and costs of adaptation
options, and identification of differencesin opportunities
for and obstaclesto adaptation in different regions, nations,
and populations
Assessment of potential impacts of the full range of
projected climate changes, particularly for non-market
goods and services, in multiple metricsand with consistent
treatment of uncertainties, including but not limited to
numbers of people affected, land area affected, numbers of




Climate Change 2001 Synthesis Report

Table SPM-2: Regional adaptive capacity, vulnerability, and key concerns.?

Region

Adaptive Capacity, Vulnerability, and Key Concerns

Africa

 Adaptive capacity of human systemsin Africaislow dueto lack of economic resources and technology, and
vulnerability high as a result of heavy reliance on rain-fed agriculture, frequent droughts and floods, and
poverty. [5.1.7]

» Grain yields are projected to decrease for many scenarios, diminishing food security, particularly in small
food-importing countries (medium to high confidence®). [5.1.2]

» Major rivers of Africaare highly sensitive to climate variation; average runoff and water availability would
decrease in Mediterranean and southern countries of Africa (medium confidence®). [5.1.1]

» Extension of ranges of infectious disease vectors would adversely affect human health in Africa (medium
confidence®). [5.1.4]

 Desertification would be exacerbated by reductions in average annual rainfall, runoff, and soil moisture,
especially in southern, North, and West Africa (medium confidence®). [5.1.6]

* Increases in droughts, floods, and other extreme events would add to stresses on water resources, food security,
human health, and infrastructures, and would constrain development in Africa (high confidence®). [5.1]

« Significant extinctions of plant and animal speciesare projected and would impact rural livelihoods, tourism,
and genetic resources (medium confidence®). [5.1.3]

 Coadta settlementsin, for example, the Gulf of Guinea, Senegal, Gambia, Egypt, and along the East-Southern
African coast would be adversely impacted by sea-level rise through inundation and coastal erosion (high
confidence®). [5.1.5]

Asia

 Adaptive capacity of human systemsislow and vulnerability is high in the developing countries of Asia; the
developed countries of Asia are more able to adapt and less vulnerable. [5.2.7]

« Extreme events have increased in temperate and tropical Asia, including floods, droughts, forest fires, and
tropical cyclones (high confidence®). [5.2.4]

+ Decreasesin agricultural productivity and aquaculture dueto thermal and water stress, sea-level rise, floodsand
droughts, and tropical cycloneswould diminish food security in many countries of arid, tropical, and temperate
Asig; agriculture would expand and increase in productivity in northern areas (medium confidence?). [5.2.1]

 Runoff and water availability may decreasein arid and semi-arid Asiabut increase in northern Asia (medium
confidence®). [5.2.3]

» Human health would be threatened by possible increased exposure to vector-borne infectious diseases and
heat stressin parts of Asia (medium confidence?). [5.2.6]

» Sealevel riseand anincreaseintheintensity of tropical cycloneswould displacetens of millionsof peoplein
low-lying coastal areas of temperate and tropical Asia; increased intensity of rainfall would increase flood
risks in temperate and tropical Asia (high confidence®). [5.2.5 and Table TS-8]

« Climate change would increase energy demand, decrease tourism attraction, and influence transportation in
some regions of Asia (medium confidence®). [5.2.4 and 5.2.7]

« Climate changewould exacerbate threatsto biodiversity dueto land-use and land-cover change and population
pressurein Asia(medium confidence®). Sea-level risewould put ecological security at risk, including mangroves
and coral reefs (high confidence®). [5.2.2]

* Poleward movement of the southern boundary of the permafrost zones of Asiawould result in a change of
thermokarst and thermal erosion with negative impacts on social infrastructure and industries (medium
confidence®). [5.2.2]

Australia
and New
Zedand

 Adaptive capacity of human systemsis generally high, but there are groups in Australia and New Zealand,
such asindigenous peoplesin someregions, with low capacity to adapt and consequently high vulnerahility.
[5.3and 5.3.5]

 The net impact on some temperate crops of climate and CO, changes may initialy be beneficial, but this
balance is expected to become negative for some areas and crops with further climate change (medium
confidence®). [5.3.3]

« Water islikely to be akey issue (high confidence®) due to projected drying trends over much of theregion and
change to amore El Nifio-like average state. [5.3 and 5.3.1]

¢ Increases in the intensity of heavy rains and tropical cyclones (medium confidence®), and region-specific
changes in the frequency of tropical cyclones, would alter the risks to life, property, and ecosystems from
flooding, storm surges, and wind damage. [5.3.4]

+ Some species with restricted climatic niches and which are unable to migrate due to fragmentation of the
landscape, soil differences, or topography could become endangered or extinct (high confidence®). Australian
ecosystemsthat are particularly vulnerable to climate change include coral reefs, arid and semi-arid habitats
in southwest and inland Australia, and Australian al pine systems. Freshwater wetlandsin coastal zonesin both
Australiaand New Zealand are vulnerable, and some New Zealand ecosystems are vul nerable to accel erated
invasion by weeds. [5.3.2]
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Table SPM -2 (continued)

Region

Adaptive Capacity, Vulnerability, and Key Concerns

Europe

Adaptive capacity isgenerally highin Europe for human systems; southern Europe and the European Arctic
are more vulnerable than other parts of Europe. [5.4 and 5.4.6]

Summer runoff, water availability, and soil moisture are likely to decrease in southern Europe, and would
widen the difference between the north and drought-prone south; increases are likely in winter in the north
and south (high confidence®). [5.4.1]

Half of alpine glaciers and large permafrost areas could disappear by end of the 21st century (medium
confidence®). [5.4.1]

River flood hazard will increase across much of Europe (medium to high confidence®); in coastal areas, the
risk of flooding, erosion, and wetland losswill increase substantially with implications for human settlement,
industry, tourism, agriculture, and coastal natural habitats. [5.4.1 and 5.4.4]

There will be some broadly positive effects on agriculture in northern Europe (medium confidence®);
productivity will decrease in southern and eastern Europe (medium confidence®). [5.4.3]

Upward and northward shift of biotic zones will take place. Loss of important habitats (wetlands, tundra,
isolated habitats) would threaten some species (high confidence®). [5.4.2]

Higher temperatures and heat waves may change traditional summer tourist destinations, and less reliable
snow conditions may impact adversely on winter tourism (medium confidence®). [5.4.4]

Latin
America

Adaptive capacity of human systemsin Latin Americais low, particularly with respect to extreme climate
events, and vulnerability ishigh. [5.5]

Lossand retreat of glacierswould adversely impact runoff and water supply in areaswhere glacier meltisan
important water source (high confidence®). [5.5.1]

Floods and droughts would become more frequent with floods increasing sediment |oads and degrade water
quality in some areas (high confidence®). [5.5]

Increasesin intensity of tropical cyclones would alter the risksto life, property, and ecosystems from heavy
rain, flooding, storm surges, and wind damages (high confidence®). [5.5]

Yields of important crops are projected to decreasein many locationsin Latin America, even when the effects
of CO, are taken into account; subsistence farming in some regions of Latin America could be threatened
(high confidence®). [5.5.4]

The geographical distribution of vector-borne infectious diseases would expand poleward and to higher
elevations, and exposures to diseases such as malaria, dengue fever, and cholera will increase (medium
confidence®). [5.5.5]

Coastal human settlements, productive activities, infrastructure, and mangrove ecosystemswoul d be negatively
affected by sea-level rise (medium confidence®). [5.5.3]

Therate of biodiversity loss would increase (high confidence®). [5.5.2]

North
America

Adaptive capacity of human systems is generally high and vulnerability low in North America, but some
communities(e.g., indigenous peopl esand those dependent on climate-sensitiveresources) are morevulnerabl e
social, economic, and demographic trends are changing vulnerabilitiesin subregions. [5.6 and 5.6.1]

Some crops would benefit from modest warming accompanied by increasing CO,, but effects would vary
among crops and regions (high confidence®), including declines due to drought in some areas of Canada’'s
Prairies and the U.S. Great Plains, potential increased food production in areas of Canada north of current
production areas, and increased warm-temperate mixed forest production (medium confidence®). However,
benefits for crops would decline at an increasing rate and possibly become a net loss with further warming
(medium confidence?). [5.6.4]

Snowmelt-dominated watersheds in western North Americawill experience earlier spring peak flows (high
confidence®), reductionsin summer flows (medium confidence®), and reduced lake level sand outflowsfor the
Great L akes-St. Lawrence under most scenarios (medium confidence®); adaptive responseswoul d offset some,
but not all, of the impacts on water users and on agquatic ecosystems (medium confidence?). [5.6.2]

Unique natural ecosystems such as prairie wetlands, alpine tundra, and cold-water ecosystemswill be at risk
and effective adaptation is unlikely (medium confidence®). [5.6.5]

Sea-leve risewould result in enhanced coastal erosion, coastal flooding, loss of coastal wetlands, and increased
risk from storm surges, particularly in Florida and much of the U.S. Atlantic coast (high confidence®). [5.6.1]
Weather-related insured losses and public sector disaster relief paymentsin North Americahave beenincreasing;
insurance sector planning has not yet systematically included climate changeinformation, so thereis potential
for surprise (high confidence®). [5.6.1]

Vector-borne diseases—including malaria, dengue fever, and Lyme disease—may expand their ranges in
North America; exacerbated air quality and heat stress morbidity and mortality would occur (medium
confidence®); socioeconomic factors and public health measures would play alarge role in determining the
incidence and extent of health effects. [5.6.6]
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Table SPM -2 (continued)

Region

Adaptive Capacity, Vulnerability, and Key Concerns

Polar

Natural systemsin polar regions are highly vulnerable to climate change and current ecosystems have low
adaptive capacity; technologically developed communities are likely to adapt readily to climate change, but
someindigenous communities, in which traditional lifestylesarefollowed, havelittle capacity and few options
for adaptation. [5.7]

Climate changein polar regionsis expected to be among the largest and most rapid of any region on the Earth,
and will causemajor physical, ecological, sociological, and economicimpacts, especialy intheArctic, Antarctic
Peninsula, and Southern Ocean (high confidence®). [5.7]

Changes in climate that have already taken place are manifested in the decrease in extent and thickness of
Arctic seaice, permafrost thawing, coastal erosion, changesinice sheetsand ice shelves, and atered distribution
and abundance of speciesin polar regions (high confidence®). [5.7]

Some polar ecosystems may adapt through eventual replacement by migration of speciesand changing species
composition, and possibly by eventual increasesin overall productivity; ice edge systemsthat provide habitat
for some species would be threatened (medium confidence?). [5.7]

Polar regions contain important drivers of climate change. Once triggered, they may continue for centuries,
long after greenhouse gas concentrations are stabilized, and cause irreversible impacts on ice sheets, global
ocean circulation, and sea-level rise (medium confidence®). [5.7]

Small
Island
States

Adaptive capacity of human systems is generally low in small island states, and vulnerability high; small
island states are likely to be among the countries most seriously impacted by climate change. [5.8]

The projected sea-level rise of 5 mm yr for the next 100 yearswould cause enhanced coastal erosion, loss of
land and property, dislocation of people, increased risk from storm surges, reduced resilience of coastal
ecosystems, saltwater intrusion into freshwater resources, and high resource costs to respond to and adapt to
these changes (high confidence®). [5.8.2 and 5.8.5]

Islands with very limited water supplies are highly vulnerable to the impacts of climate change on the water
balance (high confidence®). [5.8.4]

Coral reefswould be negatively affected by bleaching and by reduced calcification rates due to higher CO,
levels (medium confidence®); mangrove, sea grass bed, and other coastal ecosystems and the associated
biodiversity would be adversely affected by rising temperatures and accelerated sea-level rise (medium
confidence®). [4.4 and 5.8.3]

Declinesin coastal ecosystems would negatively impact reef fish and threaten reef fisheries, those who earn
their livelihoods from reef fisheries, and those who rely on the fisheries as a significant food source (medium
confidence®). [4.4 and 5.8.4]

Limited arable land and soil salinization makes agriculture of small island states, both for domestic food
production and cash crop exports, highly vulnerable to climate change (high confidence®). [5.8.4]

Tourism, animportant source of income and foreign exchange for many islands, would face severedisruption
from climate change and sea-level rise (high confidence®). [5.8.5]

2 Because the available studies have not employed a common set of climate scenarios and methods, and because of uncertainties regarding the
sensitivities and adaptability of natural and social systems, the assessment of regional vulnerabilities is necessarily qualitative.
b The regions listed in Table SPM-2 are graphically depicted in Figure TS-2 of the Technical Summary.

speciesat risk, monetary value of impact, and implications
in these regards of different stabilization levels and other
policy scenarios

Improving tools for integrated assessment, including risk
assessment, to investigate i nteracti ons between components
of natural and human systems and the consequences of
different policy decisions

Assessment of opportunitiestoincludescientificinformation
onimpacts, vulnerability, and adaptation in decisionmaking
processes, risk management, and sustainabl e devel opment
initiatives

Improvement of systems and methods for long-term
monitoring and understanding the consequences of climate
change and other stresses on human and natural systems.

Cutting across these foci are special needs associated with
strengthening international cooperation and coordination for
regional assessment of impacts, vulnerability, and adaptation,
including capacity-building and training for monitoring,
assessment, and datagathering, especialy inandfor developing
countries (particularly inrelation to theitemsidentified above).
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1. Scope and Approach of the Assessment
1.1. Mandate of the Assessment

The Intergovernmental Panel on Climate Change (IPCC) was
established by the World Meteorol ogical Organization (WMO)
and United Nations Environment Programme (UNEP) in 1988
to assess scientific, technical, and socioeconomicinformation
that is relevant in understanding human-induced climate
change, its potential impacts, and options for mitigation and
adaptation. The |PCC currently isorganized into threeWorking
Groups: Working Group | (WGI) addresses observed and
projected changes in climate; Working Group 11 (WGII)
addresses vulnerability, impacts, and adaptation related to
climate change; and Working Group 111 (WGIII) addresses
options for mitigation of climate change.

This volume—Climate Change 2001: Impacts, Adaptation,
and Wulnerability—is the WGII contribution to the IPCC's
Third Assessment Report (TAR) on scientific, technical,
environmental, economic, and social issues associated with
the climate system and climate change.! WGI I’ s mandate for
the TAR is to assess the vulnerability of ecological systems,
socioeconomic sectors, and human health to climate change
as well as potential impacts of climate change, positive and
negative, on these systems. This assessment also examines
the feasibility of adaptation to enhance the positive effects of
climate change and ameliorate negative effects. This new
assessment builds on previous | PCC assessments, reexamining
key findings of earlier assessments and emphasizing new
information and implications from more recent studies.

1.2.What is Potentially at Stake?

Human activities—primarily burning of fossil fuels and
changes in land cover—are modifying the concentration of
atmospheric constituents or properties of the surface that
absorb or scatter radiant energy. The WGI contribution to the
TAR—Climate Change 2001: The Scientific Basis—found,
“In the light of new evidence and taking into account the
remaining uncertainties, most of the observed warming over
the last 50 yearsis likely to have been due to the increase in
greenhouse gas concentrations.” Future changesin climateare
expected to include additional warming, changes in
precipitation patternsand amounts, sea-level rise, and changes
in the frequency and intensity of some extreme events.

1 Climate changein IPCC usagerefersto any changein climate over time,
whether due to natural variability or asaresult of human activity. This
usage differs from the definition in Article 1 of the United Nations
Framework Convention on Climate Change, where climate changerefers
toachangeof climatewhichisattributed directly or indirectly to human
activity that altersthe composition of the global atmosphere and which
isin addition to natural climate variability observed over comparable
time periods.

Synthesis Report

The stakes associated with projected changesin climate are
high. Numerous Earth systemsthat sustain human societiesare
sengitiveto climate and will beimpacted by changesin climate
(very high confidence). Impacts can be expected in ocean
circulation; sealevel; thewater cycle; carbon and nutrient cycles;
air quality; the productivity and structure of natural ecosystems;
the productivity of agricultural, grazing, and timber lands; and
the geographic distribution, behavior, abundance, and survival
of plant and animal species, including vectors and hosts of
human disease. Changesin these systemsin responseto climate
change, aswell asdirect effects of climate change on humans,
would affect human welfare, positively and negatively. Human
welfare would beimpacted through changesin supplies of and
demandsfor water, food, energy, and other tangible goods that
are derived from these systems; changes in opportunities for
nonconsumptive uses of the environment for recreation and
tourism; changesin non-use values of the environment such as
cultural and preservation val ues; changesin incomes; changes
inlossof property and livesfrom extreme climate phenomena;
and changesin human health. Climate changeimpactswill affect
the prospects for sustainable development in different parts of
theworld and may further widen existing inequalities. Impacts
will vary in distribution across people, places, and times (very
high confidence), raising important questions about equity.

Although the stakes are demonstrably high, the risks associated
with climate change are less easily established. Risks are a
function of the probability and magnitude of different types
of impacts. The WGI| report assesses advancesin the state of

Box TS-1. Climate Change Sensitivity, Adaptive
Capacity, and Vulnerability

Sensitivity isthe degreeto which asystem is affected, either
adversely or beneficidly, by climate-related stimuli. Climate-
related stimuli encompassall the elementsof climate change,
including mean climate characteristics, climate variability,
and the frequency and magnitude of extremes. The effect
may be direct (e.g., achangein crop yield in responseto a
change in the mean, range or variability of temperature) or
indirect (e.g., damages caused by an increase in the
frequency of coastal flooding dueto sea-level rise).

Adaptive capacity is the ability of a system to adjust to
climate change, including climate variability and extremes,
to moderate potential damages, to take advantage of
opportunities, or to cope with the consequences.

Vulnerability is the degree to which a system is susceptible
to, or unableto cope with, adverse effects of climate change,
including climate variability and extremes. Vulnerability is
afunction of the character, magnitude and rate of climate
change and variation to which a system is exposed, its
sensitivity, and its adaptive capacity.
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WGiI Technical Summary
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Figure TS-1: Scope of the Working Group Il assessment.

knowledge regarding impacts of climate stimuli to which
systems may be exposed, the sensitivity of exposed systemsto
changesin climate stimuli, their adaptive capacity to alleviate
or cope with adverse impacts or enhance beneficial ones, and
their vulnerability to adverseimpacts (seeBox TS-1). Possible
impactsincludeimpactsthat thresten substantial andirreversible
damage to or loss of some systems within the next century;
modest impacts to which systems may readily adapt; and
impacts that would be beneficial for some systems.

Figure TS-1illustrates the scope of the WGI | assessment and
itsrelation to other parts of the climate change system. Human
activities that change the climate expose natural and human
systemsto an dtered set of stressesor stimuli. Systemsthat are
sengitiveto thesestimuli are affected or impacted by the changes,
which can trigger autonomous, or expected, adaptations. These
autonomous adaptations will reshape the residual or net
impacts of climate change. Policy responses in reaction to
impacts aready perceived or in anticipation of potential future
impacts can take the form of planned adaptations to lessen
adverse effects or enhance beneficial ones. Policy responses
also can take the form of actions to mitigate climate change
through greenhouse gas (GHG) emission reductions and
enhancement of sinks. The WGII assessment focuses on the
central box of Figure TS-1—exposure, impacts, and
vulnerabilities—and the adaptation policy loop.

1.3. Approach of the Assessment

The assessment process involves eval uation and synthesis of
available information to advance understanding of climate
changeimpacts, adaptation, and vulnerability. Theinformation
comes predominantly from peer-reviewed published literature.
Evidence also is drawn from published, non-peer-reviewed
literature and unpublished sources, but only after evaluation
of itsquality and validity by the authors of this report.

WGII's assessment has been conducted by an international
group of expertsnominated by governmentsand scientific bodies
and selected by theWGII Bureau of thel PCC for their scientific
and technical expertise and to achieve broad geographical
balance. These experts come from academia, governments,
industry, and scientific and environmental organizations. They
participate without compensation from the IPCC, donating
substantial time to support the work of the IPCC.

This assessment is structured to examine climate change
impacts, adaptations, and vulnerabilities of systemsand regions
and to provide a global synthesis of cross-system and cross-
regional issues. To the extent feasible, given the available
literature, climate change is examined in the context of
sustainable devel opment and equity. Thefirst section setsthe
stage for the assessment by discussing the context of climate
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Figure TS-2: Regions for the IPCC Working Group Il Third Assessment Report. Note that regions in which small island states are located
include the Pacific, Indian, and Atlantic Oceans, and the Caribbean and Mediterranean Seas. The boundary between Europe and Asia runs
along the eastern Ural Mountains, River Ural, and Caspian Sea. For the polar regions, the Arctic consists of the area north of the Arctic

Circle, including Greenland; the Antarctic consists of the Antarctic continent, together with the Southern Ocean south of ~58°S.

change, methods and tools, and scenarios. Individual chapters
assessvulnerabilities of water systems, terrestrial ecosystems
(including agriculture and forestry), ocean and coastal systems,
human settlements (including energy and industrial sectors),
insurance and other financial services, and human health. A
chapter isdevoted to each of eight major regions of theworld:
Africa,Asia, Australiaand New Zedland, Europe, LatinAmerica,
North America, polar regions, and small island states. These
regionsareshowninFigure TS-2. All of theregionsare highly
heterogeneous, and climate changeimpacts, adaptive capacity,
and vulnerability will vary inimportant wayswithin each of the
regions. Thefinal section of the report synthesizes adaptation
capacity and itspotential to alleviate adverseimpacts, enhance
beneficia effects, and increase sustainable devel opment and
equity and reviewsinformationthat isrelevant for interpretation
of Article 2 of the United Nations Framework Convention on
Climate Change (UNFCCC) and key provisionsof international
agreementsto address climate change. Thereport also contains
aSummary for Policymakers, which providesabrief synthesis
of the conclusions of the report that have particul ar relevance
to those who have responsibility for making climate change
responsedecisions. This Technical Summary providesamore
comprehensive summary of the assessment; it references
sections of the underlying report in brackets at the end of the
paragraphsfor readerswho would like moreinformation on a
particular topic. [1.1]

1.4.Treatment of Uncertainties

Sncethe SAR, greater emphasishasbeen placed on developing
methodsfor characterizing and communicating uncertainties.
Two approaches to evaluate uncertainties are applied in the
WG| assessment. A quantitative approach is adopted to assess
confidencelevelsininstancesfor which present understanding
of relevant processes, system behavior, observations, model
simulations, and estimates is sufficient to support broad
agreement among authors of the report about Bayesian
probabilities associated with selected findings. A more
qualitative approach isused to assess and report the quality or
level of scientific understanding that supports a conclusion
(seeBox TS-2). These approaches, and the rational efor them,
areexplained inmoredetail in Third Assessment Report: Cross-
Cutting Issues Guidance Papers (http://www.gispri.or.jp),
supporting material prepared by the IPCC to increase the use
of consi stent termsand conceptswithin and acrossthe Working
Group volumes of the TAR. [1.1, 2.6].

2. Methods and Tools of the Assessment

Assessment of climate change impacts, adaptations, and
vulnerability draws on a wide range of physical, biological,
and socia science disciplines and consequently employs an
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Box TS-2. Confidence Levels and State of
Knowledge

Quantitative Assessment of Confidence Levels

In applying the quantitative approach, authors of the report
assign aconfidence level that represents the degree of belief
among the authors in the validity of a conclusion, based on
their collective expert judgment of observational evidence,
modeling results, and theory that they have examined. Five
confidence levels are used. In the tables of the Technical
Summary, symbols are substituted for words:

Very High (*****)  95% or greater
High (****) 67-95%
Medium(***) 33-67%

Low (**) 5-33%

Very Low (*) 5% or less

Qualitative Assessment of the Sate of Knowledge

In applying the qualitative approach, authors of the report
evaluatethelevel of scientific understanding in support of a
conclusion, based on the amount of supporting evidence
and the level of agreement among experts about the
interpretation of the evidence. Four qualitative classifications
are employed:

W&l I-established: Models incorporate known processes,
observations are consi stent with models, or multiplelines
of evidence support the finding.

Established but incomplete: Models incorporate most
known processes, although some parameterizations may
not bewel| tested; observations are somewhat consistent
but incomplete; current empirical estimates are well
founded, but the possibility of changes in governing
processes over time is considerable; or only one or a
few lines of evidence support the finding.

Competing explanations: Different model representations
account for different aspects of observations or evidence
or incorporate different aspects of key processes, leading
to competing explanations.

Soeculative: Conceptually plausible ideas that are not
adequately represented in the literature or that contain
many difficult-to-reduce uncertainties. [Box 1-1]

enormous variety of methods and tools. Since the SAR, such
methods have improved detection of climate changein biotic
and physical systemsand produced new substantive findings.
In addition, cautious steps have been taken since the SAR to
expand the “tool-box” to address more effectively the human
dimensions of climate as both causes and consequences of
change and to deal more directly with cross-sectoral issues
concerning vulnerability, adaptation, and decisionmaking. In
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particular, a greater number of studies have begun to apply
methods and tools for costing and valuing effects, treating
uncertainties, integrating effectsacross sectorsand regions, and
applying decision analytic frameworksfor eval uating adaptive
capacity. Overall, these modest methodol ogical developments
are encouraging analysesthat will build amore solid foundation
for understanding how decisionsregarding adaptation to future
climate change might be taken. [2.8]

2.1. Detecting Responses to Climate Change using
Indicator Species or Systems

Snce the SAR, methods have been devel oped and applied to
the detection of present impacts of 20th century climate change
on abiotic and biotic systems. Assessment of impactson human
and natural systemsthat already have occurred as a result of
recent climate change is an important complement to model
projections of future impacts. Such detection is impeded by
multiple, often inter-correlated, nonclimatic forces that
concurrently affect those systems. Attemptsto overcomethis
problem have involved the use of indicator species (e.g.,
butterflies, penguins, frogs, and sea anemones) to detect
responsesto climate change and to infer more general impacts
of climate change on natural systems(e.g., in native meadows,
coastal Antarctica, tropical cloud forest, and the Pacific rocky
intertidal, respectively). An important component of this
detection processisthe search for systematic patterns of change
across many studiesthat are consi stent with expectations, based
on observed or predicted changes in climate. Confidence in
attribution of these observed changesto climate changeincreases
asstudiesarereplicated across diverse systems and geographic
regions. Even though studies now number in the hundreds,
some regions and systems remain underrepresented. [2.2]

Toinvestigate possiblelinksbetween observed changesinregiond
climate and biological or physical processes in ecosystems,
the author team gathered more than 2,500 articles on climate
and one of the following entities: animals, plants, glaciers,
sea ice, and ice on lakes or streams. To determine if these
entities have been influenced by changing climate, only studies
meeting at least two of the following criteriawere included:

A trait of these entities (e.g., range boundary, melting date)
shows a change over time.

Thetrait is correlated with changesin local temperature.
Local temperature changed over time.

At least two of thesethree criteriahad to exhibit astatistically
significant correlation. Only temperature was considered
becauseitiswell established intheliterature how it influences
the entities examined and because temperature trendsare more
globally homogeneous than other locally varying climatic
factors, such as precipitation changes. Selected studies must
also have examined at least 10 years of data; more than 90%
had a time span of more than 20 years.
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These stringent criteriareduced the number of studiesusedin
the analysis to 44 animal and plant studies that cover more
than 600 species. Of these species, about 90% (more than 550)
show changesin traits over time. Of these 550+ species, about
80% (more than 450) show change in a direction expected
given scientific understanding of known mechanismsthat relate
temperature to each of the speciestraits. The probability that
more than 450 species of 550+ would show changes in the
directions expected by random chance is negligible.

Sixteen studies examining glaciers, seaice, snow cover extent/
snow melt, or ice on lakes or streamsincluded more than 150
sites. Of these 150+ sites, 67% (100+) show changesin traits
over time. Of these 100+ sites, about 99% (99+) exhibited
trendsin adirection expected, given scientific understanding
of known mechanisms that relate temperatures to physical
processesthat govern changeinthat trait. The probability that
99+ of 100+ sites would show changes in the directions
expected by chance aloneis negligible. [5.2, 5.4, 19.2]

2.2. Anticipating the Effects of Future Climate Change

Sncethe SAR, improvementsin methodsand tool sfor studying
impacts of future changes in climate have included greater
emphasis on the use of process-oriented models, transient
climate change scenarios, refined socioeconomic baselines,
and higher resolution spatial and temporal scales. Country
studiesand regional assessmentsin every continent havetested
models and tools in a variety of contexts. First-order impact
modelshave been linked to global systemsmodels. Adaptation
has been included in many assessments, often for thefirst time.

Methodol ogical gapsremain concerning scales, data, validation,
and integration of adaptation and the human dimensions of
climate change. Procedures for assessing regional and local
vulnerability and long-term adaptati on strategiesrequire high-
resol ution assessments, methodologiestolink scales, and dynamic
modeling that uses corresponding and new data sets. Validation
at different scalesoftenislacking. Regional integration across
sectorsisrequired to place vulnerability in the context of local
and regional development. Methods and tools to assess
vulnerability to extremeeventshaveimproved but are constrained
by low confidencein climate change scenariosand the sensitivity
of impact modelsto major climatic anomalies. Understanding
and integrating higher order economic effectsand other human
dimensionsof global change are required. Adaptation models
and vulnerability indicesto prioritize adaptation options are at
early stages of development in many fields. Methodsto enable
stakeholder participationin assessmentsneed improvement. [2.3]

2.3. Integrated Assessment
Integrated assessment is an interdisciplinary process that

combines, interprets, and communicatesknowledgefromdiverse
scientific disciplines from the natural and social sciences to
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investigate and understand causal relationships within and
between complicated systems. Methodological approaches
employed in such assessments include computer-aided
modeling, scenario analyses, simulation gaming and
participatory integrated assessment, and qualitative assessments
that are based on existing experience and expertise. Sincethe
SAR, significant progress has been made in developing and
applying such approaches to integrated assessment, globally
and regionally.

However, progress to date, particularly with regard to
integrated modeling, hasfocused largely on mitigation issues
at the global or regional scale and only secondarily onissues
of impacts, vulnerability, and adaptation. Greater emphasis
on the devel opment of methods for assessing vulnerability is
required, especially at national and subnational scales where
impacts of climate change are felt and responses are
implemented. Methods designed to include adaptation and
adaptive capacity explicitly in specific applications must be
developed. [2.4]

2.4, Costing and Valuation

M ethods of economic costing and valuation rely on the notion
of opportunity cost of resources used, degraded, or saved.
Opportunity cost depends onwhether the market iscompetitive
or monopolistic and on whether any externalities are
internalized. It also depends on the rate at which the futureis
discounted, which can vary across countries, over time, and
over generations. Theimpact of uncertainty also can bevalued
if the probabilities of different possible outcomes are known.
Public and nonmarket goods and services can be valued
through willingness to pay for them or willingness to accept
compensation for lack of them. Impacts on different groups,
societies, nations, and species must be assessed. Comparison
of alternative distributions of welfare across individuals and
groups within a country can be justified if they are made
according to internally consistent norms. Comparisons across
nations with different societal, ethical, and governmental
structures cannot yet be made meaningfully.

Snce the SAR, no new fundamental developmentsin costing
and valuation methodology have taken place. Many new
applicationsof existing methodsto awidening range of climate
changeissues have demonstrated, however, the strengths and
limitations of some of these methods. Research efforts are
required to strengthen methodsfor multi-objective assessments.
Muulti-objective assessments are increasingly preferred, but
the means by which their underlying metrics might more
accurately reflect diverse social, political, economic, and
cultural contexts must be developed. In addition, methodsfor
integrating acrossthese multiple metricsare still missing from
the methodological repertoire. [2.5]
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2.5. Decision Analytic Frameworks

Policymakerswho areresponsiblefor devising andimplementing
adaptive policies should be ableto rely on resultsfrom one or
more of a diverse set of decision analytical frameworks.
Commonly used methods include cost-benefit and cost-
effectiveness analysis, various types of decision analysis
(including multi-objective studies), and participatory techniques
such as policy exercises.

Very few cases in which policymakers have used decision
analytical frameworksin evaluating adaptation options have
been reported. Among the large number of assessments of
climate change impacts reviewed in the TAR, only a small
fraction include comprehensive and quantitative estimates of
adaptation options and their costs, benefits, and uncertainty
characteristics. Thisinformation is necessary for meaningful
applications of any decision analytical method to issues of
adaptation. Greater use of such methodsin support of adaptation
decisionsis needed to establish their efficacy and to identify
directionsfor necessary research inthe context of vulnerability
and adaptation to climate change. [2.7]

3. Scenarios of Future Change
3.1. Scenarios and their Role

A scenario is a coherent, internally consistent, and plausible
description of a possible future state of the world. Scenarios
arecommonly required in climate change impact, adaptation,
and vulnerability assessmentsto provide aternative views of
future conditions considered likely to influence agiven system
or activity. A distinction is made between climate scenarios,
which describetheforcing factor of focal interest to the IPCC,
and nonclimatic scenarios, which provide the socioeconomic
and environmenta context withinwhich climateforcing operates.
M ost assessments of theimpacts of future climate change are
based on resultsfrom impact modelsthat rely on quantitative
climate and nonclimatic scenarios asinputs. [3.1.1, Box 3-1]

3.2. Socioeconomic, Land-Use, and Environmental
Scenarios

Nonclimatic scenarios describing future socioeconomic, land-
use, and environmental changesareimportant for characterizing
the sensitivity of systemsto climate change, their vulnerahility,
and the capacity for adaptation. Such scenarios only recently
have been widely adopted in impact assessments alongside
climate scenarios.

Socioeconomi ¢ scenarios. Socioeconomic scenarioshave been
used more extensively for projecting GHG emissionsthan for
assessing climate vulnerability and adaptive capacity. Most
socioeconomic scenarios identify several different topics or
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domains, such as population or economic activity, aswell as
background factors such asthe structure of governance, social
values, and patterns of technological change. Scenarios make
it possible to establish baseline socioeconomic vulnerability,
pre-climate change; determine climate change impacts; and
assess post-adaptation vulnerability. [3.2]

Land-use and land-cover change scenarios. Land-use change
and land-cover change (LUC-LCC) involve several processes
that are central to the estimation of climate change and its
impacts. First, LUC-LCC influences carbon fluxesand GHG
emissions, which directly alter atmospheric composition and
radiativeforcing properties. Second, LUC-LCC modifiesland-
surface characteristics and, indirectly, climatic processes.
Third, land-cover modification and conversion may alter the
properties of ecosystems and their vulnerability to climate
change. Finally, several options and strategies for mitigating
GHG emissions involve land cover and changed land-use
practices. A great diversity of LUC-LCC scenarioshave been
constructed. Most of these scenarios do not address climate
changeissuesexplicitly, however; they focuson other issues—
for example, food security and carbon cycling. Large
improvements have been made since the SAR in defining
current and historic land-use and land-cover patterns, aswell
asin estimating future scenarios. I ntegrated assessment models
currently arethe most appropriate toolsfor developing LUC-
LCC scenarios. [3.3.1, 3.3.2]

Environmental scenarios. Environmental scenarios refer to
changesin environmental factors other than climate that will
occur inthefutureregardless of climate change. Becausethese
factors could have important rolesin modifying theimpacts of
future climate change, scenariosare required to portray possible
futureenvironmenta conditionssuch asatmospheric compostion
[e.g., carbon dioxide (CO,), tropospheric ozone, acidifying
compounds, and ultraviolet-B (UV-B) radiation]; weter availability,
use, and quality; and marine pollution. Apart from the direct
effects of CO, enrichment, changes in other environmental
factorsrarely have been considered alongside climate changes
in past impact assessments, although their use is increasing
with the emergence of integrated assessment methods. [3.4.1]

3.3. Sea-Level Rise Scenarios

Sea-leve rise scenariosarerequired to evaluate adiverserange
of threats to human settlements, natural ecosystems, and
landscapein the coastal zone. Relative sea-level scenarios(i.e.,
sea-level rise with reference to movements of the local land
surface) are of most interest for impact and adaptation
assessments. Tide gauge and wave-height records of 50 years
or morearerequired, along with information on severeweather
and coastal processes, to establish baseline levels or trends.
Recent techniques of satellite altimetry and geodetic leveling
have enhanced and standardized baseline determinations of
relative sealevel over large areas of the globe. [3.6.2]
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TableTS-1: The SRES scenariosand their implicationsfor atmospheric composition, climate, and sealevel. Vaues of population,
GDP, and per capitaincome ratio (a measure of regional equity) are those applied in integrated assessment models used to
estimate emissions (based on Tables 3-2 and 3-9).

Ground Level

Global Global Per Capita | O, CO, Global Global

Population GDP (10% Income Concentration | Concentration | Temperature | Sea-Level
Date | (billions)? US$ yr?)P Ratio® (ppm)¢ (ppm)e Change (°C)" | Rise(cm)?
1990 |53 21 16.1 — 354 0 0
2000 |6.1-6.2 25-28 12.3-14.2 40 367 0.2 2
2050 |8.4-11.3 59-187 2.4-8.2 ~60 463-623 0.8-2.6 5-32
2100 |7.0-15.1 197-550 1.4-6.3 >70 478-1099 1458 9-88

@ Vaues for 2000 show range across the six illustrative SRES emissions scenarios; values for 2050 and 2100 show range across all 40 SRES scenarios.

b See footnote a; gross domestic product (trillion 1990 US$ yr?).

deposition (Chapter 11, WGI TAR).

¢ See footnote a; ratio of developed countries and economies-in-transition (Annex |) to developing countries (non-Annex 1).

4 Model estimates for industrialized continents of northern hemisphere assuming emissions for 2000, 2060, and 2100 from the A1F and A2
illustrative SRES emissions scenarios at high end of the SRES range (Chapter 4, TAR WGI).

e Observed 1999 value (Chapter 3, WGI TAR); valuesfor 1990, 2050, and 2100 are from simple model runs acrossthe range of 35 fully quantified
SRES emissions scenarios and accounting for uncertainties in carbon cycle feedbacks related to climate sensitivity (data from S.C.B. Raper,
Chapter 9, WGI TAR). Note that the ranges for 2050 and 2100 differ from those presented by TAR WGI (Appendix 1), which were ranges across
the six illustrative SRES emissions scenarios from simulations using two different carbon cycle models.

f Changein global mean annual temperature relative to 1990 averaged across simple climate model runs emulating results of seven AOGCMswith
an average climate sensitivity of 2.8°C for the range of 35 fully quantified SRES emissions scenarios (Chapter 9, WGI TAR).

9 Based on global mean temperature changes but also accounting for uncertainties in model parameters for land ice, permafrost, and sediment

Although some components of future sea-level rise can be
modeled regionally by using coupled ocean-atmosphere
models, the most common method of obtaining scenariosisto
apply global mean estimatesfrom simple models. Changesin
the occurrence of extreme events such as storm surges and
wave setup, which can lead to major coastal impacts,
sometimes are investigated by superimposing historically
observed events onto arising mean sealevel. More recently,
some studies have begun to express future sea-level rise in
probabilistic terms, enabling rising levels to be evaluated in
terms of the risk of exceeding a critical threshold of impact.
[3.6.3, 3.6.4, 3.6.5, 3.6.6]

3.4. Climate Scenarios

Three main types of climate scenarios have been employedin
impact assessments: incremental scenarios, anal og scenarios,
and climate model-based scenarios. Incremental scenariosare
simple adjustments of the baseline climate according to
anticipated future changes that can offer a valuable aid for
testing system sensitivity to climate. However, because they
involve arbitrary adjustments, they may not be realistic
meteorologically. Analogs of achanged climate from the past
record or from other regions may be difficult to identify and
are seldom applied, although they sometimes can provide
useful insightsinto impacts of climate conditions outside the
present-day range. [3.5.2]

Themost common scenariosuse outputsfrom genera circulation
models (GCMs) and usually are constructed by adjusting a

baseline climate (typically based on regional observations of
climate over a reference period such as 1961-1990) by the
absol ute or proportional change between the simulated present
and future climates. M ost recent impact studieshave constructed
scenariosonthebasisof transient GCM outputs, although some
still apply earlier equilibrium results. The great majority of
scenarios represent changes in mean climate; some recent
scenarios, however, dso haveincorporated changesin variability
and extreme weather events, which can lead to important
impacts for some systems. Regional detail is obtained from
the coarse-scale outputs of GCMs by using three main
methods: simple interpolation, statistical downscaling, and
high-resolution dynamical modeling. The simple method,
which reproduces the GCM pattern of change, is the most
widely applied in scenario development. In contrast, the
statistical and modeling approaches can producelocal climate
changes that are different from large-scale GCM estimates.
Moreresearch isneeded to eval uate the value added to impact
studies of such regionalization exercises. One reason for this
caution is the large uncertainty of GCM projections, which
requiresfurther quantification through model intercomparisons,
new model simulations, and pattern scaling methods. [3.5.2,
3.5.4, 35.5]

3.5. Scenarios of the 21st Century

In 2000, the IPCC completed a Special Report on Emissions
Scenarios (SRES) to replace the earlier set of six 1S92
scenarios developed for the IPCC in 1992. These newer
scenarios consider the period 1990 to 2100 and includearange
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of socioeconomic assumptions (e.g., globa population and
gross domestic product). Their implications for other aspects
of globa change also have been calculated; some of these
implications are summarized for 2050 and 2100in Table TS-1.
For example, mean ground-level ozone concentrationsin July
over theindustrialized continents of the northern hemisphere
are projected to rise from about 40 ppb in 2000 to more than
70 ppb in 2100 under the highest illustrative SRES emissions
scenarios; by comparison, the clean-air standard is below 80
ppb. Peak levels of ozonein local smog events could be many
times higher. Estimates of CO, concentration range from 478
ppm to1099 ppm by 2100, given therange of SRES emissions
and uncertainties about the carbon cycle (Table TS-1). This
rangeof implied radiativeforcing givesriseto an estimated global
warming from 1990 to 2100 of 1.4-5.8°C, assuming a range
of climate sensitivities. Thisrangeishigher thanthe0.7-3.5°C
of the SAR because of higher levelsof radiativeforcing inthe
SRES scenariosthanin the 1 S92a-f scenarios—primarily asa
result of lower sulfate aerosol emissions, especially after 2050.
The equivalent range of estimates of global sea-level rise (for
thisrange of global temperature changein combination witha
range of ice melt sensitivities) to 2100 is 9-88 cm (compared
to 15-95 cminthe SAR). [3.2.4.1, 3.4.4, 3.8.1, 3.8.2]

In terms of mean changes in regional climate, results from
GCMsthat have been run assuming the new SRES emissions
scenarios display many similarities with previous runs. The
WG contribution to the TAR concludesthat rates of warming
are expected to be greater than the global average over most
land areas and will be most pronounced at high latitudes in
winter. Aswarming proceeds, horthern hemisphere snow cover
and sea-ice extent will be reduced. Modelsindicate warming
below the global averagein the north Atlantic and circumpolar
southern ocean regions, as well as in southern and southeast
Asia and southern South Americain June-August. Globally,
therewill beincreasesin average water vapor and precipitation.
Regionally, December-February precipitation is expected to
increase over the northern extratropics, Antarctica, and tropical
Africa. Models also agree on adecrease in precipitation over
Centrd Americaandlittlechangein southeast Asia. Precipitation
in June-August is estimated to increase in high northern
latitudes, Antarctica, and south Asig; it is expected to change
little in southeast Asia and to decrease in Central America,
Australia, southern Africa, and the Mediterranean region.

Changes in the frequency and intensity of extreme climate
events also can be expected. Based on the conclusions of the
WG report and the likelihood scale employed therein, under
GHG forcing to 2100, it isvery likely that daytime maximum
and minimum temperatureswill increase, accompanied by an
increased frequency of hot days (see Table TS-2). It dso is
very likely that heat waves will become more frequent, and
the number of cold wavesand frost days (in applicableregions)
will decline. Increases in high-intensity precipitation events
arelikely at many locations; Asian summer monsoon precipitation
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variability alsoislikely toincrease. The frequency of summer
drought will increase in many interior continental locations,
and droughts—as well as floods—associated with El Nifio
events are likely to intensify. Peak wind intensity and mean
and peak precipitationintensities of tropical cyclonesarelikely
toincrease. The direction of changesin the average intensity
of mid-latitude storms cannot be determined with current
climate models. [Table 3-10]

3.6. How can We Improve Scenarios and their Use?

Some features of scenario development and application that
are now well established and tested include continued
development of global and regional databases for defining
baseline conditions, widespread use of incremental scenarios
to explore system sensitivity prior to application of model-
based scenarios, improved availability and wider application
of estimates of long-term mean global changes on the basis of
projections produced by specialized international organizations
or the use of simple models, and a growing volume of
accessible information that enables construction of regional
scenarios for some aspects of global change. [3.9.1]

There also are numerous shortcomings of current scenario
development, many of which are being actively investigated.
These investigations include efforts to properly represent
socioeconomic, land-use, and environmental changes in
scenarios; to obtain scenariosat higher resolution (in time and
space); and toincorporate changesin variability aswell asmean
conditions in scenarios. Increasing attention is required on
construction of scenariosthat address policy-related issuessuch
as stabilization of GHG concentrations or adaptation, aswell
asimproving the representation of uncertaintiesin projections,
possibly within arisk assessment framework. [3.9.2]

4. Natural and Human Systems

Natural and human systems are expected to be exposed to
climatic variations such as changesin the average, range, and
variability of temperature and precipitation, as well as the
frequency and severity of weather events. Systemsal so would
be exposed to indirect effects from climate change such as
sea-level rise, soil moisture changes, changesinland and water
condition, changesin thefrequency of fireand pest infestation,
and changes in the distribution of infectious disease vectors
and hosts. The sensitivity of a system to these exposures
depends on system characteristics and includes the potential
for adverse and beneficia effects. The potential for asystemto
sustain adverseimpactsismoderated by adaptive capacity. The
capacity to adapt human management of systemsisdetermined
by access to resources, information and technol ogy, the skill
and knowledge to use them, and the stability and effectiveness
of cultural, economic, social, and governanceinstitutionsthat
facilitate or constrain how human systems respond.
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Table TS-2: Examples of impacts resulting from projected changes in extreme climate events.

Projected Changes during the 21¢
Century in Extreme Climate
Phenomena and their Likelihood?

Representative Examples of Projected | mpacts®
(all high confidence of occurrence in some areas’)

Smple Extremes

Higher maximum temperatures;
more hot days and heat waves® over
nearly all land areas (very likely?)

Increased incidence of death and seriousillnessin older age groups and urban poor
Increased heat stressin livestock and wildlife

Shiftin tourist destinations

Increased risk of damage to a number of crops

Increased el ectric cooling demand and reduced energy supply reliability

Higher (increasing) minimum
temperatures; fewer cold days, frost
days, and cold waves® over nearly
all land areas (very likely?)

Decreased cold-related human morbidity and mortality

Decreased risk of damage to anumber of crops, and increased risk to others
Extended range and activity of some pest and disease vectors

Reduced heating energy demand

More intense precipitation events
(very likely? over many areas)

disaster relief

Increased flood, landslide, avalanche, and mudslide damage

Increased soil erosion

Increased flood runoff could increase recharge of some floodplain aquifers
Increased pressure on government and private flood insurance systems and

Complex Extremes

Increased summer drying over most
mid-latitude continental interiors
and associated risk of drought

Decreased crop yields
Increased damage to building foundations caused by ground shrinkage
Decreased water resource quantity and quality

(see also under droughts and
intense precipitation events)

(likely?) Increased risk of forest fire

Increasein tropical cyclone peak ¢ Increased risks to human life, risk of infectious disease epidemics, and many
wind intensities, mean and peak other risks

precipitation intensities (likely? * Increased coastal erosion and damage to coastal buildings and infrastructure
over some areas)® * Increased damage to coastal ecosystems such as coral reefs and mangroves
Intensified droughts and floods « Decreased agricultural and rangeland productivity in drought- and flood-prone
associated with El Nifio eventsin regions

many different regions (likely?) * Decreased hydro-power potentia in drought-proneregions

Increased Asian summer monsoon .
precipitation variability (likely?)

Increased flood and drought magnitude and damagesin temperate and tropical Asia

Increased intensity of mid-latitude .
storms (little agreement between .
current models)® .

Increased risksto human life and health
Increased property and infrastructure losses
Increased damage to coastal ecosystems

b These impacts can be lessened by appropriate response measures.

4 Information from TAR WGI, Technical Summary, Section F.5.

a Likelihood refers to judgmental estimates of confidence used by TAR WGI: very likely (90-99% chance); likely (66-90% chance). Unless
otherwise stated, information on climate phenomena s taken from the Summary for Policymakers, TAR WGI.

¢ High confidence refers to probabilities between 67 and 95% as described in Footnote 6 of TAR WGII, Summary for Policymakers.

¢ Changesin regional distribution of tropical cyclones are possible but have not been established.

4.1.Water Resources

Thereareapparent trendsin streamfl ow volumes—increasesand
decreases—in many regions. However, confidence that these
trends are aresult of climate changeislow because of factors
such asthevariability of hydrological behavior over time, the
brevity of instrumental records, and the response of river flows

to stimuli other than climate change. In contrast, thereishigh
confidencethat observations of widespread accel erated glacier
retreat and shifts in the timing of streamflow from spring
toward winter in many areas are associated with observed
increases in temperature. High confidence in these findings
exists because these changes are driven by rising temperature
and are unaffected by factors that influence streamflow

246

IPCC Third Assessment Report



| Impacts, Adaptation, and Vulnerability | WGl Technical Summary

[ ]

<-250

-250to -150

[] []

-50to0 -25 -25t00 Oto 25
Changein Annual Runoff (mm yr-1)

[]

251050

50 to 150

-150to -50 >150

Figure TS-3: The pattern of changes in runoff largely follows the pattern of simulated changes in precipitation, which varies between climate
models. The modeled increases in runoff shown in both maps [(a) HadCM2 ensemble mean and (b) HadCM3; see Section 4.3.6.2 of Chapter
4 for discussion of models and scenarios used] for high latitudes and southeast Asia, and decreases in central Asia, the area around the
Mediterranean, southern Africa, and Australia are broadly consistent—in terms of direction of change—across most climate models. In other

parts of the world, changes in precipitation and runoff vary between climate change scenarios.

volumes. Glacier retreat will continue, and many small glaciers
may disappear (high confidence). Therate of retreat will depend
on the rate of temperaturerise. [4.3.6.1, 4.3.11]

The effect of climate change on streamflow and groundwater
recharge varies regionally and among scenarios, largely
following projected changes in precipitation. In some parts
of the world, the direction of change is consistent between
scenarios, although the magnitude is not. In other parts of the
world, thedirection of changeisuncertain. Possible streamflow
changes under two climate change scenarios are shown in

Figure TS-3. Confidence in the projected direction and
magnitude of changein streamflow and groundwater recharge
is largely dependent on confidence in the projected changes
in precipitation. The mapped increase in streamflow in high
latitudes and southeast Asiaand the decreasein streamflow in
central Asia, theareaaround the M editerranean, and southern
Africaarebroadly consistent across climate models. Changes
in other areas vary between climate models. [4.3.5, 4.3.6.2]

Peak streamflow will movefromspring to winter in many areas
where snowfall currently is an important component of the
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water balance (high confidence). Higher temperatures mean
that a greater proportion of winter precipitation falls as rain
rather than snow and thereforeisnot stored on theland surface
until it meltsin spring. In particularly cold areas, an increase
intemperature would still mean that winter precipitationfalls
as snow, so therewould belittle changein streamflow timing
in these regions. The greatest changes therefore are likely to
bein“marginal” zones—including central and eastern Europe
and the southern Rocky Mountain chain—where a small
temperature rise reduces snowfall substantially. [4.3.6.2]

Water quality generally would be degraded by higher water
temper atures (high confidence). The effect of temperature on
water quality would be modified by changesin flow volume,
which may either exacerbate or |essen the effect of temperature,
depending on the direction of change in flow volume. Other
thingsbeing equal, increasing water temperature alterstherate
of operation of biogeochemical processes (some degrading,
some cleaning) and, most important, lowers the dissolved
oxygen concentration of water. In rivers this effect may be
offset to an extent by increased streamflow—which would
dilute chemica concentrationsfurther—or enhanced by lower
streamflow, which would increase concentrations. In lakes,
changes in mixing may offset or exaggerate the effects of
increased temperature. [4.3.10]

Flood magnitude and frequency arelikely to increasein most
regions, and low flows arelikely to decreasein many regions.
The general direction of change in extreme flows and flow
variahility isbroadly cons stent among climate change scenarios,
athough confidence in the potential magnitude of changein
any catchmentislow. Thegeneral increasein flood magnitude
and frequency isaconsegquence of aprojected general increase
in the frequency of heavy precipitation events, although the
effect of agiven changein precipitation depends on catchment
characterigtics. Changesinlow flowsareafunction of changesin
precipitation and evaporation. Evaporation generaly isprojected
to increase, which may lead to lower low flows even where
precipitation increases or shows little change. [4.3.8, 4.3.9]

Approximately 1.7 billion people, one-third of the world's
population, presently livein countriesthat are water-stressed
(i.e., using more than 20% of their renewable water supply—
a commonly used indicator of water stress). This number is
projected to increase to about 5 billion by 2025, depending
on the rate of population growth. Projected climate change
could further decrease streamflow and groundwater recharge
in many of these water-stressed countries—for example, in
central Asia, southern Africa, and countries around the
Mediterranean Sea—but may increase it in some others.

Demand for water generally is increasing, as a result of
population growth and economic devel opment, but isfalling in
some countries. Climate changemay decreasewater availability
in some water-stressed regions and increase it in others.
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Climate changeisunlikely to have alarge effect on municipal
and industrial demands but may substantially affect irrigation
withdrawals. Inthemunicipal and industrial sectors, itislikely
that nonclimatic driverswill continueto have very substantial
effectson demand for water. I rrigation withdrawal s, however,
aremore climatically determined, but whether they increase or
decreasein agiven areadependson the changein precipitation:
Higher temperatures, hence crop evaporative demand, would
mean that the general tendency would be toward an increase
inirrigation demands. [4.4.2, 4.4.3, 4.5.2]

The impact of climate change on water resources depends
not only on changes in the volume, timing, and quality of
streamflow and recharge but also on system characteristics,
changing pressures on the system, how management of the
system evolves, and what adaptations to climate change are
implemented. Nonclimatic changes may have a greater impact
on water resources than climate change. Water resources
systemsareevolving continually to meet changing management
challenges. Many of the increased pressures will increase
vulnerability to climate change, but many management changes
will reduce vulnerability. Unmanaged systemsarelikely to be
most vulnerableto climate change. By definition, these systems
have no management structures in place to buffer the effects
of hydrological variability. [4.5.2]

Climate change challengesexisting water resources management
practices by adding uncertainty. Integrated water resources
management will enhancethe potential for adaptation to change.
The historic basis for designing and operating infrastructure
no longer holds with climate change because it cannot be
assumed that the future hydrological regime will be the same
asthat of the past. Thekey chalenge, therefore, isincorporating
uncertainty into water resources planning and management.
Integrated water resources management isanincreasingly used
means of reconciling different and changing water uses and
demands, and it appears to offer greater flexibility than
conventional water resources management. Improved ability
to forecast streamflow weeks or months ahead also would
significantly enhance water management and itsability to cope
with achanging hydrological variability. [4.6]

Adaptive capacity (specifically, the ability to implement
integrated water resources management), however, is very
unevenly distributed across the world. In practice, it may be
very difficult to change water management practices in a
country where, for example, management institutions and
market-like processes are not well developed. The challenge,
therefore, is to develop ways to introduce integrated water
management practices into specific ingtitutional settings—
which is necessary even in the absence of climate change to
improve the effectiveness of water management. [4.6.4]
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Figure TS-4: Ranges of percentage changes in crop yields (expressed in vertical extent of vertical bars only) spanning selected climate
change scenarios—with and without agronomic adaptation—from paired studies listed in Table 5-4. Each pair of ranges is differentiated by
geographic location and crop. Pairs of vertical bars represent the range of percentage changes with and without adaptation. Endpoints of
each range represent collective high and low percentage change values derived from all climate scenarios used in the study. The horizontal
extent of the bars is not meaningful. On the x-axis, the last name of the lead author is listed as it appears in Table 5-4; full source information
is provided in the WGII TAR Chapter 5 reference list.

4.2. Agriculture and Food Security

The response of crop yields to climate change varies widely,
depending on the species, cultivar, soil conditions, treatment
of CO, direct effects, and other locational factors. It is
established with medium confidence that a few degrees of
projected warming will lead to general increasesin temperate
crop yields, with someregional variation (Table5-4). At larger
amounts of projected warming, most temperate crop yield
responses become generally negative. Autonomous agronomic
adaptation amelioratestemperate crop yield lossand improves
gain in most cases (Figure TS-4). In the tropics, where some
cropsare near their maximum temperaturetol erance and where
dryland agriculture predominates, yields would decrease
generally with even minimal changes in temperature; where
thereisalargedecreaseinrainfall, crop yieldswould be even
more adversdly affected (medium confidence). With autonomous
agronomic adaptation, it isestablished with medium confidence
that crop yieldsinthetropicstend to beless adversely affected
by climate change than without adaptation, but they still tend
to remain below baselinelevels. Extremeeventsal sowill affect
crop yields. Higher minimum temperatureswill be beneficial
to some crops, especially intemperateregions, and detrimental
to other crops, especially in low latitudes (high confidence).
Higher maximum temperatureswill be generally detrimental
to numerous crops (high confidence). [5.3.3]

Important advances in research since the SAR on the direct
effects of CO, on crops suggest that beneficial effects may be
greater under certain stressful conditions, including warmer
temperatures and drought. Although these effects are well
established for a few crops under experimental conditions,
knowledge of them is incomplete for suboptimal conditions
of actual farms. Research on agricultural adaptation to climate
change a so has madeimportant advances. Inexpensive, farm-
level (autonomous) agronomic adaptations such asaltering of
planting dates and cultivar selections have been simulated in
crop modelsextensively. Moreexpensive, directed adaptations—
such as changing land-use dl ocations and devel oping and using
irrigation infrastructure—have been examined in asmall but
growing number of linked crop-economic models, integrated
assessment models, and econometric models.

Degradation of soil and water resources is one of the major
future challengesfor global agriculture. It isestablished with
high confidencethat those processesarelikely to beintensified
by adverse changesin temperature and precipitation. Land use
and management have been shown to have agreater impact on
soil conditionsthan theindirect effect of climate change; thus,
adaptation has the potential to significantly mitigate these
impacts. A critical research need isto assesswhether resource
degradation will significantly increase the risks faced by
vulnerableagricultural and rural populations[5.3.2,5.3.4,5.3.6].
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In the absence of climate change, most global and regional
studiesproject declining real pricesfor agricultural commodities.
Confidenceinthese projectionsdeclinesfarther into thefuture.
Theimpacts of climate change on agriculture are estimated to
resultin small percentage changesin global income, with positive
changes in more developed regions and smaller or negative
changes in developing regions (low to medium confidence).
The effectiveness of adaptation (agronomic and economic) in
ameliorating theimpactsof climate changewill vary regionally
and depend a great deal on regional resource endowments,
including stable and effective ingtitutions. [5.3.1, 5.3.5]

Most studiesindicate that mean annual temper atureincreases
of 2.5°C or greater would prompt food pricesto increase (low
confidence) as a result of Slowing in the expansion of global
food capacity relative to growth in global food demand. At
|esser amounts of warming than 2.5°C, global impact assessment
modelscannot di stinguish the climate change signal from other
sources of change. Some recent aggregated studies have
estimated economic impacts on vulnerable popul ations such
as smallholder producers and poor urban consumers. These
studiesindicate that climate change will lower theincomes of
vulnerable populations and increase the absolute number of
people at risk of hunger (low confidence). [5.3.5, 5.3.6]

Without autonomous adaptation, increases in extreme events
are likely to increase heat stress-related livestock deaths,
although winter warming may reduce neonatal deaths at
temper ate latitudes (established but incomplete). Strategies
to adapt livestock to physiological stresses of warming are
considered effective; however, adaptation research ishindered
by the lack of experimentation and simulation. [5.3.3]

Confidencein specific numerical estimates of climate change
impactson production, income, and pricesobtained from large,
aggregated, integrated assessment modelsis considered to be
low because there are several remaining uncertainties. The
modelsare highly sensitive to some parametersthat have been
subjected to sensitivity analysis, yet sensitivity to a large
number of other parameters has not been reported. Other
uncertaintiesinclude the magnitude and persistence of effects
of rising atmospheric CO, on crop yield under realistic farming
conditions; potential changesin crop and animal pest losses;
spatial variability in crop responses to climate change; and
the effects of changesin climatevariability and extremeevents
on crops and livestock. [Box 5-3]

4.3.Terrestrial and Freshwater Ecosystems

Ecosystems are subject to many pressures, such as land-use
changes, deposition of nutrients and pollutants, harvesting,
grazing by livestock, introduction of exotic species, and natural
climate variability. Climate change constitutes an additional
pressure that could change or endanger these systems. The
impact of climate change on these systemswill beinfluenced
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by land and water management adaptation and interactions
with other pressures. Adaptive capacity is greater for more
intensively managed lands and waters and in production of
marketed goods (e.g., timber production in plantations) than
in less intensively managed lands and nonmarket values of
those lands and waters. [5.1, 5.2]

Populations of many species already are threatened and are
expected to be placed at greater risk by the synergy between the
stressesof changing climate, rendering portionsof current habitat
unsuitable, and land-use change that fragments habitats.
Without adaptation, some speciesthat currently are classified
as" critically endangered” will become extinct, and the magjority
of thoselabeled “endangered or vulnerable” will become much
rarer inthe 21st century (high confidence). Thismay havethe
greatest impact on the lowest income human societies, which
rely on wildlife for subsistence living. In addition, there is
high confidencethat loss or reduction of specieswould impact
the services provided by wildlife through roles within an
ecosystem (e.g., pollination, natural pest control), recreation
(e.g., sport hunting, wildlife viewing), and cultural and
religious practices of indigenous people. Possible adaptation
methodsto reduce risksto species could include establishment
of refuges, parks, and reserveswith corridorsto allow migration
of species, aswell asuse of captive breeding and translocation.
However, these options may have limitations of cost. [5.4]

There are now substantial observational and experimental
studies demonstrating the link between change in regional
climate and biological or physical processes in ecosystems.
Theseinclude alengthening of vegetative growing season by
1.2 to 3.6 days per decade in the high northern latitudes (one
factor leading to community composition changes); warming
of lakes and rivers as a result of shortening duration of ice
cover; upward range shifts in alpine herbs; and increased
mortality and range contraction of wildlife asaresult of heat
stress. Othersinclude changesin population sizes, body sizes,
and migration times (see TS 2.1 and 7.1, Figure TS-11, and
Table TS-16 for additional information). [5.2.1]

\egetation distribution model s sincethe SAR suggest that mass
ecosystemor biome movement ismost unlikely to occur because
of different climatic tolerance of the speciesinvolved, different
migration abilities, and the effects of invading species. Species
composition and dominance will change, resulting in
ecosystem typesthat may be quite different from those we see
today. These changeswill lag the changesin climate by years
to decades to centuries (high confidence). The effects of
changesin disturbances such asfire, blowdown, or pest attacks
on vegetation have not been included in these studies. [5.2]

Recent modeling studies continue to show potential for
significant disruption of ecosystems under climate change
(high confidence). Further development of simple correlative
models that were available at the time of the SAR point to
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areas where ecosystem disruption and the potential for
ecosystem migration are high. Observational data and newer
dynamic vegetation modelslinked to transient climate models
are refining the projections. However, the precise outcomes
depend on processes that are too subtle to be fully captured
by current models. [5.2]

Increasing CO, concentration would increase net primary
productivity (plant growth, litterfall, and mortality) in most
systems, whereas increasing temperature may have positive
or negative effects (high confidence). Experiments on tree
species grown under elevated CO, over several years show
continued and consistent stimulation of photosynthesis and
little evidence of long-termloss of sensitivity to CO,. However,
changes in net ecosystem productivity (which includes plant
growth, litterfall, mortality, litter decomposition, and soil carbon
dynamics) and net biome productivity (which includes those
effects plus the effects of fire or other disturbances) are less
likely to be positive and may be generally negative. Research
reported since the SAR confirmsthe view that the largest and
earliest impactsinduced by climate change arelikely to occur
inbored forests, through changesin weather-related disturbance
regimes and nutrient cycling. [5.6.1.1, 5.6.3.1]

Terrestrial ecosystems appear to be storing increasing amounts
of carbon. At the time of the SAR, thiswas attributed largely
to increasing plant productivity because of the interaction
among elevated CO, concentration, increasing temperatures,
and soil moisture changes. Recent results confirm that
productivity gains are occurring but suggest that they are
smaller under field conditions than plant-pot experiments
indicate (medium confidence). Hence, the terrestrial uptake
may be caused more by change in uses and management of
land than by the direct effects of elevated CO, and climate.
The degreeto which terrestrial ecosystems continueto be net
sinks for carbon is uncertain because of the complex
interactions between the af orementioned factors (e.g., arctic
terrestrial ecosystems and wetlands may act as sources and
sinks) (medium confidence).

In arid or semi-arid areas (e.g., rangelands, dry forests/
woodlands) where climate change is likely to decrease
available soil moisture, productivity is expected to decrease.
Increased CO, concentrations may counteract some of these
losses. However, many of these areas are affected by El Nifio/
La Nifia, other climatic extremes, and disturbances such as
fire. Changesin thefrequencies of these eventsand disturbances
couldleadtolossof productivity thuspotential land degradation,
potential lossof stored carbon, or decreasein therate of carbon
uptake (medium confidence). [5.5]

Somewetlandswill be replaced by forests or heathlands, and
those overlying permafrost arelikely to bedisrupted asa result
of thawing of permafrost (high confidence). The initial net
effect of warming on carbon storesin high-latitude ecosystems
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islikely to be negative because decomposition initially may
respond morerapidly than production. In these systems, changes
in albedo and energy absorption during winter are likely to
act as a positive feedback to regional warming as a result of
earlier melting of snow and, over decadesto centuries, poleward
movement of the treeline. [5.8, 5.9]

Most wetland processes are dependent on catchment-level
hydrology; thus, adaptationsfor projected climate change may
be practically impossible. Arctic and subarctic ombrotrophic
bog communities on permafrost, as well as more southern
depressional wetlands with small catchment areas, are likely
to be most vulnerableto climate change. Theincreasing speed
of peatland conversion and drainagein southeast Asiaislikely
to place these areas at a greatly increased risk of fires and
affect the viability of tropical wetlands. [5.8]

Opportunities for adapting to expected changes in high-
latitude and al pine ecosystems are limited because these systems
will respond most strongly to globally induced changes in
climate. Careful management of wildlife resources could
minimize climatic impacts on indigenous peoples. Many high-
latitude regions depend strongly on one or a few resources,
such as timber, oil, reindeer, or wages from fighting fires.
Economic diversification would reduce the impacts of large
changes in the availability or economic value of particular
goods and services. High levels of endemism in many alpine
floras and their inability to migrate upward means that these
species are very vulnerable. [5.9]

Contrarytothe SAR, global timber market studiesthat include
adaptations through land and product management suggest
that climate change would increase global timber supply
(medium confidence). At the regional and global scales, the
extent and nature of adaptation will depend primarily on wood
and non-wood product prices, therelative value of substitutes,
the cost of management, and technology. On specific sites,
changes in forest growth and productivity will constrain—
and could limit—choicesregarding adaptation strategies (high
confidence). In markets, priceswill mediate adaptation through
land and product management. Adaptation in managed forests
will include salvaging dead and dying timber, replanting new
species that are better suited to the new climate, planting
genetically modified species, and intensifying or decreasing
management. Consumerswill benefit from lower timber prices;
producersmay gain or lose, depending on regional changesin
timber productivity and potential dieback effects. [5.6]

Climate change will lead to poleward movement of the
southern and northern boundaries of fish distributions, loss
of habitat for cold- and coolwater fish, and gain in habitat
for warmwater fish (high confidence). Asaclassof ecosystems,
inland waters are vulnerable to climatic change and other
pressures owing to their small size and position downstream
from many human activities (high confidence). The most
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vulnerable elements include reduction and loss of lake and
river ice (very high confidence), lossof habitat for coldwater fish
(very high confidence), increasesin extinctionsand invasions
of exatics (high confidence), and potential exacerbation of
existing pollution problems such as eutrophication, toxics, acid
rain, and UV-B radiation (medium confidence). [5.7]

4.4. Coastal Zones and Marine Ecosystems

Global climate change will result in increasesin sea-surface
temperature (SST) and sea level; decreasesin sea-ice cover;
and changesin salinity, wave climate, and ocean circulation.
Some of these changes already are taking place. Changesin
oceans are expected to have important feedback effects on
global climate and on the climate of the immediate coastal
area(see TARWGI). They also would have profound impacts
on the biological production of oceans, including fish
production. For instance, changesin global water circulation
and vertical mixing will affect the distribution of biogenic
elements and the efficiency of CO, uptake by the ocean;
changes in upwelling rates would have major impacts on
coastal fish production and coastal climates. [6.3]

If warm events associated with El Nifiosincreasein frequency,
plankton biomass and fish larvae abundance would decline
and adversely impact fish, marine mammals, seabirds, and
ocean biodiversity (high confidence). In addition to El Nifio-
Southern Oscillation (ENSO) variability, the persistence of
multi-year climate-ocean regimes and switches from one
regime to another have been recognized since the SAR.
Changesin recruitment patterns of fish populations have been
linked to such switches. Fluctuations in fish abundance are
increasingly regarded asbiological responsesto medium-term
climate fluctuations in addition to overfishing and other
anthropogenic factors. Similarly, survival of marinemammals
and seabirds also is affected by interannual and longer term
variability in several oceanographic and atmospheric
properties and processes, especially in high latitudes. [6.3.4]

Growing recognition of the role of the climate-ocean system
in the management of fish stocks is leading to new adaptive
strategies that are based on the determination of acceptable
removable percentages of fish and stock resilience. Another
consequence of the recognition of climate-related changesin
the distribution of marine fish populations suggests that the
sustainability of many nations' fisheries will depend on
adaptationsthat increaseflexibility in bilateral and multilateral
fishing agreements, coupled with international stock
assessments and management plans. Creating sustainable
fisheries also depends on understanding synergies between
climate-related impacts on fisheries and factors such as harvest
pressure and habitat conditions. [6.3.4, 6.6.4]

Adaptation by expansion of marine aquaculture may partly
compensatefor potential reductionsin ocean fish catch. Marine
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aquaculture production has more than doubled since 1990,
andin 1997 represented approximately 30% of total commercial
fish and shellfish production for human consumption.
However, future aquaculture productivity may be limited by
ocean stocks of herring, anchovies, and other speciesthat are
used to provide fishmeal and fish oilsto feed cultured species,
which may be negatively impacted by climate change.
Decreasesin dissolved oxygen level sassociated with increased
seawater temperatures and enrichment of organic matter
creates conditions for the spread of diseases in wild and
aquaculture fisheries, aswell as outbreaks of algal bloomsin
coastal areas. Pollution and habitat destruction that can
accompany aquaculture also may placelimitsonitsexpansion
and on the survival success of wild stocks. [6.3.5]

Many coastal areasalready are experiencing increased levels
of sea flooding, accelerated coastal erosion, and seawater
intrusion into freshwater sources; these processes will be
exacerbated by climate change and sea-level rise. Sea-level
risein particular has contributed to erosion of sandy and gravel
beaches and barriers; loss of coastal dunes and wetlands; and
drainage problems in many low-lying, mid-latitude coastal
areas. Highly diverse and productive coastal ecosystems,
coastal settlements, and island states will continue to be
exposed to pressureswhoseimpacts are expected to belargely
negative and potentially disastrousin someinstances. [6.4]

Low-latitudetropical and subtropical coastlines, particularly
inareaswherethereissignificant human population pressure,
are highly susceptible to climate change impacts. These
impacts will exacerbate many present-day problems. For
instance, human activities have increased land subsidencein
many deltaic regionsby increasing subsurfacewater withdrawals,
draining wetland soils, and reducing or cutting off riverine
sediment |oads. Problems of inundation, salinization of potable
groundwater, and coastal erosion will all be accelerated with
global sea-level rise superimposed on local submergence.
Especially at risk are large delta regions of Asia and small
isandswhose vul nerability wasrecognized morethan adecade
ago and continuesto increase. [6.4.3, 6.5.3]

High-latitude (polar) coastlinesalso are susceptibleto climate
warming impacts, although these impacts have been less
studied. Except on rock-dominated or rapidly emerging coasts,
a combination of accelerated sea-level rise, more energetic
wave climatewith reduced sea-i ce cover, and increased ground
temperaturesthat promote thaw of permafrost and ground ice
(with consequent volumelossin coastal landforms) will have
severeimpactson settlementsand infrastructure and will result
in rapid coastal retreat. [6.4.6]

Coadtal ecosystemssuch ascoral reefsand atolls, salt marshes
and mangrove forests, and submergered aquatic vegetation
will be impacted by sea-level rise, warming SSTs, and any
changesin stormfrequency and intensity. | mpacts of sea-level
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rise on mangroves and salt marsheswill depend on the rate of
rise relative to vertical accretion and space for horizontal
migration, which can be limited by human development in
coastal areas. Healthy coral reefsarelikely to be ableto keep
up with sea-level rise, but thisislesscertain for reefsdegraded
by coral bleaching, UV-B radiation, pollution, and other
stresses. Episodes of coral bleaching over the past 20 years
have been associated with several causes, including increased
ocean temperatures. Future sea-surface warming would
increase stresson coral reefsand result inincreased frequency
of marine diseases (high confidence). Changes in ocean
chemistry resulting from higher CO, levelsmay have anegative
impact on coral reef development and health, which would
have a detrimental effect on coastal fisheries and on social
and economic uses of reef resources. [6.4.4, 6.4.5]

Few studies have examined potential changes in prevailing
ocean wave heights and directions and storm wavesand surges
as a consequence of climate change. Such changes can be
expected to have serious impacts on natural and human-
modified coasts because they will be superimposed on ahigher
sealevel than at present.

Vulnerabilities have been documented for a variety of coastal
settings, initially by using a common methodol ogy devel oped
in the early 1990s. These and subsequent studies have
confirmed the spatial and temporal variability of coastal
vulnerability at national and regional levels. Within the
common methodol ogy, three coastal adaptation strategieshave
been identified: protect, accommodate, and retreat. Since the
SAR, adaptation strategies for coastal zones have shifted in
emphasisaway from hard protection structures (e.g., seawalls,
groins) toward soft protection measures (e.g., beach
nourishment), managed retreat, and enhanced resilience of
biophysical and socioeconomic systems, including the use of
flood insurance to spread financial risk. [6.6.1, 6.6.2]

Integrated assessments of coastal zonesand marine ecosystems
and better understanding of their interaction with human
development and multi-year climate variability could lead to
improvements in sustainable development and management.
Adaptation options for coastal and marine management are
most effective when they areincorporated with policiesin other
areas, such as disaster mitigation plans and land-use plans.

4.5. Human Settlements, Energy, and Industry

Human settlements are integrators of many of the climate
impactsinitially felt in other sectorsand differ from each other
in geographic location, size, economic circumstances, and
political and ingtitutional capacity. As a consequence, it is
difficult to make blanket statements concerning theimportance
of climate or climate change that will not have numerous
exceptions. However, classifying human settlements by
considering pathways by which climate may affect them, size
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or other obvious physical considerations, and adaptive
capacities (wealth, education of the populace, technological
and institutional capacity) helps to explain some of the
differencesin expected impacts. [7.2]

Human settlements are affected by climatein one of threemajor
ways:

1) Economic sectorsthat support the settlement are affected
because of changes in productive capacity (e.g., in
agriculture or fisheries) or changes in market demand for
goodsand services produced there (including demand from
people living nearby and from tourism). The importance
of thisimpact dependsin part on whether the settlement is
rural—which generally meansthat it is dependent on one
or two resource-based industries—or urban, in which case
there usually (but not always) is a broader array of
alternative resources. It also depends on the adaptive
capacity of the settlement. [7.1]

2) Someaspectsof physical infrastructure (including energy
transmission and distribution systems), buildings, urban
services (including transportation systems), and specific
industries (such as agroindustry, tourism, and construction)
may be directly affected. For example, buildings and
infrastructure in deltaic areas may be affected by coastal
and river flooding; urban energy demand may increase or
decrease as aresult of changed balances in space heating
and space cooling; and coastal and mountain tourism may be
affected by changed seasonal temperature and precipitation
patterns and sea-level rise. Concentration of population
and infrastructurein urban areas can mean higher numbers
of persons and higher value of physical capital at risk,
although there also are many economies of scale and
proximity in ensuring well-managed infrastructure and
service provision. When these factors are combined with
other prevention measures, risks can bereduced considerably.
However, somelarger urban centersin Africa, Asia, Latin
America, and the Caribbean, aswell assmaller settlements
(including villages and small urban centers), often have
less wealth, political power, and institutional capacity to
reduce risksin thisway. [7.1]

3) Population may be directly affected through extreme
weather, changes in health status, or migration. Extreme
weather episodes may lead to changesin deaths, injuries,
or illness. For example, health status may improve as a
result of reduced cold stress or deteriorate as a result of
increased heat stress and disease. Population movements
caused by climate changes may affect the size and
characteristics of settlement populations, which in turn
changes the demand for urban services. The problems are
somewhat different in the largest population centers (e.g.,
those of more than 1 million popul ation) and mid-sized to
small-sized regional centers. The former are more likely
to be destinationsfor migrantsfromrural areasand smaller
settlements and cross-border areas, but larger settlements
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generally have much greater command over national
resource. Thus, smaller settlements actually may be more
vulnerable. Informal settlements surrounding large and
medium-size citiesin the devel oping world remain acause
for concern becausethey exhibit several current health and
environmental hazardsthat could be exacerbated by global
warming and have limited command over resources. [ 7.1]

TableTS-3dassfiessaverd typesof climate-caused environmenta
changes discussed in the climate and human settlement
literatures. Thetablefeaturesthree general typesof settlements,
each based on one of the three major mechanisms by which
climate affects settlements. The impacts correspond to the
mechanism of the effect. Thus, a given settlement may be
affected positively by effects of climate change onitsresource
base (e.g., more agricultural production) and negatively by
effectsonitsinfrastructure (e.g., morefrequent flooding of its
water worksand overload of itselectrical system). Different types
of settlements may experiencethese effectsin different relative
intensities(e.g., noncoastal settlementsdo not directly experience
impacts through sea-level rise); the impacts are ranked from
overall highest to lowest importance. Most settlement effects
literature is based on 2xCO, scenarios or studies describing
the impact of current weather events (analogs) but has been
placed in context of the IPCC transient scenarios. [7.1]

Climate change has the potential to create local and regional
conditionsthat involvewater deficitsand surpluses, sometimes
seasondly inthe samegeographiclocations. Themost widespread
serious potential impactsare flooding, landslides, mudslides,
and avalanches driven by projected increases in rainfall
intensity and sea-level rise. A growing literature suggeststhat
avery widevariety of settlementsin nearly every climate zone
may be affected (established but incomplete). Riverine and
coastal settlements are believed to be particularly at risk, but
urban flooding could be a problem anywhere storm drains,
water supply, and waste management systems are not designed
with enough capacity or sophistication (including conventional
hardening and more advanced system design) to avoid being
overwhemed. Thenext most seriousthreatsaretropical cyclones
(hurricanes or typhoons), which may increasein peak intensity
in awarmer world. Tropical cyclones combine the effects of
heavy rainfall, high winds, and storm surge in coastal areas
and can be disruptive far inland, but they are not as universal
inlocation asfloodsand landslides. Tens of millions of people
live in the settlements potentially flooded. For example,
estimates of the mean annual number of peoplewho would be
flooded by coastal storm surges increase several-fold (by 75
million to 200 million people, depending on adaptive responses)
for mid-range scenarios of a40-cm sea-level rise by the 2080s
relativeto scenarioswith no sea-level rise. Potential damages
toinfrastructurein coastal areasfrom sea-level rise have been
estimated to be tens of billions of dollars for individual
countries such as Egypt, Poland, and Vietnam. In the middle
of Table TS-3 are effects such as heat or cold waves, which
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can bedisruptiveto the resource base (e.g., agriculture), human
health, and demand for heating and cooling energy.
Environmental impacts such asreduced air and water quality
also are included. Windstorms, water shortages, and fire also
are expected to be moderately important in many regions. At
the lower end are effects such as permafrost melting and heat
island effects—which, although important locally, may not
apply to aswideavariety of settlementsor hold lessimportance
once adaptation is taken into account. [7.2, 7.3]

Globa warming is expected to result in increases in energy
demand for spacing cooling and in decreased energy use for
space heating. Increases in heat waves add to cooling energy
demand, and decreases in cold waves reduce heating energy
demand. The projected net effect on annual energy consumption
isscenario- and location-specific. Adapting human settlements,
energy systems, and industry to climate change provides
challengesfor the design and operation of settlements (in some
cases) during more severe weather and opportunities to take
advantage (in other cases) of more benign weather. For
instance, transmission systems of el ectric systemsareknown to
beadversely affected by extremeeventssuch astropical cyclones,
tornadoes, and ice storms. The existence of local capacity to
limit environmental hazards or their health consequencesin
any settlement generally implies local capacity to adapt to
climate change, unlessadaptationimplies particularly expensive
infrastructure investment. Adaptation to warmer climate will
requirelocal tuning of settlementsto achanging environment,
not just warmer temperatures. Urban experts are unanimous
that successful environmental adaptation cannot occur without
locally based, technically and institutionally competent, and
politically supported leadership that have good access to
national-level resources. [7.2, 7.3, 7.4, 7.5]

Possible adaptati on optionsinvolve planning of settlementsand
their infrastructure, placement of industrial facilities, and making
similar long-lived decisions to reduce the adverse effects of
events that are of low (but increasing) probability and high
(and perhapsrising) consequences. Many specific conventional
and advanced techni ques can contribute to better environmental
planning and management, including market-based tools for
pollution control, demand management and waste reduction,
mixed-use zoning and transport planning (with appropriate
provision for pedestrians and cyclists), environmental impact
assessments, capacity studies, strategic environmental plans,
environmental audit procedures, and state-of-the-environment
reports. Many cities have used acombination of these strategies
in developing “Local Agenda21s.” Many Local Agenda 21s
deal with alist of urban problems that could closely interact
with climate change in the future. [7.2, 7.5]

4.6. Insurance and Other Financial Services

Thefinancial services sector—broadly defined as private and
public institutions that offer insurance and disaster relief,
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banking, and asset management services—isauniqueindicator
of potential socioeconomicimpactsof climate change because
it is sensitive to climate change and it integrates effects on
other sectors. The sector isakey agent of adaptation (e.g., through
support of building codes and, to a limited extent, land-use
planning), and financial services represent risk-spreading
mechani smsthrough which the costs of weather-rel ated events
are distributed among other sectors and throughout society.
However, insurance, whether provided by public or private
entities, also can encourage complacency and mal adaptation
by fostering development in at-risk areas such as U.S.
floodplains or coastal zones. The effects of climate change on
the financial services sector are likely to manifest primarily
through changes in spatial distribution, frequencies, and
intensities of extreme weather events (Table TS-4). [8.1, 8.2,
15.2.7]

The costs of extreme weather events have exhibited a rapid
upward trend in recent decades. Yearly global economiclosses
from large events increased from US$3.9 billion yr= in the
1950s to US$40 hillion yr? in the 1990s (all 1999 USS,
uncorrected for purchasing power parity). Approximately one-
quarter of the losses occurred in developing countries. The
insured portion of these losses rose from anegligible level to
US$9.2 hillion annually during the same period. Including
events of al sizesdoublestheselosstotals (see Figure TS-5).
The costs of weather events have risen rapidly, despite
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significant and increasing efforts at fortifying infrastructure
and enhancing disaster preparedness. These efforts dampen
to an unknown degree the observed risein loss costs, athough
theliterature attempting to separate natural from human driving
forceshasnot quantified thiseffect. Asameasure of increasing
insurance industry vulnerability, the ratio of global property/
casualty insurance premiums to weather-related losses—an
important indicator of adaptive capacity—fell by afactor of
three between 1985 and 1999. [8.3]

Part of the observed upward trend in historical disaster lossesis
linked to socioeconomic factors—such as population growth,
increased wealth, and urbanization in vulnerable areas—and
part islinked to climatic factors such as observed changesin
precipitation, flooding, and drought events. Precise attribution
is complex, and there are differences in the balance of these
two causes by region and by type of event. Many of the
observed trends in weather-rel ated | osses are consistent with
what would be expected under climate change. Notably, the
growth ratein human-induced and non-weather-related losses
has been far lower than that of weather-related events. [8.2.2]

Recent history has shown that weather-related | osses can stress
insurance companies to the point of impaired profitability,
consumer price increases, withdrawal of coverage, and
elevated demand for publicly funded compensation and relief.
Increased uncertainty will increase the vulnerability of the
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= Non-Weather-Related 7 1 18 17 24 15 A
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Figure TS-5: The costs of catastrophic weather events have exhibited a rapid upward trend in recent decades. Yearly economic losses from
large events increased 10.3-fold from US$4 billion yr-' in the 1950s to US$40 billion yr' in the 1990s (all in 1999 US$). The insured portion
of these losses rose from a negligible level to US$9.2 billion annually during the same period, and the ratio of premiums to catastrophe
losses fell by two-thirds. Notably, costs are larger by a factor of 2 when losses from ordinary, noncatastrophic weather-related events are
included. The numbers generally include “captive” self-insurers but not the less-formal types of self-insurance.
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TableTS-4: Extreme climate-rel ated phenomenaand their effects on theinsurance industry: observed changesand projected
changes during 21st century (after Table 3-10; see also Table 8-1).

Observed Projected Type of Event
Changes Changes Relevant to Sensitive
Changesin Extreme Insurance Relevant | Sensitive Sectors/ | Insurance
Climate Phenomena Likelihood Sector Time Scale | Activities Branches
Temperature Extremes
Higher maximum Likely2(mixed | Verylikely? | Heat wave Daily- Electricreliability, | Health, life,
temperatures, more hot | trends for heat weekly human settlements | property,
daysand heat waves® | wavesin maximum business
over nearly al land several regions) interruption
= T N i T e e e
Heat wave, Monthly- | Forests(treehedth),
droughts seasonal natural resources, | Health, crop,
maximum | agriculture, water | business
resources, dectricity | interruption
demand and
reliability, industry,
health, tourism
Higher (increasing) Very likely? Very likely? | Frogt, frost Daily- Agriculture, Health, crop,
minimum temperatures, | (cold waves not heave monthly energy demand, | property,
fewer cold days, frost | treated by minimum | health, transport, | business
days, and cold waves® | WGI) human settlements | interruption,
over nearly al land vehicle
areas
Rainfall/Precipitation Extremes
Moreintense Likely2over Very likely? | Flash flood Hourly- Human Property,
preci pitation events many Northern | over many daily settlements flood, vehicle,
Hemispheremid- | areas maximum business
to high-latitude interruption,
land areas life, health
Flood, Weekly- Agriculture, forests, | Property, flood,
inundation, monthly transport, water | crop, marine,
mudslide maximum | quality, human business
sttlements, tourism | interruption
Increased summer Likely2inafew | Likely2over | Summer Monthly- | Forests (tree Crop,
drying and associated | areas most mid- drought, land | seasonal health), natural property,
risk of drought latitude subsidence, minimum | resources, health
continental | wildfire agriculture, water
interiors (lack resources,
of consistent (hydro)energy
projectionsin supply, human
other areas) settlements
Increased intensity of | Medium Little Snowstorm, ice | Hourly- Forests, agriculture, | Property,
mid-latitude storms® likelihood? of agreement storm, weekly energy distribution | crop, vehicle,
increasein among current | avalanche and reliability, aviation, life,
Northern models human settlements, | business
Hemisphere, mortality, tourism | interruption
decreasein | 00 b - - m o m o mmm oo mmm e m -
Southern Hailstorm Hourly Agriculture, Crop, vehicle,
Hemisphere property property, aviation
Intensified droughts Inconclusive Likely2 Drought and Various Forests(treehedth), | Property,
and floods associated | information floods natural resources, | flood,
with El Nifio eventsin agriculture, water | vehicle,
many different regions resources, crop, marine,
(see also droughts and (hydro)energy business
extreme precipitation supply, human interruption,
events) settlements life, health
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Table T S-4 (continued)
Observed Projected Type of Event
Changes Changes Relevant to Sensitive
Changesin Extreme Insurance Relevant | Sensitive Sectors/ | Insurance
Climate Phenomena Likelihood Sector Time Scale | Activities Branches
Wind Extremes
Increased intensity of | No compelling | Little Mid-latitude Hourly- Forests, electricity | Property,
mid-latitude storms® evidencefor agreement windstorm daily distributionand | vehicle,
change among current reliability, human |aviation,
models settlements marine,
business
interruption,
life
Tornadoes Hourly Forests, electricity | Property,
distributionand | vehicle,
reliability, human |aviation,
settlements marine,
business
interruption
Increasein tropical Wind extremes | Likely2over | Tropical Hourly- Forests, electricity | Property,
cyclone peak wind not observedin | someareas | storms, weekly distributionand | vehicle,
intensities, meanand | thefew analyses including reliability, human |aviation,
peak precipitation available; cyclones, settlements, marine,
intensities® insufficient data hurricanes, and agriculture business
for precipitation typhoons interruption,
life
Other Extremes
Refer to entriesabove | Refer torelevant | Refer to Lightning Instan- Electricity Life, property,
for higher temperatures, | entriesabove | relevant taneous distributionand | vehicle,
increased tropical and entries above reliability, human |aviation,
mid-latitude storms settlements, marine,
wildfire business
interruption
Refer to entries above | Refer torelevant | Refer to Tidal surge Daily Coastal zone Life, marine,
for increased tropical | entriesabove | relevant (associated infrastructure, property,
cyclones, Asian summer entries above | with onshore agricultureand crop
monsoon, and intensity gales), coastal industry, tourism
of mid-latitude storms inundation
Increased Asian Not treated by | Likely? Food and Seasonal Agriculture, Crop,
summer monsoon WGI drought human settlements | property,
precipitation health, life
variability
a Likelihood refersto judgmental estimates of confidence used by Working Group |: very likely (90-99% chance); likely (66-90% chance). Unless
otherwise stated, information on climate phenomena is taken from Working Group I’'s Summary for Policymakers and Technical Summary.
These likelihoods refer to observed and projected changes in extreme climate phenomena and likelihood shown in first three columns of table.
5 Information from Working Group I, Technical Summary, Section F.5.
¢ Changesin regional distribution of tropical cyclones are possible but have not been established.

insurance and government sectors and complicate adaptation
and disaster relief efforts under climate change. [8.3, 15.2.7]

The financial services sector as a whole is expected to be
able to cope with the impacts of future climate change,
although the historic record showsthat |ow-probability, high-

impact events or multiple closely spaced events severely affect
parts of the sector, especialy if adaptive capacity happensto

be simultaneoudy depl eted by nonclimatefactors(e.g., adverse

market conditions that can deplete insurer loss reserves by
eroding the value of securitiesand other insurer assets). There
ishigh confidencethat climate change and anticipated changes
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in weather-related events that are perceived to be linked to
climate change would increase actuarial uncertainty in risk
assessment and thus in the functioning of insurance markets.
Such devel opmentswoul d place upward pressure on premiums
and/or could cause certain risks to be reclassified as
uninsurable, with subsequent withdrawal of coverage. This,
inturn, would placeincreased pressure on government-based
insuranceand relief systems, which already are showing strain
in many regions and are attempting to limit their exposures
(e.g., by raising deductibles and/or placing caps on maximum
claims payable).

Trends toward increasing firm size, diversification, and
integration of insurance with other financial services, aswell
asimproved toolsto transfer risk, all potentially contribute to
robustness. However, the property/casualty insurance and
reinsurance segments have greater sensitivity, and individual
companies already have experienced catastrophe-related
bankruptciestriggered by weather events. Under some conditions
and in some regions, the banking industry as a provider of
loansalso may bevulnerableto climate change. In many cases,
however, the banking sector transfers risk back to insurers,
who often purchase their debt products. [8.3, 8.4, 15.2.7]

Adaptation? to climate change presents complex challenges,
as well as opportunities, for the financial services sector.
Regulatory involvement in pricing, tax treatment of reserves,
and the (in)ability of firmsto withdraw from at-risk markets
are examples of factors that influence the resilience of the
sector. Management of climate-related risk varies by country
and region. Usually it is amixture of commercial and public
arrangementsand self-insurance. Intheface of climate change,
the relative role of each can be expected to change. Some
potential response options offer co-benefits that support
sustainable development and climate change mitigation
objectives (e.g., energy-efficiency measures that also make
buildings more resilient to natural disasters, in addition to
helping the sector adapt to climate changes). [8.3.4, 8.4.2]

The effects of climate change are expected to be greatest in
developing countries (especialy those that rely on primary
production as a major source of income) in terms of loss of
life, effectsoninvestment, and effects on the economy. Damages
from natural disasters have been as high as half of the gross
domestic product (GDP) in one case. Weather disasters set
back development, particularly when funds areredirected from
development projects to disaster-recovery efforts. [8.5]

Equity issues and development constraints would arise if
weather-related risks become uninsurable, insurance prices
increase, or the availability of insurance or financing becomes

2The term “mitigation” often is used in the insurance and financial
services sectors in much the same way as the term "adaptation” is used
in the climate research and policy communities.
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limited. Thus, increased uncertainty could constrain devel opment.
Conversely, more extensive penetration of or accessto insurance
and disaster preparedness/recovery resources would increase
the ability of devel oping countriesto adapt to climate change.
Morewidespread introduction of microfinancing schemesand
development banking also could be an effective mechanism
to help devel oping countries and communities adapt. [8.3]

Thisassessment of financid serviceshasidentified some areas
of improved knowledge and has corroborated and further
augmented conclusions reached in the SAR. It also has
highlighted many areaswheregrester understanding isneeded—
in particular, better analysis of economic lossesto determine
their causation, assessment of financial resourcesinvolvedin
dealing with climate change damage and adaptation, evaluation
of alternative methods to generate such resources, deeper
investigation of the sector’s vulnerability and resilience to a
range of extreme weather event scenarios, and more research
into how the sector (private and public elements) could
innovate to meet the potential increase in demand for
adaptation funding in devel oped and devel oping countries, to
spread and reduce risks from climate change. [8.7]

4.7. Human Health

Global climate change will have diverse impacts on human
health—some positive, most negative. Changesinthefrequencies
of extreme heat and cold, thefrequenciesof floodsand droughts,
and the profile of local air pollution and aeroallergens would
affect population health directly. Other health impacts would
result from the impacts of climate change on ecological and
social systems. These impacts would include changes in
infectious disease occurrence, local food production and
undernutrition, and various health consequences of population
displacement and economic disruption.

Thereislittle published evidence that changesin population
health status actually have occurred in response to observed
trends in climate over recent decades. A recurring difficulty
inidentifying such impactsisthat the causation of most human
health disorders is multifactorial, and the “background”
socioeconomic, demographic, and environmental context
changes significantly over time.

Sudies of the health impacts associated with interannual
climate variability (particularly those related to the El Nifio
cycle) have provided new evidence of human health sensitivity
to climate, particularly for mosquito-borne diseases. The
combination of existing research-based knowledge, resultant
theoretical understandings, and the output of predictive
modeling leadsto several conclusionsabout the futureimpacts
of climate change on human population health.

If heat waves increase in frequency and intensity, the risk of
death and seriousillnesswould increase, principally in older
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age groupsand the urban poor (high confidence). The effects
of an increase in heat waves often would be exacerbated by
increased humidity and urban air pollution. The greatest
increasesinthermal stressareforecast for mid- to high-latitude
(temperate) cities, especially in populations with nonadapted
architecture and limited air conditioning. Modeling of heat
waveimpactsin urban populations, dlowing for acclimatization,
suggests that a number of U.S. cities would experience, on
average, several hundred extradeaths each summer. Although
theimpact of climate change onthermal stress-related mortality
in devel oping country citiesmay be significant, there hasbeen
little research in such populations. Warmer winters and fewer
cold spellswill decrease cold-rel ated mortality in many temperate
countries (high confidence). Limited evidence indicates that
in at least some temperate countries, reduced winter deaths
would outnumber increased summer deaths (medium
confidence). [9.4]

Any increasesin the frequency and intensity of extreme events
such asstorms, floods, droughts, and cycloneswould adversely
impact human health through a variety of pathways. These
natural hazards can causedirect lossof lifeand injury and can
affect health indirectly through loss of shelter, population
displacement, contamination of water supplies, loss of food
production (leading to hunger and malnutrition), increased risk
of infectious disease epidemics (including diarrheal and
respiratory disease), and damagetoinfrastructurefor provision
of health services (very high confidence). If cycloneswereto
increase regionally, devastating impacts often would occur,
particularly in densely settled populations with inadequate
resources. Over recent years, major climate-related disasters
have had major adverse effects on human health, including
floods in China, Bangladesh, Europe, Venezuela, and
Mozambique, as well as Hurricane Mitch, which devastated
Central America. [9.5]

Climate change will decrease air quality in urban areaswith
air pollution problems (medium confidence). An increase in
temperature (and, in some models, ultraviolet radiation)
increasestheformation of ground-level ozone, apollutant with
well-established adverse effects on respiratory health. Effects
of climate change on other air pollutants are less well
established. [9.6]

Higher temperatures, changes in precipitation, and changes
in climate variability would alter the geographic ranges and
seasonality of transmission of vector-borne infectious
diseases—extending the range and season for someinfectious
diseases and contracting them for others. Vector-borne
infectious diseases aretransmitted by blood-feeding organisms
such as mosguitoes and ticks. Such organisms depend on the
complex interaction of climate and other ecological factors
for survival. Currently, 40% of the world population livesin
areaswithmalaria. In areaswith limited or deteriorating public
health infrastructure, increased temperatures will tend to
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expand the geographic range of malariatransmission to higher
altitudes (high to medium confidence) and higher latitudes
(medium to low confidence). Higher temperatures, in
combination with conducive patterns of rainfall and surface
water, will extend the transmission season in some locations
(high confidence). Changes in climate, including changesin
climate variability, would affect many other vector-borne
infections (such as dengue, leishmansiasis, various types of
mosquito-borne encephalitis, Lyme disease, and tick-borne
encephalitis) at the margins of their current distributions
(medium/high confidence). For some vector-borne diseases
in some locations, climate change will decrease transmission
viareductionsin rainfall or temperaturesthat aretoo high for
transmission (medium confidence). A range of mathematical
models indicate, with high consistency, that climate change
scenarios over the coming century would cause a small net
increase in the proportion of the world’ s population living in
regions of potential transmission of malaria and dengue
(mediumto high confidence). A changein climatic conditions
will increasetheincidence of varioustypes of water- and food-
borne infectious diseases. [9.7]

Climate change may cause changesin the marine environment
that would alter risks of biotoxin poisoning from human
consumption of fish and shellfish. Biotoxins associated with
warmer waters, such asciguaterain tropical waters, could extend
their rangeto higher latitudes (low confidence). Higher SSTsalso
would increasethe occurrence of toxic algal blooms (medium
confidence), which have complex relationships with human
poisoning and are ecologically and economically damaging.
Changes in surface water quantity and quality will affect the
incidence of diarrheal diseases (medium confidence). [9.8]

Changes in food supply resulting from climate change could
affect the nutrition and health of the poor in some regions of
the world. Studies of climate change impacts on food
production indicate that, globally, impacts could be positive
or negative, but the risk of reduced food yieldsis greatest in
devel oping countries—where 790 million people are estimated
to be undernourished at present. Populationsinisolated areas
with poor accessto marketswill be particularly vulnerableto
local decreasesor disruptionsinfood supply. Undernourishment
is a fundamental cause of stunted physical and intellectual
development in children, low productivity in adults, and
susceptibility to infectious disease. Climate change would
increase the number of undernourished people in the
developing world (medium confidence), particularly in the
tropics. [9.9, 5.3]

In some settings, theimpacts of climate change may cause social
disruption, economic decline, and population displacement that
would affect human health. Health impacts associated with
population displacement resulting from natural disasters or
environmental degradation are substantial (high confidence).
[9.10]
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Table TS-5: Options for adaptation to reduce health impacts of climate change.
Health Outcome | Legidative Technical Educational Advisory | Cultural and Behavioral
Thermal stress | - Building guidelines | - Housing, public buildings, | - Early warning - Clothing, siesta
urban planning to reduce systems
heat island effects, air
conditioning
Extremeweather | - Planning laws - Urban planning - Early warning - Use of storm shelters
events - Building guidelines | - Storm shelters systems
- Forced migration
- Economic incentives
for building
Air quality - Emission controls - Improved public transport, | - Pollutionwarnings | - Carpooling
- Traffic restrictions catalytic converters,
smoke stacks
Vector-borne - Vector control - Health education - Water storage practices
diseases - Vaccination, impregnated
bednets
- Sustainable surveillance,
prevention and control
programs
Water-borne - Watershed protection | - Genetic/molecular - Boil water aerts - Washing hands and
diseases laws screening of pathogens other hygiene behavior
- Water quality - Improved water treatment - Use of pit latrines
regulation (e.g., filters)
- Improved sanitation (e.g.,
latrines)

For each anticipated adverse health impact thereis a range
of social, institutional, technological, and behavioral
adaptation options to lessen that impact (see Table TS-5).
Overall, the adverse health impacts of climate change will be
greatest in vulnerablelower income popul ations, predominately
within tropical/subtropica countries. Thereisabasic and generd
need for public health infrastructure (programs, services,
surveillance systems) to be strengthened and maintained. The
ability of affected communitiesto adapt to risksto health also
depends on social, environmental, political, and economic
circumstances. [9.11]

5. Regional Analysis

The vulnerability of human populations and natural systems
to climate change differs substantially across regions and
across populations within regions. Regional differences in
baseline climate and expected climate change give rise to
different exposures to climate stimuli across regions. The
natural and socia systems of different regions have varied
characteristics, resources, and institutions and are subject to
varied pressuresthat giveriseto differencesin sensitivity and
adaptive capacity. From these differencesemerge different key
concerns for each of the major regions of the world. Even
within regions, however, impacts, adaptive capacity, and

vulnerability will vary. Because available studies have not
employed a common set of climate scenarios and methods
and because of uncertainties regarding the sensitivities and
adaptability of natural and social systems, assessment of
regional vulnerabilitiesis necessarily qualitative.

5.1. Africa

Africa is highly vulnerable to climate change. Impacts of
particular concern to Africa are related to water resources,
food production, human health, desertification, and coastal
zones, especialy in relation to extreme events. A synergy of
land-use and climate change will exacerbate desertification.
Selected key impactsin Africaare highlighted in Figure TS-6.

5.1.1. Water Resources

Water resources are a key area of vulnerability in Africa,
affecting water supply for household use, agriculture, and
industry. Inshared river basins, regional cooperation protocols
minimize adver se impacts and potential for conflicts. Trends
inregional per capitawater availability in Africaover the past
half century show that water availability has diminished by
75%. Although the past 2 decades have experienced reductions
inriver flows, especially in sub-Saharan West Africa, thetrend
mainly reflects the impact of population growth—which, for
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North Atlantic Oscillation akey factor in
international climate vulnerability, with
impacts on fisheriesindustries

N
Rainfall variability modulated
by vegetation dynamics, surface
propertiesin the Sahel; empiriCal  ——
evidence of species changes

High proportion of population concentrated in coastal
areasin West African cities such as Lagos and Banjul,
thus especially vulnerable to sea-level rise

=

climate in distant south (teleconnections)

Regional climate modeling experiments show
deforestation in Central Africawill impact

Coastal marinefishery likely to
be negatively affected by
changes in Bangwuela current

7

economies for SADC region

Long-lastingimpacts of drought on nationa

/

Egypt/Cairo/The Nile: Coastal areas
threatened by sea-level rise; Nile
river basin sensitive to climate, with
regiona implications

Horn of Africa heavily affected by
recurrent droughts

Important commercia
agriculture adapted to
bimoda rainfall; shifts
in rainfall patterns
would have far-
reaching impacts

/

East African Great Lakes and
reservoirs respond to climate
variability with pronounced
changesin storage

N

Floodsin 1999 severely affected coastal
population and infrastructure, with long-
lasting economic and development impacts;
adaptation and recovery very costly and
beyond the means of African countries

Complete loss or displacement of
Succulent Karoo biome projected
under climate change, and many

Intensity of extreme eventsincreased significantly
over South Africa; biome shifts will favor
horticulture over plantation forestry; malariarisk

species losses in other biomes

areas projected to expand southward

Figure TS-6: Selected key impacts for Africa.

most countries, quadrupled in the same period. Population
growth and degradation of water quality are significant threats
towater security in many partsof Africa, and the combination
of continued population increases and globa warming impacts
islikely to accentuate water scarcity in subhumid regions of
Africa

Africais the continent with the lowest conversion factor of
precipitation to runoff, averaging 15%. Although theequatorial
region and coastal areas of eastern and southern Africa are
humid, the rest of the continent is dry subhumid to arid. The
dominant impact of global warming will beareductionin soil
moisturein subhumid zonesand areduction in runoff. Current
trendsinmajor river basinsindicate decreasing runoff of about
17% over the past decade.

Most of Africahasinvested significantly in hydroel ectric power
facilitiesto underpin economic development. Reservoir storage
shows marked sensitivity to variations in runoff and periods
of drought. L ake storage and major dams have reached critical
levels, threatening industrial activity. Model results and some
reservoirsand lakesindicate that global warming will increase
the frequency of such low storage as a result of flooding or
drought conditionsthat are related to ENSO. [10.2.1]

5.1.2. Food Security

Thereiswide consensusthat climate changewill worsen food
security, mainly through increased extremes and temporal/
gpatial shifts. The continent already experiencesamajor deficit
in food production in many areas, and potential declinesin
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soil moisturewill be an added burden. Food-insecure countries
are at a greater risk of adverse impacts of climate change.
Inland and marine fisheries provide asignificant contribution
to protein intake in many African countries. As a result of
water stress and land degradation, inland fisheries will be
rendered more vulnerable to episodic drought and habitat
destruction. Ocean warmingislikely to impact coastal marine
fisheries. [10.2.2]

5.1.3. Natural Resource Management and Biodiversity

Irreversible losses of biodiversity could be accelerated with
climate change. Climate change is expected to lead to drastic
shiftsof biodiversity-rich biomes such asthe Succulent Karoo
in South Africa and many losses in species in other biomes.
Changes in the frequency, intensity, and extent of vegetation
firesand habitat modification from land-use change may negate
natural adaptive processes and lead to extinctions. Changes
in ecosystems will affect water supply, fuelwood, and other
services. [10.2.3.2]

5.1.4. Human Health

Changesin temperature and rainfall will have many negative
impacts on human health. Temperature increases will extend
disease vector habitats. Where sanitary infrastructure is
inadequate, droughts and flooding will result in increased
frequency of water-borne diseases. Increased rainfall could
lead to more frequent outbreaks of Rift Valley fever. Poor
sanitation in urban locations and increased temperatures of
coastal waters could aggravate choleraepidemics.[10.2.4.1.1,
10.2.4.4]

5.1.5. Settlements and Infrastructure

Although the basicinfrastructurefor devel opment—transport,
housing, and services—is inadequate in many instances, it
neverthel essrepresents substantial investment by governments.
Anincreasein thefrequency of damaging floods, heat waves,
dust storms, hurricanes, and other extreme events could
degrade the integrity of such critical infrastructures at rates
the economies may not be ableto tolerate, leading to aserious
deterioration of social, health, and economic servicesdelivery
systems. This condition will greatly compromise general
human welfare. [10.2.5.3]

Sea-level rise, coastal erosion, saltwater intrusion, and
flooding will have significant impactsfor African communities
and economies. Most of Africa’ slargest citiesare along coasts
and are highly vulnerable to extreme events, sea-level rise,
and coastal erosion because of inadequate physical planning
and escalating urban drift. Rapid unplanned expansionislikely
to predispose large populations to infectious diseases from
climate-related factors such as flooding. [10.2.5.2]
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5.1.6. Desertification

Alteration of spatial and temporal patterns in temperature,
rainfall, solar radiation, and winds from a changing climate
will exacerbate desertification. Desertification is a critical
threat to sustainable resource management in arid, semi-arid,
and dry subhumid regions of Africa, undermining food and
water security. [10.2.6]

5.1.7. Adaptive Capacity

Given the diversity of constraints facing many nations, the
overall capacity for Africato adapt to climate change currently
isvery low. National action plans that incorporate long-term
changes and pursue“ no regrets’ strategies could increasethe
adaptive capacity of the region. Seasonal forecasting—for
example, linking SSTs to outbreaks of major diseases—is a
promising adaptive strategy that will help savelives. Current
technologies and approaches, especialy in agriculture and
water, are unlikely to be adequate to meet projected demands,
and increased climate variability will be an additional stress.
It is unlikely that African countries on their own will have
sufficient resources to respond effectively.

Climate change also offers some opportunities. The processes
of adapting to global climate change, including technology
transfer and carbon sequestration, offer new development
pathwaysthat could take advantage of Africa sresourcesand
human potential. Regional cooperation in science, resource
management, and development aready are increasing, and
accessto international markets will diversify economies and
increase food security.

This assessment of vulnerability to climate changeis marked
by uncertainty. Thediversity of African climates, highrainfall
variability, and a very sparse observational network make
predictionsof future climate change difficult at the subregional
and local level. Underlying exposure and vulnerability to
climatic changes are well established. Sensitivity to climatic
variationsisestablished but incomplete. However, uncertainty
over future conditions means that there islow confidence in
projected costs of climate change. This assessment can create
the framework for individual states to begin to construct
methodologies for estimating such costs, based on their
individual circumstances.

5.2. Asia

Climate change will impose significant stress on resources
throughout the Asian region. Asia has more than 60% of the
world’ spopulation; natural resources already are under stress,
and theresilience of most sectorsin Asiato climate changeis
poor. Many countries are socioeconomically dependent on
natural resourcessuch aswater, forests, grasdand and rangeland,
and fisheries. The magnitude of changesin climate variables
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Table TS-6: Sensitivity of selected Asian regionsto climate change.

Changein Climatic I mpacts
Elements and Sea-
Level Rise Vulnerable Region | Primary Change Primary Secondary
0.5-2°C Bangladesh - Inundation of about | - Loss of plant species - Economic loss
(10- to45-cmsea- | Sundarbans 15% (~750 km?) - Lossof wildlife - Exacerbated insecurity
level rise) - Increase in salinity andlossof employment
4°C Siberian permafrosts | - Reduction in - Changeinrock strength | - Effectson construction
(+10% rainfall) continuous permafrost | - Changein bearing industries
- Shiftin southern limit |  capacity - Effects on mining

of Siberian permafrost | - Changein compressibility | industry

by ~100-200 km of frozen rocks - Effects on agricultural

northward - Thermal erosion development
>3°C Water resourcesin | - Changein runoff - Increase in winter floods | - Risk tolifeand property
(>+20% rainfall) Kazakhstan - Decreasein summer flows | - Summer water stress
~2°C Bangladesh - About 23-29% increase | - Change in flood depth - Ri tolifeand property
(-5to 10% rainfall; | lowlands inextent of inundation |  category - Increased health
45-cm sea-level rise) - Changein monsoonrice | problems

cropping pattern - Reductioninriceyield

Table TS-7: Vulnerability of key sectorsto impacts of climate change for select subregionsin Asia. Key to confidence-level
rankingsis provided in Section 1.4 of Technical Summary.

Food and Water Coastal Human

Regions Fiber Biodiversity | Resources Ecosystems | Health Settlements

Boreal Asia Slightly Highly Slightly Slightly Moderately Slightly or not
resilient vulnerable resilient resilient vulnerable vulnerable

Arid and Semi-Arid Asa

- Central Asia Highly Moderately Highly Moderately Moderately Moderately
vulnerable vulnerable vulnerable vulnerable vulnerable vulnerable

_Tibetan Plateay |- Slightly ornot | Highly Moderately | Not applicable| Noinformation| Noinformation |

vulnerable vulnerable vulnerable

TemperateAsia Highly Moderately Highly Highly Highly Highly
vulnerable vulnerable vulnerable vulnerable vulnerable vulnerable
*k k% * k% *k k% *k k% * k% *k k%

Tropical Asia

- SouthAsia Highly Highly Highly Highly Moderately Highly
vulnerable vulnerable vulnerable vulnerable vulnerable vulnerable
*k k% * k% *k k% *k k% * k% *k*

- Southeast Asia Highly Highly Highly Highly Moderately Highly
vulnerable vulnerable vulnerable vulnerable vulnerable vulnerable

would differ sgnificantly acrossAsian subregionsand countries.  The region’s vulnerability to climate change is captured in
Thecdlimatechangesengtivity of afew vulnerablesectorsinAsa  Table TS-7 for selected categories of regions/issues.
and the impacts of these limits are presented in Table TS-6.
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5.2.1. Agriculture and Food Security

Food insecurity appears to be the primary concern for Asia.
Crop production and aquaculture would be threatened by
thermal and water stresses, sea-level rise, increased flooding,
and strong winds associated with intense tropical cyclones
(high confidence). In general, it is expected that areasin mid-
and highlatitudeswill experienceincreasesin cropyield; yields
in lower latitudes generally will decrease. A longer duration
of the summer season should lead to a northward shift of the
agroecosystem boundary in boreal Asiaand favor an overall
increase in agriculture productivity (medium confidence).
Climatic variability and change al so will affect scheduling of
the cropping season, as well as the duration of the growing
period of the crop. In China, yields of several major cropsare
expected to declineasaresult of climate change. Acute water
shortages combined with thermal stress should adversely affect
wheat and, more severely, rice productivity in Indiaeven under
the positive effects of elevated CO, inthefuture. Crop diseases
such as wheat scab, rice blast, and sheath and culm blight of
rice also could become more widespread in temperate and
tropical regions of Asiaif the climate becomes warmer and
wetter. Adaptation measures to reduce the negative effects of
climatic variability may include changing the cropping
calendar to take advantage of the wet period and to avoid the
extreme weather events (e.g., typhoons and strong winds)
during the growing season. [11.2.2.1]

Asia dominates world aquaculture, producing 80% of all
farmed fish, shrimp, and shellfish. Many wild stocks are under
stress as a result of overexploitation, trawling on sea-bottom
habitats, coastal devel opment, and pollution fromland-based
activities. Moreover, marine productivity isgreatly affected by
plankton shift, such as seasonal shifting of sardineinthe Sea
of Japan, in response to temperature changes induced during
ENSO. Storm surges and cyclonic conditions also routinely
lash the coastline, adding sediment loads to coastal waters.
Effective conservation and sustai nable management of marine
and inland fisheries are needed at the regiona level so that
living aguatic resources can continue to meet regional and
national nutritional needs. [11.2.4.4]

5.2.2. Ecosystems and Biodiversity

Climate changewould exacerbate current threatsto biodiversity
resulting fromland-use/cover change and population pressure
in Asia (mediumconfidence). RiskstoAsia srich array of living
speciesare climbing. Asmany as 1,250 of 15,000 higher plant
species are threatened in India. Similar trends are evident in
China, Malaysia, Myanmar, and Thailand. Many species and
alarge population of many other speciesin Asaarelikely to be
exterminated as a result of the synergistic effects of climate
change and habitat fragmentation. In desert ecosystems,
increased frequency of droughts may result in a decline in
local forage around oases, causing mass mortality among local
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fauna and threatening their existence. With a 1-m rise in sea
level, the Sundarbans (the largest mangrove ecosystems) of
Bangladesh will completely disappear. [11.2.1, 11.2.1.6]

Permafrost degradation resulting from global warming would
increase the vulner ability of many climate-dependent sectors
affecting the economy in boreal Asia (medium confidence).
Pronounced warming in highlatitudes of thenorthern hemisphere
could lead to thinning or disappearance of permafrost in
locations where it now exists. Large-scale shrinkage of the
permafrost regionin boreal Asiaislikely. Poleward movement
of the southern boundary of the sporadic zone alsoislikely in
Mongoliaand northeast China. Theboundary between continuous
and discontinuous (intermittent or seasonal) permafrost areas
on the Tibetan Plateau is likely to shift toward the center of
the plateau along the eastern and western margins. [11.2.1.5]

The frequency of forest firesis expected to increasein boreal
Asia (medium confidence). Warmer surface air temperatures,
particularly during summer, may create favorable conditions
for thunderstorms and associated lightening, which could
trigger forest firesin boreal forests more often. Forest fireis
expected to occur more frequently in northern parts of boreal
Asiaasaresult of global warming. [11.2.1.3]

5.2.3. Water Resources

Freshwater availability isexpected to be highly vulnerableto
anticipated climate change (high confidence). Surface runoff
increases during winter and summer periods would be
pronounced in boreal Asia (medium confidence). Countries
in which water use is more than 20% of total potential water
resources available are expected to experience severe water
stress during drought periods. Surface runoff is expected to
decreasedrastically inarid and semi-arid Asiaunder projected
climate change scenarios. Climate changeislikely to change
streamflow volume, as well as the temporal distribution of
streamflows throughout the year. With a 2°C increase in air
temperature accompanied by a’5-10% declinein precipitation
during summer, surface runoff in Kazakhstan would be
substantially reduced, causing serious implications for
agricultureand livestocks. Water would be ascarce commodity
inmany south and southeast Asian countries, particularly where
reservoir facilities to store water for irrigation are minimal.
Growing popul ations and concentration of populationsin urban
areaswill exert increasing pressureson water availability and
water quality. [11.2.3.1]

5.2.4. Extreme Weather Events

Devel oping countries of temperate and tropical Asia already
arequitevulnerableto extreme climate events such astyphoons/
cyclones, droughts, and floods. Climate change and variability
would exacerbate these vulnerabilities (high confidence).
Extreme weather events are known to cause adverse effectsin
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TableTS-8: Potentia land loss and popul ation exposed in Asian countriesfor selected magnitudes of sea-level rise, assuming

no adaptation.
Potential Land Loss Population Exposed
Sea-Level Rise
Country (cm) (km?) (%) (million) (%)
Bangladesh 45 15,668 109 55 5.0
100 29,846 20.7 14.8 135
India 100 5,763 04 7.1 0.8
Indonesia 60 34,000 19 20 11
Japan 50 1,412 0.4 29 2.3
Malaysia 100 7,000 2.1 >0.05 >0.3
Pakistan 20 1,700 0.2 n.a n.a
Vietnam 100 40,000 12.1 17.1 231

widely separated areas of Asia. There is some evidence of
increasesin theintensity or frequency of some of theseextreme
events on regional scales throughout the 20th century.
[11.1.2.2,11.1.2.3, 11.4.]]

Increased precipitation intensity, particularly during the
summer monsoon, could increase flood-prone areas in
temperate and tropical Asia. There is potential for drier
conditionsin arid and semi-arid Asia during summer, which
could lead to more severe droughts (medium confidence).
Many countriesin temperate and tropica Asiahave experienced
severe droughtsand floods frequently in the 20th century. Flash
floods arelikely to become more frequent in many regions of
temperate and tropical Asiain thefuture. A decreasein return
period for extreme precipitation events and the possihility of
more frequent floodsin parts of India, Nepal, and Bangladesh
isprojected. [11.1.3.3, 11.2.2.2, 11.1.2.3, 11.4.1]

Conversion of forestland to cropland and pasture already isa
primeforcedriving forest lossintropical and temperateAsian
countries. With more frequent floods and droughts, these
actionswill havefar-reaching implicationsfor the environment
(e.g., soil erosion, lossof soil fertility, lossof genetic variability
in crops, and depletion of water resources). [11.1.4.1]

Tropical cyclones and storm surges continue to take a heavy
toll onlifeand property in Indiaand Bangladesh. Anincrease
intheintensity of cyclonescombined with sea-level risswould
result in more loss of life and property in low-lying coastal
areasin cyclone-prone countries of Asia(medium confidence).
Theexpected increase in thefrequency and intensity of climatic
extremeswill have significant potential effectson crop growth
and agricultural production, as well as major economic and
environmental implications (e.g., tourism, transportation).
[11.2.45, 11.2.6.3, 11.3]

A wide range of precautionary measures at regional and
national levels, including awareness and acceptance of risk
factors among regional communities, iswarranted to avert or

reduce theimpacts of disasters associated with more extreme
weather events on economic and social structures of countries
in temperate and tropical Asia. [11.3.2]

5.2.5. Deltas and Coastal Zones

The large deltas and low-lying coastal areas of Asia would
be inundated by sea-level rise (high confidence). Climate-
related stressesin coastal areas include loss and salinization
of agricultural land as a result of change in sea level and
changing frequency and intensity of tropical cyclones.
Estimates of potential land loss resulting from sea-level rise
and risk to population displacement provided in Table TS-8
demonstrate the scal e of theissuefor major low-lying regions
of coastal Asia. Currently, coastal erosion of muddy coastlines
inAsiaisnot aresult of sea-level risg; it istriggered largely
by annual river-borne suspended sediments transported into
the ocean by human activities and delta evolution. These
actions could exacerbate the impacts of climate change in
coastal regions of Asia. [11.2.4.2]

5.2.6. Human Health

Warmer and wetter conditions would increase the potential
for higher incidence of heat-related and infectious diseases
intropical and temperate Asia (medium confidence). Therise
insurfaceair temperature and changesin precipitationinAsia
will have adverse effects on human health. Although warming
would result in areduction in wintertime deaths in temperate
countries, there could be greater frequency and duration of
heat stress, especially in megal opolises during summer. Global
warming also will increase the incidence of respiratory and
cardiovascular diseases in parts of arid and semi-arid Asia
and temperate and tropical Asia. Changes in environmental
temperature and precipitation could expand vector-borne
diseases into temperate and arid Asia. The spread of vector-
borne diseasesinto more northern latitudes may pose aserious
threat to human health. Warmer SSTs along Asian coastlines
would support higher phytoplankton blooms. Thesebloomsare
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habitatsfor infectiousbacterial diseases. Water-borne diseases—
including choleraand the suite of diarrheal diseases caused by
organismssuch asgiardia, salmonella, and cryptosporidium—
could become more common in many countries of southAsia
in warmer climate. [11.2.5.1, 11.2.5.2, 11.2.5.4]

5.2.7. Adaptive Capacity

Adaptation to climate change in Asian countries depends on
the affordability of adaptive measures, access to technology,
and biophysical constraints such as land and water resource
availability, soil characteristics, genetic diversity for crop
breeding (e.g., crucial development of heat-resistant rice
cultivars), and topography. Most devel oping countriesof Asia
are faced with increasing population, spread of urbanization,
lack of adequate water resources, and environmental pollution,
which hinder socioeconomic activities. These countries will
have to individually and collectively evaluate the tradeoffs
between climate change actions and nearer term needs (such
as hunger, air and water pollution, energy demand). Coping
strategieswould have to be devel oped for three crucia sectors:
land resources, water resources, and food productivity.
Adaptation measures that are designed to anticipate the
potential effectsof climate change can help offset many of the
negative effects. [11.3.1]

5.3. Australia and New Zealand

The Australia/New Zealand region spans the tropics to mid-
latitudes and has varied climates and ecosystems, including
deserts, rainforests, coral reefs, and alpine areas. The climate
isstrongly influenced by the surrounding oceans. Australiahas
significant vulnerability tothedrying trend projected over much
of the country for the next 50-100 years (Figure TS-3) because
substantial agricultural areas currently are adversely affected
by periodic droughts, and there already are large areas of arid
and semi-arid land. New Zealand—asmaller, moremountainous
country with agenerally more temperate, maritime climate—
may bemoreresilient to climate changesthan Austraia, athough
considerable vulnerability remains (medium confidence).
Table TS-9 shows key vulnerabilities and adaptability to
climate changeimpactsfor Australiaand New Zealand. [12.9.5]

Comprehensive cross-sectoral estimates of net climate change
impact costsfor various GHG emission scenariosand different
societal scenarios are not yet available. Confidence remains
very low in the IPCC Special Report on Regional I mpacts of
Climate Change estimate for Australiaand New Zealand of
—-1.2 to —3.8% of GDP for an equivalent doubling of CO,
concentrations. This estimate did not account for many of the
effects and adaptations currently identified. [12.9]

Extreme eventsare amajor source of current climateimpacts,
and changes in extreme events are expected to dominate the
impactsof climate change. Return periodsfor heavy rains, floods,
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and seerlevel surgesof agiven magnitude at particular locations
would be modified by possibleincreasesin intensity of tropical
cyclones and heavy rain events and changes in the location-
specific frequency of tropical cyclones. Scenarios of climate
change that are based on recent coupled atmosphere-ocean
(A-O) models suggest that large areas of mainland Australia
will experience significant decreasesinrainfall during the 21st
century. The ENSO phenomenon leadsto floodsand prolonged
droughts, especialy in inland Australia and parts of New
Zealand. Theregion would be sensitiveto achangetowardsa
more El Nifio-like mean state. [12.1.5]

Before stabilization of GHG concentrations, the north-south
temperature gradient in mid-southern latitudes is expected to
increase (medium to high confidence), strengthening the
westerlies and the associated west-to-east gradient of rainfall
across Tasmaniaand New Zealand. Following stabilization of
GHG concentrations, thesetrendswould be reversed (medium
confidence). [12.1.5.1]

Climate change will add to existing stresses on achievement
of sustainable land use and conservation of terrestrial and
aquatic biodiversity. These stressesincludeinvasion by exotic
animal and plant species, degradation and fragmentation of
natural ecosystemsthrough agricultural and urban devel opment,
dryland salinization (Australia), removal of forest cover
(Austrdliaand New Zealand), and competition for scarce water
resources. Within both countries, economically and socially
disadvantaged groups of people, especially indigenous peoples,
are particularly vulnerable to stresses on health and living
conditions induced by climate change. Major exacerbating
problems include rapid population and infrastructure growth
invulnerable coastal areas, inappropriate use of water resources,
and complex institutional arrangements. [12.3.2, 12.3.3,
12.4.1,12.4.2, 12.6.4, 12.8.5]

5.3.1. Water Resources

Water resourcesalready arestressed in someareasand therefore
are highly vulnerable, especially with respect to salinization
(partsof Australia) and competition for water supply between
agriculture, power generation, urban areas, and environmental
flows (high confidence). Increased evaporation and possible
decreasesinrainfal in many areaswould adversdly affect water
supply, agriculture, and the survival and reproduction of key
species in parts of Australia and New Zealand (medium
confidence). [12.3.1, 12.3.2, 12.4.6, 12.5.2, 12.5.3, 12.5.6]

5.3.2. Ecosystems

Awarming of 1°C would threaten the survival of speciesthat
currently aregrowing near theupper limit of their temperature
range, notably in marginal alpineregionsand in the southwest
of Western Audtralia. Speciesthat areunableto migrateor relocate
because of land clearing, soil differences, or topography could
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TableTS-9: Main areas of vulnerability and adaptability to climate changeimpactsin Australiaand New Zealand. Degree of
confidence that tabulated impacts will occur isindicated by starsin second column (see Section 1.4 of Technical Summary
for key to confidence-level rankings). Confidence levels, and assessments of vulnerability and adaptability, are based on
information reviewed in Chapter 12, and assume continuation of present population and investment growth patterns.

Sector I mpact Vulnerability | Adaptation Adaptability | Section
Hydrology and| - Irrigation and metropolitan Highin - Planning, water alocation, | Medium 12.31,
water supply supply constraints, and some areas and pricing 12.3.2
increased salinization—****
- Sdtwater intrusionintosome | Highin | - Alternativewater supplies, | Low | 1233 |
island and coastal aquifers— | limited areas| retreat
*kk*k
Terrestrial - Increased salinization of High - Changesin land-use Low 12.3.3
ecosystems dryland farms and some practices
streams (Australia)—***
- Biodiversity lossnotably in | Mediumto | - Landscapemanagement; | Mediumto | 1242, |
fragmented regions, Australian | highinsome| little possiblein alpine low 12.4.4,
alpine areas, and southwest of | areas areas 12.4.8
WA_****
- Increasedrisk of firess—*** | Medium | - Landmanagement, fire | Medium | 12153, |
protection 1254,
12.5.10
-Weedinvasion—*** | Medium | -Landscapemanagement | Medium | 1243 |
Aquatic - Salinization of some coastal High - Physical intervention Low 12.4.7
ecosystems freshwater wetlands—***
-Riverandinlandwetland | Medium | - Changewater dllocations | Low | 1245, |
ecosystem changes—*** 12.4.6
- Eutrophication—*** | Mediumin | - Changewater allocations, | Mediumto | 1234 |
inland Aus. reduce nutrient inflows low
waters
Coastal - Coral bleaching, especially High - Seed cora? Low 12.4.7
ecosystems Great Barrier Regf—****
-Moretoxicalgd blooms>—* | Unknown | —  — | 1247
Agriculture, - Reduced productivity, increased | Location- - Management and policy Medium 125.2,
grazing, and stress on rural communitiesif | dependent, changes, fire prevention, 125.3,
forestry droughtsincrease, increased worsens seasonal forecasts 1254
forest fire risk—*** withtime
- Changesin global marketsdue | High, but | - Marketing, planning, niche | Medium | 1259 |
to climate changes elsewhere— | signuncertain| and fuel crops, carbon
*** but sign uncertain trading
- Increased spread of pestsand | Medium | - Exclusion, spraying | Medium | 1257 |
diseases—****
- Incressed CO, initially increases | Changes | - Changefarmpractices, || 1253, |
productivity but offset by withtime changeindustry 1254
climate changeslater—**
Horticulture | - Mixed impacts (+ and -), Low overdl | - Relocate High 1253
depends on species and
location—****
Fish - Recruitment changes (some Unknown - Monitoring, management | — 1255
species)—** net effect
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Table T S-9 (continued)

Sector I mpact Vulnerability | Adaptation Adaptability | Section

Settlements - Increased impacts of flood, Highin - Zoning, disaster planning | Moderate 12.6.1,

and industry storm, storm surge, sea-level some places 1264
ri$_***

Human health | - Expansion and spread of High - Quarantine, eradication, or | Moderateto | 12.7.1,
vector-borne diseases—**** control high 12.7.4

- Increased photochemical air Moderate - Emission controls High 12.7.1

pollution—**** (somecities)

become endangered or extinct. Other Australian ecosystems
that are particularly vulnerable include coral reefs and arid
and semi-arid habitats. Freshwater wetlandsin coastal zones
inAustraliaand New Zealand are vulnerable, and some New
Zealand ecosystems are vulnerable to accelerated spread of
weeds. [12.4.2, 12.4.3,12.4.4, 12.4.5, 12.4.7]

5.3.3. Food Production

Agricultural activitiesare particularly vulnerableto regional
reductionsinrainfall in southwest andinland Australia (medium
confidence). Drought frequency and consequent stresses on
agriculturearelikely toincreasein parts of Australiaand New
Zedand asaresult of higher temperaturesand El Nifio changes
(medium confidence). Enhanced plant growth and water-use
efficiency (WUE) resulting from CO, increasesmay provideinitial
benefitsthat offset any negativeimpactsfrom climate change
(medium confidence), although thebalanceisexpected to become
negative with warmings in excess of 2-4°C and associated
rainfall changes (medium confidence). Thisis illustrated in
Figure TS-7 for wheat production in Australia, for arange of
climate change scenarios. Reliance on exportsof agricultural and
forest products makes the region very sensitive to changesin
production and commodity pricesthat areinduced by changes
in climate elsewhere. [12.5.2, 12.5.3, 12.5.6, 12.5.9, 12.8.7]

Australian and New Zealand fisheries are influenced by the
extent and location of nutrient upwellings governed by
prevailing winds and boundary currents. In addition, ENSO
influences recruitment of somefish speciesand theincidence
of toxic algal blooms. [12.5.5]

5.3.4. Settlements, Industry, and Human Health

Marked trends toward greater population and investment in
exposed regionsareincreasing vulnerability totropical cyclones
and stormsurges. Thus, projectedincreasesintropical cyclone
intensity and possible changes in their location-specific
frequency, along with sea-leve rise, would have mgjor impacts—
notably, increased storm-surge heightsfor agiven return period
(medium to high confidence). Increased frequency of high-

intensity rainfall would increase flood damagesto settlements
and infrastructure (medium confidence). [12.1.5.1, 12.1.5.3,
12.6.1, 12.6.4]

Thereis high confidence that projected climate changes will
enhance the spread of some disease vectors, thereby increasing
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Figure TS-7: Percentage change in average annual total Australian
wheat yield for CO, (levels of 700 ppm) and a range of changes in
temperature and rainfall: a) current planting dates, and b) optimal
planting dates.Yield response is shown for rainfall changes of +20%
(white), O (light blue), and —20% (dark blue), for warmings of 0-4°C.
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the potential for disease outbreaks such as mosguito-borne
RossRiver virusand Murray Valley encephalitis, despiteexisting
biosecurity and health services. [12.7.1]

5.3.5. Key Adaptation Options

K ey adaptation optionsincludeimproved WUE and effective
trading mechanisms for water; more appropriate land-use
policies; provision of climateinformation and seasonal forecasts
to land usersto help them manage for climate variability and
change; improved crop cultivars; revised engineering standards
and zoning for infrastructure development; and improved
biosecurity and health services. However, many natural
ecosystemsinAustraliaand New Zealand have only alimited
capacity to adapt, and many managed systemswill facelimits
on adaptation imposed by cost, acceptability, and other factors.
[12.3.2,12.3.3, 12.5.6, 12.7.4, 12.8.4, 12.8.5]

5.4.Europe

Present-day weather conditions affect natural, social, and
economic systemsin Europe in waysthat reveal sensitivities
and vulnerabilitiesto climate changein these systems. Climate
change may aggravate such effects (very high confidence).
Vulnerability to climate changein Europe differssubstantially
between subregions. Southern Europe and the European Arctic
aremorevulnerablethan other partsof Europe. More-marginal
and less-wesalthy areaswill belessableto adapt, whichleadsto
important equity implications (very high confidence). Findings
inthe TAR relating to key vulnerabilitiesin Europeare broadly
consistent with those expressed in the |PCC Special Report on
Regional Impactsof Climate Changeand the SAR, but aremore
specific about subregiona effectsand include new information
concerning adaptive capacity. [13.1.1, 13.1.4, 13.4]

5.4.1. Water Resources

Water resources and their management in Europe are under
pressure now, and these pressures arelikely to be exacer bated
by climate change (high confidence). Flood hazard is likely
to increase across much of Europe—except where snowmelt
peak has been reduced—and the risk of water shortage is
projected toincrease, particularly in southern Europe (medium
to high confidence). Climate change islikely to widen water
resource differences between northern and southern Europe
(high confidence). Half of Europe's alpine glaciers could
disappear by the end of the 21st century. [13.2.1]

5.4.2. Ecosystems

Natural ecosystems will change as a result of increasing
temper atureand atmospheric concentration of CO,. Permafrost
will decline; trees and shrubs will encroach into current
northern tundra; and broad-leaved trees may encroach into
current coniferous forest areas. Net primary productivity in

| Synthesis Report

ecosystems is likely to increase (also as a result of nitrogen
deposition), but increases in decomposition resulting from
increasing temperature may negate any additional carbon
storage. Diversity in naturereservesisunder threat from rapid
change. Loss of important habitats (wetlands, tundra, and
isolated habitats) would threaten some species (including rare/
endemic speciesand migratory birds). Faunal shiftsasaresult
of ecosystem changes are expected in marine, aquatic, and
terrestrial ecosystems (high confidence; established but
incomplete evidence). [13.2.1.4, 13.2.2.1, 13.2.2.3-5]

Soil propertieswill deteriorate under warmer and drier climate
scenarios in southern Europe. The magnitude of this effect
will vary markedly between geographic locations and may be
modified by changes in precipitation (medium confidence;
established but incomplete evidence). [13.2.1.2]

In mountain regions, higher temperatures will lead to an
upward shift of biotic zones. Therewill be aredistribution of
species with, in some instances, a threat of extinction (high
confidence). [13.2.1.4]

Timber harvest will increasein commercia forestsin northern
Europe (medium confidence; established but incomplete
evidence), although forest pests and disease may increase.
Reductions are likely in the Mediterranean, with increased
drought and fire risk (high confidence; well-established
evidence). [13.2.2.1]

5.4.3. Agriculture and Food Security

Agricultural yieldswill increase for most crops as a result of
increasing atmospheric CO, concentration. Thisincrease in
yieldswould be counteracted by the risk of water shortagein
southern and eastern Europe and by shortening of the duration
of growth in many grain crops because of increasing
temperature. Northern Europeis likely to experience overall
positive effects, whereas some agricultural production systems
in southern Europe may be threatened (medium confidence;
established but incomplete evidence).

Changesin fisheries and aquaculture production resulting from
climate change embrace faunal shifts that affect freshwater
and marine fish and shellfish biodiversity. These changeswill
be aggravated by unsustainable exploitation levels and
environmental change (high confidence).

5.4.4. Human Settlements and Financial Services

Theinsuranceindustry faces potentially costly climate change
impacts through the medium of property damage, but thereis
great scope for adaptive measuresif initiatives are taken soon
(high confidence). Transport, energy, and other industrieswill
face changing demand and market opportunities. The
concentration of industry on the coast exposes it to sea-level
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Soviet Union excluded).

Table TS-10: Estimates of flood exposure and incidence for Europe's coasts in 1990 and the 2080s. Estimates of flood
incidence are highly sensitive to assumed protection standard and should be interpreted in indicative terms only (former

Flood Incidence
1990 1990 2080s
Exposed Average Number of People | Increase dueto Sea-Level
Population Experiencing Flooding Rise, Assuming No Adaptation
Region (millions) (thousands yr?) (%)
Atlantic Coast 19.0 19 50 to 9,000
Baltic Coast 14 1 0 to 3,000
Mediterranean Coast 4.1 3 260 to 12,000

rise and extreme events, necessitating protection or removal
(high confidence). [13.2.4]

Recreational preferences are likely to change with higher
temperatures. Heat waves are likely to reduce the traditional
peak summer demand at M editerranean holiday destinations.
Less-reliable snow conditionswill impact adversely on winter
tourism (medium confidence). [13.2.4.4]

Therisk of flooding, erosion, and wetland lossin coastal areas
will increase subgtantialy, withimplicationsfor human settlement,
industry, tourism, agriculture, and coastal natural habitats.
Southern Europe appearsto bemore vulnerableto these changes,
although the North Sea coast already has a high exposure to
flooding (high confidence). Table TS-10 provides estimates
of flood exposure and risk for Europe’s coasts. [13.2.1.3]

5.4.5. Human Health

A range of risksis posed for human health through increased
exposure to heat episodes (exacerbated by air pollution in
urban areas), extension of some vector-borne diseases, and
coastal and riverineflooding. Cold-related riskswill bereduced
(medium confidence; competing explanations). [13.2.5]

5.4.6. Adaptive Capacity

The adaptation potential of socioeconomic systemsin Europe
isrelatively high because of economic conditions[high gross
national product (GNP) and stable growth], astable population
(with the capacity to move within the region), and well-
developed poalitical, ingtitutional, and technological support
systems. However, the adaptation potentia for natural systems
generaly islow (very high confidence). [13.3]

5.5. Latin America
Thereisample evidence of climate variability at awiderange

of time scales all over Latin America, from intraseasonal to
long-term. In many subregionsof Latin America, thisvariability

inclimate normally isassociated with phenomenathat already
produce impacts with important socioeconomic and
environmental conseguences that could be exacerbated by
global warming and its associated weather and climate changes.

Variations in precipitation have a strong effect on runoff and
streamflow, which are simultaneously affected by melting of
glaciersand snow. Preci pitation variationsand their sign depend
on the geographical subregion under consideration. Temperature
inLatinAmericaal so variesamong subregions. Although these
variations might depend on the origin and quality of the source
data as well as on the record periods used for studies and
analyses, some of these variations could be attributed to a
climate change condition (low confidence). [14.1.2.1]

ENSOisresponsiblefor alarge part of the climate variability
at interannual scalesin Latin America (high confidence). The
region is vulnerable to El Nifio, with impacts varying across
the continent. For example, El Nifio is associated with dry
conditions in northeast Brazil, northern Amazonia, the
Peruvian-Bolivian Altiplano, and the Pacific coast of Central
America. The most severe droughts in Mexico in recent
decadeshave occurred during El Nifio years, whereas southern
Brazil and northwestern Peru have exhibited anomalously wet
conditions. LaNifiaisassociated with heavy precipitation and
flooding in Colombia and drought in southern Brazil. If El
Nifio or La Nifia were to increase, Latin America would be
exposed to these conditions more often. [14.1.2]

Some subregions of Latin America frequently experience
extreme events, and these extraordinary combinations of
hydrological and climatic conditionshistorically have produced
disastersin Latin America. Tropical cyclones and associated
heavy rain, flooding, and landslides are very common in
Central Americaand southern Mexico. In northwestern South
America and northeastern Brazil, many of the extremes that
occur are strongly related to El Nifio. [14.1.2]
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5.5.1. Water Resources

It has been well established that glaciers in Latin America
have receded in the past several decades. Warming in high
mountain regions could lead to disappearance of significant
snow and i ce surface (medium confidence), which could affect
mountain sport and tourist activities. Because these areas
contribute to river streamflow, this trend also would reduce
water availability for irrigation, hydropower generation, and
navigation. [14.2.4]

5.5.2. Ecosystems

It iswell established that Latin America accounts for one of
the Earth’'s largest concentrations of biodiversity, and the
impacts of climate change can be expected to increase therisk
of biodiversity loss (high confidence). Observed population
declinesin frogs and small mammalsin Central Americacan
berelated to regiona climate change. Theremaining Amazonian
forest isthreatened by the combination of human disturbance,
increases in fire frequency and scale, and decreased
precipitation from evapotranspiration loss, global warming,
and El Nifio. Neotropical seasonally dry forest should be
considered severely threatened in Mesoamerica.

Treemortality increases under dry conditionsthat prevail near
newly formed edgesin Amazonian forests. Edges, which affect
anincreasingly large portion of theforest because of increased
deforestation, would be especially susceptible to the effects
of reduced rainfall. In Mexico, nearly 50% of the deciduous
tropical forest would be affected. Heavy rain during the 1997-
1998 ENSO event generated drastic changesin dry ecosystems
of northern Peru’ scoastal zone. Global warming would expand
the areasuitablefor tropical forestsas equilibrium vegetation
types. However, theforcesdriving deforestation makeit unlikely
that tropical forestswill be permitted to occupy theseincreased
areas. Land-use changeinteractswith climatethrough positive-
feedback processes that accelerate loss of humid tropical
forests. [14.2.1]

5.5.3. Sea-Level Rise

Sea-level risewill affect mangrove ecosystems by eliminating
their present habitatsand creating newtidally inundated areas
to which some mangrove speciesmay shift. Thisal sowould affect
the region’ s fisheries because most commercial shellfish and
finfishusemangrovesfor nurseriesand refuge. Coastd inundation
that stemsfrom sea-level rise and riverine and flatland flooding
would affect water avail ability and agricultura land, exacerbating
socioeconomic and health problems in these areas. [14.2.3]

5.5.4. Agriculture

Sudiesin Argentina, Brazl, Chile, Mexico, and Uruguay—
based on GCMs and crop models—project decreased yields
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for numerous crops (e.g., maize, wheat, barley, grapes) even
when thedirect effects of CO, fertilization and implementation
of moderate adaptation measures at the farm level are
considered (high confidence). Predicted increases in
temperature will reduce crops yields in the region by
shortening the crop cycle. Over the past 40 years, the
contribution of agriculture to the GDP of Latin American
countries has been on the order of 10%. Agricultureremainsa
key sector intheregional economy becauseit employs30-40%
of theeconomically active population. It also is very important
for the food security of the poorest sectors of the population.
Subsistencefarming could be severely threatened in some parts
of Latin America, including northeastern Brazil.

It is established but incomplete that climate change would
reduce silvicultural yields because lack of water often limits
growth during the dry season, which is expected to become
longer and moreintensein many partsof Latin America. Table
TS-11 summarizes studies undertaken on the region for
different crops and management conditions, all under rainfed
conditions; most of these results predict negative impacts,
particularly for maize. [14.2.2]

5.5.5. Human Health

The scale of health impacts from climate change in Latin
Americawould depend primarily on the size, density, location,
and wealth of populations. Exposure to heat or cold waves
has impacts on mortality rates in risk groups in the region
(medium confidence).

Increasesin temperature would affect human healthin polluted
cities such as Mexico City and Santiago, Chile. It is well
established that ENSO causes changes in disease vector
populations and in the incidence of water-borne diseases in
Brazil, Peru, Balivia, Argentina, and Venezuela. Studies in
Peru and Cuba indicate that increases in temperature and
precipitation would change the geographical distribution of
infectious diseases such as cholera and meningitis (high
confidence), although there is speculation about what the
changesin patterns of diseaseswould bein different places. It
iswell established that extreme eventstend to increase death
and morbidity rates (injuries, infectious diseases, social
problems, and damageto sanitary infrastructure), asshownin
Central Americawith Hurricane Mitch in 1998, heavy rains
in Mexico and Venezuelain 1999, andin Chileand Argentina
in 2000. [14.2.5]

5.6. North America

North America will experience both positive and negative
climate change impacts (high confidence). Varying impactson
ecosystems and human settlementswill exacerbate subregional
differences in climate-sensitive resource production and
vulnerability to extreme events. Opportunitiesand challenges
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Table TS-11: Assessments of climate change impacts on annual cropsin Latin America.
Sudy? Climate Scenario Scope Crop Yield | mpact (%)
Downing, 1992 +3°C Norte Chico, Chile Wheat decrease
—25% precipitation Maize increase
Potato increase
Grapes decrease
Baethgen, 1994 GISS, GFDL, UKMO | Uruguay Wheat -30
Barley —40 to =30
de Siqueiraet al., 1994 | GISS, GFDL, UKMO | Brazil Wheat -50to-15
Maize -25t0 -2
Soybeans —10to +40
Liverman and O'Brien, | GFDL, GISS Tlaltizapan, Mexico Maize -20
1991 —24
-61
Livermanetal., 1994 | GISS, GFDL, UKMO | Mexico Maize —61t0 -6
Salaand Paruelo, 1994 | GISS, GFDL, UKMO | Argentina Maize -36to-17
Baethgen and Magrin, | UKMO Argentina Wheat -51t0-10
1995 Uruguay
(9 sites)
Condeet al., 1997a CCCM, GFDL Mexico Maize increase-decrease
(7 sites)
Magrin et al., 1997a GISS, UKMO, GFDL, | Argentina Maize -16to +2
MPI (43 sites) Wheat -8to+7
Sunflower -8to +13
Soybean —-22to+21
Hofstadter et al., 1997 | Incremental Uruguay Barley -10°
-8 to +5°
Maize —15¢
—13 to +10¢
2 See WGII TAR Chapter 14 reference list for compl ete source information.
b For 1°C increase.
¢ Change of —20 to +20% in precipitation.
d For 2°C increase.

to adaptation will arise, frequently involving multiple stresses
(Table TS-12). Someinnovative adaptation strategiesare being
tested asaresponseto current climate-related challenges (e.g.,
water banks), but few cases have examined how these strategies
could beimplemented asregional climates continueto change.
Shifting patternsin temperature, precipitation, disease vectors,
and water availability will require adaptive responses—
including, for example, investments in storm protection and
water supply infrastructure, as well as community health
services. [15.3.2, 15.4]

5.6.1. Communities and Urban Infrastructure

Potential changes in the frequency, severity, and duration of
extreme events are among the most important risks associated

with climate change in North America. Potential impacts of
climate change on citiesinclude fewer periodsof extremewinter
cold; increased frequency of extreme heat; rising sealevelsand
risk of storm surge; and changesintiming, frequency, and severity
of flooding associated with storms and precipitation extremes.
These events—particularly increased heat waves and changes
in extreme events—will be accompanied by effectson health.

Communities can reducetheir vulnerability to adverseimpacts
through investmentsin adaptive infrastructure, which can be
expensive. Rural, poor, and indigenous communities may not
be able to make such investments. Furthermore, infrastructure
investment decisions are based on a variety of needs beyond
climate change, including population growth and aging of
existing systems. [15.2.5]
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TableTS-12: Climate change adaptation issuesin North American subregions. Some uniqueissuesfor certain locations also

areindicated.
North American
Subregions Development Context Climate Change Adaptation Options and Challenges
Most or all - Changing commodity markets - Role of water/environmental markets
subregions - Intensive water resources development | - Changing design and operations of water and energy systems
over large areas—domestic and - New technology/practicesin agriculture and forestry
transboundary - Protection of threatened ecosystems or adaptation to new
- Lengthy entitlement/land claim/treaty landscapes
agreements—domestic and - Increased role for summer (warm weather) tourism
transboundary - Risksto water quality from extreme events
- Urban expansion - Managing community health for changing risk factors
- Transportation expansion - Changing roles of public emergency assistance and private
insurance
Arctic border - Winter transport system - Design for changing permafrost and ice conditions
- Indigenouslifestyles - Role of two economies and co-management bodies
Coastal regions | - Declinesin some commercial marine - Aquaculture, habitat protection, fleet reductions
resources (cod, salmon) - Coastal zone planning in high demand areas
- Intensive coastal zone development
Great Lakes - Sensitivity to lakelevel fluctuations - Managing for reduction in mean levels without increased
shoreline encroachment

5.6.2. Water Resources and Aquatic Ecosystems

Uncertain changes in precipitation lead to little agreement
regarding changesintotal annual runoff acrossNorth America.
M odeled impacts of increased temperatureson lake evaporation
lead to cons stent projectionsof reduced |akelevelsand outflows
for the Great Lakes-St. Lawrence system under most scenarios
(medium confidence). Increased incidence of heavy precipitation
events will result in greater sediment and non-point-source
pollutant loadings to watercourses (medium confidence). In
addition, in regionswhere seasonal snowmelt isanimportant
aspect of the annual hydrologic regime (e.g., California,
Columbia River Basin), warmer temperaturesarelikelytoresult
in a seasonal shift in runoff, with a larger proportion of total
runoff occurring in winter, together with possible reductions
insummer flows (high confidence). Thiscould adversely affect
the availability and quality of water for instream and out-of -
stream water uses during the summer (medium confidence).
Figure TS-8 shows possible impacts. [15.2.1]

Adaptive responses to such seasonal runoff changes include
atered management of artificial storage capacity, increased
reliance on coordinated management of groundwater and
surface water supplies, and voluntary water transfers between
variouswater users. Such actions could reduce the impacts of
reduced summer flows onwater users, but it may bedifficult or
impossibleto offset adverseimpactson many aquatic ecosystems,
and it may not be possibleto continueto provide current levels
of reliability and quality for all water users. Someregions(e.g.,
the western United States) are likely to see increased market
transfersof available water suppliesfromirrigated agriculture

tourbanand other rdaively highly valued uses. Suchredllocations
raise social priority questionsand entail adjustment coststhat
will depend on the ingtitutionsin place.

5.6.3. Marine Fisheries

Climate-related variationsin marine/coastal environmentsare
now recognized as playing an important role in determining
theproductivity of several North American fisheriesinthe Pacific,
North Atlantic, Bering Sea, and Gulf of Mexicoregions. There
are complex links between climatic variations and changesin
processesthat influencethe productivity and spatial distribution
of marine fish populations (high confidence), as well as
uncertainties linked to future commercial fishing patterns.
Recent experience with Pacific salmon and Atlantic cod suggests
that sustai nable fisheries management will requiretimely and
accurate scientific information on environmental conditions
affecting fish stocks, as well asinstitutional and operational
flexibility to respond quickly to such information. [15.2.3.3]

5.6.4. Agriculture

Small to moderate climate change will not imperil food and
fiber production (high confidence). Therewill be strong regiona
production effects, with some areas suffering significant loss
of comparative advantageto other regions(medium confidence).
Overadll, this results in a small net effect. The agricultural
welfare of consumers and producers would increase with
modest warming. However, the benefit would decline at an
increasing rate—possibly becoming a net loss—with further
warming. Thereis potential for increased drought in the U.S.
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* Increased spring flood risks

¢ Flooding of coastal wetlands

¢ Changesin estuary salinity/ecology

I. Alaska, Yukon, and Coastal British Columbia
Lightly settled/water-abundant region;
potential ecological, hydropower, and flood impacts:

 Glacia retreat/disappearance in south, advance
in north; impacts on flows, stream ecology
* Increased stress on salmon, other fish species

II.  Pacific Coast States (USA)

competition for water:

water supply

SierraNevada and Cascades

Joaquin Delta

salmon)

Large and rapidly growing population; water
abundance decreases north to south; intensive
irrigated agriculture; massive water-control
infrastructure; heavy reliance on hydropower;
endangered species issues; increasing

» Morewinter rainfall/less snowfall—earlier
seasona peak in runoff, increased
fall/winter flooding, decreased summer

 Possibleincreasesin annual runoff in

* Possible summer sdinity increasein San
Francisco Bay and Sacramento/San

+ Changesin lake and stream ecology—
warmwater species benefitting; damage
to coldwater species (e.g., trout and

V.  Sub-Arcticand Arctic
Sparse population (many dependent on natural systems); winter ice cover important feature of
hydrologic cycle:
 Thinner ice cover, 1- to 3-month increase in ice-free season, increased extent of open water
* Increased |ake-level variahility, possible complete drying of some deltalakes
» Changesin aquatic ecology and species distribution as aresult of warmer temperatures and
longer growing season
VI. Midwest USA and Canadian Prairies
| Agricultural heartland—mostly rainfed, with some
L T r; areas relying heavily on irrigation:
§  Nifigent + Annud streamflow decreasing/increasing; possible
i, i ,'n-]' . large declinesin summer streamflow
. R S Wl * Increasing likelihood of severe droughts
L j ol * Possibleincreasing aridity in semi-arid zones
P, T ¢ Increases or decreasesin irrigation demand and
{ i i . water availability—uncertain impacts on farm-

reduced summer soil moisture

I11.  Rocky Mountains (USA and Canada)
Lightly populated in north, rapid population growth in south;
irrigated agriculture, recreation, urban expansion increasingly
competing for water; headwaters area for other regions:
* Riseinsnow lineinwinter-spring, possibleincreasesin snowfall,
earlier snowmelt, more frequent rain on snow—changesin
seasona streamflow, possible reductionsin summer streamflow,

 Stream temperature changes affecting species composition;
increased isolation of coldwater stream fish

IV. Southwest

reduced water supplies

aguatic species

Rapid population growth, dependence on limited
groundwater and surface water supplies, water
quality concernsin border region, endangered species
concerns, vulnerability to flash flooding:

* Possible changesin snowpacks and runoff

* Possible declinesin groundwater recharge—

¢ Increased water temperatures—further stress on

* Increased frequency of intense precipitation
events—increased risk of flash floods

sector income, groundwater |evels, streamflows,
and water quality

h -;('q;‘;-}n
i W |
/4

VII. Great Lakes
Heavily populated and industrialized region; variationsin lake
levels'flows now affect hydropower, shipping, shoreline structures:
* Possible precipitation increases coupled with reduced runoff
and lake-level declines
T * Reduced hydropower production; reduced channel depths for
shipping
» Decreasesin lake ice extent—some years w/out ice cover
 Changes in phytoplankton/zooplankton biomass, northward
migration of fish species, possible extirpations of coldwater
species

VIII. Northeast USA and Eastern Canada
Large, mostly urban population—generally adequate water supplies, large
number of small dams, but limited total reservoir capacity; heavily populated
floodplains:
+ Decreased snow cover amount and duration
* Possible large reductions in streamflow
* Accelerated coastal erosion, salineintrusion into coastal aguifers
* Changes in magnitude, timing of ice freeze-up/break-up, with impacts on
spring flooding
* Possible elimination of bog ecosystems
+ Shiftsin fish species distributions, migration patterns

Southeast, Gulf, and Mid-Atlantic USA

Increasing population—especially in coastal areas, water quality/non-point

source pollution problems, stress on aquatic ecosystems:

» Heavily populated coastal floodplains at risk to flooding from extreme
precipitation events, hurricanes

» Possible lower base flows, larger peak flows, longer droughts

 Possible precipitation increase—possible increases or decreasesin runoff/river
discharge, increased flow variability

* Mgagjor expansion of northern Gulf of Mexico hypoxic zone possible—aother
impacts on coastal systems related to changes in precipitation/non-point
source pollutant loading

» Changesin estuary systems and wetland extent, biotic processes, species
distribution

Figure TS-8: Possible water resources impacts in North America.
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Great Plains/Canadian Prairies and opportunitiesfor alimited
northward shift in production areas in Canada.

Increased production from direct physiological effectsof CO,,
and farm- and agricultural market-level adjustments (e.g.,
behavioral, economic, and institutional) are projected to offset
losses. Economic studies that include farm- and agricultural
market-level adjustmentsindicate that the negative effects of
climate change on agriculture probably have been overestimated
by studiesthat do not account for these adjustments (medium
confidence). However, the ability of farmersto adapt their input
and output choicesisdifficult to forecast and will depend on
market and institutional signals. [15.2.3.1]

5.6.5. Forests and Protected Areas

Climate change is expected to increase the areal extent and
productivity of forests over the next 50-100 years (medium
confidence). However, climate changeislikely to cause changes
inthe nature and extent of several “disturbancefactors’ (e.g.,
fire, insect outbreaks) (medium confidence). Extremeor long-
term climate change scenarios indicate the possibility of
widespread forest decline (low confidence).

Thereis strong evidence that climate change can lead to the
loss of specific ecosystem types—such as high alpine areas
and specific coastal (e.g., salt marshes) andinland (e.g., prairie
“potholes’) wetland types (high confidence). Thereismoderate
potential for adaptation to prevent these losses by planning
conservation programs to identify and protect particularly
threatened ecosystems. Lands that are managed for timber
production are likely to be less susceptible to climate change
than unmanaged forests because of the potential for adaptive
management. [15.2.2]

5.6.6. Human Health

Vector-borne diseases, including malaria and dengue fever,
may expand their rangesin the United States and may develop
in Canada. Tick-borne Lyme disease also may see its range
expanded in Canada. However, socioeconomic factors such as
public health measureswill play alargerolein determining the
existenceor extent of suchinfections. Diseases associated with
water may increasewith warming of air and water temperatures,
combined with heavy runoff eventsfrom agricultural and urban
surfaces. I ncreased frequency of convective stormscould lead
to more cases of thunderstorm-associated asthma. [15.2.4]

5.6.7. Public and Private Insurance Systems

Inflation-corrected catastrophelosseshaveincreased eight-fold
in North America over the past 3 decades (high confidence).
The exposures and surpluses of private insurers (especialy
property insurers) and reinsurers have been growing, and
westher-related profit losses and insol vencieshave been observed.
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Insured lossesin North America (59% of the global total) are
increasing with affluence and as popul ations continue to move
into vulnerable areas. Insurer vulnerability to these changes
varies considerably by region.

Recent extremeeventshaveled to several responseshby insurers,
including increased attention to building codes and disaster
preparedness. Insurers’ practicestraditionally have been based
primarily on historic climatic experience; only recently havethey
begun to use model sto predict future climate-related losses, so
the potential for surpriseisrea. Governmentsplay akey roleas
insurers or providers of disaster relief, especialy in casesin
which the private sector deemsrisksto be uninsurable. [15.2.7]

5.7. Polar Regions

Climate change in the polar region is expected to be among
the greatest of any region on Earth. Twentieth century data for
the Arctic show a warming trend of as much as 5°C over
extensiveland areas (very high confidence), while precipitation
hasincreased (low confidence). Thereare someareasof cooling
in eastern Canada. The extent of seaice has decreased by 2.9%
per decade, and it hasthinned over the 1978-1996 period (high
confidence). There hasbeen astatistically significant decrease
in spring snow extent over Eurasiasince 1915 (high confidence).
The area underlain by permafrost has been reduced and has
warmed (very high confidence). Thelayer of seasonally thawed
ground above permafrost hasthickened in someareas, and new
areas of extensive permafrost thawing have devel oped. Inthe
Antarctic, a marked warming trend isevident in the Antarctic
Peninsula, with spectacular lossof ice shel ves (high confidence).
The extent of higher terrestrial vegetation on the Antarctic
Peninsula is increasing (very high confidence). Elsewhere,
warming islessdefinitive. There hasbeen no significant change
in the Antarctic sea ice since 1973, athough it apparently
retreated by more than 3° of latitude between the mid-1950s
and the early 1970s (medium confidence). [16.1.3.2.]

TheArcticisextremely vulnerableto climate change, and major
physical, ecological, and economic impacts are expected to
appear rapidly. A variety of feedback mechanismswill cause
an amplified response, with consegquent impacts on other systems
and people. There will be different species compositions on
land and seg, poleward shiftsin speciesassemblages, and severe
disruptions for communities of people who lead traditional
lifestyles. In developed areas of the Arctic and where the
permafrost is ice-rich, special attention will be required to
mitigate the detrimental impacts of thawing, such as severe
damage to buildings and transport infrastructure (very high
confidence). There also will be beneficia consequences of
climatic warming, such asreduced demand for heating energy.
Substantial lossof seaiceintheArctic Oceanwill befavorable
for opening of Arctic sea routes and ecotourism, which may
have large implications for trade and for local communities.
[16.2.5.3, 16.2.7.1, 16.2.8.1, 16.2.8.2]
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Inthe Antarctic, projected climate changewill generateimpacts
that will be realized slowly (high confidence). Because the
impactswill occur over along period, however, they will continue
long after GHG emissions have stabilized. For example, there
will be slow but steady impacts on ice sheets and circulation
patterns of theglobal ocean, whichwill beirreversiblefor many
centuries into the future and will cause changes elsewherein
the world, including a rise of sea level. Further substantial
loss of ice shelvesisexpected around the Antarctic Peninsula.
Warmer temperatures and reduced sea-ice extent arelikely to
produce long-term changesin the physical oceanography and
ecology of the Southern Ocean, with intensified biological
activity and increased growth rates of fish. [16.2.3.4, 16.2.4.2]

Polar regions contain important drivers of climate change.
The Southern Ocean’ suptake of carbonisprojected to reduce
substantially as a result of complex physical and biological
processes. GHG emissions from tundra caused by changesin
water content, decomposition of exposed peat, and thawing
of permafrost are expected to increase. Reductionsin the extent
of highly reflective snow and ice will magnify warming (very
high confidence). Freshening of watersfromincreased Arctic
runoff and increased rainfall, melt of Antarctic ice shelves,
and reduced sea-ice formation will slow the thermohaline
circulations of the North Atlantic and Southern Oceans and
reduce the ventilation of deep ocean waters. [16.3.1]

Adaptation to climate change will occur in natural polar
ecosystems, mainly through migration and changing mixes
of species. Some speciesmay becomethreatened (e.g., walrus,
seals, and polar bears), whereas others may flourish (e.g.,
caribou and fish). Although such changes may be disruptive
to many local ecological systems and particular species, the
possibility remains that predicted climate change eventually
may increase the overall productivity of natural systemsin
polar regions. [16.3.2]

For indigenous communitieswho follow traditional lifestyles,
opportunities for adaptation to climate change are limited
(very high confidence). Changesin seaice, seasonality of snow,
habitat, and diversity of food species will affect hunting and
gathering practices and could threaten longstanding traditions
and ways of life. Technologically developed communitiesare
likely to adapt quite readily to climate change by adopting
altered modes of transport and by increased investment to take
advantage of new commercial and trade opportunities. [16.3.2]

5.8. Small Island States

Climate change and sea-level rise pose a serious threat to the
small idand states, which span the ocean regions of the Pacific,
Indian, and Atlantic Oceans as well as the Caribbean and
Mediterranean Seas. Characteristics of small island statesthat
increase their vulnerability include their small physical size
relativeto large expanses of ocean; limited natural resources;
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relative isolation; extreme openness of small economies that
arehighly senditiveto external shocksand highly proneto natural
disastersand other extreme events; rapidly growing populations
with high densities; poorly developed infrastructure; and
limited funds, human resources, and skills. These characteristics
limit the capacity of small island states to mitigate and adapt
to future climate change and sea-level rise. [17.1.2]

Many small island statesaready are experiencing the effects of
current largeinterannual variationsin oceanic and atmospheric
conditions. Asaresult, themost significant and moreimmediate
consequencesfor small island statesarelikely to berelated to
changesinrainfall regimes, soil moisture budgets, prevailing
winds (speed and direction), short-term variationsin regional
andlocal sealevels, and patterns of wave action. These changes
are manifest in past and present trends of climate and climate
variability, with an upward trend in average temperature by as
much as 0.1°C per decade and sea-level rise of 2 mmyrtin
the tropical ocean regions in which most of the small island
statesarelocated. Analysisof observational datafrom various
regions indicates an increase in surface air temperature that
has been greater than global rates of warming, particularly in
the Pacific Ocean and Caribbean Sea. Much of the variability
in the rainfall record of the Pacific and Caribbean islands
appearsto be closely related to the onset of ENSO. However,
part of the variability also may be attributable to shiftsin the
Intertropical and South Pacific Convergence Zone, whose
influence on rainfall variability patterns must be better
understood. Theinterpretation of current sea-level trendsalso
is constrained by limitations of observational records,
particularly from geodetic-controlled tide gauges. [17.1.3]

5.8.1. Equity and Sustainable Development

Although the contribution of small island states to global
emissionsof GHG isinsignificant, projected impactsof climate
change and sea-level rise on these states are likely to be
serious. Theimpactswill befelt for many generationsbecause
of small island states’ low adaptive capacity, high sensitivity
to external shocks, and high vulnerability to natural disasters.
Adaptation to these changing conditions will be extremely
difficult for most small island states to accomplish in a
sustainable manner. [17.2.1]

5.8.2. Coastal Zone

Much of the coastal change currently experienced in small
island states is attributed to human activities on the coast.
Projected sea-level rise of 5 mmyr over the next 100 years,
superimposed on further coastal development, will have
negative impacts on the coasts (high confidence). Thisinturn
will increase the vulnerability of coastal environments by
reducing naturd resilience and increasing the cost of adaptation.
Given that severity will vary regionally, the most serious
considerations for some small island states will be whether
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they will have adequate potential to adapt to sea-level rise
within their own national boundaries. [17.2.2.1, 17.2.3]

5.8.3. Ecosystems and Biodiversity

Projected future climate change and sea-level rise will affect
shiftsin species composition and competition. It is estimated
that one of every three known threatened plants are island
endemics while 23% of bird species found on islands are
threatened. [17.2.5]

Coral reefs, mangroves, and seagrass beds that often rely on
stable environmental conditionswill be adver sely affected by
rising air and sea temperature and sea levels (medium
confidence). Episodic warming of the seasurface hasresultedin
grestly stressed coral populationsthat are subject to widespread
coral bleaching. Mangroves, which are common on low-
energy, nutrient/sediment-rich coasts and embaymentsin the
tropics, have been atered by human activities. Changesin sea
levelsarelikely to affect landward and alongshore migration
of remnants of mangrove forests that provide protection for
coastsand other resources. Anincreasein SST would adversely
affect seagrass communities, which already are under stress
from land-based pollution and runoff. Changesin these systems
arelikely to negatively affect fishery populationsthat depend
on them for habitat and breeding grounds. [17.2.4]

5.8.4. Water Resources, Agriculture, and Fisheries

Water resources and agriculture are of critical concern because
most small island states possess limited arableland and water
resources. Communities rely on rainwater from catchments
and a limited freshwater lens. In addition, arable farming,
especially onlow islandsand atolls, is concentrated at or near
the coast. Changes in the height of the water table and soil
salinization asaconsequence of searlevel risewould be stressful
for many staple crops, such astaro.

Althoughfishingislargely artisinal or small-scale commercial,
it isan important activity on most small islands and makes a
sgnificant contribution to the protein intake of idand inhabitants.
Many breeding grounds and habitats for fish and shellfish—
such asmangroves, coral reefs, seagrass beds, and salt ponds—
will face increasing threats from likely impacts of projected
climate change. Water resources, agriculture, and fisheries
aready aresensitiveto currently observed variability in oceanic
and atmospheric conditions in many small island states, and
theimpactsarelikely to be exacerbated by future climate and
sea-level change (high confidence). [17.2.6, 17.2.8.1]

5.8.5. Human Health, Settlement, Infrastructure and
Tourism

Several human systems are likely to be affected by projected
changesin climate and sea levelsin many small island states.
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Human health is a major concern given that many tropical
islands are experiencing high incidences of vector- and water-
borne diseasesthat are attributable to changesin temperature
and rainfall, which may be linked to the ENSO phenomenon,
droughts, and floods. Climate extremes al so create ahuge burden
on some areas of human welfare, and these burdensarelikely
toincreaseinthefuture. Almost all settlements, socioeconomic
infrastructure, and activities such as tourism are located at or
near coastal areasin small island states. Tourism provides a
major source of revenue and employment for many small isand
states (Table TS-13). Changes in temperature and rainfall
regimes, as well as loss of beaches, could devastate the
economies of many small island states (high confidence).
Because these areas are very vulnerable to future climate
changeand sea-level rise, it isimportant to protect and nourish
beaches and sites by implementing programs that constitute
wise use resources. Integrated coastal management has been
identified as one approach that would be useful for many small
island statesfor asustainabletourismindustry. [17.2.7, 17.2.9]

5.8.6. Sociocultural and Traditional Assets

Certain traditional island assets (good and services) also will
beat risk from climate change and sea-level rise. These assets
include subsistence and traditional technologies (skills and
knowledge) and cohesive community structures that, in the
past, have hel ped to buttress the resilience of theseislandsto
various forms of shock. Sea-level rise and climate changes,
combined with other environmental stresses, aready have
destroyed unique cultural and spiritua sites, traditional heritage
assets, and important coastal protected areas in many Pacific
island states. [17.2.10]

6. Adaptation, Sustainable Development,
and Equity

Adaptation to climate change hasthe potential to substantially
reduce many of the adverse impacts of climate change and
enhance beneficial impacts, though neither without cost nor
without leaving residual damage. In natural systems,
adaptation is reactive, whereas in human systems it also can
be anticipatory. Figure TS-9 presents types and examples of
adaptation to climate change. Experience with adaptation to
climate variability and extremes showsthat in the private and
public sectors there are constraints to achieving the potential
of adaptation. The adoption and effectiveness of private, or
market-driven, adaptations in sectors and regions are limited
by other forces, institutional conditions, and various sources
of market failure. Thereislittle evidenceto suggest that private
adaptationswill be employed to offset climate change damages
in natural environments. In some instances, adaptation
measures may have inadvertent consequences, including
environmental damage. The ecological, social, and economic
costs of relying on reactive, autonomous adaptation to the
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Table TS-13: Estimates of flood exposure and incidence for Europe’'s coasts in 1990 and the 2080s. Estimates of flood
incidence are highly sensitive to assumed protection standard and should be interpreted in indicative terms only (former
Soviet Union excluded).
Tourist Receipts®
Number of Tourists Tourists as % of

Country (000s)? Population? as % of GNP as % of Exports
Antiguaand Barbuda | 232 364 63 74
Bahamas 1618 586 42 76
Barbados 472 182 39 56
Cape Verde 45 11 12 37
Comoros 26 5 11 48
Cuba 1153 11 9 n/a
Cyprus 2088 281 24 49
Dominica 65 98 16 33
Dominican Republic | 2211 28 14 30
Fiji 359 45 19 29
Grenada 111 116 27 61
Haiti 149 2 4 51
Jamaica 1192 46 32 40
Maldives 366 131 95 68
Malta 1111 295 23 29
Mauritius 536 46 16 27
Papua New Guinea 66 2 2 3
. Kittsand Nevis 88 211 31 64
<. Lucia 248 165 41 67
<. Vincent 65 55 24 46
Samoa 68 31 20 49
Seychelles 130 167 35 52
Singapore 7198 209 6 4
Solomon Islands 16 4 3 4
Trinidad and Tobago | 324 29 4 8
Vanuatu 49 27 19 41
@ Data on tourist inflows and ratio to population pertain to 1997.
b Data for tourist receipts pertain to 1997 for the Bahamas, Cape Verde, Jamaica, the Maldives, Malta, Mauritius, Samoa, Seychelles, Singapore,

and Solomon Islands; 1996 for Antigua and Barbuda, Cuba, Dominica, Dominican Republic, Fiji, Grenada, Haiti, Papua New Guinea, St. Lucia,

and St. Vincent; 1995 for Barbados, Comoros, Cyprus, Trinidad and Tobago, and Vanuatu; and 1994 for &. Kitts and Nevis.

cumulative effects of climate change are substantial. Many of
these costs can be avoided through planned, anticipatory
adaptation. Designed appropriately, many adaptation strategies
could provide multiple benefitsin the near and longer terms.
However, there are limits on their implementation and
effectiveness. Enhancement of adaptive capacity reducesthe
vulnerability of sectorsand regionsto climate change, including
variability and extremes, and thereby promotes sustainable
development and equity. [18.2.4, 18.3.4]

Planned anticipatory adaptation has the potential to reduce
vulnerability and realize opportunities associated with climate
change, regardless of autonomous adaptation. Adaptation
facilitated by public agenciesis an important part of societal
response to climate change. Implementation of adaptation
policies, programs, and measures usually will haveimmediate
and future benefits. Adaptationsto current climate and climate-
related risks (e.g., recurring droughts, storms, floods, and other
extremes) generally are consistent with adaptation to changing
and changed climatic conditions. Adaptation measures are
likely to be implemented only if they are consistent with or

integrated with decisions or programsthat address nonclimatic
stresses. Vulnerabilities associated with climate change are
rarely experienced independently of nonclimatic conditions.
Impactsof climatic stimuli arefelt viaeconomic or socid stresses,

Anticipatory Reactive
=42 ¢ Changesin length of
N QEJ growing season
2% « Changesin ecosystem
‘25 @ composition
* Wetland migration
@ | = Purchase of insurance * Changesin farm practices
G [ « Construction of houseson | + Changesin insurance
= stilts premiums
% % O | « Redesign of ail rigs « Purchase of air-conditioning
g*gg « Early-warning systems « Compensatory payments,
I@\.E » New building codes, design subsidies
g standards » Enforcement of building
a | * Incentivesfor relocation codes
« Beach nourishment

Figure TS-9: Types of adaptation to climate change, including
examples.
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+X* = Upper critical value of X for system of interest:
values < —X* are problematic and considered
“extreme” or beyond “ damage threshold”

—-X* = Lower critical value of X for system of interest:
values < —X* are problematic and considered
“extreme” or beyond “damage threshold”

1 Coping range or zone of minimal hazard potential for
system of interest

[ Probability of “extreme” events (i.e., climatic attribute
values > +X*)

Figure TS-10: Climate change, variability, extremes, and coping
range.

and adaptationsto climate (by individuals, communities, and
governments) are evaluated and undertaken in light of these
conditions. The costs of adaptation often are marginal to other
management or development costs. To be effective, climate
change adaptation must consider nonclimatic stresses and be
consistent with existing policy criteria, development objectives,
and management structures. [18.3.5, 18.4]

The key features of climate change for vulnerability and
adaptation are related to variability and extremes, not simply
changed average conditions (Figure TS-10). Societies and
economies have been making adaptations to climate for
centuries. Most sectors, regions, and communitiesarereasonably
adaptableto changesin average conditions, particularly if the
changesaregradual. However, lossesfrom climatic variations
and extremes are substantial and, in some sectors, increasing.
Theselossesindicate that autonomous adaptation has not been
sufficient to offset damages associ ated with temporal variations
in climatic conditions. Communities therefore are more

Synthesis Report

vulnerableand | ess adaptabl e to changesin the frequency and/
or magnitude of conditions other than average, especially
extremes, which areinherent in climate change. The degree
to which future adaptations are successful in offsetting adverse
impacts of climate change will be determined by successin
adapting to climate change, variability, and extremes. [18.2.2]

6.1. Adaptive Capacity

The capacity to adapt varies considerably among regions,
countries, and socioeconomic groupsand will vary over time.
Table TS-14 summarizes adaptation measures and capacities
by sector, and Table TS-15 providesthisinformation for each
region covered by the TAR. The most vulnerable regionsand
communities are highly exposed to hazardous climate change
effectsand have limited adaptive capacity. The ability to adapt
and cope with climate changeimpactsisafunction of wealth,
scientific and technical knowledge, information, skills,
infrastructure, institutions, and equity. Countrieswith limited
economic resources, low levelsof technol ogy, poor information
and skills, poor infrastructure, unstable or weak institutions,
and inequitable empowerment and access to resources have
little capacity to adapt and are highly vulnerable. Groupsand
regions with adaptive capacity that is limited along any of
these dimensions are more vulnerable to climate change
damages, just as they are more vulnerable to other stresses.
[18.5, 18.7]

6.2. Development, Sustainability, and Equity

Activities required for enhancement of adaptive capacity are
essentially equivalent to those promoting sustainable
development. Enhancement of adaptive capacity isanecessary
condition for reducing vulnerability, particularly for the most
vulnerableregions, nations, and socioeconomic groups. Many
sectors and regionsthat are vulnerabl e to climate change also
areunder pressure from forces such as popul ation growth and
resource depletion. Climate adaptation and sustainability goals
can be jointly advanced by changes in policies that lessen
pressure on resources, improve management of environmental
risks, and enhance adaptive capacity. Climate adaptation and
equity goals can be jointly pursued through initiatives that
promote the welfare of the poorest members of society—for
example, by improving food security, facilitating access to
safe water and health care, and providing shelter and access
to other resources. Development decisions, activities, and
programs play important roles in modifying the adaptive
capacity of communitiesand regions, yet they tend not to take
into account risksassociated with climatevariability and change.
Inclusion of climatic risksin the design and implementation of
development initiatives is necessary to reduce vulnerability
and enhance sustainability. [18.6.1]
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Table TS-14: Adaptation and adaptive capacity in sectors (key findings from Chapters 4 through 9).

Sector

Key Findings

Water Resources

- Water managers have experience with adapting to change. Many techniques exist to assess and
implement adaptive options. However, the pervasiveness of climate change may preclude some
traditional adaptive strategies, and available adaptations often are not used.

- Adaptation can involve management on the supply side (e.g., altering infrastructure or institutional
arrangements) and on the demand side (changing demand or risk reduction). Numerous no-regret
policies exist, which will generate net social benefits regardless of climate change.

- Climate changeisjust one of numerous pressures facing water managers. Nowhere are water management
decisions taken solely to cope with climate change, although it isincreasingly considered for future
resource management. Some vulnerabilities are outs de the conventional responsibility of water managers.

- Estimates of the economic costs of climate change impacts on water resources depend strongly on
assumptions made about adaptation. Economically optimum adaptation may be prevented by
constraints associated with uncertainty, institutions, and equity.

- Extreme events often are catalysts for change in water management, by exposing vulnerabilities and
raising awareness of climate risks. Climate change modifiesindicators of extremes and variability,
complicating adaptation decisions.

- Ability to adapt is affected by institutional capacity, wealth, management philosophy, planning time
scale, organizational and legal framework, technology, and population mobility.

- Water managers need research and management tools aimed at adapting to uncertainty and change,
rather than improving climate scenarios.

Ecosystemsand
Their Services

- Adaptation to loss of some ecosystem services may be possible, especially in managed ecosystems.
However, adaptation to losses in wild ecosystems and biodiversity may be difficult or impossible.

- There is considerable capacity for adaptation in agriculture, including crop changes and resource
substitutions, but adaptation to evolving climate change and interannual variability isuncertain.

- Adaptationsin agriculture are possible, but they will not happen without considerabl e transition costs
and equilibrium (or residual) costs.

- Greater adverse impacts are expected in areas where resource endowments are poorest and the ability
of farmersto adapt is most limited.

- In many countries where rangelands are important, lack of infrastructure and investment in resource
management limit options for adaptation.

- Commercial forestry is adaptable, reflecting a history of long-term management decisions under
uncertainty. Adaptations are expected in land-use management (species-selection silviculture) and
product management (processing-marketing).

- Adaptation in developed countries will fare better, while developing countries and countriesin
transition, especially in the tropics and subtropics, will fare worse.

Coastal Zones

- Without adaptations, the consequences of global warming and sea-level rise would be disastrous.

- Coastal adaptation entails more than just selecting one of the technical options to respond to sea-level
rise (strategies can aim to protect, accommodate, or retreat). It isacomplex and iterative process
rather than a simple choice.

- Adaptation options are more acceptabl e and effective when they are incorporated into coastal zone
management, disaster mitigation programs, land-use planning, and sustainable devel opment strategies.

- Adaptation choiceswill be conditioned by existing policies and devel opment objectives, requiring
researchers and policymakers to work toward acommonly acceptable framework for adaptation.

- The adaptive capacity of coastal systemsto perturbationsis related to coastal resilience, which has
morphological, ecological, and socioeconomic components. Enhancing resilience—including thetechnical,
institutional, economic, and cultural capability to cope with impacts—is aparticularly appropriate
adaptive strategy given future uncertainties and the desire to maintain devel opment opportunities.

- Coastal communities and marine-based economic sectors with low exposure or high adaptive capacity
will be least affected. Communities with lower economic resources, poorer infrastructure, less-
developed communications and transportation systems, and weak social support systems have less
access to adaptation options and are more vulnerable.

Human
Settlements,
Energy, and
Industry

- Larger and more costly impacts of climate change occur through changed probabilities of extreme
weather eventsthat overwhelm the design resiliency of human systems.

- Many adaptation options are availabl e to reduce the vulnerability of settlements. However, urban
managers, especially in developing countries, have so little capacity to deal with current problems
(housing, sanitation, water, and power) that dealing with climate change risksis beyond their means.

- Lack of financial resources, weak institutions, and inadequate or inappropriate planning are major
barriersto adaptation in human settlements.

- Successful environmental adaptation cannot occur without locally based, technically competent, and
politically supported leadership.

- Uncertainty with respect to capacity and the will to respond hinder assessment of adaptation and
vulnerability.
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Table TS-14 (continued)

Sector Key Findings

Insurance and
Other Financial
Services

devel oping countries.

means to bear costs.

- Adaptation in financial and insurance servicesin the short termislikely to be to changing frequencies
and intensities of extreme weather events.

- Increasing risk could lead to agreater volume of traditional business and development of new financia
risk management products, but increased variability of loss events would heighten actuarial uncertainty.

- Financial services firms have adaptability to external shocks, but thereislittle evidence that climate
change is being incorporated into investment decisions.

- The adaptive capacity of the financial sector isinfluenced by regulatory involvement, the ability of
firmsto withdraw from at-risk markets, and fiscal policy regarding catastrophe reserves.

- Adaptation will involve changesin the roles of private and public insurance. Changesin the timing,
intensity, frequency, and/or spatial distribution of climate-related losseswill generate increased
demand on already overburdened government insurance and disaster assistance programs.

- Devel oping countries seeking to adapt in atimely manner face particular difficulties, including limited
availability of capital, poor access to technology, and absence of government programs.

- Insurers’ adaptationsinclude raising prices, non-renewal of policies, cessation of new policies,
limiting maximum claims, and raising deductibles—actionsthat can serioudly affect investment in

- Developed countries generally have greater adaptive capacity, including technology and economic

Human Health

prevention and control programs.

preexisting burden of disease.

- Adaptation involves changesin society, institutions, technology, or behavior to reduce potential
negative impacts or increase positive ones. There are numerous adaptation options, which may occur
at the popul ation, community, or personal levels.

- The most important and cost-effective adaptation measureisto rebuild public health infrastructure—
which, in much of the world, has declined in recent years. Many diseases and health problems that
may be exacerbated by climate change can be effectively prevented with adequate financial and
human public health resources, including training, surveillance and emergency response, and

- Adaptation effectiveness will depend on timing. “Primary” prevention aimsto reduce risks before
cases occur, whereas “ secondary” interventions are designed to prevent further cases.

- Determinants of adaptive capacity to climate-related threatsinclude level of material resources,
effectiveness of governance and civil institutions, quality of public health infrastructure, and

- Capacity to adapt also will depend on research to understand associations between climate, weather,
extreme events, and vector-borne diseases.

7. Global Issues and Synthesis
7.1. Detection of Climate Change Impacts

Observational evidence indicatesthat climate changesin the
20th century already have affected a diverse set of physical and
biological systems. Examplesof observed changeswithlinkages
to climateinclude shrinkage of glaciers; thawing of permafrost;
shiftsinicefreezeand break-up datesonriversand lakes; increases
inrainfall and rainfall intensity in most mid- and high latitudes
of the Northern Hemi sphere; lengthening of growing seasons;
and earlier flowering dates of trees, emergence of insects, and
ego-layinginbirds. Satistically significant associationsbetween
changesinregional climate and observed changesin physical
and biological systems have been documented in freshwater,
terrestrial, and marine environments on all continents. [19.2]

The presence of multiple causal factors(e.g., land-use change,
pollution) makes attribution of many observed impacts to
regional climate change a complex challenge. Nevertheless,
studies of systems subjected to significant regional climate

change—and with known sensitivities to that change—find
changesthat are consistent with well-established rel ationships
between climate and physical or biological processes (e.g.,
shiftsin the energy balance of glaciers, shiftsin the ranges of
animals and plants when temperatures exceed physiological
thresholds) in about 80% of biological cases and about 99%
of physical cases. Table TS-16 shows~450 changesin processes
or speciesthat have been associated with regional temperature
changes. Figure TS-11 illustrates locations at which studies
have documented regional temperature changeimpacts. These
consistencies enhance our confidence in the associations
between changesin regional climate and observed changesin
physical and biological systems. Based on observed changes,
thereishigh confidence that 20th century climate changeshave
had a discernible impact on many physical and biological
systems. Changes in biota and physical systems observed in
the 20th century indicate that these systems are sensitive to
climatic changes that are small relative to changes that have
been projected for the 21st century. High sensitivity of
biological systems to long-term climatic change also is
demonstrated by paleorecords. [19.2.2.]
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Table TS-15: Adaptation and capacity in regions (key findings from Chapters 10 through 17).

Sector

Key Findings

Africa

- Adaptive measures would enhance flexibility and have net benefitsin water resources (irrigation and
water reuse, aquifer and groundwater management, desalinization), agriculture (crop changes,
technology, irrigation, husbandry), and forestry (regeneration of local species, energy-efficient cook
stoves, sustainable community management).

- Without adaptation, climate change will reduce the wildlife reserve network significantly by altering
ecosystems and causing species’ emigrations and extinctions. This represents an important ecological
and economic vulnerability in Africa.

- A risk-sharing approach between countries will strengthen adaptation strategies, including disaster
management, risk communication, emergency evacuation, and cooperative water resource management.

- Most countriesin Africa are particularly vulnerable to climate change because of limited adaptive
capacity as aresult of widespread poverty, recurrent droughts, inequitable land distribution, and
dependence on rainfed agriculture.

- Enhancement of adaptive capacity requiresloca empowerment in decisionmaking and incorporation
of climate adaptation within broader sustainable development strategies.

Asa

- Priority areas for adaptation are land and water resources, food productivity, and disaster
preparedness and planning, particularly for poorer, resource-dependent countries.

- Adaptations already are required to deal with vulnerabilities associated with climate variability, in
human health, coastal settlements, infrastructure, and food security. Resilience of most sectorsin Asia
to climate changeis very poor. Expansion of irrigation will be difficult and costly in many countries.

- For many devel oping countriesin Asia, climate change is only one of ahost of problemsto deal with,
including nearer term needs such as hunger, water supply and pollution, and energy. Resources
available for adaptation to climate are limited. Adaptation responses are closely linked to
development activities, which should be considered in eval uating adaptation options.

- Early signs of climate change already have been observed and may become more prominent over 1 or
2 decades. If thistimeis not used to design and implement adaptations, it may be too late to avoid
upheavals. Long-term adaptation requires anticipatory actions.

- A wide range of precautionary measures are available at the regional and national level to reduce
economic and social impacts of disasters. These strategies include awareness-building and expansion
of theinsurance industry.

- Development of effective adaptation strategies requires local involvement, inclusion of community
perceptions, and recognition of multiple stresses on sustainable management of resources.

- Adaptive capacities vary between countries, depending on social structure, culture, economic capacity,
and level of environmental disruptions. Limiting factorsinclude poor resource and infrastructure
bases, poverty and disparitiesin income, weak institutions, and limited technol ogy.

- Thechallengein Asialiesin identifying opportunities to facilitate sustainable devel opment with
strategies that make climate-sensitive sectorsresilient to climate variability.

- Adaptation strategies would benefit from taking a more systems-oriented approach, emphasizing
multiple interactive stresses, with less dependence on climate scenarios.

Australiaand
New Zealand

- Adaptations are needed to manage risks from climatic variability and extremes. Pastoral economies
and communities have considerable adaptability but are vulnerable to any increase in the frequency or
duration of droughts.

- Adaptation options include water management, land-use practices and policies, engineering standards
for infrastructure, and health services.

- Adaptationswill be viable only if they are compatible with the broader ecological and socioeconomic
environment, have net social and economic benefits, and are taken up by stakeholders.

- Adaptation responses may be constrained by conflicting short- and long-term planning horizons.

- Poorer communities, including many indigenous settlements, are particularly vulnerable to climate-
related hazards and stresses on health because they often arein exposed areas and have less adequate
housing, health care, and other resources for adaptation.

Europe

- Adaptation potential in socioeconomic systemsisrelatively high because strong economic conditions,
stable population (with capacity to migrate), and well-devel oped political, ingtitutional, and
technological support systems.

- The response of human activities and the natural environment to current weather perturbations
provides aguideto critical sensitivities under future climate change.

- Adaptation in forests requires long-term planning; it is unlikely that adaptation measures will be put in
placein atimely manner.

- Farm-level analyses show that if adaptation isfully implemented large reductionsin adverse impacts
are possible.

- Adaptation for natural systems generally islow.

- More marginal and less wealthy areas will be less able to adapt; thus, without appropriate policies of
response, climate change may lead to greater inequities.
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Table TS-15 (continued)

Sector Key Findings

Latin America

reduce losses.

- Adaptation measures have potential to reduce climate-related |ossesin agriculture and forestry.
- Thereare opportunitiesfor adapting to water shortages and flooding through water resource management.
- Adaptation measures in the fishery sector include changing species captured and increasing pricesto

North America
climate changeis slow.

economic cost.

adverse impacts on aguatic systems.

- Strain on social and economic systems from rapid climate and sea-level changes will increase the need
for explicit adaptation strategies. |n some cases, adaptation may yield net benefits, especidly if

- Stakeholdersin most sectors believe that technology is available to adapt, although at some social and

- Adaptation isexpected to be more successful in agriculture and forestry. However, adaptationsfor water,
health, food, energy, and citiesare likely to require substantial institutional and infrastructure changes.

- Inthe water sector, adaptations to seasonal runoff changes include storage, conjunctive supply
management, and transfer. It may not be possible to continue current high levels of reliability of water
supply, especially with transfers to high-valued uses. Adaptive measures such as “water markets’” may
lead to concerns about accessibility and conflicts over allocation priorities.

- Adaptations such aslevees and dams often are successful in managing most variations in weather but
can increase vulnerability to the most extreme events.

- There is moderate potential for adaptation through conservation programs that protect particularly
threatened ecosystems, such as high alpines and wetlands. It may be difficult or impossible to offset

Polar Regions

and information exchange.

- Adaptation will occur in natural polar ecosystems through migration and changing mixes of species.
Speciessuch aswalrus, seals, and polar bearswill bethreatened; while others, such asfish, may flourish.

- Potential for adaptation islimited in indigenous communities that follow traditional lifestyles.

- Technologically developed communities are likely to adapt quite readily, although the high capital
investment required may result in costsin maintaining lifestyles.

- Adaptation depends on technol ogical advances, institutional arrangements, availability of financing,

Small Island
States

- The need for adaptation has become increasingly urgent, even if swift implementation of global
agreements to reduce future emissions occurs.

- Most adaptation will be carried out by people and communities that inhabit island countries; support
from governmentsis essential for implementing adaptive measures.

- Progress will require integration of appropriate risk-reduction strategies with other sectoral policy
initiativesin areas such as sustainable development planning, disaster prevention and management,
integrated coastal zone management, and health care planning.

- Strategies for adaptation to sea-level rise are retreat, accommodate, and protect. Measures such as
retreat to higher ground, raising of the land, and use of building set-backs appear to have little
practical utility, especially when hindered by limited physical size.

- Measures for reducing the severity of health threats include health education programs, health care
facilities, sewerage and solid waste management, and disaster preparedness plans.

- Idlanders have devel oped some capacity to adapt by application of traditional knowledge, locally
appropriate technol ogy, and customary practice. Overall adaptive capacity islow, however, because of
the physical size of nations, limited access to capital and technology, shortage of human resource
skills, lack of tenure security, overcrowding, and limited access to resources for construction.

- Many small islands require external financial, technical, and other assistance to adapt. Adaptive
capacity may be enhanced by regional cooperation and pooling of limited resources.

Signalsof regional climate changeimpacts are expected to be
clearer in physical and biotic systems than in social and
economic systems, which are simultaneously undergoing many
complex non-climate-related stresses, such as population
growth and urbanization. Preliminary indications suggest that
some social and economic systems have been affected in part by
20th century regional climate changes(e.g., increased damages
by floodsand droughtsin somelocations, with apparent increases
ininsuranceimpacts). Coincident or alternative explanations
for such observed regiond impactsresult in only low to medium

confidence about determining whether climate change is
affecting these systems. [19.2.2.4]

7.2. Five Reasons for Concern

Some of the current knowledge about climate changeimpacts,
vulnerability, and adaptation is synthesized here along five
reasons for concern: unique and threatened systems, global
aggregateimpacts, digtribution of impacts, extremewesther events,
and large-scal e singular events. Consideration of thesereasons
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Figure TS-11: Locations at which systematic long-term studies meet stringent criteria documenting recent temperature-related regional
climate change impacts on physical and biological systems. Hydrology, glacial retreat, and sea-ice data represent decadal to century trends.
Terrestrial and marine ecosystem data represent trends of at least 2 decades. Remote-sensing studies cover large areas. Data are for single
or multiple impacts that are consistent with known mechanisms of physical/biological system responses to observed regional temperature-
related changes. For reported impacts spanning large areas, a representative location on the map was selected.

for concern contribute to understanding of vulnerabilitiesand
potentia benefitsassociated with human-induced climate change
that can aid ddliberationsby policymakersof what could congtitute
dangerousinterference with the climate system in the context of
Article2 of the UNFCCC. No singledimension is paramount.

Figure TS-12 presentsqualitativefindings about climate change
impactsrelated to the reasonsfor concern. At asmall increase
in global mean temperature,® some of the reasonsfor concern
show the potential for negativeimpacts, whereas others show
little adverseimpact or risk. At higher temperature increases,
all lines of evidence show a potential for adverse impacts,

3 Intervals of global mean temperature increase of 0-2, 2-3, and >3°C
relativeto 1990 are labeled small, moderate, and large, respectively. The
relatively large range for the “small” designation results because the
literature does adequately addressawarming of 1-2°C. These magnitudes
of changein global mean temperature should be taken asan approximate
indicator of when impacts might occur; they are not intended to define
absolute thresholds or to describe all relevant aspects of climate change
impacts, such as rate of change in climate and changesin precipitation,
extremeclimate events, or lagged (latent) effectssuch asrising sealevels.

with impacts in each reason for concern becoming more
negative at increasing temperatures. Thereishigh confidence
in this general relationship between impacts and temperature
change, but confidence generally is low in estimates of
temperature change thresholds at which different categories
of impacts would happen. [19.8]

7.2.1. Unique and Threatened Systems

Smdll increasesingloba averagetemperaturemay causesignificant
and irreversible damageto some systems and species, including
possiblelocal, regional, or global loss. Some plant and animal
species, natural systems, and human settlements are highly
sensitiveto climate and are likely to be adversely affected by
climate changes associated with scenarios of <1°C mean global
warming. Adverseimpactsto speciesand systemswould become
morenumerousand moreseriousfor climatic changesthat would
accompany a global mean warming of 1-2°C and are highly
likely to become even more numerous and serious at higher
temperatures. The greater therateand magnitude of temperature
and other climatic changes, the greater thelikelihood that critical
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Table TS-16: Processes and species found in studies to be associated with regional temperature change.?

Glaciers, Snow

Cover/Mélt, Amphibians
Region Lake/Sream | ce” | Vegetation Invertebrates | and Reptiles Birds Mammals
Africa 1 0 — — — — — — — — — —
Antarctica 3 2 2 0 — — — — 2 0 — —
Asa 14 0 — — — — — — — — — —
Australia 1 0 — — — — — — — — — —
Europe 29 4 13 1 46 1 7 0 258 92 7 0
North America | 36 4 32 11 — — — — 17 4 3 0
LatinAmerica | 3 0 — — — — 22 0 15 0 — —
Total 87 10 47 12 46 1 29 0 292 96 10 0

@ The columns represent the number of species and processesin each region that were found in each particul ar study to be associated with regional
temperature change. For inclusion in the table, each study needed to show that the species or process was changing over time and that the regional
temperature was changing over time; most studies also found a significant association between how the temperature and species or processes
were changing. Thefirst number indicates the number of speciesor processes changing in the manner predicted with global warming. The second
number is the number of species or processes changing in a manner opposite to that predicted with awarming planet. Empty cells indicate that
no studies were found for this region and category.

b Seaice not included.

Risks from Future
Very Low Higher | Large-Scale
Discontinuities

Positive or Negative Market Impacts;

Majority of People Adver sely Affected Aggregate Impacts

Distribution
of Impacts

Negative for Some Regions

Risks from Extreme

Increase Climate Events
. Risks to Unique and
Risksto Some Threatened Systems
-0.6 0 1
Past Future

Increasein Global Mean Temperature after 1990 (°C)

Figure TS-12: Impacts of or risks from climate change, by reason for concern. Each row corresponds to a reason for concern, and shades
correspond to severity of impact or risk. White means no or virtually neutral impact or risk, yellow means somewhat negative impacts or low
risks, and red means more negative impacts or higher risks. Global-averaged temperatures in the 20th century increased by 0.6°C and led
to some impacts. Impacts are plotted against increases in global mean temperature after 1990. This figure addresses only how impacts or
risks change as thresholds of increase in global mean temperature are crossed, not how impacts or risks change at different rates of change
in climate. These temperatures should be taken as approximate indications of impacts, not as absolute thresholds.

thresholds of systems would be surpassed. Many of these  Speciesthat may bethreatened with local or global extinction
threatened systems are at risk from climate change because by changesin climatethat may accompany a small mean global
they face nonclimate pressures such asthoserelatedtohuman  temperature increase include critically endangered species
land use, land-use change, and pollution. [19.3] generally, specieswith small rangesand |ow population densities,
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pecieswith regtricted habitat requirements, and speciesfor which
suitable habitat ispatchy in distribution, particularly if under
pressurefromhuman land-use and land-cover change. Examples
of speciesthat may bethreatened by small changesincludeforest
birdsin Tanzania, the Resplendent Quetzal in Central America,
the mountain gorillain Africa, amphibians that are endemic
to cloud forests of the neotropics, the spectacled bear of the
Andes, the Bengal tiger and other speciesthat are endemicto
the Sundarban wetlands, and rainfall-sensitive plant speciesthat
areendemictothe Cape FHora Kingdom of SouthAfrica. Natural
systemsthat may bethreatened include coral reefs, mangroves,
and other coagtdl wetlands, montane ecosystemsthat arerestricted
to the upper 200-300 m of mountainous areas; prairiewetlands;
remnant native grasslands; coldwater and some coolwater fish
habitat; ecosystemsoverlying permafrost; andiceedgeecosysems
that provide habitat for polar bears and penguins. Human
settlements that may be placed at serious risk by changesin
climate and sealevel that may be associated with medium to
large mean warming include some settlements of low-lying
coastal areasandidands, floodplains, and hills des—particularly
those of low socioeconomic status such as squatter and other
informal settlements. Other potentially threatened settlements
includetraditional peoplesthat are highly dependent on natural
resources that are sensitive to climate change. [19.3]

7.2.2. Aggregate Impacts

With a small temperature increase, aggregate market-sector
impacts could amount to plus or minus a few percent of world
GDP (medium confidence); aggregate nonmarket impacts
could be negative (low confidence). The small net impacts
are mainly the result of the fact that developed economies,
many of which could have positive impacts, contribute the
majority of global production. Applying moreweight toimpacts
in poorer countries to reflect equity concerns, however, can
result in net aggregateimpactsthat are negativeeven at medium
warming. It also is possible that a majority of people will be
negatively affected by climate change scenariosin thisrange,
even if the net aggregate monetary impact is positive. With
medium to higher temperatureincreases, benefitstend to decrease
and damages increase, so the net change in global economic
welfare becomes negative—and increasingly negative with
greater warming (medium confidence). Some sectors, such as
coastal and water resources, could have negative impactsin
developed and developing countries. Other sectors, such as
agricultureand human health, could have net positiveimpactsin
some countriesand net negativeimpactsin other countries. [19.5]

Resultsare sensitive to assumptions about changesin regional
climate, levels of development, adaptive capacity, rates of
change, valuation of impacts, and methods used for aggregating
losses and gains, including the choice of discount rate. In
addition, these studies do not consider potentially important
factors such as changesin extreme events, advantageous and
complementary responsesto the threat of non-climate-driven
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extreme events, rapid changeinregiond climate (e.g., resulting
from changes in ocean circulation), compounding effects of
multiple stresses, or conflicting or complementary reactionto
those stresses. Because thesefactorshave yet to be accounted for
in estimates of aggregateimpacts and estimates do not include
al possible categoriesof impacts, particularly nonmarket impacts,
estimates of aggregate economic welfare impacts of climate
change are considered to beincomplete. Giventhe uncertainties
about aggregate estimates, the possibility of negative effects
at asmall increase in temperature cannot be excluded. [19.5]

7.2.3. Distribution of Impacts

Developing countries tend to be more vulnerable to climate
changethan devel oped countries (high confidence). Developing
countries are expected to suffer more adverse impacts than
devel oped countries (medium confidence). A small temperature
increase would have net negative impacts on market sectors
in many developing countries (medium confidence) and net
positiveimpactson market sectorsin many devel oped countries
(medium confidence). The different results are attributable
partly to differencesin exposures and sensitivities (e.g., present
temperatures are below optimal in mid- and high latitudesfor
many crops but at or above optimal inlow latitudes) and partly
to lesser adaptive capacity in devel oping countriesrelative to
developed countries. At a medium temperature increase, net
positive impacts would start to turn negative and negative
impacts would be exacerbated (high confidence). The results
of these studies do not fully take into account nonmarket
impacts of climate change such asimpacts on natural systems,
which may be sensitive to small amounts of warming.
Particularly vulnerableregionsincludedeltaic regions, low-lying
small island states, and many arid regionswhere droughts and
water availability are problematic even without climate change.
Within regionsor countries, impacts are expected to fall most
heavily, inrelativeterms, onimpoverished persons. The poorest
members of society can be inferred to be most vulnerable to
climate change because of their lack of resources with which
to cope and adapt to impacts, but few studies have explicitly
examined the distribution of impacts on the poor relative to
other segments of society. [19.4]

Impactson unmanaged systemsarelikely toincreasein severity
with time, but impacts on managed systems could increase or
decreasethrough the 21st century. The distribution of impacts
over the 21st century isinfluenced by several factors. ASGHG
concentrationsincrease, the magnitude of exposureto change
in climate stimuli also would increase. Nonclimate pressures
on natural and socia systems, which increasethe vulnerability
of systems, also may grow through time asaresult of population
growth and increased demands for land, water, public
infrastructure, and other resources. Increased popul ation, incomes,
and wealth also mean that more people and human-made
resources potentially would be exposed to climate change,
whichwould tend toincrease market-sector damagesin absol ute
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dollar terms; this has been the case historically. Counteracting
these tendencies are factors such as increased wealth and
technology and improved ingtitutions, which can rai seadaptive
capacity and reduce vulnerability to climate change. [8, 19.4]

Whether impacts and vulnerability increase or decrease with
timeislikely to depend in part on therates of climate change
and devel opment and may differ for managed and unmanaged
systems. Themorerapid therate of climate change, the greater
would be future exposure to potentially adverse changes and
the greater the potential for exceeding system thresholds. The
morerapid therate of devel opment, the more resourceswould
be exposed to climate change in the future—but so too would
the adaptive capacity of future societies. The benefits of
increased adaptive capacity arelikely to begrester for intensively
managed systemsthan for systemsthat presently are unmanaged
or lightly managed. For thisreason, and because of the possibility
that nonclimate pressures on natural systems may increasein
the future, the vulnerability of natural systemsis expected to
increase with time (medium confidence). [19.4.2, 19.4.3]

Future devel opment paths, sustainable or otherwise, will shape
future vulnerability to climate change, and climate change
impacts may affect prospects for sustainable development in
different parts of the world. Climate change is one of many
stressesthat confront human and natural systems. The severity
of many of these stresses will be determined in part by the
development paths followed by human societies; paths that
generatelesser stresses are expected to lessen the vulnerability
of human and natural systemsto climate change. Devel opment
aso can influence future vulnerability by enhancing adaptive
capacity through accumulation of wealth, technology,
information, skills, and appropriateinfrastructure; development
of effective ingtitutions; and advancement of equity. Climate
change impacts could affect prospects for sustainable
development by changing the capacity to produce food and
fiber, the supply and quality of water, and human health and
by diverting financial and human resourcesto adaptation. [18]

7.2.4. Extreme Weather Events

Many climatic impacts are related to extreme weather events,
and the samewill hold for theimpacts of climate change. The
large damage potential of extreme events arises from their
severity, suddenness, and unpredictability, which makesthem
difficult to adapt to. Development patterns can increase
vulnerahility to extremeevents. For example, large devel opment
along coastal regions increases exposure to storm surges and
tropical cyclones, increasing vulnerability.

Thefreguency and magnitude of many extreme climate events
increase even with a small temperature increase and will
become greater at higher temperatures (high confidence).
Extreme events include, for example, floods, soil moisture
deficits, tropical cyclones, storms, high temperatures, and fires.
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Theimpactsof extreme eventsoften arelargelocally and could
strongly affect specific sectors and regions. Increases in
extreme events can cause critical design or natural thresholds
to be exceeded, beyond which the magnitude of impacts
increases rapidly (high confidence). Multiple nonextreme
consecutive events also can be problematic because they can
lessen adaptive capacity by depleting reserves of insurance
and reinsurance companies. [8, 19.6.3.1]

Anincreasein the frequency and magnitude of extreme events
would have adverse effects throughout sectors and regions.
Agriculture and water resources may be particularly vulnerable
to changesin hydrological and temperature extremes. Coastal
infrastructure and ecosystems may be adversely affected by
changes in the occurrence of tropical cyclones and storm
surges. Heat-related mortality islikely to increase with higher
temperatures; cold-related mortality is likely to decrease.
Floods may lead to the spread of water-related and vector-
borne diseases, particularly in devel oping countries. Many of
the monetary damages from extreme events will have
repercussions on abroad scale of financia institutions, from
insurers and reinsurersto investors, banks, and disaster relief
funds. Changes in the statistics of extreme events have
implicationsfor the design criteriaof engineering applications
(e.g., levee banks, bridges, building design, and zoning), which
are based on estimates of return periods, and for assessment
of the economic performance and viability of particular
enterprisesthat are affected by weather. [19.6.3.1]

7.2.5. Large-Scale Singular Events

Human-induced climate change has the potential to trigger
large-scale changes in Earth systems that could have severe
consequences at regional or global scales. The probabilities
of triggering such events are poorly understood but should
not beignored, given the severity of their consequences. Events
of thistypethat might betriggered include complete or partial
shutdown of the North Atlantic and Antarctic Deep Water
formation, disintegration of the West Antarctic and Greenland
Ice Sheets, and major perturbations of biosphere-regulated
carbon dynamics. Determining the timing and probability of
occurrence of large-scale discontinuities is difficult because
these events are triggered by complex interactions between
components of the climate system. The actual discontinuous
impact could lag the trigger by decades to centuries. These
triggers are sensitive to the magnitude and rate of climate
change. Largetemperatureincreases havethepotential tolead
to large-scale discontinuities in the climate system (medium
confidence).

These discontinuities could cause severe impacts on the
regional and even global scale, but indepth impact analyses
are dtill lacking. Several climate model simulations show
complete shutdown of the North Atlantic thermohaline
circulation with high warming. Although compl ete shutdown
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may take several centuries to occur, regional shutdown of
convection and significant weakening of the thermohaline
circulation may take placewithin the next century. If thiswere
to occur, it could lead to arapid regional climate change in
the North Atlantic region, with major societal and ecosystem
impacts. Collapse of the West Antarctic |ce Sheet would lead
toaglobal sea-level rise of several meters, which may bevery
difficult to adapt to. Although the disintegration might take
many hundreds of years, this process could be triggered
irreversibly in the next century. The relative magnitude of
feedback processesinvolved in cycling of carbon through the
oceans and the terrestrial biosphere is shown to be distorted
by increasing temperatures. Saturation and decline of the net
sink effect of the terrestrial biosphere—which is projected to
occur over the next century—in step with similar processes,
could lead to dominance of positive feedbacks over negative
ones and strong amplification of thewarming trend. [19.6.3.2]

8. Information Needs

Although progress has been made, considerable gaps in
knowledge remain regarding exposure, sensitivity, adaptability,
and vulnerability of physical, ecological, and social systems
to climate change. Advances in these areas are priorities for
advancing understanding of potential consequencesof climate
change for human society and the natural world, aswell asto
support analyses of possible responses.

Exposure. Advances in methods for projecting exposures to
climate stimuli and other nonclimate stresses at finer spatial
scales are needed to improve understanding of potential
consequencesof climate change, including regional differences,
and stimuli to which systems may need to adapt. Work in this
areashould draw on resultsfrom research on system sensitivity,
adaptability, and vulnerability to identify the types of climate
stimuli and nonclimate stressesthat affect systemsmost. This
research is particularly needed in devel oping countries, many
of which lack historical data, adeguate monitoring systems,
and research and development capabilities. Developing local
capacity in environmental assessment and management will
increase investment effectiveness. Methods of investigating
possible changes in the frequency and intensity of extreme
climate events, climate variability, and large-scale, abrupt
changes in the Earth system such as slowing or shutdown of
thermohaline circulation of oceansare priorities. Work alsois
needed to advance understanding of how socia and economic
factors influence the exposures of different populations.

Sensitivity. Sensitivity to climate stimuli is still poorly
quantified for many natural and human systems. Responses
of systems to climate change are expected to include strong
nonlinearities, discontinuous or abrupt responses, time-varying
responses, and complex interactions with other systems.
However, quantification of the curvature, thresholds, and
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interactions of system responsesis poorly devel oped for many
systems. Work is needed to develop and improve process-
based, dynamic models of natural, social, and economic
systems; to estimate model parameters of system responsesto
climate variables; and to validate model simulation results.
Thiswork shouldinclude use of observational evidence, paleo-
observations where applicable, and long-term monitoring of
systemsand forces acting on them. Continued effortsto detect
impacts of observed climate change is a priority for further
investigation that can provide empirical information for
understanding of system sensitivity to climate change

Adaptability. Progress has been made in the investigation of
adaptive measures and adaptive capacity. However, work is
needed to better understand the applicability of adaptation
experienceswith climate variability to climate change, to use
thisinformation to develop empirically based estimates of the
effectivenessand costs of adaptation, and to devel op predictive
models of adaptive behavior that take into account decision
making under uncertainty. Work also is needed to better
understand the determinants of adaptive capacity and to use
this information to advance understanding of differencesin
adaptive capacity acrossregions, nations, and socioeconomic
groups, as well as how capacity may change through time.
Advancesinthese areas are expected to be useful for identifying
successful strategiesfor enhancing adaptation capacity inways
that can be complementary to climate change mitigation,
sustainable development, and equity goals.

Vulnerability. Assessments of vulnerability to climate change
are largely qualitative and address the sources and character
of vulnerability. Further work isneeded tointegrateinformation
about exposures, sensitivity, and adaptability to provide more
detailed and quantitative information about the potential
impactsof climate changeand therel ative degree of vulnerability
of different regions, nations, and socioeconomic groups.
Advanceswill require development and refinement of multiple
measures or indices of vulnerability such as the number or
percentage of persons, species, systems, or land areanegatively
or positively affected; changesin productivity of systems; the
monetary value of economic welfare change in absolute and
relative terms; and measures of distributional inequities.

Uncertainty. Largegapsremaininrefining and applying methods
for treating uncertainties, particularly with respect to providing
scientific information for decisionmaking. Improvements are
required inways of expressing thelikelihood, confidence, and
range of uncertainty for estimates of outcomes, aswell ashow
such estimatesfit into broader ranges of uncertainty. Methods
for providing “traceable accounts’ of how any aggregated
estimate is made from disaggregated information must be
refined. More effort is needed to translate judgments into
probability distributionsin integrated assessment models.
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1. Thisreport assessesthe scientific, technological, environmental,
economic and social aspectsof themitigation of climate change.
Research in climate change mitigation® has continued since
the publication of the IPCC Second A ssessment Report (SAR),
taking into account political changes such asthe agreement on
theKyoto Protocol to the United Nations Framework Convention
on Climate Change (UNFCCC) in 1997, and isreported on here.
The Report also draws on anumber of IPCC Special Reports,
notably the Specia Report onAviation and the Globd Atmosphere,
the Specia Report on Methodol ogical and Technological |ssues
inTechnology Transfer (SRTT), the Specia Report on Emissons
Scenarios (SRES), and the Special Report on Land Use, Land
Use Change and Forestry (SRLULUCEF).

2. Climate change? isa problemwith unique characteristics. It
isglobd, long-term (uptoseverd centuries), andinvolvescomplex
interactionsbetween climatic, environmental, economic, political,
institutional, socia and technological processes. Thismay have
significant international and intergenerational implicationsin
the context of broader societd goalssuch asequity and sustainable
development. Developing a response to climate change is
characterized by decision-making under uncertainty and risk,
including the possibility of non-linear and/or irreversible
changes (Sections 1.2.5, 1.3, 10.1.2, 10.1.4, 10.4.5).2

3. Alternative devel opment paths* can result in very different
greenhousegasemissons. The SRESand themitigation scenarios
assessed inthisreport suggest that the type, magnitude, timing
and cogtsof mitigation depend on different nationd circumstances
and socio-economic, and technological devel opment pathsand
thedesiredlevel of greenhouse gas concentration stabilization
in the atmosphere (see Figure SPM-1 for an examplefor total
CO, emissions). Development pathsleading to low emissions

1 Mitigation is defined here as an anthropogenic intervention to reduce
the sources of greenhouse gases or enhance their sinks.

2 Climate change in IPCC usage refers to any change in climate over
time, whether dueto natural variability or asaresult of human activity.
This usage differs from that in the UNFCCC, where climate change
refers to a change of climate that is attributed directly or indirectly to
human activity that alters the composition of the global atmosphere
and that is in addition to natural climate variability observed over
comparable time periods.

3 Section numbers refer to WGI 1 TAR.

4In this report “alternative development paths’ refer to a variety of
possible scenarios for societal values and consumption and production
patternsin all countries, including but not limited to a continuation of
today’strends. These pathsdo not include additional climateinitiatives
which means that no scenarios are included that explicitly assume
implementation of the UNFCCC or the emission targets of the Kyoto
Protocol, but doinclude assumptions about other policiesthat influence
greenhouse gas emissions indirectly.
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depend on awide range of policy choices and require major
policy changes in areas other than climate change (Sections
22.2,232,244,25).

4. Climate change mitigation will both be affected by, and have
impactson, broader socio-economic policiesand trends, such
as those relating to development, sustainability and equity.
Climatemitigation policiesmay promotesustainabledevel opment
when they are consistent with such broader societal objectives.
Some mitigation actionsmay yield extensive benefitsin areas
outsideof climate change: for example, they may reduce health
problems; increase employment; reduce negative environmental
impacts (like air pollution); protect and enhanceforests, soils
and watersheds; reduce those subsidies and taxeswhich enhance
greenhouse gas emissions; and induce technologica change
and diffusion, contributing to wider goals of sustainable
development. Similarly, development pathsthat meet sustainable
development objectivesmay result inlower levelsof greenhouse
gasemissions(Sections1.3,1.4,2.2.3,2.4.4,25,7.2.2,8.2.4).

5. Differencesin thedistribution of technological, hatural and
financial resources among and within nations and regions,
and between generations, aswell asdifferencesin mitigation
costs, are often key considerations in the analysis of climate
change mitigation options. Much of the debate about thefuture
differentiation of contributions of countriesto mitigation and
related equity issues al so considersthese circumstances®. The
challenge of addressing climate changerai sesanimportant issue
of equity, namely theextent towhich theimpactsof climatechange
or mitigation policiescreate or exacerbate inequitiesbothwithin
and across nations and regions. Greenhouse gas stabilization
scenariosassessed inthisreport (except thosewhere stabilization
occurs without new climate policies, e.g. B1) assume that
devel oped countries and countrieswith economiesin transition
limit and reduce their greenhouse gas emissions first.®

6. Lower emissionsscenariosrequiredifferent patternsof energy
resource devel opment. Figure SPM-2 comparesthe cumulative
carbon emissions between 1990 and 2100 for various SRES
scenariosto carbon contained in global fossil fuel reservesand
resources’. This figure shows that there are abundant fossil
fuel resourcesthat will not limit carbon emissions during the
21t century. However, different fromtherelatively large coal
and unconventional oil and gas deposits, the carbon in proven

5 Approaches to equity have been classified into avariety of categories,
including those based on allocation, outcome, process, rights, liability,
poverty, and opportunity, reflecting the diverse expectations of fairness
used to judge policy processes and the corresponding outcomes (Sections
1.3, 10.2).

8 Emissionsfrom all regionsdivergefrom baselines at some point. Global
emissions diverge earlier and to a greater extent as stabilization levels
arelower or underlying scenariosare higher. Such scenariosare uncertain,
do not provideinformation on equity implications and how such changes
may be achieved or who may bear any costs incurred.
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Figure SPM-1: Comparison of reference and stabilization scenarios. The figure is divided into six parts, one for each of the reference
scenario groups from the Special Report on Emissions Scenarios (SRES, see Box SPM-1). Each part of the figure shows the range of total
global CO, emissions (gigatonnes of carbon (GtC)) from all anthropogenic sources for the SRES reference scenario group (shaded in grey)
and the ranges for the various mitigation scenarios assessed in the TAR leading to stabilization of CO, concentrations at various levels
(shaded in colour). Scenarios are presented for the A1 family subdivided into three groups (the balanced A1B group (Figure SPM-1a), non-
fossil fuel A1T (Figure SPM-1b) and the fossil intensive A1FI (Figure SPM-1c)) with stabilization of CO, concentrations at 450, 550, 650 and
750 ppmv; for the A2 group with stabilization at 550 and 750 ppmv in Figure SPM-1d, the B1 group with stabilization at 450 and 550 ppmv
in Figure SPM-1e, and the B2 group with stabilization at 450, 550 and 650 ppmv in Figure SPM-1f. The literature is not available to assess
1000 ppmv stabilization scenarios. The figure illustrates that the lower the stabilization level and the higher the baseline emissions, the wider
the gap. The difference between emissions in different scenario groups can be as large as the gap between reference and stabilization

scenarios within one scenario group. The dotted lines depict the boundaries of the ranges where they overlap.

conventiona oil and gasreserves, or in conventiond oil resources,
ismuch lessthan the cumulative carbon emissions associated
with stabilization of carbon dioxideat levelsof 450 ppmv or higher
(thereferenceto aparticular concentration level doesnotimply an
agreed-upon desirability of stabilizationat thisleve). Theseresource
datamay imply achangein theenergy mix and theintroduction
of new sources of energy during the 21st century. The choice
of energy mix and associated investment will determine whether,

" Reserves are those occurrences that are identified and measured as
economically and technically recoverablewith current technologiesand
prices. Resources are those occurrences with less certain geological
and/or economic characteristics, but which are considered potentially
recoverablewith foreseeabl e technol ogical and economic developments.
The resource base includes both categories. On top of that, there are
additional quantitieswith unknown certainty of occurrence and/or with
unknown or no economic significancein the foreseeablefuture, referred
to as“additional occurrences’ (SAR, Working Group I1). Examples of
unconventiona fossil fuel resourcesincludetar sands, shaleail, other heavy
ail, coal bed methane, deep geopressured gas, gasin acquifers, etc.

andif so, at what level and cost, greenhouse concentrationscan
be stabilized. Currently most suchinvestment isdirected towards
discovering and devel oping more conventiona and unconventional
fossil resources (Sections 2.5.1, 2.5.2, 3.8.3, 8.4).

Options to Limit or Reduce Greenhouse
Gas Emissions and Enhance Sinks

7. Sgnificant technical progress relevant to greenhouse gas
emissions reduction has been made since the SAR in 1995
and hasbeen faster than anticipated. Advancesaretaking place
inawiderangeof technologiesat different stagesof devel opment,
e.g., themarketintroduction of windturbines, therapid dimination
of industrial by-product gases such as N,O from adipic acid
production and perfluorocarbons from al uminium production,
efficient hybrid engine cars, the advancement of fuel cell
technology, and the demonstration of underground carbon dioxide
storage. Technological optionsfor emissionsreductioninclude
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Box SPM-1. The Emissions Scenarios of the IPCC Special Report on Emissions Scenarios (SRES)

Al TheAl gtorylineand scenario family describesafutureworld
of very rapid economic growth, global population that peaks
in mid-century and declinestheresfter, and therapid introduction
of new and moreefficient technol ogies. Mg or underlying themes
are convergence among regions, capacity building and increased
cultural and social interactions, with a substantial reduction
inregional differencesin per capitaincome. TheA1 scenario
family develops into three groups that describe alternative
directionsof technological changeintheenergy system. The
three A1 groups are distinguished by their technological
emphasis. fossil intensive (A1FI), non-fossil energy sources
(A1T), or abalance acrossall sources (A 1B) (where balanced
isdefined as not relying too heavily on one particular energy
source, on the assumption that similar improvement rates
apply to all energy supply and end use technologies).

A2. The A2 storyline and scenario family describes a very
heterogeneous world. The underlying themeis self-reliance
and preservation of local identities. Fertility patterns across
regions converge very slowly, which resultsin continuously
increasing population. Economic development is primarily
regionally oriented and per capita economic growth and
technol ogical change more fragmented and slower than other
storylines.

B1. TheB1 storylineand scenario family describesaconvergent
world with the same global population, that peaks in mid-

improved efficiency of end use devicesand energy conversion
technol ogies, shift tolow-carbon and renewable biomassfuels,
zero-emissions technol ogies, improved energy management,
reduction of industrial by-product and process gas emissions,
and carbon removal and storage (Section 3.1, 4.7).

Table SPM-1 summarizes the results from many sectoral
studies, largely at the project, national and regional level with
some at the global levels, providing estimates of potential
greenhouse gas emission reductions in the 2010 to 2020
timeframe. Somekey findingsare:
Hundreds of technologiesand practicesfor end-use energy
efficiency in buildings, transport and manufacturing industries
account for more than half of this potential (Sections 3.3,
3.4, 3.5).
At least upto 2020, energy supply and conversionwill remain
dominated by relatively cheap and abundant fossil fuels.
Natural gas, where transmissioniseconomically feasible,
will play animportant role in emission reduction together
with conversion efficiency improvement, and greater use of
combined cycleand/or co-generation plants (Section 3.8.4).
L ow-carbon energy supply systems can make animportant
contribution through biomassfrom forestry and agricultural

century and declines thereafter, as in the A1 storyline, but
with rapid change in economic structures toward a service
and information economy, with reductionsin material intensity
and theintroduction of clean and resource-€fficient technologies.
The emphasisis on global solutionsto economic, social and
environmental sustainability, including improved equity, but
without additional climateinitiatives.

B2. The B2 storyline and scenario family describes aworld
inwhichtheemphasisisonlocal solutionsto economic, socia
and environmentd sustainahility. Itisaworld with continuously
increasing global population, at a rate lower than A2,
intermediate levels of economic devel opment, and lessrapid
and more diverse technological change than in the B1 and
A1l storylines. While the scenario is also oriented towards
environmental protection and social equity, it focuseson local
and regional levels.

Anillustrative scenario was chosen for each of the six scenario
groups A1B, A1FIl, A1T, A2, B1 and B2. All should be
considered equally sound.

The SRES scenariosdo notinclude additiona climateinitiatives,
which means that no scenarios are included that explicitly
assume implementation of the United Nations Framework
Convention on Climate Change or the emissions targets of
the Kyoto Protocaol.

by-products, municipal and industrial waste to energy,
dedicated biomass plantations, where suitableland and water
areavailable, landfill methane, wind energy and hydropower,
and through the use and lifetime extension of nuclear power
plants. After 2010, emissionsfromfossil and/or biomass-fuded
power plants could bereduced substantialy through pre- or
post-combustion carbon removal and storage. Environmentd,
safety, reliability and proliferation concernsmay constrain
the use of some of these technologies (Section 3.8.4).

In agriculture, methane and nitrous oxide emissions can
bereduced, such asthosefrom livestock enteric fermentation,
rice paddies, nitrogen fertilizer use and animal wastes
(Section 3.6).

Depending on application, emissions of fluorinated gases
can be minimized through process changes, improved
recovery, recycling and containment, or avoided through
theuse of aternative compounds and technol ogies (Section
3.5 and Chapter 3 Appendix).

The potential emissionsreductionsfound in Table SPM-1 for
sectorswere aggregated to provide estimates of global potential
emissionsreductionstaking account of potential overl gosbetween
and within sectorsand technol ogiesto the extent possible given
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does not imply that these scenarios equally lead to stabilization.

Figure SPM-2: Carbon in oil, gas and coal reserves and resources compared with historic fossil fuel carbon emissions 1860—-1998, and with
cumulative carbon emissions from a range of SRES scenarios and TAR stabilization scenarios up until 2100. Data for reserves and resources
are shown in the left hand columns (Section 3.8.2). Unconventional oil and gas includes tar sands, shale oil, other heavy oil, coal bed methane,
deep geopressured gas, gas in acquifers, etc. Gas hydrates (clathrates) that amount to an estimated 12,000GtC are not shown. The scenario
columns show both SRES reference scenarios as well as scenarios which lead to stabilization of CO, concentrations at a range of levels.
Note that if by 2100 cumulative emissions associated with SRES scenarios are equal to or smaller than those for stabilization scenarios, this

theinformation availableintheunderlying studies. Half of these
potentid emissionsreductionsmay beachieved by 2020 with direct
benefits(energy saved) exceeding direct costs(net capitd, operdting,
and maintenance costs), and the other half at anet direct cost of
up to US$100/tC, (at 1998 prices). These cost estimates are
derived using discount ratesin therange of 5% to 12%, consistent
with public sector discount rates. Privateinternal ratesof return
vary greatly, and are often significantly higher, affecting the
rate of adoption of these technologies by private entities.

Depending on the emissions scenario this could allow global
emissions to be reduced below 2000 levels in 20102020 at
these net direct costs. Realizing these reductions involve
additional implementation costs, which in some cases may be
substantial, the possible need for supporting policies (such as
those described in Paragraph 18), increased research and
development, effective technology transfer and overcoming
other barriers (Paragraph 17). Theseissues, together with costs
and benefits not included in this evaluation are discussed in
Paragraphs 11, 12 and 13.

Thevariousglobd, regional, national, sector and project studies
assessed in thisreport have different scopesand assumptions.

Studies do not exist for every sector and region. The range of
emissions reductions reported in Table SPM-1 reflects the
uncertainties (see Box SPM-2) of the underlying studies on
which they are based (Sections 3.3-3.8)

8. Forests, agricultural lands, and other terrestrial ecosystems
offer significant carbon mitigation potential. Although not
necessarily permanent, conservation and sequestration of
carbon may allow time for other options to be further
devel oped and implemented. Biological mitigation can occur
by three strategies: (a) conservation of existing carbon pools,
(b) sequestration by increasing the size of carbon pools, and
(c) substitution of sustainably produced biological products,
e.g. wood for energy intensive construction products and
biomass for fossil fuels (Sections 3.6, 4.3). Conservation of
threatened carbon pools may help to avoid emissions, if
leakage can be prevented, and can only become sustainableif
the socio-economic driversfor deforestation and other losses
of carbon pools can be addressed. Sequestration reflects the
biological dynamics of growth, often starting slowly, passing
through a maximum, and then declining over decades to
centuries.
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Table SPM-1: Estimates of potential global greenhouse gas emission reductions in 2010 and in 2020 (Sections 3.3-3.8 and
Chapter 3 Appendix).
Historic C,, | Potential Potential
Historic annual emission emission
emissions growth rate | reductions | reductions
in 1990 over 1990- | in 2010 in 2020 Net direct costs per tonne of carbon
Sector (MtCq/yr) 1995 (%) (MtCq/yr) (MtCy/yr) avoided
Buildings® Most reductions are available at
CO, only 1,650 1.0 700-750 1,000-1,100 | negative net direct costs.
Transport Most studiesindicate net direct
CO,only 1,080 24 100-300 300-700 costs less than US$25/tC but two
suggest net direct costswill exceed
US$50/tC.
Industry
CO, only 2,300 0.4
— Energy efficiency 300-500 700-900 More than half available at net negative
direct costs.
—Materia efficiency ~200 ~600 Costs are uncertain.

Industry N,O emissions reduction costs are
Non-CO, gases 170 ~100 ~100 US$0-10/tCy,

Agriculture? Most reductionswill cost between

CO, only 210 US$0-100/tC, with limited
Non-CQO, gases 1,250-2,800 | n.a. 150-300 350-750 opportunities for negative net direct
cost options.

WasteP About 75% of the savings as methane
CH, only 240 1.0 ~200 ~200 recovery from landfills at net negative

direct cost; 25% at acost of US$20/tC,,

Montreal Protocol About half of reductions due to

replacement differencein study baseline and SRES

applications baseline values. Remaining half of the
Non-CO, gases 0 na ~100 na reductions available at net direct costs
below $200/tC,,.

Energy supply and Limited net negative direct cost options

conversion® exist; many options are available for
CO, only (1,620) 15 50-150 350-700 less than US$100/tC,,

Total 6,900-8,400¢ 1,900-2,600° | 3,600-5,050°

a Buildings include appliances, buildings, and the building shell.

b The range for agriculture is mainly caused by large uncertainties about CH,, N,O, and soil-related emissions of CO,. Waste is dominated by
methane landfill and the other sectors could be estimated with more precision as they are dominated by fossil CO,.

¢ Included in sector values above. Reductions include electricity generation options only (fuel switching to gag/nuclear, CO, capture and storage,
improved power station efficiencies, and renewables).

d Total includes all sectorsreviewed in WGIII TAR Chapter 3 for all six gases. It excludes non-energy related sources of CO, (cement production,
160 Mt C; gasflaring, 60 Mt C; and land-use change, 600-1,400 Mt C) and energy used for conversion of fuelsin the end-use sector totals (630
Mt C). If petroleum refining and coke oven gas were added, global year 1990 CO, emissions of 7,100 Mt C would increase by 12%. Note that
forestry emissions and their carbon sink mitigation options are not included.

© The baseline SRES scenarios (for six gases included in the Kyoto Protocol) project arange of emissions of 11,500-14,000 Mt C, for the year
2010 and of 12,000-16,000 Mt C, for the year 2020. The emissions reduction estimates are most compatible with baseline emissions trends in
the SRES B2 scenario. The potential reductionstake into account regular turnover of capital stock. They are not limited to cost-effective options,
but exclude options with costs above US$100 t C,, (except for Montreal Protocol gases) or options that will not be adopted through the use of
generally accepted policies

human-induced disturbances. Even though natural disturbances
arenormally followed by re-sequestration, activitiesto manage
such disturbances can play animportant rolein limiting carbon

Conservation and sequestration result in higher carbon stocks,
but canlead to higher future carbon emissionsif these ecosystems
are severely disturbed by either natural or direct/indirect
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emissions. Substitution benefits can, in principle, continue
indefinitely. Appropriate management of land for crop, timber
and sustainabl e bio-energy production, may increase benefits
for climate change mitigation. Taking into account competition
for land use and the SAR and SRLULUCF assessments, the
estimated global potential of biological mitigation optionsisin
theorder of 100GtC (cumulative), dthough there are substantial
uncertai nties associated with this estimate, by 2050, equivalent
to about 10% to 20% of potential fossil fuel emissionsduring
that period. Realization of this potential depends upon land
and water availability as well as the rates of adoption of
different land management practices. The largest biological
potential for atmospheric carbon mitigation isin subtropical
and tropical regions. Cost estimates reported to date of
biological mitigationvary significantly from US$0.1/tC to about
US$20/tCin several tropical countriesand from US$20/tC to
US$100/tC in non-tropical countries. Methods of financial
analysis and carbon accounting have not been comparable.
Moreover, the cost calculations do not cover, in many
instances, inter alia, costs for infrastructure, appropriate
discounting, monitoring, data collection and implementation
costs, opportunity costs of land and maintenance, or other
recurring costs, which are often excluded or overlooked. The
lower end of therangesarebiased downwards, but understanding
and treatment of costsisimproving over time. Thesebiologica
mitigation optionsmay have socia, economic and environmental
benefitsbeyond reductionsin atmospheric CO,, if implemented
appropriately. (e.g., biodiversity, watershed protection,
enhancement of sustainable land management and rural
employment). However, if implemented inappropriately, they
may pose risks of negative impacts (e.g., loss of biodiversity,
community disruption and ground-water pollution). Biological
mitigation optionsmay reduce or increase non-CO, greenhouse
gas emissions (Sections 4.3, 4.4).

Box SPM-2. Approaches to Estimating Costs and
Benefits, and their Uncertainties

For avariety of factors, sgnificant differencesand uncertainties
surround specific quantitative estimates of the costs and
benefits of mitigation options. The SAR described two
categories of approaches to estimating costs and benefits:
bottom-up approaches, which build up from assessments of
specific technologies and sectors, such as those described
in Paragraph 7, and top-down modelling studies, which
proceed from macroeconomic relationships, such as those
discussed in Paragraph 13. These two approaches lead to
differencesin the estimates of costs and benefits, which have
been narrowed sincethe SAR. Evenif these differenceswere
resolved, other uncertainties would remain. The potential
impact of these uncertainties can be usefully assessed by
examining the effect of a change in any given assumption
ontheaggregate cost results, provided any correlation between
variablesis adequately dealt with.

WGl Summary for Policymakers

9. Thereisno single path to alow emission futureand countries
and regions will have to choose their own path. Most model
results indicate that known technological options® could
achieve a broad range of atmospheric CO, stabilization levels,
such as 550ppmv, 450ppmv or below over the next 100 years
or more, but implementation would require associated socio-
economic and institutional changes. To achieve stabilization
at these levels, the scenarios suggest that a very significant
reduction in world carbon emissions per unit of GDP from
1990 levelswill be necessary. Technological improvement and
technology transfer play a critical role in the stabilization
scenarios assessed in thisreport. For the crucial energy sector,
almost all greenhouse gas mitigation and concentration
stabilization scenarios are characterized by the introduction
of efficient technologies for both energy use and supply, and
of low- or no-carbon energy. However, no single technology
option will provide all of the emissions reductions needed.
Reduction options in non-energy sources and non-CO,
greenhouse gases will also provide significant potential for
reducing emissions. Transfer of technol ogiesbetween countries
and regions will widen the choice of options at the regional
level and economiesof scaleand learning will lower the costs
of their adoption (Sections 2.3.2, 2.4, 2.5).

10. Social learning andinnovation, and changesin ingtitutional
structure could contribute to climate change mitigation.
Changes in collective rules and individual behaviours may
have significant effects on greenhouse gas emissions, but take
place within a complex institutional, regulatory and legal
setting. Several studies suggest that current incentive systems
can encourage resourceintensive production and consumption
patternsthat increase greenhouse gasemissionsin all sectors,
e.g. transport and housing. In the shorter term, there are
opportunitiesto influencethrough socia innovationsindividual
and organizational behaviours. In the longer term such
innovations, in combination with technological change, may
further enhance socio-economic potential, particularly if
preferences and cultural norms shift towards lower emitting
and sustainabl e behaviours. Theseinnovationsfrequently meet
with resistance, which may be addressed by encouraging
greater public participation in the decision-making processes.
This can help contribute to new approaches to sustainability
and equity (Sections 1.4.3, 5.3.8, 10.3.2, 10.3.4).

8“Known technological options” refer to technologies that exist in
operation or pilot plant stage today, as referenced in the mitigation
scenarios discussed in this report. It does not include any new
technologies that will require drastic technological breakthroughs. In
thisway it can be considered to be aconservative estimate, considering
the length of the scenario period
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11. Estimates of cost and benefits of mitigation actions differ
because of (i) how welfare is measured, (ii) the scope and
methodol ogy of theanalysis, and (iii) the underlying assumptions
builtinto theanalysis. Asaresult, estimated costsand benefits
may not reflect the actual costs and benefits of implementing
mitigation actions. With respect to (i) and (i), costsand benefits
estimates, inter alia, depend on revenuerecycling, and whether
and how the following are considered: implementation and
transaction cogt, distributional impacts, multiple gases, land-use
change options, benefits of avoided climate change, ancillary
benefits, no regrets opportunities'® and val uation of externalities
and non-market impacts. Assumptionsinclude, inter alia:
Demographic change, the rate and structure of economic
growth; increases in personal mobility, technological
innovation such asimprovementsin energy efficiency and
the availability of low-cost energy sources, flexibility of
capital investments and labour markets, prices, fiscal
distortionsin the no-policy (baseline) scenario.
Thelevel and timing of the mitigation target.
Assumptionsregarding implementation measures, e.g. the
extent of emissonstrading, the Clean Devel opment Mechanism
(CDM) and Joint Implementation (JI), regulation, and
voluntary agreements and the associated transaction costs.
Discount rates: the long time scales make discounting
assumptions critical and there is still no consensus on
appropriate long-term rates, though the literature shows
increasing attention to ratesthat decline over timeand hence
givemoreweight to benefitsthat occur inthelong term. These
discount rates should be distinguished from the higher rates
that private agents generally use in market transactions.
(Sections 7.2, 7.3,8.2.1, 8.2.2, 9.4)

12. Some sources of greenhouse gas emissions can be limited

at no or negative net social cost to the extent that policiescan

exploit no regrets opportunities (Sections 7.3.4, 9.2.1):
Market imperfections. Reduction of existing market or
institutional failures and other barriers that impede

¢ Ancillary benefits are the ancillary, or side effects, of policies aimed
exclusively at climate change mitigation. Such policies have animpact
not only on greenhouse gas emissions, but also on resource use
efficiency, likereductionin emissionsof local and regional air pollutants
associated with fossil fuel use, and on issues such as transportation,
agriculture, land-use practices, employment, and fuel security. Sometimes
these benefits are referred to as “ancillary impacts’ to reflect that in
some cases the benefits may be negative.

11n this report, as in the SAR, no regrets opportunities are defined as
those optionswhose benefits such as reduced energy costs and reduced
emissions of local/regional pollutants equal or exceed their costs to
society, excluding the benefits of avoided climate change.

1 A voluntary agreement isan agreement between agovernment authority
and one or more private parties, aswell asaunilateral commitment that
isrecognized by the public authority, to achieve environmental objectives
or to improve environmental performance beyond compliance.
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adoption of cost-effective emission reduction measures,
can lower private costs compared to current practice. This
can also reduce private costs overall.

Ancillary benefits. Climate change mitigation measureswill
have effects on other societal issues. For example, reducing
carbon emissions in many cases will result in the
simultaneousreductionin local and regional air pollution.
It is likely that mitigation strategies will also affect
transportation, agriculture, land-use practices and waste
management and will have an impact on other issues of
social concern, such as employment, and energy security.
However, not all of the effects will be positive; careful
policy selection and design can better ensure positive
effects and minimize negative impacts. |n some cases, the
magnitude of ancillary benefits of mitigation may be
comparableto the costs of the mitigating measures, adding
to the no regrets potential, although estimates are difficult
tomakeand vary widely (Sections 7.3.3, 8.2.4,9.2.2-9.2.8,
9.2.10).

Double dividend. Instruments (such as taxes or auctioned
permits) provide revenues to the government. If used to
finance reductionsin existing distortionary taxes (“revenue
recycling”), these revenues reduce the economic cost of
achieving greenhouse gas reductions. The magnitude of
this offset depends on the existing tax structure, type of
tax cuts, labour market conditions, and method of recycling.
Under some circumstances, it ispossible that the economic
benefits may exceed the costs of mitigation (Sections7.3.3,
8.2.2,9.2.1)

13. The cost estimates for Annex B countriesto implement the
Kyoto Protocol vary between studies and regions asindicated
in Paragraph 11, and depend strongly upon the assumptions
regarding the use of the Kyoto mechanisms, and their
interactions with domestic measures. The great majority of
global studies reporting and comparing these costs use
international energy-economic models. Nine of these studies
suggest the following GDP impacts'? (Sections 7.3.5, 8.3.1,
9.2.3,10.4.4):

Annex Il countries®; In the absence of emissions trading
between Annex B countries', the majority of global studies
show reductions in projected GDP of about 0.2% to 2% in
2010 for different Annex |1 regions. With full emissionstrading
between Annex B countries, the estimated reductionsin 2010

12 Many other studiesincorporating more precisely the country specifics
and diversity of targeted policies provide a wider range of net cost
estimates (Section 8.2.2).

13 Annex Il countries: Group of countries included in Annex Il to the
UNFCCQC, including all developed countries in the Organisation of
Economic Co-operation and Development.

14 Annex B countries. Group of countries included in Annex B in the
Kyoto Protocol that have agreed to a target for their greenhouse gas
emissions, including all the Annex | countries (as amended in 1998)
but Turkey and Belarus.
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are between 0.1% and 1.1% of projected GDP®. These studies
encompass awiderange of assumptionsaslistedin Paragraph
11. Model swhoseresultsare reported in this paragraph assume
full use of emissionstrading without transaction cost. Results
for cases that do not allow Annex B trading assume full
domestic trading within each region. Models do not include
sinks or non-CO, greenhouse gases. They do not include the
CDM, negative cost options, ancillary benefits, or targeted
revenuerecycling.
For al regions costs are also influenced by the following
factors:
Constraints onthe use of Annex B trading, high transaction
costs in implementing the mechanisms, and inefficient
domestic implementation could raise costs.
Inclusionin domestic policy and measuresof the no regrets
possibilities'® identified in Paragraph 12, use of the CDM,
sinks, and inclusion of non-CO, greenhouse gases, could
lower costs. Costsfor individual countries can vary more
widely.

The models show that the Kyoto mechanismsareimportant in
controlling risks of high costsin given countries, and thuscan
complement domestic policy mechanisms. Similarly, they can
minimize risks of inequitableinternational impactsand help to
level marginal costs. The globa modelling studiesreported above
show national marginal costs to meet the Kyoto targets from
about US$20/tC up to US$600/tC without trading, and arange
from about US$15/tC up to US$150/tC with Annex B trading.
The cost reductions from these mechanisms may depend on
the details of implementation, including the compatibility of
domestic and international mechanisms, constraints, and
transaction costs.

Economies in transition: For most of these countries, GDP
effects range from negligible to a several per cent increase.
Thisreflectsopportunitiesfor energy efficiency improvements
not availableto Annex Il countries. Under assumptionsof drastic
energy efficiency improvement and/or continuing economic
recessionsin some countries, the assigned amounts may exceed
projected emissions in the first commitment period. In this
case, modelsshow increased GDP dueto revenuesfrom trading
assigned amounts. However, for some economiesintransition,
implementing the Kyoto Protocol will have similar impact on
GDPasfor Annex Il countries.

14. Cogt-effectiveness studieswith a century timescal e estimate
that the costs of stabilizing CO, concentrations in the

15 Many metrics can be used to present costs. For example, if the annual
costs to developed countries associated with meeting Kyoto targets
with full Annex B trading arein the order of 0.5% of GDP, thisrepresents
US$125 hillion (1000 million) per year, or US$125 per person per
year by 2010 in Annex |1 (SRES assumptions). This correspondsto an
impact on economic growth ratesover tenyearsof lessthan 0.1 percentage
point
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atmosphere increase as the concentration stabilization level
declines. Different baselines can have a strong influence on
absolute costs. Whilethereisamoderateincreasein the costs
when passing from a 750ppmv to a 550ppmv concentration
stabilization level, there is a larger increase in costs passing
from 550ppmv to 450ppmv unlessthe emissionsin thebasdine
scenario are very low. These results, however, do not
incorporate carbon sequestration, gases other than CO, and
did not examine the possibl e effect of more ambitious targets
oninduced technological change'®. Costs associated with each
concentration level depend on numerousfactorsincluding the
rate of discount, distribution of emission reductionsover time,
policies and measures employed, and particularly the choice
of the baseline scenario: for scenarios characterized by afocus
on local and regional sustainable development for example,
total costs of stabilizing at a particular level are significantly
lower than for other scenarios’” (Sections2.5.2,8.4.1, 10.4.6).

15. Under any greenhouse gas mitigation effort, the economic
costs and benefits are distributed unevenly between sectors;
to a varying degree, the costs of mitigation actions could be
reduced by appropriate policies. In generadl, it is easier to
identify activities, which stand to suffer economic costs
compared to those which may benefit, and the economic costs
are more immediate, more concentrated and more certain.
Under mitigation policies, coal, possibly oil and gas, and
certain energy-intensive sectors, such as steel production, are
most likely to suffer an economic disadvantage. Other
industriesincluding renewable energy industries and services
can be expected to benefit in thelong term from price changes
and theavailability of financial and other resourcesthat would
otherwise have been devoted to carbon-intensive sectors.
Policies such as the removal of subsidies from fossil fuels
may increasetotal societal benefitsthrough gainsin economic
efficiency, while use of the Kyoto mechanisms could be
expected to reduce the net economic cost of meeting Annex
B targets. Other types of policies, for example exempting
carbon-intensiveindustries, redistribute the costs but increase
total societal costs at the same time. Most studies show that
the distributional effects of a carbon tax can have negative
income effects on low-income groups unlessthetax revenues
are used directly or indirectly to compensate such effects
(Section 9.2.1).

161 nduced technological changeisan emerging field of inquiry. None of
theliteraturereviewed in TAR on the rel ationship between the century-
scale CO, concentrationsand costs, reported resultsfor modelsemploying
induced technological change. Models with induced technological
change under some circumstances show that century-scale
concentrations can differ, with similar GDP growth but under different
policy regimes (Section 8.4.1.4).

17 See Figure SPM-1 for the influence of reference scenarios on the
magnitude of the required mitigation effort to reach agiven stabilization
level
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16. Emission constraints in Annex | countries have well

established, albeit varied “ spillover” effects!® on non-Annex |

countries (Sections 8.3.2, 9.3).
Oil-exporting, non-Annex | countries. Analyses report
cosgtsdifferently, including, inter alia, reductionsin projected
GDP and reductionsin projected oil revenues'. The study
reporting the lowest costs shows reductions of 0.2% of
projected GDP with no emissions trading, and less than
0.05% of projected GDPwith Annex B emissionstrading
in 2010%°. The study reporting the highest costs shows
reductionsof 25% of projected ail revenueswith no emissons
trading, and 13% of projected oil revenues with Annex B
emissions trading in 2010. These studies do not consider
policies and measures? other than Annex B emissions
trading, that could lessen the impact on non-Annex |, oil-
exporting countries, and therefore tend to overstate both
the costs to these countries and overall costs.
The effects on these countries can be further reduced by
removal of subsidiesfor fossi| fuels, energy tax restructuring
according to carbon content, increased use of natural gas,
and diversification of the economies of non-Annex |, oil-
exporting countries.
Other non-Annex | countries: They may be adversely
affected by reductionsin demand for their exportsto OECD
nationsand by the priceincrease of those carbon-intensive
and other productsthey continueto import. These countries
may benefit from the reduction in fuel prices, increased
exports of carbon-intensive products and the transfer of
environmentally sound technologies and know-how. The
net balance for agiven country depends on which of these
factors dominates. Because of these complexities, the
breakdown of winners and losers remains uncertain.
Carbon leakage®. The possible rel ocation of some carbon-
intensive industries to non-Annex | countries and wider
impactson trade flowsin response to changing prices may
lead to leakage in the order of 5%-20% (Section 8.3.2.2).
Exemptions, for example for energy-intensive industries,

18 Spillover effectsincorporateonly economic effects, not environmentd effects.

¥ Details of the six studies reviewed are found in Table 9-4 of the
underlying report.

2 These estimated costs can be expressed as differencesin GDP growth rates
over the period 2000-2010. With no emissionstrading, GDP growth rate
isreduced by 0.02 percentage pointslyear; withAnnex B emissionstrading,
growth rate is reduced by less than 0.005 percentage points/year.

2 These policies and measuresinclude; those for non-CO, gases and non-
energy sources of all gases; offsets from sinks; industry restructuring
(e.g., from energy producer to supplier of energy services); use of
OPEC's market power; and actions (e.g. of Annex B Parties) related
to funding, insurance, and the transfer of technology. In addition, the
studiestypically do not include the following policies and effects that
can reducethetotal cost of mitigation: the use of tax revenuesto reduce
tax burdensor finance other mitigation measures; environmental ancillary
benefitsof reductionsinfossil fuel use; andinduced technologica change
from mitigation policies.

22 Carbon leakage is defined here as the increase in emissions in non-
Annex B countries due to implementation of reductionsin Annex B,
expressed as a percentage of Annex B reductions.
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makethehigher model estimatesfor carbon leakage unlikely,
but would raiseaggregate cogs. Thetrandfer of environmentaly
sound technol ogies and know-how, not included in models,
may |lead to lower |leakage and especially onthelonger term
may more than offset the leakage.

17. The successful implementation of greenhouse gas mitigation
options needsto overcome many technical, economic, political,
cultural, social, behavioural and/or ingtitutional barrierswhich
prevent thefull exploitation of the technol ogical, economic and
social opportunities of these mitigation options. The potential
mitigation opportunities and types of barriers vary by region
and sector, and over time. Thisis caused by thewidevariationin
mitigation capacity. Thepoor in any country arefaced with limited
opportunities to adopt technologies or change their social
behaviour, particularly if they are not part of acash economy,
and most countries could benefit from innovative financing
and institutional reform and removing barriersto trade. Inthe
industrialized countries, future opportunities lie primarily in
removing social and behavioural barriers; in countries with
economiesintrangtion, in pricerationdization; andin developing
countries, in pricerationalization, increased accessto dataand
information, availability of advanced technologies, financial
resources, and training and capacity building. Opportunities
for any given country, however, might befoundin theremoval
of any combination of barriers (Sections 1.5, 5.3, 5.4).

18. National responsesto climate change can be more effective
if deployed asa portfolio of policy instrumentsto limit or reduce
greenhouse gas emissions. The portfolio of national climate
policy instruments may include - according to national
circumstances - emissions/carbon/energy taxes, tradable or
non-tradable permits, provision and/or removal of subsidies,
deposit/refund systems, technology or performance standards,
energy mix requirements, product bans, voluntary agreements,
government spending and investment, and support for research
and development. Each government may apply different
evaluation criteria, which may lead to different portfolios of
instruments. The literature in general gives no preference for
any particular policy instrument. Market based instruments
may be cost-effectivein many cases, especially where capacity
to administer them is developed. Energy efficiency standards
and performance regulations are widely used, and may be
effective in many countries, and sometimes precede market
based instruments. VVoluntary agreementshaverecently been used
more frequently, sometimes preceding theintroduction of more
stringent measures. Information campaigns, environmental
labelling, and green marketing, alone or in combination with
incentive subsidies, areincreasingly emphasizedto informand
shape consumer or producer behaviour. Government and/or
privately supported research and devel opment isimportant in
advancing thelong-term application and transfer of mitigation

IPCC Third Assessment Report



| Mitigation

technol ogies beyond the current market or economic potential
(Section 6.2).

19. The effectiveness of climate change mitigation can be
enhanced when climate policies are integrated with the non-
climate objectives of national and sectorial policy development
and be turned into broad transition strategies to achieve the
long-term social and technological changes required by both
sustainabl e devel opment and climate change mitigation. Just
as climate policies can yield ancillary benefits that improve
wellbeing, non-climate policies may produce climate benefits.
It may be possible to significantly reduce greenhouse gas
emissionsby pursuing climate objectivesthrough general socio-
economic policies. In many countries, the carbon intensity of
energy systemsmay vary depending on broader programmmes
for energy infrastructure development, pricing, and tax policies.
Adopting state-of-the-art environmentally sound technologies
may offer particular opportunity for environmentally sound
development while avoiding greenhouse gas intensive
activities. Specific attention can foster the transfer of those
technol ogiesto small and medium size enterprises. Moreover,
taking ancillary benefitsinto account in comprehensive nationa
development strategies can lower political and institutional
barriers for climate-specific actions (Sections 2.2.3, 2.4.4,
245,251,252, 10.3.2,10.3.4).

20. Co-ordinated actions among countries and sectors may
help to reduce mitigation cost, address competitiveness
concerns, potential conflictswithinternational traderules, and
carbon leakage. A group of countries that wants to limit its
collective greenhouse gas emissions could agreeto implement
well-designed international instruments. | nstruments assessed
in this report and being developed in the Kyoto Protocol are
emissions trading; Joint Implementation (JI); the Clean
Deve opment Mechanism (CDM); other internationa instruments
also assessed in thisreport include co-ordinated or harmonized
emission/carbon/energy taxes; an emission/carbon/ energy tax;
technol ogy and product standards; voluntary agreementswith
industries; direct transfersof financia resourcesand technology;
and co-ordinated creation of enabling environments such as
reduction of fossil fuel subsidies. Some of these have been
considered only in some regions to date (Sections 6.3, 6.4.2,
10.2.7, 10.2.8).

21. Climate change decision-making isessentially a sequential
processunder general uncertainty. Theliterature suggeststhat a
prudent risk management strategy requiresacareful consideration
of the conseguences (both environmental and economic), their
likelihood and society’ s attitude toward risk. Thelatter islikely
to vary from country to country and perhapsevenfrom generation
to generation. Thisreport therefore confirmsthe SAR finding
that thevalue of better information about climate change processes
and impactsand society’ sresponsesto themislikely to begreat.
Decisions about near-term climate policies are in the process
of being made while the concentration stabilization target is

WGl Summary for Policymakers

dill being debated. Theliterature suggestsastep-by-step resolution
amed at tabilizing greenhouse gas concentrations. Thiswill also
involve balancing the risks of either insufficient or excessive
action. The relevant question is not “what is the best course
for the next 100 years’, but rather “what is the best course for
the near term given the expected long-term climate change
and accompanying uncertainties’ (Section 10.4.3).

22. This report confirms the finding in the SAR that earlier
actions, including a portfolio of emiss onsmitigation, technology
devel opment and reduction of scientific uncertainty, increase
flexibility in moving towards stabilization of atmospheric
concentrations of greenhouse gases. The desired mix of
options varies with time and place. Economic modelling
studies completed since the SAR indicate that agradual near-
term transition from theworld’s present energy system towards
a less carbon-emitting economy minimizes costs associated
with premature retirement of existing capital stock. It also
provides time for technology development, and avoids
prematurelock-into early versionsof rapidly developing low-
emission technol ogy. On the other hand, morerapid near-term
action would decrease environmental and human risks
associated with rapid climatic changes.

It would also stimul ate more rapid deployment of existing low-
emission technologies, provide strong near-term incentivesto
futuretechnological changesthat may helpto avoid lock-into
carbon-intensive technologies, and allow for later tightening
of targets should that be deemed desirablein light of evolving
scientific understanding (Sections 2.3.2, 2.5.2, 8.4.1, 10.4.2,
10.4.3).

23. Thereisan inter-relationship between the environmental
effectiveness of an international regime, the cost-effectiveness
of climate policies and the equity of the agreement. Any
international regime can be designed in away that enhances
both its efficiency and its equity. The literature assessed in
thisreport on coditionformationininternationa regimespresents
different strategiesthat support these objectives, including how
to makeit more attractiveto join aregimethrough appropriate
digtribution of effortsand provision of incentives. Whileanalysis
and negotiation often focus on reducing system costs, the
literature al so recognizesthat the devel opment of an effective
regime on climate change must give attention to sustainable
development and non-economic issues (Sections 1.3, 10.2).

24. Advances have been made since previous | PCC assessments
inthe under standing of the scientific, technical, environmental,
and economic and social aspects of mitigation of climate
change. Further research isrequired, however, to strengthen
future assessmentsand to reduce uncertaintiesasfar aspossible
in order that sufficient information is available for policy
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making about responsesto climate change, including research
in devel oping countries.

The following are high priorities for further narrowing gaps

between current knowledge and policy making needs:
Further exploration of the regional, country and sector
specific potential s of technological and social innovation
options. Thisincludes research on the short, medium and
long-term potential and costs of both CO, and non-CO,,
non-energy mitigation options; understanding of technology
diffusion acrossdifferent regions; identifying opportunities
in the area of social innovation leading to decreased
greenhouse gas emissions; comprehensive analysis of the
impact of mitigation measures on carbon flowsin and out
of theterrestrial system; and somebasicinquiry inthearea
of geo-engineering.
Economic, social andinstitutional issuesrelated to climate
change mitigationin all countries. Priority areasinclude:
analysis of regionally specific mitigation options and
barriers; theimplications of equity assessments; appropriate
methodologies and improved data sources for climate
change mitigation and capacity building in the area of
integrated assessment; strengthening future research and
assessments, especially in the devel oping countries.
Methodologies for analysis of the potential of mitigation
optionsandtheir cost, with special attention to comparability

Synthesis Report

of results. Examplesinclude: characterizing and measuring
barriersthat inhibit greenhouse gas-reducing action; making
mitigation model ling techniquesmorecong stent, reproducible,
and accessible; modelling technol ogy |earning; improving
analytical tools for evaluating ancillary benefits, e.g.
assigning the costs of abatement to greenhouse gases and to
other pollutants; systematically analyzing the dependency
of costs on baseline assumptions for various greenhouse
gas stabilization scenarios; developing decision analytical
frameworksfor dealing with uncertainty aswell as socio-
economic and ecological risk in climate policy making;
improving global models and studies, their assumptions
and their consistency in thetreatment and reporting of non-
Annex | countries and regions.

Evaluating climate mitigation options in the context of
devel opment, sustainability and equity. Examplesinclude:
exploration of aternative development paths, including
sustai nable consumption patternsin all sectors, including
the transportation sector; integrated analysis of mitigation
and adaptation; identifying opportunities for synergy
between explicit climate policies and general policies
promoting sustainable development; integration of intra-
and inter-generational equity in climate change mitigation
analysis; implications of equity assessments; analysis of
scientific, technical and economic implications of options
under awide variety of stabilization regimes.
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In 1998, Working Group (WG) 11 of the Intergovernmental
Panel on Climate Change (IPCC) was charged by the IPCC
Plenary for the Panel’s Third Assessment Report (TAR) to
assessthe scientific, technical, environmental, economic, and
socia aspects of the mitigation of climate change. Thus, the
mandate of the Working Group was changed from a
predominantly disciplinary assessment of the economic and
social dimensions on climate change (including adaptation)
inthe Second Assessment Report (SAR), to aninterdisciplinary
assessment of the options to control the emissions of
greenhouse gases (GHGs) and/or enhance their sinks.

After the publication of the SAR, continued research in the
area of mitigation of climate change, which was partly
influenced by political changes such as the adoption of the
Kyoto Protocol to the United Nations Framework Convention
on Climate Change (UNFCCC) in 1997, has been undertaken
and isreported on here. The report also draws on anumber of
IPCC Special Reportst and | PCC co-sponsored meetings and
Expert Meetingsthat were held in 1999 and 2000, particularly
to support the development of the IPCC TAR. This summary
follows the 10 chapters of the report.

This chapter places climate change mitigation, mitigation
policy, and the contents of therest of the report in the broader
context of devel opment, equity, and sustainability. Thiscontext
reflects the explicit conditions and principles laid down by
the UNFCCC onthepursuit of the ultimate objective of stabilizing
greenhouse gas concentrations. The UNFCCC imposes three
conditions on the goal of stabilization: namely that it should
take placewithin atime-frame sufficient to “ allow ecosystems
toadapt naturaly to climate change, to ensurethat food production
is not threatened and to enable economic development to
proceed in a sustainable manner” (Art. 2). It also specifies
severa principles to guide this process. equity, common but
differentiated responsibilities, precaution, cost-effectivemeasures,
right to sustainable development, and support for an open
international economic system (Art. 3).

Previous| PCC assessment reportssought to facilitatethis pursuit
by comprehensively describing, cataloguing, and comparing
technologies and policy instruments that could be used to
achieve mitigation of greenhouse gas emissions in a cost-

1 Notably the Special Report on Aviation and the Global Atmosphere, the
Specia Report on Methodol ogical and Technological | ssuesin Technology
Transfer, the Special Report on Emissions Scenarios, and the Special
Report on Land Use, Land-Use Change and Forestry.
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effective and efficient manner. The present assessment advances
thisprocessby including recent analyses of climate change that
placepolicy evauationsin the context of sustainabledevel opment.
This expansion of scopeis consistent both with the evolution
of theliterature on climate change and theimportance accorded
by the UNFCCC to sustainable development - including the
recognition that “ Parties have aright to, and should promote
sustainable development” (Art. 3.4). It therefore goes some
way towards filling the gapsin earlier assessments.

Climate changeinvolves complex interactions between climatic,
environmental, economic, political, institutional, social, and
technological processes. It cannot beaddressed or comprehended
inisolation of broader societal goals(such asequity or sustainable
development), or other existing or probable future sources of
stress. Inkeeping with thiscomplexity, amultiplicity of gpproaches
have emerged to analyze climate change and rel ated challenges.
Many of theseincorporate concernsabout devel opment, equity,
and sustainability (DES) (albeit partially and gradually) into
their framework and recommendations. Each approach
emphasizes certain elements of the problem, and focuses on
certain classes of responses, including for example, optimal
policy design, building capacity for designing andimplementing
policies, strengthening synergies between climate change
mitigation and/or adaptation and other societal goals, and
policies to enhance societal learning. These approaches are
therefore complementary rather than mutually exclusive.

This chapter brings together three broad classes of analysis,
which differ not so muchintermsof their ultimate goal s as of
their points of departure and preferred analytical tools. The
three approaches start with concerns, respectively, about
efficiency and cost-effectiveness, equity and sustainable
development, and global sustainability and societal learning.
The difference between the three approaches selected liesin
their starting point not in their ultimate goals. Regardless of
the starting point of theanalysis, many studiestry intheir own
way toincorporate other concerns. For example, many analyses
that approach climate change mitigation from a cost-
effectiveness perspectivetry to bring in considerations of equity
and sustainability through their treatment of costs, benefits, and
welfare. Similarly, theclassof studiesthat aremotivated strongly
by considerations of inter-country equity tend to argue that
equity isneeded to ensurethat devel oping countries can pursue
their internal goals of sustainable devel opment—aconcept that
includestheimplicit componentsof sustainability and efficiency.
Likewise, analystsfocused on concernsof global sustainability
have been compelled by their own logic to make a case for
global efficiency—often modelled asthe decoupling of production
from material flows—and social equity. In other words, each
of the three perspectives has led writers to search for waysto
incorporate concernsthat lie beyond their initial starting point.
All three classes of analyseslook at therelationship of climate
changemitigation with al three goal s-devel opment, equity, and
sustainability—a beit in different and often highly complementary
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ways. Nevertheless, they frame the issues differently, focus
on different sets of causal relationships, use different tools of
analysis, and often come to somewhat different conclusions.

Thereisno presumptionthat any particular perspectivefor andysis
ismost appropriatea any level. Moreover, thethree perspectives
areviewed hereasbeing highly synergistic. Theimportant changes
have been primarily inthe types of questions being asked and
thekinds of information being sought. In practice, theliterature
has expanded to add new issuesand new tool s, subsuming rather
than discarding the analysesincluded in the other perspectives.
Therangeand scopeof climate policy analysescan beunderstood
asagradual broadening of thetypesand extent of uncertainties
that analysts have been willing and able to address.

The first perspective on climate policy analysis is cost
effectiveness. It represents the field of conventional climate
policy analysis that is well represented in the First through
Third Assessments. These analyseshave generally been driven
directly or indirectly by the question of what isthe most cost-
effective amount of mitigation for the global economy starting
from aparticular baseline GHG emissions projection, reflecting
a specific set of socio-economic projections. Within this
framework, important issuesinclude measuring the performance
of various technologies and the removal of barriers (such as
existing subsidies) to the implementation of those candidate
policies most likely to contribute to emissions reductions. In
asense, the focus of analysis here has been on identifying an
efficient pathway through theinteractions of mitigation policies
and economic devel opment, conditioned by considerations of
equity and sustainability, but not primarily guided by them. At
thislevel, policy analysishasamost alwaystaken the existing
institutions and tastes of individuals as given; assumptions
that might bevalid for adecade or two, but may become more
guestionable over many decades.

Theimpetusfor theexpansionin the scope of the climate policy
analysis and discourse to include equity considerations was to
addressnot smply theimpactsof climate changeand mitigation
policieson global welfare asawhole, but a so of the effects of
climate change and mitigation policieson existing inequalities
among and within nations. Theliterature on equity and climate
change has advanced considerably over the last two decades,
but thereisno consensusonwhat condtitutesfairness. Once equity
issues were introduced into the assessment agenda, though,
they became important componentsin defining the search for
efficient emissions mitigation pathways. The considerable
literature that indicated how environmental policies could be
hampered or even blocked by those who considered them unfair
became relevant. In light of these results, it became clear how
and why any widespread perception that amitigation strategy
isunfair would likely engender oppositionto that strategy, perhaps
to the extent of rendering it non-optimal (or eveninfeasible, as
could be the case if non-Annex | countries never participate).
Some cogt-€effectivenessanayseshad, infact, laid thegroundwork
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for applying thisliterature by demonstrating the sensitivity of
some equity measures to policy design, national perspective,
and regiond context. Indeed, cogt-effectivenessanalyseshad even
highlighted similar sengitivitiesfor other measuresof development
and sustainability. As mentioned, the analysesthat start from
equity concerns have by and large focused on the needs of
developing countries, and in particular on the commitment
expressed in Article 3.4 of the UNFCCC to the pursuit of
sustainable development. Countries differ in ways that have
dramatic implicationsfor scenario baselines and the range of
mitigation optionsthat can be considered. The climate policies
that arefeasible, and/or desirable, in aparticular country depend
significantly on its available resources and institutions, and on
its overall objectives including climate change as but one
component. Recognizing thisheterogeneity may, thus, lead to
adifferent range of policy options than has been considered
likely thusfar and may reveal differencesin the capacities of
different sectors that may also enhance appreciation of what
canbedoneby non-gateactorstoimprovetheir ability to mitigate.

Thethird perspectiveisgloba sustainability and societd learning.
While sustainability has been incorporated in the analysesin
anumber of ways, aclass of studies takesthe issue of global
sustainability astheir point of departure. These studies focus
on alternative pathways to pursue global sustainability and
address issues like decoupling growth from resource flows,
for example through eco-intelligent production systems,
resource light infrastructure and appropriate technol ogies, and
decoupling wellbeing from production, for example through
intermediate performancelevels, regionalization of production
systems, and changing lifestyles. One popular method for
identifying constraints and opportunitieswithin thisperspective
istoidentify future sustainable states and then examine possible
transition pathsto those states for feasibility and desirability.
In the case of developing countries this leads to a number of
possible strategies that can depart significantly from those
which the developed countries pursued in the past.

Extending discussions of how nations might respond to the
mitigation chalengesothat they indudeissuesof cogt-effectiveness
and efficiency, distribution narrowly defined, equity morebroadly
defined, and sustainability, adds enormous compl exity to the
problem of uncovering how best to respond to thethrest of climate
change. Indeed, recognizing that these multiple domains are
relevant complicates the task assigned to policymakers and
international negotiatorsby opening their deliberationstoissues
that lie beyond the boundaries of the climate change problem,
per se. Their recognition thereby underlines the importance of
integrating scientific thought acrossawide range of new policy-
relevant contexts, but not simply because of some abstract
academic or narrow parochial interest advanced by a small
set of researchers or nations. Cost-effectiveness, equity, and
sustainability have all been identified as critical issues by the
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drafters of the UNFCCC, and they are an integral part of the
charge givento thedrafters of the TAR. Integration acrossthe
domains of cost-effectiveness, equity, and sustainability is
therefore profoundly relevant to policy deliberationsaccording
to the letter aswell asthe spirit of the UNFCCC itself.

The literature being brought to bear on climate change
mitigationincreasingly showsthat policieslying beyond simply
reducing GHG emissionsfrom aspecified baselineto minimize
costs can be extremely effective in abating the emission of
GHGs. Therefore, aportfolio approach to policy and analysis
would be more effective than exclusive reliance on a narrow
set of policy instruments or analytical tools. Besides the
flexibility that an expanded range of policy instruments and
analytical tools can provide to policymakers for achieving
climate objectives, the explicit inclusion of additional policy
objectivesalsoincreasesthelikelihood of “buy-in” to climate
policies by more participants. In particular, it will expand the
range of no regrets? options. Finally, it could assist intailoring
policiesto short-, medium-, and long-term goals.

In order to be effective, however, aportfolio approach requires
weighing the costs and impacts of the broader set of policies
according to alonger list of objectives. Climate deliberations
need to consider the climate ramifications of policiesdesigned
primarily to address awide range of issuesincluding DES, as
well asthelikely impactsof climate policieson theachievement
of these objectives. As part of this process the opportunity
costs and impacts of each instrument are measured against the
multiplecriteriadefined by these multiple objectives. Furthermore,
the number of decision makersor stakeholdersto be considered
isincreased beyond national policymakers and international
negotiatorstoinclude state, local, community, and household
agents, aswell as non-government organizations (NGOs).

Theterm “ancillary benefits’ isoften used intheliteraturefor
theancillary, or secondary, effectsof climate changemitigation
policies on problems other than GHG emissions, such as
reductionsinlocal and regional air pollution, associated with
thereduction of fossil fuels, and indirect effectsonissues such
astransportation, agriculture, land use practices, biodiversity
preservation, employment, and fuel security. Sometimesthese
arereferredto as“ancillary impacts’, to reflect thefact that in
some cases the benefits may be negative®. The concept of

2 Inthisreport, asinthe SAR, no regretsoptionsare defined asthose options
whose benefits such asreduced energy costsand reduced emissionsof local/
regiond pollutantsequa or exceed their coststo society, excluding the benefits
of avoided climate change. They are al so known as negative cost options.

3 Inthisreport sometimes the term “ co-benefits’ isalso used to indicate the
additional benefits of policy options that are implemented for various
reasons at the same time, acknowledging that most policies designed to
address GHG mitigation also have other, often at |east equally important,
rationales, e.g., related to obj ectives of development, sustainability and
equity. The benefits of avoided climate change are not covered in ancillary
or co-benefits. See also Section 7.2.
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“mitigative capacity” is also introduced as a possible way to
integrate results derived from the application of the three
perspectivesin the future. The determinants of the capacity to
mitigate climate changeinclude theavail ability of technological
and policy options, and access to resources to underwrite
undertaking those options. These determinants are the focus
of much of the TAR. The list of determinants is, however,
longer than this. Mitigative capacity also depends upon nation-
specific characteristicsthat facilitate the pursuit of sustainable
development — e.g., the distribution of resources, therelative
empowerment of various segments of the population, the
credibility of empowered decision makers, the degreeto which
climate objectives complement other objectives, access to
credible information and analyses, the will to act on that
information, the ability to spread risk intra- and inter-
generationally, and so on. Given that the determinants of
mitigative capacity are essentially the same as those of the
anal ogous concept of adaptive capacity introduced inthe WG|
Report, this approach may provide an integrated framework
for assessing both sets of options.

A long-termview of amultiplicity of future possibilitiesisrequired
to consider the ultimaterisks of climate change, assess critical
interactions with other aspects of human and environmental
systems, and guide palicy responses. Scenariosoffer astructured
means of organizing information and gleaning insight on the
possibilities.

Each mitigation scenario describesaparticular futureworld, with
particular economic, socia, and environmental characteristics,
and they thereforeimplicitly or explicitly containinformation
about DES. Since the difference between reference case
scenarios and stabilization and mitigation scenariosissimply
the addition of deliberate climate policy, it can be the case
that the differences in emissions among different reference
case scenarios are greater than those between any one such
scenario and its stabilization or mitigation version.

Thissection presentsan overview of three scenario literatures:
general mitigation scenarios produced since the SAR,
narrative-based scenarios found in the general futures
literature, and mitigation scenarios based on the new reference
scenarios developed in the IPCC SRES.

Thisreport considersthe results of 519 quantitative emissions
scenariosfrom 188 sources, mainly produced after 1990. The
review focuses on 126 mitigation scenarios that cover global
emissions and have atime horizon encompassing the coming
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century. Technological improvement is a critical element in
all the general mitigation scenarios.

Based on the type of mitigation, the scenarios fall into four
categories. concentration stabilization scenarios, emission
stabilization scenarios, safe emission corridor scenarios, and
other mitigation scenarios. All the reviewed scenariosinclude
energy-related carbon dioxide (CO,) emissions; several also
include CO, emissions from land-use changes and industrial
processes, and other important GHGs.

Policy options used in the reviewed mitigation scenariostake
into account energy systems, industrial processes, and land
use, and depend on the underlying model structure. Most of
the scenariosintroduce simple carbon taxes or constraints on
emissions or concentration levels. Regional targets are
introduced in the models with regional disaggregation.
Emission permit trading is introduced in more recent work.
Some models employ policies of supply-side technology
introduction, while others emphasize efficient demand-side
technology.

Allocation of emission reduction among regionsisacontentious
issue. Only some studies, particul arly recent ones, makeexplicit
assumptions about such allocations in their scenarios. Some
studies offer global emission trading asamechanismto reduce
mitigation costs.

Technological improvement is a critical element in all the
general mitigation scenarios.

Detailed analysis of the characteristics of 31 scenarios for

stabilization of CO, concentrations at 550ppmv* (and their

baseline scenarios) yielded several insights:
Thereisawiderangein baselines, reflecting adiversity of
assumptions, mainly with respect to economic growth and
low-carbon energy supply. High economic growth scenarios
tend to assume high levels of progressin the efficiency of
end-usetechnol ogies; however, carbon intensity reductions
werefound to belargely independent of economic growth
assumptions. The range of future trends shows greater
divergencein scenariosthat focus on devel oping countries
than in scenarios that look at developed nations. Thereis
little consensuswith respect to futuredirectionsin developing
regions.
The reviewed 550ppmv stabilization scenarios vary with
respect to reduction time paths and the distribution of
emission reductions among regions. Some scenarios
suggested that emission trading may lower the overall

4The reference to a particular concentration level does not imply an
agreed-upon desirability of stabilization at this level. The selection of
550ppmv isbased on thefact that the majority of studiesintheliterature
analyzethislevel, and does not imply any endorsement of thislevel as
atarget for climate change mitigation policies.
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mitigation cost, and could lead to more mitigation in the
non-OECD countries. The range of assumed mitigation
policiesisvery wide. In general, scenariosin which there
isan assumed adoption of high-efficiency measuresinthe
baseline show less scope for further introduction of
efficiency measuresin themitigation scenarios. Inpart this
resultsfrom model input assumptions, which do not assume
major technological breakthroughs. Conversely, baseline
scenarioswith high carbon intensity reductions show larger
carbon intensity reductionsin their mitigation scenarios.

Only a small set of studies has reported on scenarios for
mitigating non-CO, gases. Thisliterature suggests that small
reductions of GHG emissions can be accomplished at lower
cost by including non-CO, gases; that both CO, and non-CO,
emissions would have to be controlled in order to slow the
increase of atmospheric temperature sufficiently to achieve
climatetargets assumed in the studies; and that methane (CH,)
mitigation can be carried out more rapidly, with a more
immediate impact on the atmosphere, than CO, mitigation.

Generally, it is clear that mitigation scenarios and mitigation
policiesare strongly related to their baseline scenarios, but no
systematic analysis has been published on the relationship
between mitigation and baseline scenarios.

Global futures scenarios do not specifically or uniquely
consider GHG emissions. Instead, they are more general
“stories’ of possiblefutureworlds. They can complement the
more quantitati ve emissions scenario assessments, because they
consider dimensions that elude quantification, such as
governance and social structures and institutions, but which
are nonethel essimportant to the success of mitigation policies.
Addressing these issues reflects the different perspectives
presented in Section 1: cost-effectiveness and/or efficiency,
equity, and sustainability.

A survey of this literature has yielded a number of insights
that arerelevant to GHG emissions scenarios and sustainable
development. First, awide range of future conditionshas been
identified by futurists, ranging from variants of sustainable
development to collapse of social, economic, and environmental
systems. Sincefuture values of the underlying socio-economic
drivers of emissions may vary widely, it is important that
climate policies should be designed so that they are resilient
against widely different future conditions.

Second, the global futures scenarios that show falling GHG
emissionstend to show improved governance, increased equity
and political participation, reduced conflict, and improved
environmental quality. They alsotend to show increased energy
efficiency, shiftsto non-fossil energy sources, and/or shiftsto
a post-industrial (service-based) economy; population tends
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to stabilize at relatively low levels, in many cases thanks to
increased prosperity, expanded provision of family planning,
and improved rights and opportunities for women. A key
implicationisthat sustainable devel opment policiescan make
asignificant contribution to emission reduction.

Third, different combinations of driving forces are consistent
with low emissions scenarios, which agrees with the SRES
findings. Theimplication of thisseemsto bethat it isimportant
to consider the linkage between climate policy and other
policies and conditions associated with the choice of future
pathsin ageneral sense.

Six new GHG emission reference scenario groups (not including
specific climate policy initiatives), organized into 4 scenario
“families’, were developed by the IPCC and published asthe
Special Report on Emissions Scenarios (SRES). Scenario
familiesA 1 and A2 emphasize economic devel opment but differ
with respect to the degree of economic and social convergence;
B1 and B2 emphasi ze sustainable devel opment but also differ
in terms of degree of convergence (see Box TS-1). Inall, six
models were used to generate the 40 scenarios that comprise

Synthesis Report

the six scenario groups. Six of these scenarios, which should
be considered equally sound, were chosen to illustrate the
whole set of scenarios. These six scenarios include marker
scenariosfor each of theworldsaswell astwo scenarios, A 1FI
and A1T, which illustrate alternative energy technology
developmentsinthe Al world (see Figure TS.1).

The SRES scenarios lead to the following findings:
Alternative combinations of driving-force variables can
lead to similar levelsand structure of energy use, land-use
patterns, and emissions.

Important possibilities for further bifurcations in future
development trends exist within each scenario family.
Emissions profiles are dynamic across the range of SRES
scenarios. They portray trend reversalsand indicate possible
emissions cross-over among different scenarios.
Describing potential future developmentsinvolvesinherent
ambiguities and uncertainties. One and only one possible
development path (as alluded to, for instance, in concepts
such as* business-as-usua scenario”) simply doesnot exist.
Themulti-model approach increasesthevalue of the SRES
scenario set, Since uncertai ntiesin the choi ce of model input
assumptionscan bemoreexplicitly separated from the gpecific
model behaviour and related modelling uncertainties.

Box TS-1. The Emissions Scenarios of the IPCC Special Report on Emissions Scenarios (SRES)

Al TheAl gtorylineand scenario family describesafutureworld
of very rapid economic growth, global population that peaks
in mid-century and declinestheresfter, and therapid introduction
of new and more€fficient technol ogies. Mg or underlying themes
are convergence among regions, capacity building and increased
cultural and social interactions, with a substantial reduction
inregional differencesin per capitaincome. TheA1 scenario
family develops into three groups that describe alternative
directionsof technological changeintheenergy system. The
three A1 groups are distinguished by their technological
emphasis: fossil intensive (A1FI), non-fossil energy sources
(A1T), or abalance acrossall sources (A 1B) (where balanced
isdefined as not relying too heavily on one particular energy
source, on the assumption that similar improvement rates
apply to all energy supply and end use technologies).

A2. The A2 storyline and scenario family describes a very
heterogeneous world. The underlying themeis self-reliance
and preservation of local identities. Fertility patterns across
regions converge very slowly, which resultsin continuously
increasing population. Economic development is primarily
regionally oriented and per capita economic growth and
technol ogical change more fragmented and slower than other
storylines.

B1. TheB1 storylineand scenario family describesaconvergent
world with the same global population, that peaks in mid-

century and declines thereafter, as in the Al storyline, but
with rapid change in economic structures toward a service
and information economy, with reductionsin material intensity
and theintroduction of clean and resource-efficient technologies.
The emphasisis on global solutionsto economic, social and
environmental sustainability, including improved equity, but
without additional climateinitiatives.

B2. The B2 storyline and scenario family describes aworld
inwhichtheemphasisison local solutionsto economic, socia
and environmenta sustainability. Itisaworld with continuoudy
increasing global population, at a rate lower than A2,
intermediate levels of economic devel opment, and lessrapid
and more diverse technological change than in the B1 and
A1l storylines. While the scenario is also oriented towards
environmental protection and social equity, it focuseson local
and regional levels.

Anillustrative scenario was chosen for each of the six scenario
groups A1B, A1FIl, A1T, A2, B1 and B2. All should be
considered equally sound.

The SRES scenariosdo not include additional climateinitiatives,
which means that no scenarios are included that explicitly
assume implementation of the United Nations Framework
Convention on Climate Change or the emissions targets of
the Kyoto Protocol.
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Scenario Population Economy Environment Equity Technology Globalization
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Figure TS-1: Qualitative directions of SRES scenarios for different indicators.

Recogni zing theimportance of multiplebasdinesin evaluating
mitigation strategies, recent studies analyze and compare
mitigation scenarios using as their baselines the new SRES
scenarios. This alows for the assessment in this report of 76
“ post-SRES mitigation scenarios’ produced by ninemodelling
teams. These mitigation scenarioswere quantified on thebasis
of storylinesfor each of the six SRES scenarios that describe
the relationship between the kind of future world and the
capacity for mitigation.

Quantifications differ with respect to the baseline scenario,
including assumed storyline, the stabilization target, and the
model that was used. The post-SRES scenarios cover avery
wide range of emission trajectories, but the range is clearly
below the SRESrange. All scenarios show anincreasein CO,
reduction over time. Energy reduction shows a much wider
range than CO, reduction, because in many scenarios a
decoupling between energy use and carbon emissions takes
place as aresult of ashift in primary energy sources.

In general, thelower the stabilization target and the higher the
level of baseline emissions, thelarger the CO, divergencefrom
the baseline that is needed, and the earlier that it must occur.
TheAlFl, A1B, and A2 worlds require awider range of and
more strongly implemented technol ogy and/or policy measures
thanA1T, B1, and B2. The 450ppmv stabilization caserequires
more drastic emission reduction to occur earlier than under

the 650ppmv case, with very rapid emission reduction over
the next 20 to 30 years (see Figure TS-2).

A key policy question iswhat kind of emission reductionsin
the medium term (after the Kyoto Protocol commitment
period) would be needed. Analysis of the post-SRES scenarios
(most of which assume developing country emissions to be
bel ow baselinesby 2020) suggeststhat stabilization at 450ppmv
will require emissions reductions in Annex | countries after
2012 that go significantly beyond their Kyoto Protocol
commitments. It also suggests that it would not be necessary
to go much beyond the Kyoto commitments for Annex | by
2020 to achieve stabilization at 550ppmv or higher. However,
it should berecognized that severa scenariosindicate the need
for significant Annex | emission reductions by 2020 and that
none of the scenarios introduces other constraints such as a
limit to the rate of temperature change.

Animportant policy question already mentioned concernsthe
participation of devel oping countriesin emission mitigation.
A preliminary finding of the post-SRES scenario analysisis
that, if it is assumed that the CO, emission reduction needed
for stabilization occursin Annex | countriesonly, Annex | per
capitaCO, emissionswould fall below non-Annex | per capita
emissions during the 21st century in nearly all of the
stabilization scenarios, and before 2050 in two-thirds of the
scenarios, if developing countriesemissionsfollow thebasdine
scenarios. This suggests that the stabilization target and the
baseline emission level are both important determinants of
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Figure TS-2: Comparison of reference and stabilization scenarios. The figure is divided into six parts, one for each of the reference scenario
groups from the Special Report on Emissions Scenarios (SRES). Each part of the figure shows the range of total global CO, emissions
(gigatonnes of carbon (GtC)) from all anthropogenic sources for the SRES reference scenario group (shaded in grey) and the ranges for the
various mitigation scenarios assessed in the TAR leading to stabilization of CO, concentrations at various levels (shaded in colour). Scenarios
are presented for the A1 family subdivided into three groups (the balanced A1B group (Figure TS-2a), non-fossil fuel A1T (Figure TS-2b), and
the fossil intensive A1FI (Figure TS-2c)) and stabilization of CO, concentrations at 450, 550, 650 and 750ppmyv; for the A2 group with stabilization
at 550 and 750ppmv in Figure TS-2d, the B1 group and stabilization at 450 and 550ppmv in Figure TS-2e, and the B2 group including
stabilization at 450, 550, and 650ppmv in Figure TS-2f. The literature is not available to assess 1000ppmv stabilization scenarios. The figure
illustrates that the lower the stabilization level and the higher the baseline emissions, the wider the gap. The difference between emissions
in different scenario groups can be as large as the gap between reference and stabilization scenarios within one scenario group. The dotted

lines depict the boundaries of the ranges where they overlap (see Box TS-1).

the timing when devel oping countries emissions might need
to diverge from their baseline.

Climate policy would reduce per capitafina energy useinthe
economy-emphasized worlds (A1FI, A1B, and A2), but not in
theenvironment-emphasized worlds (B1 and B2). Thereduction
in energy use caused by climate policies would be larger in
Annex | than in non-Annex | countries. However, theimpact
of climate policieson equity in per capitafina energy usewould
be much smaller than that of the future development path.

Thereisno single path to alow emission future and countries
and regions will have to choose their own path. Most model
results indicate that known technological options® could

5 “Knowntechnologica options’ refer totechnologiesthat existin operation
or pilot plant stagetoday, asreferenced in the miti gation scenarios discussed
inthisreport. It does not include any new technol ogiesthat will require
drastic technological breakthroughs. In thisway it can be considered to
be aconservative estimate, considering thelength of the scenario period.

achieveabroad range of atmospheric CO, stabilization levels,
such as 550ppmv, 450ppmv or, below over the next 100 years
or more, but implementation would require associated socio-
economic and institutional changes.

Assumed mitigation options differ among scenarios and are
strongly dependent onthe model structure. However, common
features of mitigation scenariosinclude large and continuous
energy efficiency improvements and afforestation as well as
low-carbon energy, especially biomassover the next 100 years
and natural gasin the first half of the 21st century. Energy
conservation and reforestation are reasonable first steps, but
innovative supply-sidetechnol ogieswill eventually berequired.
Possiblerabust optionsinclude using natural gasand combined-
cycle technology to bridge the transition to more advanced
fossil fuel and zero-carbon technologies, such as hydrogen
fuel cdls. Solar energy aswell aseither nuclear energy or carbon
removal and storage would becomeincreasingly important for
ahigher emission world or lower stabilization target.
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Integration between global climate policies and domestic air
pollution abatement policies could effectively reduce GHG
emissions in developing regions for the next two or three
decades. However, control of sulphur emissionscould amplify
possible climate change, and partia trade-offs are likely to
persist for environmental policiesin the medium term.

Policies governing agriculture, land use and energy systems
could be linked for climate change mitigation. Supply of
biomassenergy aswell ashiological CO, sequestrationwould
broaden the available optionsfor carbon emission reductions,
although the post-SRES scenarios show that they cannot
provide the bulk of the emission reductions required. That
has to come from other options.

Technologies and practices to reduce GHG emissions are
continuously being developed. Many of these technologies
focus on improving the efficiency of fossil fuel energy or
electricity use and the development of low carbon energy
sources, since the majority of GHG emissions (in terms of
CO, equivalents) are related to the use of energy. Energy
intensity (energy consumed divided by grossdomestic product
(GDP)) and carbon intensity (CO, emitted from burning fossil
fuels divided by the amount of energy produced) have been
declining for more than 100 years in developed countries
without explicit government policiesfor decarbonization, and
have the potential to decline further. Much of this changeis
the result of a shift away from high carbon fuels such as coal
towardsoil and natural gas, through energy conversion efficiency
improvements and the introduction of hydro and nuclear
power. Other non-fossil fuel energy sources are also being
developed and rapidly implemented and have a significant
potential for reducing GHG emissions. Biological sequestration
of CO, and CO, removal and storage can also play arolein
reducing GHG emissions in the future (see also Section 4
below). Other technologies and measures focus on the non-
energy sectorsfor reducing emissions of the remaining major
GHGs: CH4, nitrousoxide (N?O), hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), and sulphur hexafluoride (SF,).

Since the SAR severa technologies have advanced more
rapidly than was foreseen in the earlier analysis. Examples
include the market introduction of efficient hybrid enginecars,
rapid advancement of wind turbine design, demonstration of
underground carbon dioxide storage, and the near elimination
of N,O emissionsfrom adipic acid production. Greater energy
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efficiency opportunitiesfor buildings, industry, transportation,
and energy supply are available, often at alower cost than was
expected. By the year 2010 most of the opportunitiesto reduce
emissionswill still come from energy efficiency gainsin the
end-use sectors, by switching to natural gas in the electric
power sector, and by reducing the release of process GHGs
fromindustry, e.g., N,O, perfluoromethane (CF,), and HFCs.
By theyear 2020, when aproportion of theexisting power plants
will have been replaced in developed countries and countries
with economiesintransition (EITs), and when many new plants
will become operational in developing countries, the use of
renewable sources of energy can begin contributing to the
reduction of CO, emissions. Inthelonger term, nuclear energy
technologies — with inherent passive characteristics meeting
stringent safety, proliferation, and waste storage goals—along
with physical carbon removal and storage from fossil fuelsand
biomass, followed by sequestration, could potentially become
available options.

Running counter to the technol ogical and economic potential
for GHG emissionsreduction are rapid economic devel opment
and accelerating change in some socio-economic and
behavioural trends that are increasing total energy use,
especialy in developed countries and high-income groupsin
developing countries. Dwelling units and vehicles in many
countries are growing in size, and the intensity of electrical
appliance useisincreasing. Use of electrical office equipment
incommercial buildingsisincreasing. In devel oped countries,
and especialy the USA, sales of larger, heavier, and less
efficient vehicles are also increasing. Continued reduction or
stabilization in retail energy prices throughout large portions
of theworld reducesincentivesfor the efficient use of energy
or the purchase of energy efficient technologiesin all sectors.
With a few important exceptions, countries have made little
effort to revitalize policies or programmesto increase energy
efficiency or promote renewable energy technologies. Also
sincethe early 1990s, there has been areductionin both public
and private resources devoted to R&D (research and
devel opment) to devel op and implement new technol ogiesthat
will reduce GHG emissions.

In addition, and usually related to technological innovation
options, there are important possibilitiesin the area of social
innovation. In all regions, many options are available for
lifestyle choicesthat may improve quality of life, while at the
same time decreasing resource consumption and associated
GHG emissions. Such choices are very much dependent on
local and regiona culturesand priorities. They arevery closely
related to technological changes, some of which can be
associated with profound lifestyle changes, while others do
not require such changes. While these options were hardly
noted in the SAR, this report begins to address them.
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Figure TS-3: World primary energy use by region from 1971 to 1998.

and electricity.

Note: Primary energy calculated using the IEA’s physical energy content method based on the primary energy sources used to produce heat

3.2.Trends in Energy Use and Associated
Greenhouse Gas Emissions

Global consumption of energy and associated emission of
CO, continue an upward trend in the 1990s (Figures TS-3
and TS-4). Fossil fuels remain the dominant form of energy
utilized in the world, and energy use accountsfor morethan
two thirds of the GHG emissions addressed by the Kyoto
Protocol. In 1998, 143 exajoules (EJ) of oil, 82EJ of natural
gas, and 100EJ of coal were consumed by the world's
economies. Global primary energy consumption grew an
average of 1.3% annually between 1990 and 1998. Average
annual growth rates were 1.6% for developed countries and
2.3% to 5.5% for developing countries between 1990 and
1998. Primary energy usefor the EITs declined at an annual
rate of 4.7% between 1990 and 1998 owing to the loss of
heavy industry, the declinein overall economic activity, and
restructuring of the manufacturing sector.

Average globa carbon dioxideemissionsgrew —approximately
at the same rate as primary energy —at arate of 1.4% per year
between 1990 and 1998, which is much slower than the 2.1%
per year growth seeninthe 1970sand 1980s. Thiswasin large
measure because of the reductionsfrom the El Tsand structural
changes in the industrial sector of the developed countries.
Over the longer term, global growth in CO, emissions from
energy use was 1.9% per year between 1971 and 1998. In
1998, developed countries were responsible for over 50% of
energy-related CO, emissions, which grew at arate of 1.6%
annually from 1990. The EITs accounted for 13% of 1998
emissions, and their emissions have been declining at an annual

rate of 4.6% per year since 1990. Developing countriesin the
Asia-Pacific region emitted 22% of the global total carbon
dioxide, and have been the fastest growing with increases of
4.9% per year since 1990. Therest of the devel oping countries
accounted for slightly more than 10% of total emissions,
growing at an annual rate of 4.3% since 1990.

During the period of intense industrialization from 1860 to
1997, an estimated 13,000EJ of fossil fuel were burned,
releasing 290GtC into the atmosphere, which along with land-
use change has raised atmospheric concentrations of CO, by
30%. By comparison, estimated natural gas resources® are
comparable to those for oil, being approximately 35,000EJ.
The coal resource base is approximately four times as large.
Methane clathrates (not counted in the resource base) are
estimated to be approximately 780,000EJ. Estimated fossil
fuel reserves contain 1,500GtC, being more than 5 times the
carbon already released, and if estimated resources are added,
there is a total of 5,000GtC remaining in the ground. The
scenarios modelled by the SRES without any specific GHG

5 Reserves are those occurrences that are identified and measured as
economically and technically recoverablewith current technologiesand
prices. Resources are those occurrences with less certain geological
and/or economic characteristics, but which are considered poten-tially
recoverablewith foreseeabl e technol ogical and economic developments.
The resource base includes both categories. On top of that there are
additional quantitieswith unknown certainty of occurrence and/or with
unknown or no economic significancein theforeseeablefuture, referred
to as “additional occurrences’ (SAR). Examples of unconventional
fossil fuel resources are tar sands and shale oils, geo-pressured gas,
and gasin aguifers.
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emission policies foresee cumulative release ranging from  Fossil-fuel scarcity, at least at the global level, istherefore not
approximately 1,000 GtC to 2,100 GtC from fossil fuel  asignificant factor in considering climate change mitigation.
consumption between 2,000 and 2,100. Cumulative carbon ~ On the contrary, different from the relatively large coal and
emissions for stabilization profiles of 450 to 750ppmv over that  unconventional oil and gasdeposits, the carbon in conventional
same period are between 630 and 1,300GtC (see Figure TS5).  oil and gasreserves or in conventional oil resourcesis much
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Figure TS-4: World CO, emissions by region, 1971-1998.
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Figure TS-5: Carbon in oil, gas and coal reserves and resources compared with historic fossil fuel carbon emissions 1860-1998, and with
cumulative carbon emissions from a range of SRES scenarios and TAR stabilization scenarios up until 2100. Data for reserves and resources
are shown in the left hand columns. Unconventional oil and gas includes tar sands, shale oil, other heavy oil, coal bed methane, deep geopressured
gas, gas in acquifers, etc. Gas hydrates (clathrates) that amount to an estimated 12,000 GtC are not shown. The scenario columns show both
SRES reference scenarios as well as scenarios which lead to stabilization of CO, concentrations at a range of levels. Note that if by 2100
cumulative emissions associated with SRES scenarios are equal to or smaller than those for stabilization scenarios, this does not imply that these
scenarios equally lead to stabilization.
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less than the cumulative carbon emissions associated with
stabilisation at 450ppmv or higher (Figure TS-5). In addition,
there is the potential to contribute large quantities of other
GHGs aswell. At the same timeit is clear from Figure TS-5
that the conventional oil and gas reserves are only a small
fraction of the total fossil fuel resource base. These resource
datamay imply achangein theenergy mix and theintroduction
of new sources of energy during the 21st century. The choice
of energy mix and associated investment will determinewhether,
and if so at what level and cost, greenhouse concentrations
can be stabilized. Currently most such investment is directed
towards discovering and developing more conventional and
unconventional fossil resources.

The potentia® for magjor GHG emission reductionsisestimated
for each sector for a range of costs (Table TS-1). In the
industrial sector, costs for carbon emission abatement are
estimated to range from negative (i.e., no regrets, where
reductions can be made at aprofit), to around US$300/tCe. In
the buildings sector, aggressive implementation of energy-
efficient technol ogies and measures can lead to areductionin
CO, emissionsfrom residential buildingsin 2010 by 325MtClyr
indeveloped and EI T countriesat costsranging from—-US$250
to —US$150/tC and by 125MtC in developing countries at
costs of -US$250 to US$50/tC. Similarly, CO, emissionsfrom
commercial buildingsin 2010 can be reduced by 185MtC in
developed and EIT countries at costs ranging from —-US$400
to—US$250/tC avoided and by 80MtC in devel oping countries
at costs ranging from —US$400 to US$0/LC. In the transport
sector costs range from —-US$200/tC to US$300/tC, and in
the agricultural sector from —US$100/tC to US$300/tC.
Materials management, including recycling and landfill gas
recovery, can also produce savings at negative to modest costs
under US$100/tC. In the energy supply sector a number of
fuel switching and technological substitutions are possible at
costsfrom —US$100 to morethan US$200/tC. Theredization
of this potential will be determined by the market conditions
as influenced by human and societal preferences and
government interventions.

7 International Energy Statistics (IEA) report sectora datafor theindustrial
and transport sectors, but not for buildings and agriculture, which are
reported as* other”. In this section, information on energy use and CO,
emissionsfor these sectors has been estimated using an dlocation scheme
and based on astandard el ectricity conversion factor of 33%. In addition,
vauesfor the EIT countriesarefrom adifferent source (British Petroleum
statistics). Thus, the sectoral values can differ from the aggregate values
presented in section 3.2, although genera trendsarethesame. Ingenerd,
thereisuncertainty in the datafor the EITsand for the commercial and
residential sub-categories of the buildings sector in all regions.

8The potentia differs in different studies assessed but the aggregate
potential reported in Sections 3 and 4 refers to the socio-economic
potential asindicated in Figure TS-7.

9 All costsin US$.

Synthesis Report

Table TS-2 provides an overview and links with barriers and
mitigation impacts. Sectoral mitigation options are discussed
in more detail below.

Thebuildings sector contributed 31% of global energy-related
CO, emissionsin 1995, and these emissionshave grown at an
annud rateof 1.8% since 1971. Building technol ogy has continued
on an evolutionary trajectory with incremental gainsduring the
past five yearsin the energy efficiency of windows, lighting,
appliances, insulation, space heating, refrigeration, and air
conditioning. There has a so been continued development of
building controls, passive solar design, integrated building design,
and the application of photovoltaic systems in buildings.
Fluorocarbon emissionsfrom refrigeration and air conditioning
applicationshave declined as chlorofluorocarbons (CFCs) have
been phased out, primarily thanksto improved containment and
recovery of thefluorocarbon refrigerant and, to alesser extent,
owing to the use of hydrocarbonsand other non-fluorocarbon
refrigerants. Fluorocarbon useand emissonfrominsulating foams
have declined as CFCs have been phased out, and are projected
to declinefurther asHCFCsare phased out. R& D effort hasled
toincreased efficiency of refrigeratorsand cooling and heating
systems. In spite of the continued improvement in technology
and the adoption of improved technology in many countries,
energy usein buildingshasgrown morerapidly than total energy
demand from 1971 through 1995, with commercial building
energy registering the greatest annual percentage growth (3.0%
compared to 2.2% in residential buildings). Thisislargely a
result of the increased amenity that consumers demand —in
terms of increased use of appliances, larger dwellings, and the
modernization and expansion of the commercia sector — as
economiesgrow. There presently exist significant cost-effective
technological opportunities to slow this trend. The overall
technical potential for reducing energy-related CO, emissions
in the buildings sector using existing technol ogies combined
with futuretechnical advancesis 715MtC/yr in 2010 for abase
casewith carbon emissions of 2,600MtC/yr (27%), 950MtClyr
in 2020 for a base case with carbon emissions of 3,000MtC/yr
(31%), and 2,025MtClyr in 2050 for a base case with carbon
emissionsof 3,900MtC/yr (52%). Expanded R& D can assure
continued technology improvement in this sector.

In 1995, thetransport sector contributed 22% of global energy-
related carbon dioxide emissions; globally, emissionsfrom this
sector aregrowing at arapid rate of gpproximately 2.5% annually.
Since 1990, principa growth hasbeenin thedevel oping countries
(7.3% per year intheAsia-Pecificregion) andisactualy declining
at arate of 5.0% per year for the EI'Ts. Hybrid gasoline-electric
vehicles have been introduced on acommercial basiswith fuel
economies 50%-100% better than those of comparably sized
four-passenger vehicles. Biofue s produced from wood, energy
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Table TS-1: Estimations of greenhouse gas emission reductions and cost per tonne of carbon equivalent avoided following
the anticipated socio- economic potential uptake by 2010 and 2020 of selected energy efficiency and supply technologies, either
globally or by region and with varying degrees of uncertainty.

References, comments,
US$HtC avoided 2010 2020 and relevant section in
Chapter 3 of the main
Region —400 -200 0 +200 |Potential® | Probability’ | Potential® | Probability® | report
Buildings/appliances :
Residential sector OECD/EIT [ L 22 2 2 IRl L 22 22 IRl AcostaMorenoetal., 1996;
! Brown et al., 1998
Dev. cos. — T OO0 T OO0 | Wang and Smith, 1999
Commercial sector OECD/EIT | nmmm : 000 OO0 40000 SO
|
Dev. cos. _I 224 SO 12224 SOOOO

Transport !

Automobile efficiency USA * L 22 2 2 B 222 2 2 JEERee Interlab. Working Group,
improvements I 1997

Europe I 40000 SO 40000 SO Brown et al., 1998
! US DOE/ EIA, 1998
Japan : 000 0 000 [0 ECMT, 1997 (8 countries
only)
Dev. cos. I *000 OO 222 2 2 BEERe Kashiwagi et al., 1999
| Denisand Koopman, 1998
: Worrell et al., 1997b

Manufacturing |

CO, removal —fertilizer; | Global , I * OO0 * OO0 Table 3.21
refineries I

Materid efficiency Global [ [R2222 OO 000 SO0 Table 3.21
improvement !

Blended cements Global — * SO0 * SO0 Table 3.21

|

N,O reduction by chem. | Global I < OO0 . OO0 Table 3.21
indus. |

PFC reduction by Al Global — * OO0 * OO Table 3.21
industry

HFC-23 reductionby | Global - * 000 00 Table 3.21
chem. industry |

Energy efficient Global L JRZ 222 SEERve e 90000 | X0 Table 3.19
improvements I

|

Agriculture :

Increased uptake of Dev. cos. _ * &0 * &0 Zhou, 1998; Table 3.27
conservation tillage and | Dick et al., 1998
cropland management | Global HEE |00 O *000 SO0 IPCC, 2000

|

Soil carbon sequestration | Global _ 00 OO 000 OO Lal and Bruce, 1999
| Table 3.27
|

Nitrogenous fertilizer OECD ] * OO . SO0 Kroeze & Mosier, 1999

management ! Table 3.27
Global —I . OO0 00 OO0 OECD, 1999; IPCC, 2000
Enteric methanereduction | OECD I_ L 2 2 OO L 2 2 OO Kroeze & Mosier, 1999
| Table 3.27
USA N e OO . OO0 OECD, 1998
! Reimer & Freund, 1999
Dev. cos. — . & . SO Chipato, 1999
|
Rice paddy irrigation and | Global | o0 OO *000 OO Riemer & Freund, 1999
fertilizers | IPCC, 2000
|
Wastes :
Landfill methane capture | OECD | *000 OO *000 OO0 Landfill methane USEPA,
I 1999
1
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Table TS-1 (continued)
References, comments,
US$H/tC avoided 2010 2020 and relevant section in
Chapter 3 of the main
Region —400 -200 0 +200|Potential* | Probability” | Potential® | Probability?| report
I
Energy supply I
Nuclear for coal Global I L2224 O £ 22 2 2 R oo Totals—See Section 3.8.6
|
Annex | L e OO s000 OO Table 3.35a
Non-Annex | :I >0 OO0 0000 OO0 Table 3.35b
|
Nuclear for gas Annex | : : 2224 < 000 & Table 3.35¢
Non-Annex | | . o 2 o Table 3.35d
|
Gasfor cod Annex | | * OO 022 24 OO Table 3.35a
|
Non-Annex | : | * OO0 *000 OO Tables 3.35h
CO, capturefromcoal | Global : e O . O Tables3.35a+ b
|
CO, capture from gas Global I e O * OO Tables3.35¢c + d
|
Biomass for coal Global I_ . OO 00 OO0 Tables3.35a+ b
\ Moore, 1998; Interlab w.
| gp. 1997
|
Biomass for gas Global I < * OO Tables3.35c + d
|
Wind for coal or gas Global L IR2 2 SO0 OO0 Tables 3.35a - d
| BTM Cons 1999;
I Greenpeace, 1999
|
Co-fire coa with 10% USA | - * OO0 * OO Sulilatu, 1998
biomass |
|
Solar for coal Annex | I * < * <o Table 3.35a
|
Non-Annex | : * <o * <o Table 3.35b
Hydro for coal Global [ IS o 0o 0 Tables3.35a + b
|
Hydro for gas Global I * < L 2 4 foed Tables3.35¢c + d
l
Notes:
aPotential in terms of tonnes of carbon equivalent avoided for the cost range of US$/tC given.
& = <20 MtClyr &6 = 20-50 MtClyr €06 =50-100M{Clyr ~ #66# = 100-200MtC/yr ¢6464& = >200 MtClyr
b Probability of realizing thislevel of potential based on the costs asindicated from the literature.
< = Very unlikely OO = Unlikely OO0 =Possible  ©00O = Probable 00000 = Highly probable
© Energy supply total mitigation options assumes that not all the potential will be realized for various reasons including competition between the
individual technologies as listed below the totals.

crops, and waste may also play anincreasingly important role
inthetransportation sector asenzymatic hydrolysisof cellulosic
material to ethanol becomes more cost effective. Meanwhile,
biodiesd, supported by tax exemptions, isgaining market share
in Europe. Incremental improvementsin engine design have,
however, largely been used to enhance performance rather than
toimprovefud economy, which hasnot increased sincethe SAR.
Fuel cdl powered vehidesaredeve oping rapidly, and arescheduled
to beintroduced to the market in 2003, Significantimprovements

inthefuel economy of aircraft appear to be both technically and
economically possiblefor thenext generation fleet. Nevertheless,
most evaluationsof the technological efficiency improvements
(Table TS-3) show that because of growth in demand for
transportation, efficiency improvement aloneis not enough to
avoid GHG emission growth. Also, thereisevidencethat, other
thingsbeing equal, effortstoimprovefue efficiency haveonly
partia effectsinemission reduction because of resultingincreases
indriving distances caused by lower specific operational costs.
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Table TS-2: Technological options, abrriers, opportunities, and impacts on production in various sectors.

Technological options

Barriers and opportunities

Implications of mitigation policies on sectors

Buildings, householdsand services: Hundreds of
technol ogies and measures exist that canimprove
the energy efficiency of appliances and equipment
aswell asbuilding structuresin al regions of the
world. It is estimated that CO, emissions from
residential buildings in 2010 can be reduced by
325MtCindeveloped countriesand the EI T region
at costs ranging from —US$ 250 to —-US$ 150/tC
and by 125MtC in developing countries at costs of
-US$250to US$ 50/tC. Similarly, CO, emissions
from commercia buildingsin2010 can be reduced
by 185MtC inindustriaized countriesand the EIT
region at costs ranging from —US$ 400 to —-US$
250/tC and by 80MtC in developing countries at
costs ranging from -US$ 400 to US$ 0/tC. These
savings represent almost 30% of buildings, CO

emissionsin 2010 and 2020 compared to acentral
scenario such as the SRES B2 Marker scenario.

Barriers: Indeveloped countriesamarket structure
not conducive to efficiency improvements,
misplaced incentives, and lack of information; and
in developing countries lack of financing and
skills, lack of information, traditional customs,
and administered pricing.

Opportunities: Developing better marketing
approachesand kills, information- based marketing,
voluntary programmes and standards have been
shown to overcomebarriersin devel oped countries.
Affordablecredit skills, capacity building, information
base and consumer awareness, standards, incentives
for capacity building, and deregulation of theenergy
industry are ways to address the aforementioned
barriersin the developing world.

Service industries: Many will gain output and
employment depending on how mitigation
policies areimplemented, however in general the
increases are expected to be small and diffused.

Householdsand theinfor mal sector: Theimpact
of mitigation on households comes directly
through changes in the technology and price of
household’s use of energy and indirectly through
macroeconomic effectsonincomeand employment.
Animportant ancillary benefit istheimprovement
in indoor and outdoor air quality, particularly in
developing countriesand citiesall over theworld.

Transportation: Transportation technology for
light-duty vehicles has advanced more rapidly
than anticipated in the SAR, as a consequence of
internationa R& D efforts. Hybrid-electric vehicles
havedready appearedinthemarket andintroduction
of fuel cell vehiclesby 2003 has been announced by
most major manufacturers. The GHG mitigation
impacts of technological efficiency improvements
will be diminished to some extent by the rebound
effect, unlesscounteracted by policiesthat effectively
increase the price of fuel or travel. In countries
with high fuel prices, such as Europe, the rebound
effect may be as large as 40%; in countries with
low fuel prices, such as the USA, the rebound
appears to be no larger than 20%. Taking into
account rebound effects, technological measures
can reduce GHG emissions by 5%-15% by 2010
and 15%-35% by 2020, in comparison to a
baseline of continued growth.

Barriers: Risk to manufacturersof transportation
equipment is an important barrier to more rapid
adoption of energy efficient technologiesintransport.
Achievingsignificant energy efficiency improvements
generdly requiresa“ dean sheet” redesignof vehicles,
aong with multibillion dollar investmentsin new
production facilities. Onthe other hand, the value of
greter efficiency tocustomersisthedifferencebetween
theppresent valueof fuel savingsandincreased purchase
price, whichnet can oftenbeasmal quantity. Although
marketsfor transport vehiclesaredominated by avery
small number of companiesin the technicd sense,
they arenonethelesshighly competitivein the sense
that strategic errorscan bevery costly. Finaly, many
of the benefits of increased energy efficiency accrue
inthe form of socid rather than private benefits. For
dl thesereasons therisk tomanufacturersof sweeping
technologica changetoimprove energy efficiency
isgenerally percelved to outweigh thedirect market
benefits. Enormous public and privateinvestments
intrangportationinfrastructureand abuilt environment
adaptedtomotor vehicletravel posesignificant barriers
to changing the modal structure of transportation
in many countries.

Opportunities: Information technologies are
creating new opportunities for pricing some of the
external costs of transportation, from congestion
to environmental pollution. Implementation of more
efficient pricing can provide greater incentivesfor
energy efficiency in both equipment and modal
gructure. Thefactorsthat hinder theadoption of fuel-
efficient technologiesin transport vehicle markets
create conditions under which energy efficiency
regulations, voluntary or mandatory, can beeffective.
Well-formulated regulationseliminatemuchof therisk
of making sweeping technological changes, because
al competitorsfacethe sameregulations. Study after
study hasdemonstrated the existence of technologies
capable of reducing vehicle carbon intensities by
upto50% or inthelonger run 100%, approximately
cost-effectively. Finaly, intensive R& D effortsfor
light-duty road vehicles have achieved dramatic
improvementsin hybrid power-train and fuel cell
technologies. Smilar effortscould bedirected at road
freight, air, rail, and marinetransport technol ogies,
with potentially dramatic pay-offs.

Transportation: Growthintransportation demand
is projected to remain, influenced by GHG
mitigation policies only in a limited way. Only
limited opportunities for replacing fossil carbon
based fuels exist in the short to medium term.
The main effect of mitigation policies will be to
improve energy efficiency in al modes of
transportation.
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Table TS-2 (continued).

Technological options

Barriers and opportunities

Implications of mitigation policies on sectors

Industry: Energy efficiency improvement is the
main emission reduction option in industry.
Especialy in industrialized countries much has
been done already to improve energy efficiency,
but options for further reductions remain. 300
500MtClyr and 700-1,100MtC/yr can be reduced
by 2010 and 2020, respectively, as compared to a
scenario like SRES B2. The larger part of these
optionshas net negative costs. Non-CO, emissions
inindustry are generally relatively small and can
be reduced by over 85%, most at moderate or
sometimes even negative costs.

Barriers: lack of full-cost pricing, relatively low
contribution of energy to production costs, lack of
information on part of the consumer and producer,
limited availability of capital and skilled personnel
arethekey barriersto the penetration of mitigation
technology intheindustrial sector inall, but most
importantly in developing countries.

Opportunities: legislation to address local
environmental concerns; voluntary agreements,
especidly if complemented by government efforts;
and direct subsidiesand tax creditsare approaches
that have been successful in overcoming the above
barriers. Legidation, including standards, and better
marketing are particularly suitable approachesfor
light industries.

Industry: Mitigationisexpectedtoleadtostructurd
change in manufacturing in Annex | countries
(partly caused by changing demands in private
consumption), with those sectors supplying energy-
saving equipment and low-carbon technologies
benefitting and energy-intensive sectors having to
switch fuels, adopt new technologies, or increase
prices. However, rebound effects may lead to
unexpected negative results.

Land-use change and forestry: There are three
fundamenta waysinwhichland use or management
can mitigateatmospheric CO, increases: protection,
sequestration, and substitutiona. These optionsshow
different temporal patterns; consequently, the
choiceof optionsand their potential effectiveness
depend on the target time frame aswell ason site
productivity and disturbance history. The SAR
estimated that globally these measurescoul d reduce
atmospheric C by about 83 to 131GtC by 2050
(60 to 87GtC in forests and 23 to 44GtC in
agricultural sails). Studies published since then
have not substantially revised these estimates. The
costsof terrestrial management practicesarequite
low compared to dternatives, and range from 0
(‘win-win' opportunities) to US$12/tC.

Barriers: to mitigation in land-use change and
forestry include lack of funding and of human and
institutional capacity to monitor and verify, social
congraints such as food supply, people living off the
natura forest, incentivesfor land clearing, populaion
pressure, and switch to pastures because of demand
for meat. Intropical countries, forestry activitiesare
often dominated by the stateforest departmentswith
aminimal rolefor local communitiesand theprivate
sector. Insomepartsof thetropica world, particularly
Africa, low crop productivity and competing demands
on forests for crop production and fuelwood are
likely to reduce mitigation opportunities.

Opportunities: inland useand forestry, incentives
and policies are required to reaize the technical
potential. Theremay beintheform of government
regulations, taxes, and subsidies, or through
economicincentivesintheform of market payments
for capturing and holding carbon as suggested in
theKyoto Protocol, depending onitsimplementation
following decisions by CoP.

GHG mitigation policies can have alarge effect on
land use, especially through carbon sequestration
and biofuel production. In tropical countries,
large-scale adoption of mitigation activitiescould
lead to biodiversity conservation, rural employment
generation and watershed protection contributing
to sustainable development. To achieve this,
ingtitutional changestoinvolvelocal communities
and industry and necessary thereby leading to a
reduced rolefor governmentsin managing forests.

Agriculture and waste management: Energy
inputsare growing by <1% per year globally with
the highest increasesin non-OECD countries but
they havereducedinthe EI Ts. Severd optionsaready
exist to decrease GHG emissionsfor investments of
—-US$ 50 to 150/tC. These include increasing
carbon stock by cropland management (125MtC/
yr by 2010); reducing CH, emissions from better
livestock management (>30MtClyr) and rice
production (7MtClyr); soil carbon sequestration (50-
100MtClyr) and reducing N,O emissions from
animal wastes and application of N measures are
feasible in most regions given appropriate
technology transfer and incentives for farmersto
changetheir traditional methods. Energy cropping
to displace fossil fuels has good prospects if the
costs can be made more competitiveand the crops
are produced sustainably. Improved waste
management can decrease GHG emissions by
200MtC, in 2010 and 320MtC,, in 2020 as
compared to 240MtC,, emissions in 1990.

Barriers. In agriculture and waste management,
these include inadequate R& D funding, lack of
intellectua property rights, lack of national human
and ingtitutional capacity and information in the
developing countries, farm- level adoption congtraints,
lack of incentives and information for growersin
developed countries to adopt new husbandry
techniques, (need other benefits, not just greenhouse
gas reduction).

Opportunities: Expansion of credit schemes, shifts
inresearch priorities, development of institutional
linkages across countries, trading in soil carbon,
andintegration of food, fibre, and energy products
areways by which the barriers may be overcome.
Measures should be linked with moves towards
sustainable production methods.

Energy cropping provides benefits of land use
diversification where suitable land is currently
under utilized for food and fibre production and
water is readily available.

Energy: forest andland management can provide
avariety of solid, liquid, or gaseousfuelsthat are
renewable and that can substitute for fossil fuels.

Materials: productsfrom forest and other biologica
materials are used for construction, packaging,
papers, and many other uses and are often less
energy-intensivethan areaternative materialsthat
provide the same service.

Agriculture/land use: commitment of large areas
to carbon sequestration or carbon management
may compliment or conflict with other demands
for land, such asagriculture. GHG mitigation will
have an impact on agriculture through increased
demand for biofuel production in many regions.
Increasing competition for arableland may increase
prices of food and other agricultura products.
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Table TS-2 (continued).

Technological options

Barriers and opportunities

Implications of mitigation policies on sectors

Wastemanagement: Utilization of methanefrom
landfills and from coal beds. The use of landfill
gas for heat and electric power is also growing.
In severa industria countries and especialy in
Europe and Japan, waste-to-energy facilitieshave
become more efficient with lower air pollution
emissions, paper and fibrerecycling, or by utilizing
waste paper asabiofuel inwasteto energy facilities.

Barriers: Littleis being done to manage landfill
gasor toreducewastein rapidly growing markets
in much of the developing world.

Opportunities: countrieslikethe USand Germany
have specific policies to either reduce methane
producing waste, and/or requirements to utulize
methane from landfills as an energy source. Costs
of recovery arenegativefor half of landfill methane.

Energy sector: In the energy sector, options are
available both to increase conversion efficiency
and toincrease the use of primary energy with less
GHGsper unit of energy produced, by sequestering
carbon, and reducing GHG leakages. Win-win
options such as coa bed methane recovery and
improved energy efficiency in coa and gasfired
power generation aswell asco-production of heat
and electricity can help to reduce emissions. With
economic development continuing, efficiency
increasesaonewill beinsufficient to control GHG
emissonsfromtheenergy sector. Optionsto decrease
emissions per unit energy produced include new
renewableformsaf energy, whichareshowing strong
growth but still account for lessthan 1% of energy
produced worldwide. Technologiesfor CO, capture
and disposal to achieve*clean fossil” energy have
been proposed and could contribute Sgnificantly at
costs competitive with renewable energy although
congderableresearchisdtill needed onthefeasibility
and possibleenvironmental impactsof suchmethods
to determine their application and usage. Nuclear
power and, in somearesas, larger scale hydropower
could make asubstantialy increased contribution but
face problems of costsand acceptability. Emerging
fuel cells are expected to open opportunities for
increasing the average energy conversionefficiency
in the decades to come.

Barriers: key barriersarehuman and ingtitutional
capacity, imperfect capital marketsthat discourage
investment in small decentralized systems, more
uncertain rates of return oninvestment, high trade
tariffs, lack of information, and lack of intellectual
property rights for mitigation technologies. For
renewable energy, highfirst costs, lack of accessto
capital, and subsidiesfor foss| fuelsand key barriers.

Opportunities for developing countries include
promotion of legpfrogsin energy supply and demand
technology, facilitating technology transfer through
creating an enabling environment, capacity building,
and appropriate mechanismsfor transfer of cleanand
efficient energy technologies. Full cost pricingand
information systems provide opportunities in
developed countries. Ancillary benefitsassociated with
improved technol ogy, and with reduced production
and use of fossil fuels, can be substantial.

Coal: Coal production, use, and employment are
likely tofall asaresult of greenhouse gasmitigation
policies, compared with projectionsof energy supply
without additiond dimatepalicies However, thecosts
of adjustment will bemuchlower if policiesfor new
cod productionaso encourageclean cod technology.

Oil: Global mitigation policies are likely to lead to
reductionsin ail production and trade, with energy
exporterslikely to facereductionsinred incomesas
compared to asituation without such policies. The
effect ontheglobd ail priceof achievingtheKyoto
targets, however, may belessseverethan many of the
mode spredict, because of theoptionstoincludenon-
CO, gasesand theflexiblemechanismsin achieving
thetarget, whichareoften notincluded inthemodels.

Gas Over thenext 20 yearsmitigation may influence
theuse of natural gasmay positively or negatively,
depending on regional and local conditions. Inthe
Annex | countriesany switch that takesplacefrom
cod or oil would betowardsnaturd gasand renewable
sourcesfor power generation. Inthe case of thenon-
Annex 1 countries, the potential for switching to
natural gasismuch higher, however energy security
and the availability of domestic resources are
considerations, particularly for countries such as
Chinaand Indiawith large coal reserves.

Renewables: Renewable sourcesarevery diverse
and the mitigation impact would depend on
technological development. It would vary from
regionto region depending on resource endowment.
However, mitigationisvery likely tolead to larger
marketsfor therenewablesindustry. Inthat situation,
R& D for cost reduction and enhanced performance
and increased flow of funds to renewables could
increasetheir gpplication leading to cost reduction.

Nuclear: Thereissubstantial technical potentia for
nuclear power development to reduce greenhouse
gasemissons, whether thisisrealized will depend on
relaivecosts, politica factors, and public acceptance.

Halocarbons: Emissions of HFCs are growing as
HFCsare being used to replace some of the ozone-
depleting substances being phased out. Compared
to SRESprojectionsfor HFCsin 2010, itisestimated
that emissions could be lower by as much as
100MtC, at costs below US$ 200/tC,,. About half
of the estimated reduction is an artifact caused by
the SRES baseline values being higher than the
study baselinefor thisreport. Theremainder could
be accomplished by reducing emissions through
containment, recovering and recycling refrigerants,
andthrough useof dternativefluidsand technologies.

Barriers. uncertainty with respect to the future
of HFC policy in relation to global warming and
ozone depletion.

Opportunities: capturing new technological
developments.
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Table TS-2 (continued).

Technological options Barriers and opportunities Implications of mitigation policies on sectors

Geo-engineering: Regarding mitigation opportunities
inmarine ecosystemsand geo-engineering?, human
understanding of biophysical systems, aswell as

Barriers Ingeo-engineering, therisksfor unanticipeted
consequences are large and it may not even be
possible to engineer the regional distribution of

Sector not yet in existence: not applicable.

many ethical, legal, and equity assessmentsare till
rudimentary.

temperature and precipitation.

Opportunities: Some basic inquiry appears
appropriate.

a'Protection’ refers to active measures that maintain and preserve existing C reserves, including those in vegetation, soil organic matter, and products exported
from the ecosystem (e. g., preventing the conversion of tropical forests for agricultural purposes and avoiding drainage of wetlands). 'Sequestration'’ refers
to measures, deliberately undertaken, that increase C stocks above those aready present (e. g., afforestation, revised forest management, enhanced C
storage in wood products, and atered cropping systems, including more forage crops, reduced tillage). “ Substitution” refersto practices that substitute
renewable biological products for fossil fuels or energy-intensive products, thereby avoiding the emission of CO, from combustion of fossil fuels.

b Geo-engineering involves effortsto stabilize the climate system by directly managing the energy balance of the earth, thereby overcoming the enhanced

greenhouse effect.

Table TS-3: Projected energy intensities for transportation from 5-Laboratory Study in the USA 2

2010
Energy
Determinants 1997 BAU efficiency HE/LC
New passenger car 1/100km 8.6 8.5 6.3 55
New light truck 1/200km 115 11.4 8.7 7.6
Light-duty fleet 1/200km® 12.0 12.1 109 10.1
Aircraft efficiency (seat-1/100km) 45 4.0 3.8 3.6
Freight truck fleet 1/100km 42.0 39.2 34.6 33.6
Rail efficiency (tonne-km/MJ) 4.2 4.6 55 6.2

@ BAU, Business as usua; HE/LC, high-energy/low-carbon.
b Includes existing passenger cars and light trucks.

3.3.3. The Main Mitigation Options in the Industry Sector

Industrial emissions account for 43% of carbon released in
1995. Industrial sector carbon emissionsgrew at arate of 1.5%
per year between 1971 and 1995, slowing to 0.4% per year
since 1990. Industries continue to find more energy efficient
processes and reductions of process-related GHGs. This is
the only sector that has shown an annual decrease in carbon
emissionsin OECD economies (—0.8%/yr between 1990 and
1995). The CO, from El Tsdeclined most strongly (—6.4% per
year between 1990 and 1995 when total industrial production
dropped).

Differences in the energy efficiency of industrial processes
between different devel oped countries, and between devel oped
and devel oping countriesremain large, which meansthat there
are substantial differences in relative emission reduction
potentials between countries.

Improvement of the energy efficiency of industrial processes
is the most significant option for lowering GHG emissions.
This potential is made up of hundreds of sector-specific

technologies. The worldwide potential for energy efficiency
improvement —compared to a baseline devel opment —for the
year 2010 is estimated to be 300-500MtC and for the year
2020 700-900MtC. In thelatter case continued technological
development isnecessary torealize the potential. The majority
of energy efficiency improvement options can be realized at
net negative costs.

Another important optionis material efficiency improvement
(including recycling, more efficient product design, and
material substitution); thismay represent apotential of 600MtC
in the year 2020. Additional opportunitiesfor CO, emissions
reduction exist through fuel switching, CO, removal and
storage, and the application of blended cements.

A number of specific processes not only emit CO,, but also
non-CO, GHGs. The adipic acid manufacturers have strongly
reduced their N,O emissions, and the aluminiumindustry has
made major gainsin reducing the release of PFCs (CF,, CF)).
Further reduction of non-CO, GHGs from manufacturing
industry to low levelsis often possible at relatively low costs
per tonne of C-equivalent (tC,,) mitigated.
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Sufficient technological options are known today to reduce
GHG emissions from industry in absolute terms in most
developed countries by 2010, and to limit growth of emissions
in this sector in developing countries significantly.

Agriculture contributes only about 4% of global carbon
emissions from energy use, but over 20% of anthropogenic
GHG emissions (in terms of MtCg/yr) mainly from CH, and
N,O as well as carbon from land clearing. There have been
modest gains in energy efficiency for the agricultural sector
since the SAR, and biotechnology developments related to
plant and animal production could result in additional gains,
provided concerns about adverse environmental effects can
be adequately addressed. A shift from meat towards plant
production for human food purposes, where feasible, could
increase energy efficiency and decrease GHG emissions
(especially N,O and CH, from the agricultural sector).
Significant abatement of GHG emissions can be achieved by
2010 through changesin agricultural practices, such as:
soil carbon uptake enhanced by conservation tillage and
reduction of land use intensity;
CH, reduction by rice paddy irrigation management, improved
fertilizer use, and lower enteric CH, emissionsfrom ruminant
animals;
avoiding anthropogenic agricultural N,O emissions(which
for agricultureexceeds carbon emission fromfossil fuel use)
through the use of dow releasefertilizers, organic manure,
nitrificationinhibitors, and potentially genetical ly-engineered
leguminous plants. N,O emissionsaregreatest in Chinaand
the USA, mainly fromfertilizer use on rice paddy soilsand
other agricultural soils. More significant contributionscan
bemade by 2020 when moreoptionsto control N,O emissions
from fertilized soils are expected to become available.

Uncertainties on the intensity of use of these technologies by
farmersare high, sincethey may haveadditional costsinvolved
in their uptake. Economic and other barriers may have to be
removed through targetted policies.

There hasbeenincreased utilization of CH, fromlandfillsand
from cod beds. Theuseof landfill gasfor heat and el ectric power
isalso growing because of policy mandatesin countries like
Germany, Switzerland, the EU, and USA. Recovery costsare
negativefor half of landfill CH,. Requiring product lifemanagement
in Germany has been extended from packaging to vehicles
and electronics goods. If everyone in the USA increased per
capitarecycling ratesfromthe national averagetotheper capita
recycling rate achieved in Seattle, Washington, theresult would
be a reduction of 4% of total US GHG emissions. Debate is
taking place over whether the greater reduction in lifecycle
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GHG emissions occurs through paper and fibre recycling or
by utilizing waste paper as a biofuel in waste-to-energy
facilities. Both options are better than landfilling in terms of
GHG emissions. In several developed countries, and especialy
in Europe and Japan, waste-to-energy facilities have become
more efficient with lower air pollution emissions.

Fossil fuels continue to dominate heat and electric power
production. Electricity generation accounts for 2,100MtC/yr
or 37.5% of global carbon emissions®. Baseline scenarios
without carbon emission policies anticipate emissions of 3,500
and 4,000MtC, for 2010 and 2020, respectively. Inthe power
sector, low-cost combined cycle gas turbines (CCGTSs) with
conversion efficiencies approaching 60% for thelatest model
have become the dominant option for new electric power plants
wherever adequate natural gas supply and infrastructure are
available. Advanced coa technologies based on integrated
gasification combined cycle or supercritical (IGCCS) designs
potentially havethe capability of reducing emissions at modest
cost through higher efficiencies. Deregulation of the electric
power sector is currently a major driver of technological
choice. Utilization of distributed industrial and commercial
combined heat and power (CHP) systemsto meet space heating
and manufacturing needs could achieve substantial emission
reductions. The further implications of the restructuring of
theédectric utility industry in many developed and devel oping
countriesfor CO, emissionsare uncertain at thistime, although
thereisagrowinginterest in distributed power supply systems
based on renewable energy sources and also using fuel cells,
micro-turbines and Stirling engines.

The nuclear power industry has managed to increase
significantly the capacity factor at existing facilities, which
improved their economics sufficiently that extension of facility
life hasbecome cost effective. But other thaninAsia, relatively
few new plantsare being proposed or built. Effortsto develop
intrinsically safe and less expensive nuclear reactors are
proceeding with the goal of lowering socio-economic barriers
and reducing public concern about safety, nuclear waste
storage, and proliferation. Except for afew large projectsin
India and China, construction of new hydropower projects
has also slowed because of few available major sites,
sometimes-high costs, and local environmental and social
concerns. Another development is the rapid growth of wind
turbines, whose annual growth rate has exceeded 25% per year,
and by 2000 exceeded 13GW of installed capacity. Other
renewables, including solar and biomass, continueto grow as
costsdecline, but total contributionsfrom non-hydro renewable

10 Notethat the section percentages do not add up to 100% astheseemissions
have been allocated to the four sectors in the paragraphs above.
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sourcesremain below 2% globally. Fuel cellshavethe potential
to provide highly efficient combined sources of electricity and
heat as power densities increase and costs continue to drop.
By 2010, co-firing of coal with biomass, gasification of fuel
wood, more efficient photovoltaics, off-shorewind farms, and
ethanol-based biofuels are some of the technologies that are
capable of penetrating the market. Their market share is
expected to increase by 2020 as the learning curve reduces
costsand capital stock of existing generation plantsisreplaced.

Physical removal and storage of CO, ispotentialy amoreviable
option than at thetime of the SAR. The use of coal or biomass
asasourceof hydrogen with storage of thewaste CO, represents
apossible step to the hydrogen economy. CO, has been stored
in an aquifer, and the integrity of storage is being monitored.
However, long-term storage is still in the process of being
demongtrated for that particular reservoir. Researchisa so needed
todetermineany adverseand/or beneficia environmenta impacts
and public health risks of uncontrolled rel ease of the various
storage options. Pilot CO, capture and storage facilities are
expected to be operationa by 2010, and may be capable of
making major contributionsto mitigation by 2020. Along with
biological sequestration, physical removal and storage might
complement current efforts at improving efficiency, fuel
switching, and the development of renewables, but must be
able to compete economically with them.

Thereport considersthe potential for mitigation technol ogies
inthissector to reduce CO, emissionsto 2020 from new power
plants. CCGTs are expected to be the largest provider of new
capacity between now and 2020 worldwide, and will beastrong
competitor to displace new coal-fired power stations where
additional gas supplies can be made avail able. Nuclear power
hasthe potential to reduce emissionsif it becomes politically
acceptable, asit can replace both coal and gas for electricity
production. Biomass, based mainly on wastes and agricultural
and forestry by-products, and wind power are also potentially
capabl e of making major contributions by 2020. Hydropower
isan established technology and further opportunitiesexist beyond
those anticipated to contribute to reducing CO, equivalent
emissions. Findly, whilecostsof solar power areexpectedtodedline
substantially, itislikely to remain an expensive option by 2020
for central power generation, but itislikely to makeincreased
contributionsin niche marketsand off-grid generation. The best
mitigation optionislikely to be dependent onlocd circumstances,
and a combination of these technologies has the potential to
reduce CO, emissions by 350-700MtC by 2020 compared to
projected emissions of around 4,00MtC from this sector.

HFC and, to a lesser extent, PFC use has grown as these
chemicalsreplaced about 8% of the projected use of CFCsby
weight in 1997; in the devel oped countries the production of
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CFCsand other ozone depl eting substances (ODSs) was halted
in 1996 to comply with the Montreal Protocol to protect the
stratospheric ozone layer. HCFCs have repl aced an additional
12% of CFCs. The remaining 80% have been eliminated
through controlling emissions, specific use reductions, or
alternative technologies and fluids including ammonia,
hydrocarbons, carbon dioxide and water, and not-in-kind
technologies. The alternative chosen to replace CFCsand other
ODSs varies widely among the applications, which include
refrigeration, mobile and stationary air-conditioning, heat
pumps, medical and other aerosol delivery systems, fire
suppression, and solvents. Simultaneoudly considering energy
efficiency with ozonelayer protection isimportant, especialy
in the context of developing countries, where markets have
just begun to develop and are expected to grow at afast rate.

Based on current trends and assuming no new uses outside
the ODS substitution area, HFC production is projected to be
370kt or 170MtCyfyr by 2010, while PFC productionisexpected
to belessthan 12MtC,/yr. For theyear 2010, annual emissions
aremoredifficult to estimate. Thelargest emissionsarelikely
to be associated with mobile air conditioning followed by
commercial refrigeration and stationary air conditioning. HFC
use in foam blowing is currently low, but if HFCs replaces a
substantial part of the HCFCsused here, their useis projected
to reach 30MtC/yr by 2010, with emissionsin the order of
5-10MtCqyfyr.

Globa emissions of GHGsgrew on average by 1.4% per year
during the period 1990 to 1998. In many areas, technical
progress relevant to GHG emission reduction since the SAR
has been significant and faster than anticipated. The total
potential for worldwide GHG emissions reductions resulting
from technological developments and their adoption amount
to 1,900 to 2,600MtC/yr by 2010, and 3,600 to 5,050MtClyr
by 2020. The evidence on which this conclusion is based is
extensive, but has several limitations. No comprehensive
worldwide study of technological potential hasyet been done,
and the existing regional and national studies generally have
varying scopes and make different assumptions about key
parameters. Therefore, the estimates as presented in Table TS-1
should be considered to beindicative only. Nevertheless, the
main conclusion in the paragraph above can be drawn with
high confidence.

Costs of options vary by technology and show regional
differences. Half of the potential emissions reductions may be
achieved by 2020 with direct benefits (energy saved) exceeding
direct costs (net capital, operating, and maintenance costs),
and the other half at anet direct cost of up to US$100/tC,, (at
1998 prices). These cost estimates are derived using discount
ratesin the range of 5% to 12%, consistent with public sector
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discount rates. Private internal rates of return vary greatly,
and are often significantly higher, which affects the rate of
adoption of thesetechnol ogiesby private entities. Depending
on the emissions scenario this could allow global emissions
to be reduced below 2000 levels in 2010-2020 at these net
direct costs. Realizing these reductionswill involve additional
implementation costs, which in some cases may be substantial,
and will possibly need supporting policies (such as those
described in Section 6), increased research and devel opment,
effectivetechnology transfer, and other barriersto be overcome
(Section 5 for details).

Hundreds of technologies and practices exist to reduce GHG
emissionsfrom the buildings, transport, and industry sectors.
These energy efficiency optionsare responsiblefor morethan
half of the total emission reduction potential of these sectors.
Efficiency improvementsin material use (including recycling)
will dso becomemoreimportant inthelonger term. Theenergy
supply and conversion sector will remain dominated by cheap
and abundant fossil fuels. However, there is significant
emission reduction potential thanks to a shift from coal to
natural gas, conversion efficiency improvement of power
plants, the expansion of distributed co-generation plants in
industry, commercial buildings and institutions, and CO,
recovery and sequestration. The continued use of nuclear
power plants (including their lifetime extension), and the
application of renewable energy sources could avoid some
additional emissions from fossil fuel use. Biomass from by-
products and wastes such as landfill gas are potentially
important energy sourcesthat can be supplemented by energy
crop production where suitable land and water are available.
Wind energy and hydropower will also contribute, more so
than solar energy because of itsrelatively high costs. N,O and
fluorinated GHG reductions have already been achieved
through major technological advances. Process changes,
improved containment and recovery, and the use of aternative
compounds and technologies have been implemented.
Potential for future reductionsexists, including process-related
emissionsfrom insulated foam and semiconductor production
and by-product emissionsfrom aluminium and HCFC-22. The
potential for energy efficiency improvements connected to the
use of fluorinated gasesisof asimilar magnitudeto reductions
of direct emissions. Soil carbon sequestration, enteric CH,
control, and conservationtillage can all contribute to mitigating
GHG emissions from agriculture.

Appropriate policies are required to realize these potentials.
Furthermore, on-going research and devel opment is expected
to significantly widen the portfolio of technologiesthat provide
emission reduction options. Maintaining these R& D activities
together with technology transfer actionswill be necessary if
the longer term potential as outlined in Table TS-1 is to be
realized. Balancing mitigation activitiesin the various sectors
with other goals, such asthoserelated to DES, iskey to ensuring
they are effective.
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Forests, agricultural lands, and other terrestrial ecosystemsoffer
sgnificant, if oftentemporary, mitigation potential. Conservation
and sequestration allow time for other options to be further
developed and implemented. The IPCC SAR estimated that
about 60 to 87GtC could be conserved or sequestered in forests
by the year 2050 and another 23 to 44GtC could be sequestered
in agricultural soils. The current assessment of the potential
of biological mitigation options is in the order of 100GtC
(cumulative) by 2050, equivalent to about 10% to 20% of
projected fossil fuel emissionsduring that period. Inthissection,
biological mitigation measures in terrestrial ecosystems are
assessed, focusing on the mitigation potential, ecological and
environmental constraints, economics, and socia considerations.
Also, briefly, the so-called geo-engineering optionsare discussed.

Increased carbon pool sthrough the management of terrestrial
ecosysemscanonly partidly offset foss| fud emissons Moreover,
larger C stocks may posearisk for higher CO, emissionsinthe
future, if the C-conserving practices are discontinued. For
example, abandoningfirecontrol inforests, or revertingtointensive
tillagein agriculture may resultin arapid loss of at least part
of the C accumulated during previous years. However, using
biomass asafuel or wood to displace more energy-intensive
materials can provide permanent carbon mitigation benefits.
It is useful to evaluate terrestrial sequestration opportunities
alongside emission reduction strategies, as both approaches
will likely be required to control atmospheric CO, levels.

Carbon reservoirsin most ecosystemseventually approach some
maximum level. The total amount of carbon stored and/or
carbon emission avoided by a forest management project at
any given time is dependent on the specific management
practices (see Figure TS-6). Thus, an ecosystem depl eted of
carbon by past eventsmay have ahigh potential rate of carbon
accumulation, while one with a large carbon pool tends to
havealow rateof carbon sequestration. Asecosystemseventualy
approach their maximum carbon pool, the sink (i.e., the rate
of change of the pool) will diminish. Although both the
sequestration rate and pool of carbon may be relatively high
at some stages, they cannot be maximized simultaneously.
Thus, management strategies for an ecosystem may depend
on whether the goal isto enhance short-term accumulation or
to maintain the carbon reservoirsthroughtime. Theecologically
achievable balance between the two goals is constrained by
disturbance history, site productivity, and target time frame.
For example, optionsto maximize sequestration by 2010 may
not maximize sequestration by 2020 or 2050; in some cases,
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Figure TS-6: Carbon balance from a hypothetical forest management project.
Note: The figure shows cumulative carbon-stock changes for a scenario involving afforestation and harvest for a mix of traditional forest
products with some of the harvest being used as a fuel. Values are illustrative of what might be observed in the southeastern USA or Central
Europe. Regrowth restores carbon to the forest and the (hypothetical) forest stand is harvested every 40 years, with some litter left on the
ground to decay, and products accumulate or are disposed of in landfills. These are net changes in that, for example, the diagram shows
savings in fossil fuel emissions with respect to an alternative scenario that uses fossil fuels and alternative, more energy-intensive products
to provide the same services.

maximizing sequestration by 2010 may lead to lower carbon
storage over time.

The effectiveness of C mitigation strategies, and the security
of expanded C pools, will be affected by future global changes,
but the impacts of these changes will vary by geographical
region, ecosystem type, and local abilities to adapt. For
example, increases in atmospheric CO,, changes in climate,
modified nutrient cycles, and altered (either natural or human
induced disturbance) regimes can each have negative or
positive effects on C poolsin terrestrial ecosystems.

In the past, land management has often resulted in reduced C
pools, but in many regionslike Western Europe, C poolshave
now stabilized and arerecovering. In most countriesintemperate
and boredl regionsforestsare expanding, athough current C pools
aredtill smaller thanthosein pre-industrid or pre-historictimes.
Whilecompleterecovery of pre-historic C poolsisunlikely, there
ispotential for substantial increasesin carbon stocks. The Food
and Agriculture Organization (FAO) and the UN Economic
Commissionfor Europe (ECE)’ sdtetigticssuggest that the average
net annual increment exceeded timber fellingsin managed boreal
and temperateforestsin the early 1990s. For example, C stocks
inlivetree biomass have increased by 0.17GtC/yr in the USA
and 0.11GtC/yr in Western Europe, absorbing about 10% of
global fossil CO, emissionsfor that time period. Though these
estimates do not include changes in litter and soils, they
illustrate that land surfaces play asignificant and changing role
intheatmospheric carbon budget. Enhancing these carbon pools
providespotentialy powerful opportunitiesfor climatemitigation.

In some tropical countries, however, the average net loss of
forest carbon stocks continues, though rates of deforestation
may have declined slightly in the past decade. In agricultural
lands, optionsare now availableto recover partialy the C lost
during the conversion from forest or grasslands.

4.2. Social and Economic Considerations

Land isapreciousand limited resource used for many purposes
in every country. The relationship of climate mitigation
strategieswith other land uses may be competitive, neutral, or
symbiotic. An analysis of the literature suggests that C
mitigation strategies can be pursued as one element of more
comprehensive strategies aimed at sustainable devel opment,
whereincreasing C stocksis but one of many objectives. Often,
measures can be adopted within forestry, agriculture, and other
land uses to provide C mitigation and, at the same time, also
advance other social, economic, and environmental goals.
Carbon mitigation can provide additiona value and income
to land management and rural development. Local solutions
and targets can be adapted to priorities of sustainable
development at national, regional, and global levels.

A key tomaking C mitigation activities effective and sustainable
is to balance it with other ecological and/or environmental,
economic, and socia goasof land use. Many biologica mitigation
strategies may be neutral or favourablefor al three goals and
become accepted as “no regrets’ or “win-win” solutions. In
other cases, compromises may be needed. Important potential
environmental impactsinclude effectson biodiversity, effects
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on amount and quality of water resources (particularly where
they are already scarce), and long-term impacts on ecosystem
productivity. Cumulative environmental, economic, and social
impacts could beassessed inindividual projectsand also from
broader, national and international perspectives. Animportant
issueis"leakage” —an expanded or conserved C pool inonearea
leading to increased emissions elsewhere. Social acceptance
at thelocal, national, and global levels may a so influence how
effectively mitigation policies areimplemented.

Intropical regionstherearelarge opportunitiesfor C mitigation,
though they cannot be considered inisol ation of broader policies
inforestry, agriculture, and other sectors Additiondly, optionsvary
by socia and economic conditions: in someregionsslowing or
halting deforestationisthe major mitigation opportunity; in other
regions, where deforestation rates have declined to marginal
levels, improved natural forest management practices,
afforestation, and reforestation of degraded forests and
wastelands are the most attractive opportunities. However, the
current mitigative capacity™ is often weak and sufficient land
and water isnot awaysavailable.

Non-tropical countries also have opportunities to preserve
existing C pools, enhance C pools, or use biomass to offset
fossil fuel use. Examples of strategies include fire or insect
control, forest conservation, establishing fast-growing stands,
changing silvicultural practices, planting treesin urban areas,
amedliorating waste management practi ces, managing agricultural
landsto storemore C in sails, improving management of grazing
lands, and re-planting grasses or trees on cultivated lands.

Wood and other biological products play several important
rolesin carbon mitigation: they act asacarbon reservoir; they
can replace construction material sthat requiremorefossil fuel
input; and they can be burned in place of fossil fuels for
renewable energy. Wood products already contribute somewhat
to climate mitigation, but if infrastructures and incentives can
be devel oped, wood and agricultural products may become a
vital element of a sustainable economy: they are among the
few renewable resources available on alarge scale.

Todevelop strategiesthat mitigate atmospheric CO, and advance
other, equally important objectives, thefollowing criteriamerit
consideration:
potential contributionsto C pools over time;
sustainability, security, resilience, permanence, and robustness
of the C pool maintained or created;

1 Mitigative capacity: the social, political, and economic structures and
conditions that are required for effective mitigation.
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compatibility with other land-use objectives;

leakage and additionality issues,

€conomic Costs,

environmental impacts other than climate mitigation;
social, cultural, and cross-cutting issues, aswell asissues
of equity; and

the system-wide effects on C flows in the energy and
materials sector.

Activitiesundertaken for other reasons may enhance mitigation.
An obviousexampleisreduced rates of tropical deforestation.
Furthermore, because wealthy countriesgenerally haveastable
forest estate, it could be argued that economic development
is associated with activities that build up forest carbon
reservoirs.

Most studies suggest that the economic costs of some
biological carbon mitigation options, particularly forestry
options, are quite modest through arange. Cost estimates of
biological mitigation reported to date vary significantly from
US$0.1/tC to about US$20/tC in severa tropical countries
and from US$20 to US$100/tC in non-tropical countries.
Moreover the cost cal cul ationsdo not cover, in many instances,
inter alia, costs for infrastructure, appropriate discounting,
monitoring, datacollection and interpretation, and opportunity
costsof land and maintenance, or other recurring costs, which
are often excluded or overlooked. Thelower end of theranges
are biased downwards, but understanding and treatment of
costs is improving over time. Furthermore, in many cases
biological mitigation activities may have other positive
impacts, such as protecting tropical forests or creating new
forestswith positive external environmental effects. However,
costsrise as more biological mitigation options are exercised
and as the opportunity costs of the land increases. Biological
mitigation costs appear to be lowest in developing countries
and higher in developed countries. If biological mitigation
activities are modest, leakage islikely to be small. However,
the amount of leakage could rise if biological mitigation
activities became large and widespread.

Marine ecosystems may also offer possibilities for removing
CO, from the atmosphere. The standing stock of C in the
marine biosphere is very small, however, and efforts could
focus, not on increasing biological C stocks, but on using
biospheric processes to remove C from the atmosphere and
transport it to the deep ocean. Someinitia experiments have
been performed, but fundamental questions remain about the
permanence and stability of C removals, and about unintended
consequences of thelarge-scal e manipul ationsrequired to have
a significant impact on the atmosphere. In addition, the
economics of such approaches have not yet been determined.
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Geo-engineering involves effortsto stabilize the climate system
by directly managing the energy balance of the earth, thereby
overcoming the enhanced greenhouse effect. Although there
appear to be possihilitiesfor engineering theterrestrial energy
balance, human understanding of the systemistill rudimentary.
The prospects of unanticipated consequencesare large, and it
may not even be possibleto engineer theregional distribution
of temperature, precipitation, etc. Geo-engineering raises
scientific and technical questionsaswell asmany ethical, legdl,
and equity issues. And yet, some basic inquiry does seem
appropriate.

In practice, by the year 2010 mitigation in land use, land-use
change, and forestry activitiescanlead to significant mitigation
of CO, emissions. Many of these activitiesare compatiblewith,
or complement, other objectivesin managing land. The overall
effects of altering marine ecosystemsto act as carbon sinksor
of applying geo-engineering technology in climate change
mitigation remain unresolved and are not, therefore, ready for
near-term application.

The transfer of technologies and practices that have the
potentia to reduce GHG emissionsisoften hampered by barriers'?
that slow their penetration. The opportunity® to mitigate GHG
concentrations by removing or modifying barriersto or otherwise
accelerating the spread of technology may beviewed withina
framework of different potentialsfor GHG mitigation (Figure
TS7). Starting at the bottom, one can imagine addressing
barriers (often referred to as market failures) that relate to
markets, public policies, and other ingtitutions that inhibit the
diffusion of technologies that are (or are projected to be) cost-
effectivefor userswithout reference to any GHG benefitsthey
may generate. Amelioration of this class of “market and
institutional imperfections” would increase GHG mitigation
towardsthelevel that islabelled asthe “ economic potential”.
The economic potential representsthelevel of GHG mitigation
that could beachieved if al technologiesthat are cost-effective
fromtheconsumers' point of view wereimplemented. Because
economic potential isevaluated from the consumer’s point of
view, wewould eval uate cost-effectiveness using market prices
and the private rate of time discounting, and also take into
account consumers' preferences regarding the acceptability
of thetechnologies' performance characteristics.

2 A barrier is any obstacle to reaching a potentia that can be overcome
by a policy, programme, or measure.

13 An opportunity is a situation or circumstance to decrease the gap
between the market potential of a technology or practice and the
economic, socio-economic, or technological potential.
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Of course, dimination of al these market and ingtitutiond barriers
would not produce technology diffusion at the level of the
“technical potential”. Theremaining barriers, which definethe
gap between economic potential and technical potential, are
usefully placed in two groups separated by a socio-economic
potentia. Thefirst group consistsof barriersderived from people's
preferencesand other social and cultural barriersto thediffusion
of new technology. That is, evenif market andingtitutiona barriers
are removed, some GHG-mitigating technol ogies may not be
widely used simply because people do not like them, are too
poor to afford them, or because existing social and cultural forces
operate against their acceptance. If, in addition to overcoming
market and institutional barriers, thissecond group of barriers
could be overcome, what is labelled as the “ socio-economic
potential” would be achieved. Thus, the socio-economic potential
representsthelevel of GHG mitigation that woul d be approached
by overcoming social and cultural obstacles to the use of
technologiesthat are cost-effective.

Finaly, evenif al market, inditutional, socid, and culturd barriers
were removed, some technol ogies might not be widely used
simply because they are too expensive. Elimination of this
requirement would thereforetakeusuptotheleve of “technologica
potential”, the maximum technologically feasible extent of
GHG mitigation through technology diffusion.

Anissuearisesasto how totreat the rel ative environmenta costs
of different technol ogies within this framework. Because the
purpose of the exerciseis ultimately to identify opportunities
for global climate change policies, the technology potentials
are defined without regard to GHG impacts. Costsand benefits
associated with other environmental impactswould be part of
the cost-effectiveness cal cul ation underlying economic potential
only insofar as existing environmental regulationsor policies
internaizethese effects and thereby impose them on consumers.
Broader impacts might be ignored by consumers, and hence
not enter into the determination of economic potential, but
they would be incorporated into a social cost-effectiveness
cdculation. Thus, to the extent that other environmental benefits
make certain technologies socially cost-effective, evenif they
arenot cost-€effectivefromaconsumer’spoint of view, the GHG
benefitsof diffusion of suchtechnologieswould beincorporated
in the socio-economic potential .

Technological and social innovation isacomplex process of
research, experimentation, learning, and devel opment that can
contributeto GHG mitigation. Several theoriesand modelshave
been devel oped to understand itsfegtures, drivers, andimplications.
New knowledge and human capital may result from R&D
spending, through learning by doing, and/or in an evolutionary
process. Most innovations require some social or behavioural
changeonthepart of users. Rapidly changing economies, aswell
associd andingtitutiond structuresoffer opportunitiesfor locking
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Figure TS-7: Penetration of environmentally sound technologies: a conceptual framework.

into GHG-mitigative technol ogiesthat may lead countrieson to
ugtainabledeve opment pathways. The pathwayswill beinfluenced
by the particular socio-economic context that reflects prices,
financing, international trade, market structure, institutions,
the provision of information, and social, cultural, and
behavioural factors; key elements of these are described bel ow.

Unstable macroeconomic conditions increase risk to private
investment and finance. Unsound government borrowing and
fiscal policy lead to chronic public deficitsand low liquidity in
the private sector. Governments may al so create perverse micro-
economicincentivesthat theencouragerent-seeking and corruption,
rather than the efficient use of resources. Trade barriers that
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favour inefficient technologies, or prevent access to foreign
technol ogy, slow technology diffusion. Tied aid still dominates
in official development assistance. It distortsthe efficiency of
technology choice, and may crowd-out viable businessmodels.

Commercial financing ingtitutionsface highriskswith developing
“green” financia products. Environmentally sound technologies
with relatively small project sizesand long repayment periods
deter bankswith their high transaction costs. Small collateral
value makesit difficult to use financing instruments, such as
project finance. Innovative approaches in the private sector
to address these issues include leasing, environmental and
ethical banks, micro-creditsor small grantsfacilitiestargetted
a low income households, environmental funds, energy service
companies (ESCOs), and green venture capital. Theinsurance
industry has already begun to react to risks of climate change.
New green financial institutions, such as forestry investment
funds, have tapped market opportunities by working towards
capturing values of standing forests.

Distorted or incomplete prices are also important barriers.
Theabsence of amarket pricefor certainimpacts (externalities),
such as environmental harm, constitutes a barrier to the
diffusion of environmentally beneficial technologies.
Distortion of pricesbecause of taxes, subsidies, or other policy
interventions that make resource consumption more or less
expensiveto consumersa so impedesthe diffusion of resource-
conserving technologies.

Networ k exter nalities can generate barriers. Sometechnol ogies
operate in such away that a given user’s equipment interacts
with the equipment of other users so as to create “network
externalities’. For example, theattractivenessof vehiclesusing
aternative fuels depends on the availability of convenient
refuelling sites. On the other hand, the development of afuel
distribution infrastructure depends on there being a demand
for alternative fuel vehicles.

Misplaced incentives result between landlords and tenants
when the tenant is responsible for the monthly cost of fuel
and/or electricity, and the landlord is prone to provide the
cheapest-first-cost equipment without regard to its monthly
energy use. Similar problems are encountered when vehicles
are purchased by companies for the use of their employees.

\ested interests: A major barrier to the diffusion of technical
progressliesinthevested interestswho specidizein conventional
technol ogies and who may, therefore, be tempted to collude and
exert politica pressureon governmentstoimposeadministrative
procedures, taxes, trade barriers, and regulations in order to
delay or even prevent thearrival of new innovationsthat might
destroy their rents.

Lack of effective regulatory agenciesimpedestheintroduction
of environmentally sound technol ogies. Many countries have
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excellent congtitutional and legal provisionsfor environmental
protection but the latter are not enforced. However, “informal
regulation” under community pressurefrom, for example, non-
governmental organizations (NGOs), trade unions,
neighbourhood organizations, etc. may substitute for formal
regulatory pressure.

Information is often considered as a public good. Generic
information regarding the availability of different kinds of
technol ogiesand their performance characteristics may havethe
attributes of a“ public good” and hence may be underprovided
by the private market. This problem is exacerbated by the fact
that even after atechnology isin place and being used, it is
often difficult to quantify the energy savingsthat resulted from
itsinstallation owing to measurement errors and the difficulty
with baseline problems. Knowing that this uncertainty will
prevail can itself inhibit technology diffusion.

Current lifestyles, behaviours, and consumption patterns have
devel oped within current and historical socio-cultural contexts.
Changesin behaviour and lifestylesmay result from anumber
of intertwined processes, such as:
scientific, technological, and economic devel opments;
developmentsin dominant world viewsand public discourse;
changes in the relationships among institutions, political
alliances, or actor networks;
changes in socia structures or relationships within firms
and households; and
changes in psychological motivation (e.g., convenience,
social prestige, career, €tc.).

Barrierstakevariousformsin associ ation with each of theabove
processes.

In some situations policy devel opment is based on amodel of
human psychology that hasbeen widely criticized. Peopleare
assumed to berational welfare-maximizersand to have afixed
set of values. Such amodel does not explain processes, such
as learning, habituation, value formation, or the bounded
rationality, observed in human choice. Social structures can
affect consumption, for example, through the association of
objects with status and class. Individuals' adoption of more
sustainable consumption patterns depends not only on the
match between those patterns and their perceived needs, but
also on the extent to which they understand their consumption
options, and are able to make choices.

Uncertainty: Another important barrier isuncertainty. A consumer
may be uncertain about futureenergy pricesand, therefore, future
energy savings. Also, there may be uncertainty about the next
generation of equipment —will next year bring achesper or better
model ?In practical decision making, abarrier isoften associated
with theissue of sunk cost and long lifetimes of infrastructure,
and the associated irreversibilities of investments of the non-
fungibleinfrastructure capita.
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The following sections describe barriers and opportunities
particular to each mitigation sector (see also Table TS-2).

Buildings: The poor in every country are affected far more by
barriers in this sector than the rich, because of inadequate
accessto financing, low literacy rates, adherenceto traditional
customs, and the need to devote a higher fraction of their
incometo satisfy basic needs, including fuel purchases. Other
barriers in this sector are lack of skills and socia barriers,
misplaced incentives, market structure, slow stock turnover,
administratively set prices, andimperfect information. Integrated
building design for residential construction could lead to
energy saving by 40%-60%, which in turn could reduce the
cost of living (Section 3.3.4).

Policies, programmes, and measures to remove barriers and
reduce energy costs, energy use, and carbon emissions in
residential and commercia buildings fall into ten general
categories: voluntary programmes, building efficiency standards,
equipment efficiency standards, state market transformation
programmes, financing, government procurement, tax credits,
energy planning (production, distribution, and end-use), and
accelerated R&D. Affordable credit financing is widely
recognized in Africaasone of the critical measuresto remove
the high first-cost barrier. Poor macroeconomic management
captured by unstable economic conditions often leads to
financial repression and higher barriers. As many of several
obstaclescan be observed s multaneoudy intheinnovation chain
of an energy-efficient investment or organizational measure,
policy measures usualy have to be applied as a bundle to
realize the economic potential of a particular technology.

Transport: Thecar hascometo bewidely perceived in modern
societies asameans of freedom, mobility and safety, asymbol
of personal statusand identity, and asone of themost important
productsintheindustrial economy. Severa studieshavefound
that peopleliving in denser and more compact citiesrely lesson
cars, but it is not easy, even taking congestion problems into
account, tomoativatethe shift away from suburban sprawl to compact
citiesasadvocated in someliterature. Anintegrated approach
to town and transport planning and the use of incentivesarekey
to energy efficiency and saving in thetransport sector. Thisisan
area, wherelock-in effects are very important: when land-use
patterns have been chosen there is hardly a way back. This
represents an opportunity in particular for the developing world.

Transport fuel taxes are commonly used, but have proved very
unpopular in some countries, especially where they are seen
asrevenue-raising measures. Charges on road users have been
accepted wherethey areearmarked to cover the costs of transport
provision. Although trucksand cars may be subject to different
barriersand opportunitiesbecause of differencesintheir purpose
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of use and travel distance, atax policy that assesses the full
cost of GHG emissions would result in a similar impact on
CO, reductionsin road transport. Several studieshave explored
the potential for adjusting the way existing road taxes, licence
fees, and insurance premiumsarelevied and havefound potential
emissions reductions of around 10% in OECD countries.
| nadequiate devel opment and provision of convenient and efficient
mass transport systems encourage the use of more energy
consuming private vehicles. It is the combination of policies
protecting road transport interest, however, that poses the
greatest barrier to change, rether than any singletypeof instrument.

New and used vehiclesand/or their technol ogies mostly flow
from the devel oped to developing countries. Hence, aglobal
approach to reducing emissions that targets technology in
developed countrieswould have asignificant impact on future
emissions from devel oping countries.

Industry: Inindustry, barriers may take many forms, and are
determined by the characteristics of thefirm (size and structure)
and the business environment. Cost-effective energy efficiency
measuresare often not undertaken asaresult of lack of information
and high transaction costs for obtaining reliable information.
Capital isused for competing investment priorities, and issubject
to high hurdle rates for energy efficiency investments. Lack
of skilled personnel, especially for small and medium-sized
enterprises (SMEs), leadsto difficultiesinstalling new energy-
efficient equipment compared to the simplicity of buying
energy. Other barriersare the difficulty of quantifying energy
savings and slow diffusion of innovative technology into
markets, while at the sametimefirmstypically underinvestin
R& D, despite the high rates of return on investment.

A wide array of policiesto reduce barriers, or the perception
of barriers, hasbeen used and tested in the industrial sector in
developed countries, with varying successrates. Information
programmes are designed to assist energy consumers in
understanding and employing technologies and practices to
use energy moreefficiently. Formsof environmental legidation
have been adriving forcein the adoption of new technologies.
New approachesto industrial energy efficiency improvement
in devel oped countriesinclude voluntary agreements (VAS).

Inthe energy supply sector virtually al the generic barrierscited
in Section 5.2 restrict theintroduction of environmentally sound
technol ogiesand practices. Theincreasing deregul ation of energy
upply, whilemaking it moreefficient, hasraised particular concerns.
Volatile spot and contract prices, short-term outlook of private
investors, and the perceived risks of nuclear and hydropower
plants have shifted fuel and technology choicetowards natural
gasand ail plants, and away from renewable energy, including
—to alesser extent — hydropower, in many countries.

Co-generation or combined production of power and heat
(CHP) ismuch moreefficient than the production of energy for
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each of these usesa one. Theimplementation of CHPisclosely
linked to the availability and density of industrial heat loads,
district heating, and cooling networks. Yet, itsimplementation
ishampered by lack of information, the decentralized character
of the technology, the attitude of grid operators, the terms of
grid connection, and a lack of policies that foster long-term
planning. Firm public policy and regulatory authority isnecessary
toinstall and saf eguard harmonized conditions, transparency,
and unbundling of the main power supply functions.

Agricultureand Forestry: Lack of adequate capacity for research
and provision of extension serviceswill hamper the spread of
technologies that suit local conditions, and the declining
Consultative Group on International Agricultural Research
(CGIAR) system hasexacerbated thisproblemin the developing
world. Adoption of new technology isasolimited by small farm
Size, credit condtraints, risk aversion, lack of accesstoinformation
and human capital, inadequate rural infrastructure and tenurial
arrangements, and unreliable supply of complementary inputs.
Subsidiesfor critical inputsto agriculture, such asfertilizers,
water supply, and electricity and fuels, and to outputsin order
to maintain stable agricultural systems and an equitable
distribution of wealth distort markets for these products.

Measures to address the above barriers include:
The expansion of credit and savings schemes;
Shiftsininternational research funding towardswater-use
efficiency, irrigation design, irrigation management,
adaptation to salinity, and theeffect of increased CO, levels
on tropical crops;
The improvement of food security and disaster early
warning systems;
Thedevelopment of ingtitutiond linkagesbetween countries;
and
Therationalization of input and output pricesof agricultura
commodities, taking DESissuesinto consideration.

The forestry sector faces land-use regulation and other
macroeconomic policies that usually favour conversion to
other land uses such as agriculture, cattle ranching, and urban
industry. Insecure land tenure regimes and tenure rights and
subsidiesfavouring agriculture or livestock areamong the most
important barriers for ensuring sustainable management of
forestsaswell as sustainability of carbon abatement. Inrelation
to climate change mitigation, other issues, such aslack of technica
capahility, lack of credibility about the setting of project basdines,
and monitoring of carbon stocks, poses difficult challenges.

Waste Management: Solid waste and wastewater disposal and
treatment represent about 20% of human-induced methane
emissons Theprincipa barrierstotechnology transfer inthissector
includelimited financing and institutiona capability, jurisdictional
complexity, and the need for community involvement. Climate
change mitigation projectsface further barriersresulting from
unfamiliarity with CH, captureand potentia e ectricity generation,
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unwillingnessto commit additional human capacity for climate
mitigation, and the additional institutional complexity required
not only by waste treatment but al so byenergy generation and
supply. Thelack of clear regulatory and investment frameworks
can pose significant challenges for project development.

To overcomethe barriersand to avail the opportunitiesin waste
management, it isnecessary to have amulti-project approach,
the components of which include the following:
Building databasesonavailability of wadtes their characterigtics
digtribution, bility, current practicesof utilization and/
or disposal technologies, and economic viability;
Ingtitutional mechanism for technology transfer though a
co-ordinated programmeinvolving the R& D institutions,
financing agencies, and industry; and
Defining therole of stakeholdersincluding local authorities,
individual householders, industries, R& D institutions, and
the government.

Regional Considerations: Changing global patterns provide
an opportunity for introducing GHG mitigation technologies
and practicesthat are consistent with DES goals. A culture of
energy subsidies, institutional inertia, fragmented capital
markets, vested interests, etc., however, presentsmajor barriers
to their implementation, and may be particular issues in
developing and EIT countries. Situationsin these two groups of
countriescall for amore careful analysisof trade, institutional,
financial, and incomebarriersand opportunities, distorted prices,
and information gaps. I n the developed countries, other barriers
such asthe current carbon-intensivelifestyle and consumption
patterns, socid structures, network externalities, and misplaced
incentivesoffer opportunitiesfor interventionto control thegrowth
of GHG emissions. Lastly, new and used technol ogies mostly
flow from the devel oped to devel oping and trangitioning countries.
A globa approach to reducing emissionsthat targetstechnol ogy
that is transferred from developed to developing countries
could have asignificant impact on future emissions.

The purpose of this section is to examine the major types of
policies and measures that can be used to implement options
to mitigate net concentrations of GHGs in the atmosphere. In
keeping within the defined scope of this Report, policies and
measuresthat can be used to implement or reduce the costs of
adaptation to climate change are not examined. Alternative
policy instrumentsare discussed and assessed interms of specific
criterig, al on the basis of the most recent literature. Thereis
naturally some emphasis on the instruments mentioned inthe
Kyoto Protocol (the Kyoto mechanisms), becausethey are new
and focus on achieving GHG emissions limits, and the extent
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of their envisaged international application isunprecedented.
In addition to economic dimensions, political economy, legal,
andingtitutiond dementsarediscussed insofar asthey arerelevant
to these policies and measures.

Any individual country can choosefromalarge set of possible
policies, measures, and instruments, including (in arbitrary
order): emissions, carbon, or energy taxes, tradable permits,
subsidies, deposit-refund systems, voluntary agreements, non-
tradable permits, technology and performance standards,
product bans, and direct government spending, including R& D
investment. Likewise, agroup of countriesthat wantsto limit
its collective GHG emissions could agree to implement one,
or a mix, of the following instruments (in arbitrary order):
tradable quotas, joint implementation, clean development
mechanism, harmonized emissions or carbon or energy taxes,
aninternational emissions, carbon, or energy tax, non-tradable
guotas, international technology and product standards,
voluntary agreements, and direct international transfers of
financial resources and technol ogy.

Possiblecriteriafor the assessment of policy instrumentsinclude:
environmental effectiveness; cost effectiveness; distributional
cond derationsincluding competitivenessconcerns, adminigrative
and political feasibility; government revenues; wider economic
effectsincluding implicationsfor international traderules; wider
environmental effectsincluding carbon leakage; and effectson
changesin attitudes, awareness, learning, innovation, technical
progress, and dissemination of technology. Each government may
apply different weightsto variouscriteriawhen eva uating GHG
mitigation policy options depending on national and sector
level circumstances. Moreover, agovernment may apply different
setsof weightsto the criteriawhen eval uating national (domestic)
versusinternational policy instruments. Co-ordinated actions
could help address competitiveness concerns, potential
conflicts with international trade rules, and carbon leakage.

The economics literature on the choice of policies adopted
has emphasized the importance of interest group pressures,
focusing on the demand for regulation. But it has tended to
neglect the“ supply side” of thepoalitical equation, emphasized
inthepolitical scienceliterature: thelegidatorsand government
and party officialswho design andimplement regulatory policy,
and who ultimately decide which instruments or mix of
instruments will be used. However, the point of compliance
of aternative policy instruments, whether they are applied to
fossil fuel users or manufacturers, for example, islikely to be
politically crucial to the choice of policy instrument. And a
key insight isthat someformsof regulation actually can benefit
theregulated industry, for example, by limiting entry into the
industry or imposing higher costs on new entrants. A policy
that imposes costsonindustry asawholemight still be supported
by firmswho would fare better than their competitors. Regulated
firms, of course, arenot the only group withastakein regulation:
opposing interest groups will fight for their own interests.
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In the case of countriesin the process of structural reform, it
isimportant to understand the new policy context to develop
reasonabl e assessments of thefeasibility of implementing GHG
mitigation policies. Recent measurestaken to liberalize energy
markets have been inspired for the most part by desires to
increase competition in energy and power markets, but they
also can have significant emissionimplications, through their
impact on the production and technol ogy pattern of energy or
power supply. Inthelong run, the consumption pattern change
might be more important than the sole implementation of
climate change mitigation measures.

Market-based instruments — principally domestic taxes and
domestic tradable permit systems — will be attractive to
governments in many cases because they are efficient. They
will frequently be introduced in concert with conventional
regulatory measures. When implementing adomestic emissions
tax, policymakers must consider the collection point, the tax
base, the variation among sectors, the association with trade,
employment, revenue, and the exact form of the mechanism.
Each of these can influence the appropriate design of a
domestic emissions tax, and political or other concerns are
likely to play arole aswell. For example, atax levied on the
energy content of fuels could be much more costly than a
carbon tax for equivalent emissions reduction, because an
energy tax raises the price of al forms of energy, regardiess
of their contributionto CO, emissions. Yet, many nations may
choose to use energy taxes for reasons other than cost
effectiveness, and much of the analysisin this section applies
to energy taxes, aswell as carbon taxes.

A country committed toalimit onits GHG emissionsalso can
meet thislimit by implementing atradable permit system that
directly or indirectly limits emissions of domestic sources.
Likeatax, atradable permit system posesanumber of design
issues, including type of permit, ways to allocate permits,
sources included, point of compliance, and use of banking.
To be ableto cover al sources with a single domestic permit
regimeisunlikely. Thecertainty provided by atradable permit
system of achieving agiven emissionslevel for participating
sources comes at the cost of the uncertainty of permit prices
(and hence compliance costs). To addressthis concern, ahybrid
policy that caps compliance costs could be adopted, but the
level of emissionswould no longer be guaranteed.

For avariety of reasons, in most countriesthe management of
GHG emissions will not be addressed with a single policy
instrument, but with a portfolio of instruments. In addition to
one or more market-based policies, aportfolio might include
standards and other regulations, voluntary agreements, and
information programmes:

Energy efficiency standards have been effectiveinreducing

energy usein agrowing number of countries. They may be
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especidly effectivein many countrieswherethe capacity to
administer market instrumentsisrelatively limited, thereby
helping to devel op thisadministrative infrastructure. They
need updating to remain effective. The main disadvantage
of standardsis that they can be inefficient, but efficiency
can be improved if the standard focuses on the desired
results and leaves as much flexibility as possible in the
choice of how to achieve the resullts.

Voluntary agreements (VAS) may take avariety of forms.
Proponents of VAs point to low transaction costs and
consensus elements, while sceptics emphasize the risk of
“freeriding”, and the risk that the private sector will not
pursuerea emissonsreductionintheabsence of monitoring
and enforcement. Voluntary agreements sometimes precede
the introduction of more stringent measures.

Imperfect information iswidely recognized asakey market
failurethat can have significant effects onimproved energy
efficiency, and hence emissions. Information instruments
include environmental labelling, energy audits, andindustrial
reporting requirements, and information campaigns are
marketing e ementsin many energy-efficiency programmes.

A growing literature has demonstrated theoretically, and with
numerical simulation models, that the economics of addressing
GHG reduction targetswith domestic policy instrumentsdepend
strongly on the choice of thoseinstruments. Price-based policies
tendtolead to postivemarginal and positivetota mitigation costs.
In each case, theinteraction of these abatement costswith the
existing tax structure and, more generally, with existing factor
pricesisimportant. Price-based policiesthat generaterevenuescan
be coupled with measurestoimprove market efficiency. However,
therole of non-price palicies, which affect thesign of thechange
in the unit price of energy services, often remains decisive.

Turning tointernational policiesand measures, theKyoto Protocol
defines three international policy instruments, the so-called
Kyoto mechanisms: international emissionstrading (IET), joint
implementation (JI), and the Clean Devel opment Mechanism
(CDM). Each of theseinternational policy instruments provides
opportunitiesfor Annex | Partiesto fulfil their commitments
cost-effectively. |IET essentially would allow Annex | Parties
to exchange part of their assigned national emission allowances
(targets). IET impliesthat countrieswith high marginal abatement
costs (MACs) may acquire emission reductionsfrom countries
with low MACs. Similarly, Jl would allow Annex | Partiesto
exchange emission reduction units among themselves on a
project-by-project basis. Under the CDM, Annex | Parties
would receive credit — on a project-by-project basis — for
reductions accomplished in non-Annex | countries.

Economic analysesindicate that the Kyoto mechanisms could
reduce significantly the overall cost of meeting the Kyoto
emissionslimitation commitments. However, achievement of

| Synthesis Report

the potential cost savings requires the adoption of domestic
policies that allow individua entities to use the mechanisms
to meet their national emissions limitation obligations. If
domestic policies limit the use of the Kyoto mechanisms, or
internationa rulesgoverning themechanismslimit their use, the
cost savings may be reduced.

In the case of JI, host governments have incentives to ensure
that emission reduction units (ERUs) areissued only for real
emission reductions, assuming that they face strong penaltiesfor
non-compliancewith nationa emissionslimitation commitments.
Inthe case of CDM, aprocessfor independent certification of
emission reductionsis crucial, because host governments do
not have emissions limitation commitments and hence may
havelessincentiveto ensurethat certified emission reductions
(CERSs) areissued only for real emission reductions. Themain
difficulty inimplementing project-based mechanisms, both Ji
and CDM, isdetermining the net additional emission reduction
(or sink enhancement) achieved; baseline definition may be
extremely complex. Various other aspects of these Kyoto
mechani sms are awaiting further decision making, including:
monitoring and verification procedures, financial additionality
(assurance that CDM projects will not displace traditional
development assistance flows), and possible means of
standardizing methodol ogies for project baselines.

The extent to which devel oping country (non-Annex |) Parties
will effectively implement their commitments under the
UNFCCC may depend, among other factors, on the transfer
of environmentally sound technologies (ESTS).

Any international or domestic policy instrument can be
effectiveonly if accompanied by adequate systems of monitoring
and enforcement. There is a linkage between compliance
enforcement and the amount of international co-operation that
will actually be sustained. Many multilateral environmental
agreements address the need to co-ordinate restrictions on
conduct takenin compliancewith obligationsthey imposeand the
expanding legal regimeunder the WTO and/or GATT umbrella.
Neither the UNFCCC nor the Kyoto Protocol now providesfor
specific trade measures in response to non-compliance. But
several domestic policiesand measuresthat might be devel oped
and implemented in conjunction with the Kyoto Protocol could
conflict with WTO provisions. International differences in
environmental regulation may have tradeimplications.

One of the main concerns in environmental agreements
(including the UNFCCC and the Kyoto Protocol) has been
withreaching wider participation. Theliterature oninternational
environmental agreements predicts that participation will be
incomplete, and incentives may be needed to increase
participation (see also Section 10).
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Using resourcesto mitigate greenhouse gases (GHGs) generates
opportunity costs that should be considered to help guide
reasonable policy decisions. Actions taken to abate GHG
emissions or to increase carbon sinks divert resources from
other alternative uses. Assessing the costs of these actions
should ideally consider thetotal valuethat society attachesto
the goods and services forgone because of the diversion of
resources to climate protection. In some cases, the sum of
benefitsand costswill be negative, meaning that society gains
from undertaking the mitigation action.

This section addresses the methodol ogical issuesthat arisein
the estimation of the monetary costs of climate change. The
focus is on the correct assessment of the costs of mitigation
measures to reduce the emissions of GHGs. The assessment
of costsand benefits should be based on asystematic analytical
framework to ensure comparability and transparency of
estimates. One well-devel oped framework assesses costs as
changes in social welfare based on individual values. These
individual valuesarereflected by thewillingnessto pay (WTP)
for environmental improvements or the willingnessto accept
(WTA) compensation. From these value measures can be
derived measures such as the social surpluses gained or lost
from apolicy, the total resource costs, and opportunity costs.

Whilethe underlying measures of welfare havelimitsand using
monetary valuesremains controversial, the view istaken that
themethodsto“ convert” non-market inputsinto monetary terms
provide useful information for policymakers. These methods
should be pursued when and where appropriate. It is also
considered useful to supplement this welfare-based cost
methodol ogy with abroader assessment that includes equity and
sustainability dimensionsof climate changemitigation policies.
In practice, the challenge is to develop a consistent and
comprehensive definition of the key impacts to be measured.

A frequent criticism of thiscosting method isthat it isinequitable,
asit givesgreater weight tothe“well off”. Thisisbecause, typicaly,
awell-off person hasagreater WTPor WTA than alesswdll-off
person and hencethe choicesmade refl ect more the preferences
of the better off. Thiscriticismisvalid, but thereisno coherent
and consistent method of val uation that can replace the existing
oneinitsentirety. Concernsabout, for example, equity can be
addressed along with the basic cost estimation. The estimated
costs are one piece of information in the decision-making
processfor climate change that can be supplemented with other
information on other social objectives, for exampleimpactson
key stakeholders and the meeting of poverty objectives.

In this section the costing methodology is overviewed, and
issuesinvolved in using these methods addressed.
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Cost assessment isan input into one or morerulesfor decision-
making, including cost-benefit analysis(CBA), cost-effectiveness
analysis (CEA), and multi-attribute analysis. The analytical
approaches differ primarily by how the objectives of the
decision-making framework are selected, specified, and valued.
Some objectives in mitigation policies can be specified in
economic units(e.g., costsand benefits measured in monetary
units), and somein physica units(e.g., theamount of pollutants
dispersedintonnesof CO,). In practice, however, the challenge
isin devel oping aconsistent and comprehensive definition of
every important impact to be measured.

Theliterature uses anumber of termsto depict the associated
benefitsand coststhat arisein conjunction with GHG mitigation
policies. These include co-benefits, ancillary benefits, side
benefits, secondary benefits, collateral benefits, and associated
benefits. Inthe current discussion, theterm “ co-benefits’ refers
to the non-climate benefits of GHG mitigation policies that
areexplicitly incorporated into theinitial creation of mitigation
policies. Thus, theterm co-benefitsreflectsthat most policies
designed to address GHG mitigation also have other, often at
least equally important, rationales involved at the inception
of these policies (e.g., related to objectives of development,
sustainability, and equity). In contrast, the term ancillary
benefits connotes those secondary or side effects of climate
change mitigation policies on problemsthat arise subsequent
to any proposed GHG mitigation policies.

Policiesaimed at mitigating GHGs, as stated earlier, canyield
other socia benefits and costs (here called ancillary or co-
benefits and costs), and a number of empirical studies have
made a preliminary attempt to assess these impacts. It is
apparent that the actual magnitude of the ancillary benefits or
co-benefits assessed critically depends on the scenario
structure of theanalysis, in particular on the assumptions about
policy management in the baseline case. This implies that
whether a particular impact isincluded or not depends on the
primary objectiveof the programme. Moreover, something that
isseen asa GHG reduction programme from an international
perspective may be seen, from anational perspective, asone
inwhich local pollutants and GHGs are equally important.

All climate change policies necessitate some costs of
implementation, that is costs of changesto existing rules and
regulations, making sure that the necessary infrastructure is
available, training and educating thosewho areto implement the
policy aswell those affected by the measures, etc. Unfortunately,
such costsare not fully covered in conventional cost analyses.
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Implementation costs in this context are meant to reflect the
more permanent ingtitutional aspectsof putting aprogrammeinto
placeand aredifferent to those costs conventional ly considered
astransaction cogts. Thelatter, by definition, aretemporary costs.
Considerablework needsto be doneto quantify theinstitutional
and other costs of programmes, so that the reported figures
areabetter representation of thetrue coststhat will beincurred
if programmes are actually implemented.

There are broadly two approaches to discounting—an ethical
or prescriptive approach based on what rates of discount should
be applied, and a descriptive approach based on what rates of
discount people (saversaswell asinvestors) actually apply in
their day-to-day decisions. For mitigation analysis, the country
must base its decisions at least partly on discount rates that
reflect the opportunity cost of capital. Rates that range from
4% to 6% would probably bejustified in developed countries.
Therate could be 10-12% or even higher in devel oping countries.
Itismoreof achalengeto arguethat climate change mitigation
projects should face different rates, unless the mitigation
projectisof very long duration. Theliterature showsincreasing
attention to rates that decline over time and hence give more
weight to benefitsthat occur in thelong term. Note that these
ratesdo not reflect privateratesof return, which typically must
be greater to justify aproject, at around 10-25%.

While most people appreciate that adaptation choices affect the
costs of mitigation, this obvious point is often not addressed in
climatepolicymaking. Policy isfragmented - with mitigation being
seen asaddressing climate change and adaptation seen asameans
of reacting to natural hazards. Usually mitigation and adaptation
are modelled separately as anecessary simplification to gain
traction on animmense and complex issue. Asaconsequence,
the costs of risk reduction action are frequently estimated
separately, and therefore each measure is potentially biased.
Thisrealization suggeststhat more attention to theinteraction
of mitigation and adaptation, and its empirical ramification,
isworthwhile, though uncertainty about the nature and timing
of impacts, including surprises, will constrain the extent to
which the associated costs can be fully internalized.

Researchers make a distinction between project, sector, and
economywideanalyses. Project level andyssconsdersa* stand-
aone’ investment assumed to have insignificant secondary
impacts on markets. Methodsused for thislevel include CBA,
CEA, and life-cycle analysis. Sector level analysis examines
sectoral policiesin a“partial-equilibrium” context in which
al other variables are assumed to be exogenous. Economy-
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wideanalysisexploreshow policiesaffect al sectorsand markets,
using various macroeconomic and general equilibrium models.
A trade-off existsbetween thelevel of detail inthe assessment
and complexity of the system considered. Thissection presents
some of the key assumptions made in cost analysis.

A combination of different modelling approachesis required
for an effective assessment of climate changemitigation options.
For example, detailed project assessment hasbeen combined with
amoregenera analysisof sectoral impacts, and macroeconomic
carbon tax studies have been combined with the sectoral
modelling of larger technol ogy investment programmes.

The basdline case, which by definition givesthe emissions of
GHGsinthe absence of the climate changeinterventionsbeing
considered, iscritical to the assessment of the costs of climate
change mitigation. Thisisbecause the definition of thebasdine
scenario determines the potential for future GHG emissions
reduction, aswell asthe costs of implementing these reduction
policies. The baseline scenario also hasanumber of important
implicit assumptions about future economic policies at the
macroeconomic and sectora levels, including sectoral structure,
resource intensity, prices, and thereby technology choice.

No regrets options are by definition actions to reduce GHG
emissionsthat have negative net costs. Net costs are negative
because these options generate direct or indirect benefits, such
as those resulting from reductions in market failures, double
dividends through revenue recycling and ancillary benefits,
large enough to offset the costs of implementing the options.
The no regrets issue reflects specific assumptions about the
working and the efficiency of the economy, especially the
existence and stability of asocial welfarefunction, based ona
social cost concept:
Reduction of existing market or institutional failures and
other barriersthat impede adoption of cost-effectiveemission
reduction measures can lower private costs compared to
current practice. Thiscan also reduce private costsoverall.
A double dividend related to recycling of the revenue of
carbontaxesin suchaway that it offsetsdistortionary taxes.
Ancillary benefitsand costs (or ancillary impacts), which can
be synergies or trade-offs in cases in which the reduction
of GHG emissions hasjoint impacts on other environmental
policies(i.e, relatingtolocd air pollution, urban congestion,
or land and natural resource degradation).

The existence of ano regrets potential impliesthat market and
inditutionsdo not behaveperfectly, because of market imperfections
such as lack of information, distorted price signals, lack of
competition, and/or institutional failuresrelated to inadequate
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regul ation, inadequate delineation of property rights, distortion-
inducing fiscal systems, and limited financia markets. Reduction
of market imperfections suggestsit is possible to identify and
implement policiesthat can correct these market and ingtitutional
failureswithout incurring costslarger than the benefits gained.

The potential for a double dividend arising from climate
mitigation policieswas extensively studied during the 1990s.
In addition to the primary aim of improving the environment
(thefirst dividend), such palicies, if conducted through revenue-
raising instruments such as carbon taxes or auctioned emission
permits, yield asecond dividend, which can be set against the
gross costs of these policies. All domestic GHG policieshave
an indirect economic cost from the interactions of the policy
instrumentswith thefiscal system, but in the case of revenue-
raising policiesthiscost is partly offset (or morethan offset) if,
for example, therevenueisused to reduce existing distortionary
taxes. Whether these revenue-raising policies can reduce
distortions in practice depends on whether revenues can be
“recycled” to tax reduction.

The definition of ancillary impactsis given above. As noted
there, these can be positive aswell asnegative. It isimportant
to recognize that gross and net mitigation costs cannot be
established as a simple summation of positive and negative
impacts, because the latter are interlinked in avery complex
way. Climate change mitigation costs (gross and well as net
costs) are only valid in relation to a comprehensive specific
scenario and policy assumption structure.

The existence of no regrets potentialsisanecessary, but not a
sufficient, condition for the potential implementation of these
options. Theactua implementation also requiresthe devel opment
of apolicy strategy that iscomplex as comprehensive enough
to addressthese market and institutional failuresand barriers.

For awide variety of options, the costs of mitigation depend
on what regulatory framework is adopted by national
governmentsto reduce GHGs. In general, the moreflexibility
theframework allows, the lower the costs of achieving agiven
reduction. Moreflexibility and moretrading partnerscan reduce
costs. The opposite is expected with inflexible rules and few
trading partners. Flexibility can be measured as the ability to
reduce carbon emissionsat the lowest cost, either domestically
or internationally.

Climate change mitigation policiesimplemented at anational
level will, in most cases, have implications for short-term
economic and social development, local environmental quality,
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and intra-generational equity. Mitigation cost assessmentsthat
follow this line can address these impacts on the basis of a
decision-making framework that includes a number of side-
impactsto the GHG emissionsreduction policy objective. The
goal of such an assessment isto inform decision makers about
how different policy objectives can be met efficiently, given
prioritiesof equity and other policy constraints (natural resources,
environmental objectives). A number of international studies
have applied such a broad decision-making framework to the
assessment of development implications of CDM projects.

Thereareanumber of key linkages between mitigation costing
issues and broader development impacts of the policies,
including macroeconomic impacts, employment creation,
inflation, the marginal costsof public funds, capital availability,
spillovers, and trade.

A number of special issues related to technology use should
be considered as the critical determinants of climate change
mitigation potential and related costsfor devel oping countries.
These include current technological development levels,
technol ogy transfer issues, capacity for innovation and diffusion,
barriers to efficient technology use, institutional structure,
human capacity aspects, and foreign exchange earnings.

Climate change studiesin developing countriesand El Tsneed
to be strengthened in terms of methodology, data, and policy
frameworks. Although a complete standardization of the
methods is not possible, to achieve ameaningful comparison
of results it is essential to use consistent methodologies,
perspectives, and policy scenariosin different nations.

The following modifications to conventional approaches are
suggested:
Alternative devel opment pathways should be analyzed with
different patternsof investment ininfrastructure, irrigation,
fuel mix, and land-use palicies.
Macroeconomic studiesshould consider market transformation
processes in the capital, 1abour, and power markets.
Informal and traditional sector transactions should be
included in national macroeconomic statistics. The value
of non-commercial energy consumption and theunpaid work
of household labour for non-commercial energy collection
is quite significant and needs to be considered explicitly
in economic analysis.
The costs of removing market barriers should be considered
explicitly.

Themodelling of climate mitigation strategiesiscomplex and
anumber of modelling techniques have been applied including
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input-output models, macroeconomic models, computable
general equilibrium (CGE) models, and energy sector based
models. Hybrid models have also been devel oped to provide
more detail on the structure of the economy and the energy
sector. The appropriate use of these models depends on the
subject of the evaluation and the availability of data.

Asdiscussedin Section 6, the main categoriesof climate change
mitigation policiesinclude: market-oriented palicies, technology-
oriented policies, voluntary policies, and research and devel opment
policies. Climate change mitigation policies can include all
four of the above policy e ements. Most analytical approaches,
however, only consider some of the four elements. Economic
models, for example, mainly assess market-oriented policies
and in some casestechnology policies primarily thoserelated
to energy supply options, while engineering approachesmainly
focus on supply and demand side technology policies. Both
of these approaches are relatively weak in the representation
of research and devel opment and voluntary agreement policies.

TheUNFCCC (Article2) hasasitsultimategoal the* stabilisation
of greenhouse gas concentrationsin theatmosphere at aleve that
will prevent dangerousanthropogenicinterferencewiththeclimate
system” !4, In addition, the Convention (Article 3.3) statesthat
“policiesand measuresto ded with climate change shoul d be cost-
effective so asto ensure global benefits at the lowest possible
cogts’ 5, Thissection reportson literature on thecostsof greenhouse
gasmitigation policiesat thenational, regional, and globa levels.
Net welfare gains or losses are reported, including (when
available) the ancillary benefits of mitigation policies. These
studies employ the full range of analytical tools described in
theprevious chapter. Theserangefrom technologically detailed
bottom-up model sto more aggregate top-down models, which
link the energy sector to the rest of the economy.

Intechnol ogy-detailed “ bottom-up” modelsand approaches, the
cost of mitigation isderived from theaggregation of technological

14“The ultimate objective of this Convention and any related legal
instruments that the Conference of Parties may adopt isto achieve, in
accordancewith therelevant provisionsof the Convention, stabilization
of greenhouse gas concentrations in the atmosphere at such a level
that would prevent dangerous interference with the climate system.
Such alevel should be achieved within atimeframe sufficient to allow
ecosystems to adapt naturally to climate change, to ensure that food
production is not threatened, and to enable economic devel opment to
proceed in a sustainable manner.”
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and fuel costssuch as: investments, operation and maintenance
costs, and fuel procurement, but al so (and thisisarecent trend)
revenues and costs from import and exports.

Models can beranked along two classification axes. First, they
range from simpl e engineering-economicsca cul ations effected
technology-by-technology, to integrated partial equilibrium
models of whole energy systems. Second, they range from the
strict calculation of direct technical costs of reduction to the
consideration of observed technol ogy-adoption behaviour of
markets, and of the welfare losses due to demand reductions
and revenue gains and losses due to changesin trade.

Thisleadsto contrasting two generic approaches, namely the
engineering-economics approach and least-cost equilibrium
modelling. In the first approach, each technology is assessed
independently viaan accounting of its costsand savings. Once
these d ementshave been estimated, aunit cost can becal culated
for each action, and each action can be ranked according to
itscosts. Thisapproachisvery useful to point out the potentials
for negative cost abatementsdueto the * efficiency gap’ between
the best avail abletechnol ogiesand technol ogiescurrently inuse.
However, itsmost important limitation isthat studiesneglect or
do not treat in a systematic way the interdependence of the
various actions under examination.

Partial equilibrium least-costs models have been constructed
to remedy thisdefect, by considering al actionssimultaneously
and selecting the optimal bundle of actionsin all sectors and
at all time periods. These more integrated studies conclude
higher total costs of GHG mitigation than the strict technol ogy
by technol ogy studies. Based on an optimi zation framework they
givevery easily interpretable resultsthat compare an optimal
response to an optimal baseline; however, their limitation isthat
they rarely calibrate the base year of the model to the existing
non optimal situation and implicitly assume an optimal
baseline. They consequently provide no information about the
negative cost potentials.

Since the publication of the SAR, the bottom-up approaches
have produced a wealth of new results for both Annex | and
non-Annex | countries, as well as for groups of countries.
Furthermore, they have extended their scope much beyond the

15“The Parties should take precauti onary measures to anticipate, prevent,
or minimise the causes of climate change and mitigate its adverse
effects. Where there are threats of seriousirreversible damage, lack of
full scientific certainty should not be used as a reason for postponing
such measures, taking into account that polices and measures to deal
with climate change should be cost-effective so as to ensure global
benefits at thelowest possible costs. To achievethis, such policiesand
mesasures should take into account different socio-economic contexts,
be comprehensive, cover al relevant sources, sinks and reservoirs of
greenhouse gases and adaptation, and comprise all economic sectors.
Efforts to address climate change may be carried out co-operatively
by interested Parties.”

IPCC Third Assessment Report



Mitigation

classical computations of direct abatement costs by inclusion
of demand effects and some trade effects.

However, themoddling resultsshow considerablevariaionsfrom
study to study, which are explained by anumber of factors, some
of whichreflect thewiddy differing conditionsthat prevail inthe
countriesstudied (e.g., energy endowment, economic growth, energy
intengity, industria and trade structure), and othersreflect modelling
assumptions and assumptions about negative cost potentials.

However, as in the SAR, there is agreement on a no regrets
potential resulting from the reduction of existing market
imperfections, consideration of ancillary benefits, and inclusion
of doubledividends. This meansthat some mitigation actions
can berealized at negative costs. The no regretspotential results
from existing market or institutional imperfectionsthat prevent
cost-eff ective emission reduction measures from being taken.
Thekey questioniswhether such imperfectionscan beremoved
cost-effectively by policy measures.

The second important policy messageisthat short and medium
term marginal abatement costs, which govern most of the
macroeconomic impacts of climatepolicies, arevery sensitive
to uncertainty regarding baseline scenarios (rate of growth and
energy intendty) and technical costs. Evenwith sgnificant negetive
cost options, marginal costs may rise quickly beyond acertain
anticipated mitigationlevel. Thisriskisfar lower inmoddsalowing
for carbon trading. Over the long term thisrisk isreduced as
technical change curbs down the slope of marginal cost curves.

Particularly important for determining the gross mitigation
costsisthe magnitude of emissionsreductionsrequiredin order
to meet agiven target, thusthe emissions baselineisacritical
factor. The growth rate of CO, depends on the growth ratein
GDP, therate of decline of energy use per unit of output, and
the rate of decline of CO, emissions per unit of energy use.

In amulti-model comparison project that engaged morethan a
dozen moddlingteamsinternationdly, thegrosscostsof complying
with the Kyoto Protocol were examined, using energy sector
models. Carbon taxesareimplemented to lower emissionsand
the tax revenue is recycled lump sum. The magnitude of the
carbon tax providesarough indication of theamount of market
intervention that would be needed and equates the marginal
abatement cost to meet aprescribed emissionstarget. Thesize
of thetax required to meet aspecific target will be determined
by the marginal source of supply (including conservation) with
and without thetarget. Thisin turn will depend on such factors
asthe size of the necessary emissionsreductions, assumptions
about the cost and availability of carbon-based and carbon-
freetechnologies, thefossil fuel resource base, and short- and
long-term price elasticities.
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With no international emission trading, the carbon taxes
necessary to meet the Kyoto restrictions in 2010 vary a lot
among the models. Note from Table TS-4%° that for the USA
they are calculated to be in the range US$76 to US$322, for
OECD Europe between US$20 and US$665, for Japan
between US$97 and US$645, and finally for therest of OECD
(CANZ) between US$46 and US$425. All numbers are
reported in 1990 dollars. Marginal abatement costs arein the
range of US$20-US$135/tCif international tradingisallowed.
These modelsdo not generally include no regrets measures or
take account of the mitigation potential of CO, sinks and of
greenhouse gases other than CO,,

However, there is no strict correlation between the level of
the carbon tax and GDP variation and welfare because of the
influence of the country specifics (countrieswith alow share
of fossil energy intheir final consumption suffer lessthan others
for the samelevel of carbon tax) and because of the content of
the policies.

Theabove studiesassume, to allow an easy comparison across
countries, that the revenues from carbon taxes (or auctioned
emissions permits) are recycled in alump-sum fashion to the
economy. The net social cost resulting from a given marginal
cost of emissions constraint can be reduced if the revenues
aretargetted to finance cutsin themarginal rates of pre-existing
distortionary taxes, such asincome, payroll, and sales taxes.
While recycling revenues in alump-sum fashion confers no
efficiency benefit, recycling through marginal rate cuts helps
avoid some of the efficiency costs or dead-weight loss of
existing taxes. Thisraisesthe possihility that revenue-neutral
carbon taxes might offer adouble dividend by (1) improving
the environment and (2) reducing the costs of the tax system.

One can distinguish aweak and a strong form of the double
dividend. The weak form asserts that the costs of a given
revenue-neutral environmental reform, when revenues are
devoted to cutsin marginal rates of prior distortionary taxes,
are reduced relative to the costs when revenues are returned
in lump-sum fashion to households or firms. The strong form
of the double-dividend assertionisthat the costs of therevenue-
neutral environmental tax reform are zero or negative. While
theweak form of the double-dividend claim receivesvirtually
universal support, the strong form of the double dividend
assertioniscontroversial.

Where to recycle revenues from carbon taxes or auctioned
permits depends upon the country specifics. Simulation results
show that in economies that are especially inefficient or
distorted a ong non-environmental lines, the revenue-recycling
effect can indeed be strong enough to outweigh the primary

16 The highest figures cited in this sentence are all resultsfrom one model:
the ABARE-GTEM model.




Climate Change 2001

Synthesis Report

Table T S-4: Energy Modelling Forum main results. Marginal abatement costs (in 1990 US$/tC; 2010 Kyoto target).
No trading
Model us OECD-E | Japan CANZz Annex | trading Global trading
ABARE-GTEM | 322 665 645 425 106 23
AIM 153 198 234 147 65 38
CETA 168 46 26
Fund 14 10
G-Cubed 76 227 97 157 53 20
GRAPE 204 304 70 44
MERGE3 264 218 500 250 135 86
MIT-EPPA 193 276 501 247 76
MS-MRT 236 179 402 213 77 27
Oxford 410 966 1074 224 123
RICE 132 159 251 145 62 18
SGM 188 407 357 201 84 22
WorldScan 85 20 122 46 20 5
Administration | 154 43 18
EIA 251 110 57
POLES 135.8 135.3 194.6 1314 52.9 184
Note: Theresultsof the Oxford model are not included intherangescited inthe TS and SPM because thismodel has not been subject to substantive academic
review (and henceisinappropriate for IPCC assessment), and relies on data from the early 1980s for akey parametization that determines the model
results. This model is entirely unrelated to the CLIMOX model, from the Oxford Institutes of Energy Studies, referred to in Table TS-6.
EMF-16. GDPlosses (as a percentage of total GDP) associated with complying with the prescribed targets under the Kyoto Protocol. Four regions
include USA, OECD Europe (OECD-E), Japan, and Canada, Australiaand New Zealand (CANZ). Scenariosinclude no trading, Annex B trading
only, and full globa trading.

cost and tax-interaction effect so that the strong double
dividend may materialize. Thus, in severa studiesinvolving
European economies, where tax systems may be highly
distorted in terms of the rel ative taxation of labour, the strong
doubledividend can be obtained, in any case more frequently
than in other recycling options. In contrast, most studies of
carbon taxes or permits policiesin the USA demonstrate that
recycling through lower labour taxation is less efficient than
through capital taxation; but they generally do not find astrong
double dividend. Another conclusion is that even in cases of
no strong doubl e-dividend effect, onefares considerably better
with arevenue-recycling policy inwhich revenuesare used to
cut marginal rates of prior taxes, than with a non-revenue
recycling policy, like for example grandfathered quotas.

Inall countries where CO, taxes have been introduced, some
sectors have been exempted by thetax, or thetax isdifferentiated
across sectors. Most studies concludethat tax exemptionsraise
economic costs relative to a policy involving uniform taxes.
However, results differ in the magnitude of the costs of
exemptions.

8.4. Distributional Effects of Carbon Taxes

Aswell asthetotd costs, thedistribution of the costsisimportant
for the overall evaluation of climate policies. A policy that
leads to an efficiency gain may not be welfare improving
overall if some people are in a worse position than before,
andviceversa. Notably, if thereisawish to reducetheincome

differencesin the society, the effect on theincome distribution
should be taken into account in the assessment.

The distributional effects of a carbon tax appear to be
regressive unless the tax revenues are used either directly or
indirectly in favour of the low-income groups. Recycling the
tax revenue by reducing the labour tax may have more
attractive distributional consequences than a lump-sum
recycling, in which the recycled revenue is directed to both
wage earners and capital owners. Reduced taxation of labour
results in increased wages and favours those who earn their
income mainly from labour. However, the poorest groupsin
the society may not even earn any income from labour. Inthis
regard, reducing labour taxes may not always be superior to
recycling schemes that distribute to all groups of a society
and might reduce the regressive character of carbon taxes.

8.5. Aspects of International Emission Trading

It haslong been recognized that international tradein emission
guota can reduce mitigation costs. This will occur when
countries with high domestic marginal abatement costs
purchase emission quota from countries with low marginal
abatement costs. Thisisoftenreferred to as“ whereflexibility”.
That is, allowing reductionsto take place whereit is cheapest
to do so regardless of geographical location. It isimportant to
note that where the reductions take place is independent of
who paysfor the reductions.
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Table TS-5: Energy Modeling Forum main results. GDP lossin 2010 (in % of GDP, 2010 Kyoto target).

No trading Annex | trading Global trading
Model US | OECD-E | Japan | CANZ | US | OECD-E | Japan | CANZ | US | OECD-E | Japan | CANZ
ABARE-GTEM | 1.96 | 0.94 072 |19 |0.47 013 005 |023 |0.090.03 001 |0.04
AIM 0.45 | 0.31 025 |059 |0.31|0.17 0.13 |0.36 |0.20 | 0.08 001 |0.35
CETA 1.93 0.67 0.43
G-Cubed 0.42 | 1.50 057 |1.83 |0.24|0.61 045 |0.72 |0.06 | 0.26 014 |0.32
GRAPE 0.81 0.19 0.81 0.10 0.54 0.05
MERGE3 1.06 | 0.99 0.80 |202 |0.51 /047 019 |1.14 |0.20|0.20 001 |0.67
MS-MRT 1.88 | 0.63 120 183 |0.91 013 022 |0.88 |0.29 | 0.03 002 |0.32
Oxford 1.78 | 2.08 1.88 1.03 | 0.73 0.52 0.66 | 0.47 0.33
RICE 0.94 | 0.55 078 |09 |0.560.28 030 |054 |0.19 | 0.09 0.09 |0.19

Note: Theresults of the Oxford model arenot included intheranges cited in the TS and SPM because thismodel has not been subject to substantive
academic review (and henceisinappropriate for |PCC assessment), and relies on datafrom the early 1980sfor akey parametization that determines
the model results. Thismodel isentirely unrelated to the CLIMOX model, from the Oxford Institutes of Energy Studies, referred toin Table TS-6.

“Whereflexibility” can occur on anumber of scales. It can be
global, regional or at the country level. Inthetheoretical case
of full global trading, all countries agreeto emission capsand
participate in the international market as buyers or sellers of
emission allowances. The CDM may allow some of these cost
reductions to be captured. When the market is defined at the
regional level (e.g., Annex B countries), thetrading market is
more limited. Finally, trade may take place domestically with
all emission reductions occurring in the country of origin.

Table TS-5 shows the cost reductions from emission trading
for Annex B and full global trading compared to a no-trading
case. The calculation is made by various models with both
global and regional detail. In each instance, the goal isto meet
the emission reduction targets contained in the Kyoto Protocol.
All of the models show significant gains as the size of the
trading market is expanded. The difference among modelsis
due in part to differences in their baseline, the assumptions
about the cost and availability of low-cost substitutes on both
the supply and demand sides of the energy sector, and the
treatment of short-term macro shocks. Ingeneral, all calculated
gross costs for the non-trading case are below 2% of GDP
(whichisassumed to haveincreased significantly inthe period
considered) and in most cases below 1%. Annex B trading
lowersthe costs for the OECD region as awholeto less than
0.5% and regional impacts within this vary between 0.1% to
1.1%. Global trading in general would decrease these coststo
well below 0.5% of GDP with OECD average below 0.2%.

The issue of the so-called “hot air”'” aso influences the cost
of implementing the Kyoto Protocol. The recent decline in
economic activity in Eastern Europe and the former Soviet

Hot air: afew countries, notably those with economies in transition,
have assigned amount units that appear to be well in excess of their
anticipated emissions (as aresult of economic downturn). This excess
isreferred to as hot air.

Union hasled to adecreasein their GHG emissions. Although
thistrend iseventually expected to reverse, for some countries
emissionsarestill projectedto lie bel ow the constraint imposed
by the Kyato Protocol. If this does occur, these countries will
have excessemission quotathat may besoldto countriesinsearch
of low-cost optionsfor meeting their owntargets. Thecost savings
from trading are sensitive to the magnitude of “hot air”.

Numerous assessments of reduction in projected GDP have
been associated with complying with Kyoto-type limits. Most
economic analyses havefocused on grosscostsof carbon emitting
activities®, ignoring the cost-saving potential of mitigating
non-CO, gases and using carbon sequestration and neither
taking into account environmental benefits (ancillary benefits
and avoided climate change), nor using revenues to remove
distortions. Including such possibilities could lower costs.

A constraint would lead to a reallocation of resources away
from the pattern that is preferred in the absence of alimit and
into potentially costly conservation and fuel substitution.
Relative prices will also change. These forced adjustments
lead to reductions in economic performance, which impact
GDR Clearly, the broader the permit trading market, the greater
the opportunity for reducing overall mitigation costs.
Conversdly, limitson the extent to which acountry can satisfy
its obligations through the purchase of emissions quota can
increase mitigation costs. Several studies have calculated the
magnitude of theincreaseto be substantial fallingin particular
on countries with the highest marginal abatement costs. But
another parameter likely to limit the savings from carbon
trading isthe very functioning of trading systems (transaction
costs, management costs, insurance against uncertainty, and
strategic behaviour in the use of permits).

18 Although some studies include multi-gas analysis, much research is
needed on this potential both intertemporally and regionaly.
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Policies aimed at mitigating greenhouse gases can have
positive and negative side effects on society, not taking into
account benefits of avoided climate change. This section
assessesin particular those studiesthat evaluatethe side effects
of climate change mitigation. Therefore the term “ancillary
benefits or costs’ is used. There is little agreement on the
definition, reach, and size of these ancillary benefits, and on
methodol ogiesfor integrating theminto climate policy. Criteria
are established for reviewing the growing literature linking
specific carbon mitigation policies to monetized ancillary
benefits. Recent studiesthat take an economy-wide, rather than
asectoral, approach to ancillary benefits are described in the
report and their credibility is examined (Section 9 presents
sectoral analyses). In spite of recent progress in methods
development, it remains very challenging to develop
quantitative estimates of theancillary effects, benefitsand costs
of GHG mitigation policies. Despite these difficulties, in the
short term, ancillary benefits of GHG policies under some
circumstances can be a significant fraction of private (direct)
mitigation costs and in some cases they can be comparableto
the mitigation costs. According to the literature, ancillary
benefits may be of particular importance in developing
countries, but thisliterature isas yet limited.

The exact magnitude, scale, and scope of these ancillary
benefits and costs will vary with local geographical and
baseline conditions. In some circumstances, where baseline
conditions involve relatively low carbon emissions and
population density, benefits may below. The modelsmost in
use for ancillary benefit estimation — the computable general
equilibrium (CGE) models — have difficulty in estimating
ancillary benefits because they rarely have, and may not be
ableto have, the necessary spatial detail.

With respect to baseline considerations most of the literature
on ancillary benefits systematically treats only government
policies and regulations with respect to the environment. In
contrast, other regulatory policy baselineissues, such asthose
relating to energy, transportation, and health, have been
generally ignored, as have baseline issues that are not
regulatory, such as those tied with technology, demography,
and the natural resource base. For the studies reviewed here,
the biggest share of the ancillary benefitsisrelated to public
health. A major component of uncertainty for modelling
ancillary benefits for public health is the link between
emissionsand atmospheric concentrations, particularly in light
of the importance of secondary pollutants. However, it is
recognized that there are significant ancillary benefits in
addition to thosefor public health that have not been quantified
or monetized. At the sametime, it appearsthat thereare major
gapsin the methods and modelsfor estimating ancillary costs.
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In aworld where economies are linked by international trade
and capital flows, abatement of one economy will havewelfare
impacts on other abating or non-abating economies. These
impacts are called spillover effects, and include effects on
trade, carbon leskage, transfer and diffusion of environmentally
sound technology, and other issues (Figure TS-8).

Asto the trade effects, the dominant finding of the effects of
emission constraints in Annex B countries on non-Annex B
countries in simulation studies prior to the Kyoto Protocol
was that Annex B abatement would have a predominantly
adverse impact on non-Annex B regions. In simulations of
the Kyato Protocoal, the results are more mixed with some non-
Annex B regions experiencing welfare gainsand other | osses.
Thisismainly dueto amilder target in the Kyoto simulations
than in pre-Kyoto simulations. It was also universally found
that most non-Annex B economiesthat suffered welfarelosses
under uniform independent abatement would suffer smaller
welfare losses under emissionstrading.

A reduction in Annex B emissions will tend to result in an
increasein non-Annex B emissionsreducing the environmental
effectiveness of Annex B abatement. This is called “carbon
leakage”, and can occur in the order of 5%-20% through a
possible relocation of carbon-intensive industries because of
reduced Annex B competitivenessintheinternationa marketplace,
lower producer pricesof fossil fuelsin theinternational market,
and changes in income due to better terms of trade.

Whilethe SAR reported that therewasahigh variancein estimates
of carbon leskagefrom theavailable moddls, there hasbeen some
reductioninthevariance of estimates obtained in the subsequent
years. However, thismay largely result from the devel opment of
new model s based on reasonably similar assumptionsand data
sources. Such developments do not necessarily reflect more
widespread agreement about gppropriate behaviourd assumptions.
Onerobust result seemsto bethat carbon leakageisanincreasing
function of the stringency of the abatement strategy. Thismeans
that |eakage may be aless serious problem under the Kyoto target
than under the more stringent targets considered previoudy. Also
emission leakageislower under emissionstrading than under
independent abatement. Exemptionsfor energy-intensiveindustries
foundin practice, and other factors, makethehigher modd estimates
for carbon leakage unlikely, but would raise aggregate costs.

Carbon leakage may a so beinfluenced by the assumed degree
of competitivenessintheworld oil market. While most studies

9“gpillovers’ from domestic mitigation strategies are the effects that
these strategies have on other countries. Spillover effects can be positive
or negative and include effects on trade, carbon leakage, transfer and
diffusion of environmentally sound technology, and other issues.
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Spillovers
P Benefits from technology Impacts on energy industries | Impacts on energy intensive Resource transfers to
improvement activity and prices industries sectors
Policies and measures
' - Increase in the scientific
Public R&D policies knowledge base A
"Market " nolici Increase in know-how
far e ant:cers]‘.s Ipo_|0|es through experience, learning
for new technologies by doing
. New cleaner industry/
yag standards
Carbon leakages, positive
Carbon taxes . . . |mpact§ for actlylty, negative
X Reduction of activity in fossil | o enyir in receiving country
fuel industries
Price-induced technical Lower international prices,
Energy subsidy removal change and technology negative impacts for
diffusion " ex;f)or?ers, Reduced distorsions in
positive for importers, industrial competition
possibility of a
Harmonized carbon taxes "rebound effect"
Distorsion in competition if
Domestic emission trading differentiated schemes
(grandfathered vs. auctioned)
Joint Implementation, Clean
Development Mechanism Technology transfer
\ Net gain when permit price
International emission trading is superior (not equal)
to average reduction costs
Figure TS-8: "Spillovers” from domestic mitigation strategies are the effects that these strategies have on other countries. Spillover effects can
be positive or negative and include effects on trade, carbon leakage, transfer and diffusion of environmentally sound technology, and other issues.

assume acompetitive oil market, studies considering imperfect
competition find lower leakage if OPEC isableto exercisea
degree of market power over the supply of oil and therefore
reduce the fall in the international oil price. Whether or not
OPEC actsasacartel can have areasonably significant effect
ontheloss of wedth to OPEC and other oil producersand onthe
level of permit pricesin Annex B regions(seealso Section 9.2).

The third spillover effect mentioned above, the transfer and
diffusion of environmentally sound technology, is related to
induced technical change (see Section 8.10). The transfer of
environmentally sound technologies and know-how, not
included in models, may lead to lower leakage and especially
on the longer term may more than offset the |eakage.

8.8. Summary of the Main Results for Kyoto Targets

The cost estimates for Annex B countries to implement the
Kyoto Protocol vary between studies and regions, and depend
strongly upon the assumptions regarding the use of the Kyoto
mechanisms, and their interactions with domestic measures.
The great majority of global studiesreporting and comparing
these costs use international energy-economic models. Nine
of these studies suggest the following GDP impacts™:

Annex |l countries?t: In the absence of emissions trading
between Annex B countries?, the majority of global studies
show reductions in projected GDP of about 0.2% to 2% in
2010for different Annex |1 regions. With full emissionstrading
between Annex B countries, the estimated reductionsin 2010
are between 0.1% and 1.1% of projected GDP?. These studies
encompassawide range of assumptions. Modelswhoseresults
arereported here assumefull use of emissionstrading without
transaction cost. Results for casesthat do not allow Annex B
trading assume full domestic trading within each region.

20 Many other studiesincorporating more precisely the country specifics and
diversity of targetted policies provide awider range of net cost estimates.

2LAnnex Il countries: Group of countries included in Annex |l to the
UNFCCQC, including all developed countries in the Organisation of
Economic Co-operation and Development.

2 Annex B countries: Group of countriesincluded inAnnex B inthe Kyoto
Protocol that have agreed to atarget for their greenhouse gasemissions,
including all the Annex | countries (as amended in 1998) but Turkey
and Belarus.

2 Many metrics can be used to present costs. For example, if the annual
coststo devel oped countries associ ated with meeting Kyoto targetswith
full Annex B trading are in the order of 0.5% of GDP, this represents
US$125 hillion (12000 million) per year, or US$125 per person per year
by 2010inAnnex Il (SRES assumptions). Thiscorrespondsto animpact
on economic growth rates over ten yearsof lessthan 0.1 percentage point.
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Models do not include sinks or non-CO, greenhouse gases.
They do not includethe CDM, negative cost options, ancillary
benefits, or targeted revenue recycling.

For al regionscostsare d soinfluenced by thefollowing factors:

Congtraints onthe use of Annex B trading, high transaction
costs in implementing the mechanisms and inefficient
domestic implementation could raise costs.
Inclusionin domestic policy and measuresof the noregrets
possibilities?, use of the CDM, sinks, and inclusion of non-
CO, greenhouse gases, could lower costs. Cogtsfor individual
countries can vary more widely.

The models show that the Kyoto mechanisms, areimportant in
controlling risks of high costsin given countries, and thuscan
complement domestic policy mechanisms. Similarly, they can
minimizerisks of inequitableinternational impactsand help to
level marginal costs. Thegloba modeling studiesreported above
show nationa margind coststo meet theKyoto targetsfrom about
US$20/tC up to US$600/tC without trading, and arange from
about US$15/tC up to US$150/tC with Annex B trading. The cost
reductions from these mechanisms may depend on the details
of implementation, including the compatibility of domestic and
international mechanisms, constraints, and transaction costs.

Economiesintrandgtion: For most of these countries, GDPeffects
rangefrom negligibleto aseveral percent increase. Thisreflects
opportunitiesfor energy efficiency improvementsnot available
to Annex |l countries. Under assumptions of drastic energy
efficiency improvement and/or conti nuing economic recessions
in some countries, the assigned amounts may exceed projected
emissionsin thefirst commitment period. In this case, models
show increased GDP through revenuesfrom trading assigned
amounts. However, for some economies in transition,
implementing the Kyoto Protocol will have similar impacts
on GDPasfor Annex Il countries.

Non-Annex | countries: Emission congtraintsin Annex | countries

havewel| established, abeit varied “ spillover” effects? on non-

Annex | countries.
Qil-exporting, non-Annex | countries: Analyses report
costs differently, including, inter alia, reductions in
projected GDP and reductionsin projected oil revenues®.
The study reporting the lowest costs shows reductions of
0.2% of projected GDP with no emissions trading, and
lessthan 0.05% of projected GDPwith Annex B emissions
trading in 2010%. The study reporting the highest costs

2 Spillover effectshereincorporate only economic effects, not environmental
effects.

% Details of the six studies reviewed are found in Table 9-4 of the
underlying report.

2 These estimated costs can be expressed as differencesin GDP growth rates
over the period 2000-2010. With no emissions trading, GDP growth rate
isreduced by 0.02 percentage pointslyear; withAnnex B emissionstrading,
growth rateis reduced by less than 0.005 percentage points/year.
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shows reductions of 25% of projected oil revenues with
no emissions trading, and 13% of projected oil revenues
withAnnex B emissionstrading in 2010. These studiesdo
not consider policies and measures’” other than Annex B
emissions trading, that could lessen the impact on non-
Annex |, oil-exporting countries, and therefore tend to
overstate both the coststo these countriesand overal |l costs.
The effects on these countries can be further reduced by
removal of subsidiesfor fossil fuels, energy tax restructuring
according to carbon content, increased use of natural gas,
and diversification of the economies of non-Annex I, oil-
exporting countries.

Other non-Annex | countries: They may beadversdly affected
by reductionsin demand for their exportsto OECD nations
and by the price increase of those carbon-intensive and
other products they continue to import. These countries
may benefit from the reduction in fuel prices, increased
exports of carbon-intensive products and the transfer of
environmentally sound technologies and know-how. The
net balancefor agiven country depends on which of these
factors dominates. Because of these complexities, the
breakdown of winners and losers remains uncertain.
Carbon leakage?: The possiblerel ocation of some carbon-
intensive industries to non-Annex | countries and wider
impacts on trade flowsin responseto changing prices may
lead to leakage in the order of 5-20%. Exemptions, for
examplefor energy-intensive industries, make the higher
model estimates for carbon |eakage unlikely, but would
raise aggregate costs. The transfer of environmentally
sound technol ogies and know-how, not included in models,
may lead to lower leakage and especially on the longer
term may more than offset the |eakage.

Cost-effectiveness studies with a century timescale estimate
that the costs of stabilizing CO, concentrationsin theatmosphere
increase as the concentration stabilization level declines.
Different basdlines can haveastrong influence on absolute costs.
While there is amoderate increase in the costs when passing
from a 750ppmv to a 550ppmv concentration stabilization

7 These policies and measures include: those for non-CO, gases and non-
energy sources of all gases; offsets from sinks; industry restructuring
(e.g., from energy producer to supplier of energy services); use of
OPEC'’s market power; and actions (e.g. of Annex B Parties) related
to funding, insurance, and the transfer of technology. In addition, the
studiestypically do not include the following policies and effects that
can reducethetotal cost of mitigation: the use of tax revenuesto reduce
tax burdens or finance other mitigation measures; environmental
ancillary benefits of reductions in fossil fuel use; and induced
technological change from mitigation policies.

2 Carbon leakage is defined here as the increase in emissions in non-
Annex B countries resulting from implementation of reductions in
Annex B, expressed as a percentage of Annex B reductions.
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level, thereisalarger increasein costs passing from 550ppmv
to 450ppmv unless the emissionsin the baseline scenario are
very low. These results, however, do not incorporate carbon
sequestration and gases other than CO,, and did not examine
the possible effect of more ambitious targets on induced
technologica change®. In particular, the choice of thereference
scenario hasastrong influence. Recent studiesusing the |PCC
SRES reference scenarios asbasdlinesagainst which to analyze
stabilization clearly show that the average reduction in projected
GDPinmost of the stabilization scenariosreviewed hereisunder
3% of the baseline val ue (the maximum reduction acrossall the
stabilization scenariosreached 6.1%in agivenyear). At thesame
time, some scenarios (especialy inthe ALT group) showed an
increasein GDP compared to the baseline because of apparent
positive economic feedbacks of technology devel opment and
transfer. The GDP reduction (averaged across storylines and
stabilization levels) islowest in 2020 (1%), reachesamaximum
in 2050 (1.5%), and declines by 2100 (1.3%). However, in
the scenario groups with the highest baseline emissions (A2
and A1Fl), the size of the GDP reduction increases throughout
themodelling period. Dueto their relatively small scalewhen
compared to absolute GDP level s, GDP reductionsin the post-
SRES stahilization scenariosdo not lead to significant declines
in GDPgrowth rates over this century. For example, the annual
1990-2100 GDP growth rate across all the stabilization
scenarios was reduced on average by only 0.003% per year,
with amaximum reduction reaching 0.06% per year.

The concentration of CO, intheamosphereisdetermined more
by cumulative rather than by year-by-year emissions. That is, a
particular concentration target can be reached through avariety
of emissonspathways. A number of studiessuggest that thechoice
of emissions pathway can be asimportant asthetarget itself in
determining overall mitigation costs. The studiesfall into two
categories: thosethat assumethat thetarget isknown and those
that characterize the issue as one of decision making under
uncertainty.

For studiesthat assumethat thetarget isknown, theissueisone
of identifying theleast-cost mitigation pathway for achieving the
prescribed target. Here the choice of pathway canbeseenasa
carbon budget problem. This problem hasbeen so far addressed
intermsof CO, only and very limited treatment has been given
tonon-CO, GHGs. A concentration target definesan allowable
amount of carbon to be emitted into the atmosphere between
now and the date at which the target is to be achieved. The
issueis how best to alocate the carbon budget over time.

2| nduced technological changeisan emerging field of inquiry. None of
theliteraturereviewed in TAR on the rel ationship between the century-
scale CO, concentrations and costs reported results for models
employing induced technological change. Models with induced
technological change under some circumstances show that century-
scale concentrations can differ, with similar GDP growth but under
different policy regimes.
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Mog studiesthat have attempted toidentify theleast-cost pathway
for meeting aparticular target conclude that such as pathway
tendsto depart gradually from the model’sbaselineinthe early
years with more rapid reductions later on. There are several
reasonswhy thisisso. A gradual near-term transition fromthe
world's present energy system minimizes premature retirement
of existing capital stock, provides time for technology
development, and avoids premature lock-in to early versions
of rapidly devel oping low-emission technology. On the other
hand, more aggressive near-term action would decrease
environmental risks associated with rapid climatic changes,
stimulate more rapid deployment of existing low-emission
technol ogies (see also Section 8.10), provide strong near-term
incentives to future technological changes that may help to
avoid lock-in to carbon intensive technol ogies, and alow for
later tightening of targets should that be deemed desirablein
light of evolving scientific understanding.

It should also be noted that the lower the concentration target,
the smaller the carbon budget, and hence the earlier the
departure from the baseline. However, even with higher
concentration targets, the more gradual transition from the
baseline does not negate the need for early action. All
stabilization targets require future capital stock to be less
carbon-intensive. This has immediate implications for near-
term investment decisions. New supply optionstypically take
many years to enter into the marketplace. An immediate and
sustained commitment to R& D isrequired if low-carbon |ow-
cost substitutes are to be available when needed.

The above addresses the issue of mitigation costs. It is also
important to examinethe environmental impactsof choosing one
emission pathway over another. Thisisbecausedifferent emission
pathways imply not only different emission reduction costs,
but also different benefitsin terms of avoided environmental
impacts (see Section 10).

The assumption that the target is known with certainty is, of
course, an oversimplification. Fortunately, the UNFCCC
recogni zesthe dynamic nature of the decision problem. It calls
for periodic reviews“inlight of the best scientific information
on climate changeand itsimpacts.” Such asequential decision
making process aimsto identify short-term hedging strategies
in the face of long-term uncertainties. The relevant question
isnot “what is the best course of action for the next hundred
years’ but rather “what is the best course for the near-term
given thelong-term uncertainties.”

Several studies have attempted to identify the optimal near-
term hedging strategy based on the uncertainty regarding the
long-term objective. These studies find that the desirable
amount of hedging depends upon one's assessment of the
stakes, the odds, and the cost of mitigation. Therisk premium
— the amount that society is willing to pay to avoid risk —
ultimately isapolitical decision that differsamong countries.
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Most models used to assess the costs of meeting a particular
mitigation objective tend to oversimplify the process of
technical change. Typically, the rate of technical change is
assumed to be independent of the level of emissions control.
Such changeisreferred to asautonomous. In recent years, the
issueof induced technica change hasreceived increased atention.
Some argue that such change might substantially lower and
perhaps even eliminate the costs of CO, abatement policies.
Others are much less sanguine about the impact of induced
technical change.

Recent research suggeststhat the effect on timing dependsonthe
sourceof technologica change. Whenthechannd for technologicd
change is R&D, the induced technological change makes it
preferableto concentrate more abatement effortsin thefuture.
Thereasonisthat technologica changelowersthecosts of future
abatement relativeto current abatement, making it more cost-
effective to place more emphasis on future abatement. But,
when the channel for technological change is learning-by-
doing, the presence of induced technological change has an
ambiguousimpact on the optimal timing of abatement. Onthe
one hand, induced technical change makes future abatement
lesscostly, which suggestsemphasizing future abatement efforts.
Ontheother hand, thereisan added valueto current abatement
because such abatement contributesto experience or learning
and hel psreduce the costs of future abatement. Which of these
two effects dominates depends on the particular nature of the
technologies and cost functions.

Certain social practices may resist or enhance technological
change. Therefore, public avareness-raising and education may
help encourage social change to an environment favourable
for technological innovation and diffusion. Thisrepresentsan
areafor further research.

Policiesadopted tomitigate globa warming will haveimplications
for specific sectors, such asthe coal industry, the oil and gas
industry, electricity, manufacturing, transportation, and
households. A sectoral assessment helps to put the costs in
perspective, to identify the potential losers and the extent and
location of the losses, and to identify the sectors that may
benefit. However, it isworth noting that the availableliterature
to makethisassessment islimited: therearefew comprehensive
studies of the sectoral effects of mitigation, compared with
those on the macro GDPeffects, and they tend to befor Annex
| countries and regions.
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Thereisafundamental problem for mitigation policies. Itis
well established that, compared to the situation for potential
gainers, the potential sectoral losers are easier to identify,
and their losses are likely to be more immediate, more
concentrated, and more certain. The potential sectoral gainers
(apart from the renewables sector and perhaps the natural
gas sector) can only expect a small, diffused, and rather
uncertain gain, spread over along period. Indeed many of
those who may gain do not exist, being future generations
and industries yet to develop.

It is also well established that the overall effects on GDP of
mitigation policiesand measures, whether positive or negative,
conceal large differences between sectors. In genera, the
energy intensity and the carbon intensity of the economies
will decline. The coal and perhaps the oil industries are
expected to lose substantial proportions of their traditional
output relative to those in the reference scenarios, though the
impact of thison theindustrieswill depend on diversification,
and other sectors may increase their outputs but by much
smaller proportions. Reductions in fossil fuel output below
the baselinewill not impact al fossil fuelsequally. Fuels have
different costs and price sensitivities; they respond differently
to mitigation policies. Energy-efficiency technology is fuel
and combustion device-specific, and reductions in demand
can affect imports differently from output. Energy-intensive
sectors, such as heavy chemicals, iron and steel, and mineral
products, will face higher costs, accelerated technical or
organizational change, or loss of output (again relative to the
reference scenario) depending on their energy use and the
policies adopted for mitigation.

Industries concerned directly with mitigation arelikely to benefit
from action. These industries include renewable and nuclear
electricity, producers of mitigation equipment (incorporating
energy- and carbon-saving technol ogies), agricultureand forestry
producing energy crops, and research services producing
energy and carbon-saving R& D. They may benefitinthelong
term from the availability of financial and other resourcesthat
would otherwise have been taken upin fossil fuel production.
They may also benefit from reductionsin tax burdensif taxes
are used for mitigation and the revenues recycled asreductions
inemployer, corporate, or other taxes. Those studiesthat report
reductionsin GDP do not always provide arange of recycling
options, suggesting that policy packagesincreasing GDP have
not been explored. The extent and nature of the benefits will
vary with the policiesfollowed. Some mitigation policiescan
lead to net overall economic benefits, implying that the gains
from many sectorswill outweigh thelossesfor coal and other
fossil fuels, and energy-intensive industries. In contrast, other
less-well-designed policies can lead to overall losses.

It is worth placing the task faced by mitigation policy in an
historical perspective. CO, emissions have tended to grow
more slowly than GDPin anumber of countries over the past
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40 years. The reasons for such trends vary but include:
ashift away from coal and oil and towardsnuclear and gas
asthe source of energy;
improvements in energy efficiency by industry and
households; and
a shift from heavy manufacturing towards more service
and information-based economic activity.

These trends will be encouraged and strengthened by
mitigation policies.

9.2. Selected Specific Sectoral Findings on Costs
of Climate Change Mitigation

9.2.1. Coal

Within thisbroad picture, certain sectorswill be substantially
affected by mitigation. Relative to thereference case, the coal
industry, producing the most carbon-intensive of products,
faces almost inevitable decline in the long term, relative to
the baseline proj ection. Technologies still under devel opment,
such as CO, removal and storage from coal-burning plants
and in-situ gasification, could play afuturerolein maintaining
the output of coal whilst avoiding CO, and other emissions.
Particularly large effects on the coal sector are expected from
policies such as the removal of fossil fuel subsidies or the
restructuring of energy taxes so as to tax the carbon content
rather than the energy content of fuels. Itisawell-established
finding that removal of the subsidieswould result in substantial
reductionsin GHG emissions, aswell as stimulating economic
growth. However, the effects in specific countries depend
heavily on the type of subsidy removed and the commercial
viahility of alternative energy sources, including imported coal.

9.2.2.Oll

Theoil industry alsofacesapotentia relativedecline, although
this may be moderated by lack of substitutes for oil in
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transportation, substitution away from solid fuels towards
liquid fuels in electricity generation, and the diversification
of theindustry into energy supply in general.

Table TS-6 shows anumber of model resultsfor theimpacts of
implementation of the Kyoto Protocol on oil exporting countries.
Each model usesadifferent measure of impact, and many use
different groupsof countriesin their definition of oil exporters.
However, the studies al show that the use of the flexibility
mechanisms will reduce the economic cost to oil producers.

Thus, studies show awide range of estimates for the impact
of GHG mitigation policies on oil production and revenue.
Much of these differences are attributable to the assumptions
made about: the availability of conventional oil reserves, the
degree of mitigation required, the use of emission trading,
control of GHGs other than CO,, and the use of carbon sinks.
However, all studies show anet growth in both oil production
and revenueto at least 2020, and significantly lessimpact on
thereal price of il than hasresulted from market fluctuations
over thepast 30 years. Figure TS-9 showsthe projection of real
oil pricesto 2010 from the |EA’s 1998 World Energy Outlook,
and the effect of Kyoto implementation from the G-cubed
model, the study which showsthelargest fall in Organization
of Oil Exporting Countries (OPEC) revenuesin Table TS-6.
The 25% loss in OPEC revenues in the non-trading scenario
impliesa17% fall in il prices shown for 2010 in the figure;
thisisreduced to afall of just over 7% with Annex | trading.

These studies typically do not consider some or all of the
following policies and measuresthat could lessen theimpact
on oil exporters:

policies and measures for non-CO, GHGs or non-energy

sources of all GHGs;

offsetsfrom sinks;

industry restructuring (e.g., from energy producer to supplier

of energy services);

the use of OPEC's market power; and

TableTS-6: Costs of Kyoto Protocol implementation for oil exporting region/countries.?

Model® Without trading® With Annex | trading With “global trading”
G-Cubed -25% il revenue -13% ail revenue -7% oil revenue
GREEN -3% real income “Substantially reduced loss’ n.a

GTEM 0.2% GDPloss <0.05% GDP loss n.a

MS-MRT 1.39% welfareloss 1.15% welfareloss 0.36% welfare loss
OPEC Model | -17% OPEC revenue -10% OPEC revenue -8% OPEC revenue
CLIMOX n.a -10% some 0il exporters’ revenues | n.a.

African oil exporters.

¢ “Trading” denotes trading in emission permits between countries.

@ The definition of oil exporting country varies: for G-Cubed and the OPEC model it is the OPEC countries, for GREEN it is a group of ail
exporting countries, for GTEM it is Mexico and Indonesia, for MS-MRT it is OPEC + Mexico, and for CLIMOX it is West Asian and North

® Themodelsall considere the global economy to 2010 with mitigation according to the Kyoto Protocol targets (usually in the models, applied to CO,
mitigation by 2010 rather than GHG emissionsfor 2008 to 2012) achieved by imposing acarbon tax or auctioned emission permitswith revenuesrecycled
through lump-sum paymentsto consumers; no co-benefits, such asreductionsin local air pollution damages, are taken into account in the results.
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Figure TS-9: Real oil prices and the effects of Kyoto implementation.

actions(e.g., of Annex B Parties) related tofunding, insurance,
and the transfer of technology.

In addition, the studiestypically do not include thefollowing
policiesand effectsthat can reduce thetotal cost of mitigation:
the use of tax revenues to reduce tax burdens or finance
other mitigation measures;
environmental co- or ancillary benefits of reductions in
fossil fuel use; and
induced technical change from mitigation policies.

Asaresult, the studies may tend to overstate both the coststo
oil exporting countries and overall costs.

9.2.3. Gas

Modelling studies suggest that mitigation policies may have
theleast impact on oil, themost impact on coal, with theimpact
on gas somewhere between; these findings are established but
incomplete. The high variation across studies for the effects of
mitigation on gas demand is associated with the importance of
itsavailability in different locations, its specific demand patterns,
and the potential for gasto replace coa in power generation.

Theseresultsaredifferent from recent trends, which show natural
gas usage growing faster than the use of either coa or ail.
They can be explained asfollows. In the transport sector, the
largest user of ail, current technology and infrastructure will
not allow much switching from oil to non-fossil fuel alternatives
in Annex | countries before about 2020. Annex B countries
canonly meet their Kyoto Protocol commitments by reducing
overall energy use and thiswill result in areductionin natural

gas demand, unless thisis offset by a switch towards natural
gas for power generation. The modelling of such a switch
remains limited in these models.

9.2.4. Electricity

In general as regards the effects on the electricity sector,
mitigation policieseither mandate or directly provideincentives
for increased use of zero-emitting technol ogies (such asnuclear,
hydro, and other renewables) and lower-GHG-emitting
generation technol ogies (such as combined cycle natural gas).
Or, second, they drive their increased use indirectly by more
flexible approachesthat place atax on or require apermit for
emission of GHGs. Either way, theresult will beashiftinthe
mix of fuels used to generate electricity towards increased
use of the zero- and lower-emitting generation technologies,
and away from the higher-emitting fossil fuels.

Nuclear power would have substantial advantages asaresult
of GHG mitigation policies, because power from nuclear fuel
produces negligible GHGs. I n spite of thisadvantage, nuclear
power isnot seen asthe sol ution to the global warming problem
inmany countries. Themainissuesare(1) thehigh costlscompared
to alternative CCGTs, (2) public acceptanceinvolving operating
safety and waste, (3) safety of radioactive waste management
and recycling of nuclear fuel, (4) the risks of nuclear fuel
transportation, and (5) nuclear weapons proliferation.

9.2.5. Transport

Unlesshighly efficient vehicles(such asfud cell vehicles) become
rapidly available, there are few options available to reduce
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transport energy use in the short term, which do not involve
significant economic, social, or political costs. No government
hasyet demonstrated policiesthat can reducethe overall demand
for mobility, and al governmentsfindit politically difficult to
contemplate such measures. Substantial additional improvements
inaircraft energy efficiency aremost likely to be accomplished
by policiesthat increasethe price of, and therefore reduce the
amount of, air travel . Estimated priceelasticities of demand are
in the range of —0.8 to —2.7. Raising the price of air travel by
taxesfacesanumber of political hurdles. Many of the bilateral
treatiesthat currently govern the operation of the air transport
system contain provisionsfor exemptions of taxesand charges,
other than for the cost of operating and improving the system.

Thedirect costsfor fossil fuel consumption are accompanied
by environmental and public health benefits associated with a
reduction in the extraction and burning of the fuels. These
benefits comefrom areduction in the damages caused by these
activities, especially areduction in the emissions of pollutants
that are associated with combustion, such as SO,, NO,, CO
and other chemicals, and particul ate matter. Thiswill improve
local and regional air and water quality, and thereby lessen
damageto human, animal, and plant health, and to ecosystems.
If all the pollutants associated with GHG emissionsareremoved
by new technologies or end-of-pipe abatement (for example,
flue gas desul phurization on a power station combined with
removal of all other non-GHG pollutants), then thisancillary
benefit will no longer exist. But such abatement islimited at
present and it isexpensive, especialy for small-scae emissions
from dwellings and cars (See also Section 8.6).

Mitigation policies are less effective if they lead to loss of
international competitivenessor themigration of GHG-emitting
industriesfrom the region implementing the policy (so-called
carbon leakage). The estimated effects, reportedin theliterature,
oninternationa price competitivenessare small whilethoseon
carbon | eakage appear to beat the stage of competing explanations,
withlargedifferences depending onthemodd sand theassumptions
used. Thereare several reasonsfor expecting that such effects
will not be substantial. First, mitigation policiesactualy adopted
usearange of instrumentsand usualy include special treatment
to minimize adverseindustrial effects, such asexemptionsfor
energy-intensive industries. Second, the models assume that
any migrating industries will use the average technology of
the areato which they will move; however, instead they may
adopt newer, lower CO,-emitting technologies. Third, the
mitigation policiesal so encourage low-emission technologies
and these also may migrate, reducing emissionsin industries
in other countries (see also Section 8.7).
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Theresultsin the studies assessed comefrom different pproaches
and models. A proper interpretation of the results requires an
understanding of the methods adopted and the underlying
assumptionsof themodelsand studies. Largedifferencesinresults
canarisefromtheuseof different reference scenariosor basdines.
And the characteristics of the basdline can markedly affect the
quantitativeresultsof modelling mitigation policy. For example,
if air quality isassumed to be satisfactory in thebasdline, then the
potentia for air-quality ancillary benefitsin any GHG mitigation
scenario isruled out by assumption. Even with similar or the
same baseline assumptions, the studiesyield different results.

Asregardsthe costs of mitigation, these differences appear to
belargely caused by different approaches and assumptions, with
the most important being the type of model adopted. Bottom-up
engineering model s assuming new technological opportunities
tend to show benefits from mitigation. Top-down general
equilibrium model s appear to show lower coststhan top-down
time-series econometric models. The main assumptionsleading
to lower costsin the models are that:

new flexibleinstruments, such asemission trading and joint

implementation, are adopted;

revenues from taxes or permit sales are returned to the

economy by reducing burdensome taxes; and

ancillary benefits, especially from reduced air pollution,

areincluded in the resullts.

Finaly, long-termtechnologica progressand diffusonarelargely
giveninthetop-down modédls; different assumptionsor amore
integrated, dynamic treatment could have major effectsonthe
results.

Decision making frameworks (DMFs) related to climate change
involve multiple levels ranging from global negotiations to
individual choices and a diversity of actors with different
resource endowments, and diverging values and aspirations.
Thisexplainswhy itisdifficult to arriveat amanagement strategy
that isacceptablefor al. Thedynamicinterplay among economic
sectors and related social interest groups makesit difficult to
arrive at anational position to be represented at international
forainthefirst place. Theintricacies of international climate
negotiationsresult from the manifol d often-ambiguous national
positionsaswell asfrom thelinkages of climate change policy
with other socio-economic objectives.

No DMF can reproduce the abovediversity initsfull richness.
Yet andystshave made significant progressin several directions
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since SAR. Firgt, they integrate an increasing number of issues
intoasingleanayticd framework inorder to provideaninternally
consi stent assessment of closely related components, processes,
and subsystems. The resulting integrated assessment models
(IAMs) cited in Chapter 9, and indeed throughout the whole
report, provide useful insightsinto anumber of climate policy
issuesfor policymakers. Second, scientistspay increasing attention
to the broader context of climate related issuesthat have been
ignored or paid marginal attention previously. Among other
factors, this has fostered the integration of development,
sustainability and equity issuesinto the present report.

Climate change is profoundly different from most other
environmental problems with which humanity has grappled.
A combination of several features lends the climate problem
its uniqueness. They include public good issues raising from
the concentration of GHGs in the atmosphere that requires
collective global action, the multiplicity of decision makers
ranging from global down to the micro level of firms and
individuals, and the heterogeneity of emissions and their
consequences around the world. Moreover, the long-term
nature of climate change originates from the fact that it isthe
concentration of GHGs that matters rather than their annual
emissions and this feature raises the thorny issues of
intergenerational transfers of wealth and environmental goods
and bads. Next, human activities associated with climate change
arewidespread, which makes narrowly defined technol ogical
solutionsimpossible, and theinteractions of climate policy with
other broad socio-economic policiesare strong. Finally, large
uncertaintiesor in someareas evenignorance characterize many
aspectsof the problem and require arisk management approach
to be adopted in all DMFsthat deal with climate change.

Policymakerstherefore haveto grapplewith great uncertainties
in choosing the appropriate responses. A wide variety of tools
have been applied to help them make fundamental choices.
Each of those decision analysis frameworks (DAFs) has its
own meritsand shortcoming through itsability to address some
of the above features well, but other facets less adequately.
Recent analyses with well-established tools such as cost—
benefit analysis aswell as newly developed frameworks like
the tolerable windows or safe landing approach providefresh
insightsinto the problem.

Figure TS-10ashowstheresultsof acost-effectivenessanaysis
exploring the optimal hedging strategy when uncertainty with
respect to the long-term stabilization target is not resolved
until 2020, suggesting that abatement over the next few years
would be economically valuable if there is a significant
probability of having to stay below ceilings that would be
otherwise reached within the characteristic time scales of the
systems producing greenhouse gases. The degree of near-term
hedging in the above analysis is sensitive to the date of
resolution of uncertainty, theinertiain the energy system, and
thefact that the ultimate concentration target (onceit has been
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revealed) must be met at all costs. Other experiments, such as
those with cost-benefit model sframed asaBayesian decision
analysis problem show that optimal near-term (next two
decades) emission paths diverge only modestly under perfect
foresight, and hedging evenfor low-probability, high-consequence
scenarios (see Figure TS-10b). However, decisions about near-
term climate policies may have to be made while the
stabilization target is still being debated. Decision-making
therefore should consider appropriate hedging against future
resolution of that target and possiblerevision of the scientific
insights in the risks of climate change. There are significant
differences in the two approaches. With a cost-effectiveness
analysis, the target must be made regardless of costs. With a
cost-benefit analysis, costs and benefits are balanced at the
margin. Nevertheless, the basic message is quite similar and
involves the explicit incorporation of uncertainty and its
sequential resolution over time. The desirable amount of
hedging depends upon one’s assessment of the stakes, the odds,
and the costs of policy measures. The risk premium — the
amount that society iswilling to pay to reducerisk —ultimately
isapolitical decision that differs among countries.
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Figure TS-10a: Optimal carbon dioxide emissions strategy, using
a cost-effectiveness approach.
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Figure TS-10b: Optimal hedging strategy for low probability, high
consequence scenario using a cost-benefits optimization approach.
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Cost-effectiveness anal yses seek the lowest cost of achieving
an environmental target by equalizing the marginal costs of
mitigation across space and time. L ong-term cost-effectiveness
studies estimate the costs of stabilizing atmospheric CO,
concentrations at different levelsand find that the costs of the
450ppmv ceiling are substantially greater than those of the
750ppmv limit. Rather than seeking asingle optimal path, the
tolerable windows/safe landing approach seeks to delineate
the complete array of possible emission paths that satisfy
externaly defined climateimpact and emission cost congtraints.
Results indicate that delaying near-term effective emission
reductions can drastically reduce the future range of options
for relatively tight climate change targets, while less tight
targets offer more near-term flexibility.

The structure and characteristics of international agreements
on climate change will have a significant influence on the
effectiveness and costs and benefits of mitigation. The
effectiveness and the costs and benefits of an international
climate change regime (such as the Kyoto Protocol or other
possiblefuture agreements) depend on the number of signatories
to the agreement and their abatement targets and/or policy
commitment. At thesametime, thenumber of Sgnatoriesdepends
onthequestion of how equitably the commitmentsof participants
areshared. Economic efficiency (minimizing costsby maximizing
participation) and equity (theallocation of emissionslimitation
commitments) are therefore strongly linked.

There is athree-way relationship between the design of the
international regime, the cost-effectiveness/efficiency of
climate policies, and the equity of the consequent economic
outcomes. Asaconsequence, itiscrucid to designtheinternationa
regimein away that isconsidered both efficient and equitable.
Theliterature presentsdifferent theoretical Strategiesto optimize
aninternational regime. For example, it can be made attractive
for countriesto join the group that commitsto specific targets
for limitation and reduction of emissionsby increasing the equity
of alarger agreement —and therefore its efficiency — through
measures like an appropriate distribution of targetsover time,
the linkage of the climate debate with other issues (“issue
linkage"), the use of financial transfers to affected countries
(“side payments"), or technology transfer agreements.

Two other important concerns shape the design of an
international regime: “implementation” and “compliance’. The
effectiveness of the regime, which is a function of both
implementation and compliance, isrelated to actual changes of
behaviour that promotethe goal s of the accord. |mplementation
refersto thetrand ation of international accordsinto domestic
law, policy, and regul ations by nationa governments. Compliance
is related to whether and to what extent countries do in fact
adhereto provisions of an accord. Monitoring, reporting, and
verification areessential for the effectiveness of international
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environmental regimes, as the systematic monitoring,
assessment, and handling of implementation failureshave been
sofar relatively rare. Nonethel ess, effortsto provide systems
of implementation review” are growing, and are already
incorporated into the UNFCCC structure. The challenge for
the future is to make them more effective, especially by
improving dataon national emissions, policies, and measures.

Much of theambiguity related to sustainable devel opment and
climate change arisesfromthe lack of measurementsthat could
provide policymakers with essential information on the
alternative choicesat stake, how those choices affect clear and
recognizable socia, economic, and environmental critical issues,
and also provide a basis for evaluating their performancein
achieving goals and targets. Therefore, indicators are
indi spensabl e to make the concept of sustai nable devel opment
operational. At the national level important steps in the
direction of defining and designing different setsof indicators
have been undertaken; however, much work remains to be
doneto trand ate sustai nability objectivesinto practical terms.

It is difficult to generalize about sustainable development
policies and choices. Sustainability implies and requires
diversity, flexibility, and innovation. Policy choices are meant
to introduce changes in technological patterns of natural
resource use, production and consumption, structural changes
in the production systems, spatial distribution of population
and economic activities, and behavioural patterns. Climate
change literature has by and large addressed the first three
topics, whiletherelevance of choices and decisionsrelated to
behavioural patterns and lifestyles has been paid scant
attention. Consumption patternsin theindustrialized countries
arean important reason for climate change. If people changed
their preferencesthiscoul d dleviate climate change considerably.
To change consumption patterns, however, people must not
only change their behaviour but also change themselves
because these patterns are an essential element of lifestyles
and, therefore, of self-esteem. Yet, apart from climate change
there are other reasonsto do so aswell asindicationsthat this
change can be fostered politically.

A critical requirement of sustainable devel opment isacapacity
to design policy measuresthat, without hindering devel opment
and consistent with national strategies, could exploit potential
synergies between national economic growth objectives and
environmentally focused policies. Climate change mitigation
strategies offer a clear example of how co-ordinated and
harmonized policies can take advantage of the synergies
between theimplementati on of mitigation optionsand broader
objectives. Energy efficiency improvements, including energy
conservation, switch to low carbon content fuels, use of
renewabl e energy sourcesand theintroduction of moreadvanced
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non conventional energy technologies, are expected to have
significant impactson curbing actual GHG emission tendencies.
Similarly, the adoption of new technologies and practicesin
agricultureand forestry activitiesaswell asthe adoption of clean
production processes could make substantial contributionsto
the GHG mitigation effort. Depending on the specific context
in which they are applied, these options may entail positive
side effectsor double dividends, which in some casesareworth
undertaking whether or not there are climate-related reasons
for doing so.

Sustainable development requires radical technological and
related changes in both devel oped and devel oping countries.
Technological innovation and the rapid and widespread transfer
and implementation of individual technological options and
choices, aswdl asoverd| technologica systems, constitute major
elementsof globa strategiesto achieveboth climate stabilization
and sustainable development. However, technology transfer
requires more than technology itself. An enabling environment
for the successful transfer and implementation of technology
plays a crucia role, particularly in developing countries. If
technology transfer is to bring about economic and social
benefitsit must take into account the local cultural traditions
and capacities as well as the institutional and organizational
circumstances required to handle, operate, replicate, and
improve the technol ogy on a continuous basis.

Theprocessof integrating and internalizing climate change and
sustainable development policies into national development
agendasrequires new problem solving strategies and decision-
making approaches. This task implies a twofold effort. On
one hand, sustainable development discourse needs greater
analytical and intellectual rigor (methods, indicators, etc.) to
make this concept advance from theory to practice. On the
other hand, climate change discourse needs to be aware of
both the restrictive set of assumptions underlying the tools
and methods applied intheanalysis, and the social and politica
implicationsof scientific constructions of climate change. Over
recent years agood deal of analytical work has addressed the
problem in both directions. Various approaches have been
explored to transcend the limits of the standard views and
decision frameworks in dealing with issues of uncertainty,
complexity, and the contextual influences of human valuation
and decision making. A common theme emerges: theemphasis
on participatory decision making frameworksfor articulating
new institutional arrangements.

Different levels of globally agreed limits for climate change
(or for corresponding atmospheric GHG concentrations), entail
different balances of mitigation costs and net damages for
individual nations. Considering the uncertaintiesinvolved and
future learning, climate stabilization will inevitably be an
iterative process. nation states determine their own national
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targetsbased on their own exposure and their sensitivity to other
countries exposureto climate change. Theglobal target emerges
from consolidating nationa targets, possibly involving side
payments, in global negotiations. Simultaneoudly, agreement on
burden sharing and the agreed global target determinesnational
costs. Compared to the expected net damages associated with the
global target, nation states might reconsider their own national
targets, especidly asnew information becomesavailableon globa
and regional patternsand impactsof climate change. Thisisthen
the starting point for the next round of negotiations. It follows
from the above that establishing the“ magic number” (i.e., the
upper limit for global climate change or GHG concentrationin
theatmaosphere) will bealong processand itssourcewill primarily
bethe policy process, hopefully helped by improving science.

Looking at thekey dilemmasin climate change decision making,

the following conclusions emerge (see dlso Table TS-7):
acarefully crafted portfolio of mitigation, adaptation, and
learning activities appearsto be appropriate over the next
few decadesto hedge against therisk of intolerable magnitudes
and/or rates of climate change (impact side) and against
the need to undertake painfully drastic emission reductions
if theresolution of uncertaintiesrevealsthat climate change
and itsimpacts might imply high risks;
emission reduction isan important form of mitigation, but
the mitigation portfolio includes a broad range of other
activities, including investmentsto devel op low-cost non-
carbon, energy efficient and carbon management technol ogies
that will make future CO, mitigation |less expensive;
timing and composition of mitigation measures (investment
into technological development or immediate emission
reductions) ishighly controversia becauseof thetechnologica
features of energy systems, and the range of uncertainties
involved in theimpacts of different emission paths;
international flexibility instruments help reducethe costs of
emissonreductions, but they raiseaseriesof implementation
and verification issues that need to be balanced against
the cost savings,
whilethereisabroad consensusto usethe Pareto optimality®
astheéefficiency principle, thereisno agreement on the best
equity principle onwichto build an equitableinternational
regime. Efficiency and equity are important concerns in
negotiating emission limitation schemes, and they are not
mutually exclusive. Therefore, equity will play animportant
rolein determining the distribution of emissionsallowances
and/or within compensation schemes following emission
trading that could lead to adisproportionately high level of
burden on certain countries. Findly, it could bemoreimportant
to build aregime on the combined implications of thevarious
equity principles rather than to select any one particular
equity principle. Diffusing non-carbon, energy-efficient, as

30 Pareto optimum isarequirement or statusthat anindividua’swelfare could
not be further improved without making othersin the society worse off.
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TableTS-7: Balancing the near-term mitigation portfolio.

available, even without policy intervention.
Modest early deployment of rapidly improving
technologies allowslearning-curve cost
reductions, without premature lock-in to
existing, low-productivity technology.

Thedeve opment of radically advanced technologies
will require investment in basic research.

Issue Favouring modest early abatement Favouring stringent early abatement
Technology Energy technologies are changing and improved | = Availability of low-cost measures may have
development versions of existing technologies are becoming substantial impact on emissionstrajectories.

Endogenous (market-induced) change could
accel erate development of low-cost solutions
(learning-by-doing).

Clustering effects highlight the importance of
moving to lower emission trajectories.

Induces early switch of corporate energy R& D
from fossil frontier developmentsto low carbon
technologies.

Capital stock and
inertia

Beginning with initially modest emissionslimits
avoids premature retirement of existing capital
stocks and takes advantage of the natural rate of
capital stock turnover.

It also reduces the switching cost of existing
capital and preventsrising prices of investments
caused by crowding out effects.

Exploit more fully natural stock turnover by
influencing new investments from the present
onwards.

By limiting emissionsto levels consi stent with low
CO, concentrations, preserves an option to limit
CO, concentrationsto low levels using current
technology.

Reducestherisksfrom uncertaintiesin stabilization
constraints and hence the risk of being forced
into very rapid reductions that would require
premature capital retirement later.

Socid effectsand
inertia

Gradual emission reduction reduces the extent of
induced sectoral unemployment by giving more
timeto retrain the workforce and for structural
shiftsin the labour market and education.
Reduces welfare |osses associated with the need
for fast changesin people'slifestylesand living
arrangements.

Especialy if lower stabilization targets would be
required ultimately, stronger early action reduces
the maximum rate of emissions abatement required
subsequently and reduces associated transitional
problems, disruption, and the welfare losses
associated with the need for faster later changes
in people’slifestyles and living arrangements.

Discounting and
intergenerational

equity

Reduces the present value of future abatement
costs (ceteris paribus), but possibly reducesfuture
relative costs by furnishing cheap technologies
and increasing future income levels.

Reduces impacts and (ceteris paribus) reduces
their present value.

Carbon cycleand
radiative change

Small increase in near-term, transient CO,
concentration.

More early emissions absorbed, thus enabling
higher total carbon emissions this century under
agiven stahilization constraint (to be compensated
by lower emissions thereafter).

Small decrease in near-term, transient CO,
concentration.
Reduces peak ratesin temperature change.

Climate change
impacts

Little evidence on damages from multi-decade
episodes of relatively rapid change in the past.

Avoids possibly higher damages caused by faster
rates of climate change.

well as other GHG reducing technol ogies worldwide could
make asignificant contribution to reducing emissions over
the short term, but many barriers hamper technol ogy
transfer, including market imperfections, political problems,
and the often-negl ected transaction costs;

some obvious linkages exist between current global and
continental environmental problems and attempts of the
international community to resolvethem, but the potential
synergies of jointly tackling several of them have not yet
been thoroughly explored, |et alone exploited.

Muitigation and adaptation decis onsrelated to anthropogenical ly
induced climate changediffer. Mitigation decisionsinvolvemany

countries, disperse benefits globally over decadesto centuries
(with some near-term ancillary benefits), are driven by public
policy action, based on information available today, and the
relevant regulation will require rigorous enforcement. In
contrast, adaptation decisions involve a shorter time span
between outlaysand returns, rel ated costs and benefits accrue
locally, and their implementation involveslocal public policies
and private adaptation of the affected social agents, both based
on improving information. Local mitigation and adaptive
capacities vary significantly across regions and over time. A
portfolio of mitigation and adaptation policieswill depend on
local or national priorities and preferred approaches in
combination with international responsibilities.
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Given thelarge uncertainties characterizing each component of
the climate change problem, it isdifficult for decision makers
to establish a globally acceptable level of stabilizing GHG
concentrationstoday. Studies appraised in Chapter10 support
the obvious expectationsthat lower stabilization targetsinvolve
substantialy higher mitigation costsand rel atively moreambitious
near-term emission reductionsontheonehand, but, asreported by
WGII, lower targetsinduce significantly smaller bio/geophysica
impacts and thusinduce smaller damages and adaptation costs.

Important gapsin own knowledge on which additional research
could be useful to support future assessments include:

Further exploration of the regional, country, and sector
specific potential s of technological and social innovation
options, including:

— Theshort, medium, and long-term potential and costs of
both CO, and non-CO,, non-energy mitigation options;

— Understanding of technology diffusion acrossdifferent
regions,

— |dentifying opportunitiesintheareaof social innovation
leading to decreased greenhouse gas emissions;

— Comprehensive analysis of the impact of mitigation
measureson C flowsin and out of theterrestrial system;
and

— Some basic inquiry in the area of geo-engineering.

Economic, social, and ingtitutional issuesrelated to climate
changemitigationinall countries. Priority areasinclude:

— Much more analysis of regionally specific mitigation
options, barriers, and policiesisrecommended asthese
are conditioned by the regions’ mitigative capacity;

— Theimplications of mitigation on equity;

— Appropriate methodol ogies and improved data sources
for climate change mitigation and capacity buildingin
the area of integrated assessment;

— Strengthening future research and assessments,
especially in developing countries.

Methodologies for analysis of the potential of mitigation
optionsandtheir cost, with special attention to comparability
of results. Examplesinclude:

— Characterizing and measuring barriers that inhibit
greenhouse gas-reducing action;

— Make mitigation modelling techniquesmore consistent,
reproducible, and accessible;

— Moddling technology learning; improving analytical tools
for evaluating ancillary benefits, e.g. assigning the costs
of abatement to greenhouse gases and to other pollutants;

— Systematically analyzing the dependency of costs on
baseline assumptions for various greenhouse gas
stabilization scenarios;

Synthesis Report

— Developing decision analytical frameworksfor dealing
with uncertainty aswell associo-economic and ecological
risk in climate policymaking;

— Improving global modelsand studies, their assumptions,
and their consistency in the treatment and reporting of
non-Annex | countries and regions.

Evaluating climate mitigation options in the context of
development, sustainability, and equity. Examplesinclude:

— More research is needed on the balance of optionsin
the areas of mitigation and adaptation and of the
mitigative and adaptive capacity in the context of DES;

— Exploration of aternative development pathsincluding
sustai nable consumption patternsin al sectors, including
the transportation sector, and integrated analysis of
mitigation and adaptation;

— ldentifying opportunitiesfor synergy between explicit
climate policies and general policies promoting
sustai nable devel opment;

— Integration of inter- and intragenerational equity in
climate change mitigation studies;

Implications of equity assessments;

— Analysisof scientific, technical, and economic aspects
of implications of options under a wide variety of
stabilization regimes,

— Determining what kinds of policiesinteract with what
sorts of socio-economic conditionsto result in futures
characterized by low CO, emissions,

— Investigation on how changesin societal valuesmay be
encouraged to promote sustainable development; and

— Evaluating climate mitigation optionsin the context of
and for synergy with potential or actual adaptive
measures.

Devel opment of engineering-economic, end-use, and sectoral
studies of GHG emissions mitigation potential sfor specific
regions and/or countries of the world, focusing on:

— ldentification and assessment of mitigation technologies
and measuresthat arerequired to deviatefrom “ business-
as-usua” in the short term (2010, 2020);
Development of standardized methodologies for

— quantifying emissionsreductionsand costs of mitigation
technologies and measures;

— ldentification of barriers to the implementation of the
miti gation technol ogies and measures,

— ldentification of opportunitiesto increase adoption of
GHG emissions mitigation technol ogies and measures
through connections with ancillary benefits aswell as
furtherance of the DES goals; and

— Linking theresultsof the assessmentsto specific policies
and programmes that can overcome the identified
barriers as well as leverage the identified ancillary
benefits.
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Annex B. Glossary of Terms

ThisGlossary isbased on the glossaries published inthe IPCC
Third Assessment Report (IPCC, 2001a,b,c); however, additional
work has been undertaken on consistency and refinement of
some of the terms. The terms that are independent entriesin
thisglossary are highlighted in italics.

Acclimatization
The physiological adaptation to climatic variations.

Activities Implemented Jointly (AlJ)

Thepilot phasefor Joint Implementation, asdefinedinArticle
4.2(a) of the United Nations Framework Convention on
Climate Change, that allows for project activity among
developed countries (and their companies) and between
developed and developing countries (and their companies).
AlJ is intended to allow Parties to the United Nations
Framework Convention on Climate Changeto gain experience
injointly implemented project activities. Thereisno crediting
for AlJ activity during the pilot phase. A decision remains to
betaken on thefuture of AlJprojectsand how they may relate
to the Kyoto Mechanisms. Asasimpleform of tradable permits,
AlJ and other market-based schemes represent important
potential mechanismsfor stimulating additional resourceflows
for the global environmental good. See also Clean
Devel opment Mechanism and emissions trading.

Adaptability
See Adaptive capacity.

Adaptation

Adjustment in natural or human systemsto anew or changing
environment. Adaptation to climate change refers to
adjustment in natural or human systemsin response to actual
or expected climatic stimuli or their effects, which moderates
harm or exploits beneficial opportunities. Various types of
adaptation can be distinguished, including anticipatory and
reactive adaptation, private and public adaptation, and
autonomous and planned adaptation.

Adaptation assessment

The practice of identifying optionsto adapt to climate change
and evaluating them in terms of criteria such as availability,
benefits, costs, effectiveness, efficiency, and feasibility.

Adaptation benefits
The avoided damage costs or the accrued benefits following
the adoption and implementation of adaptation measures.

Adaptation costs
Costsof planning, preparing for, facilitating, and implementing
adaptation measures, including transition costs.

| Glossary of Terms

Adaptive capacity

Theability of asysemto adjust todimatechange(induding dlimate
variability and extremes) to moderate potential damages, to teke
advantage of opportunities, or to cope with the consequences.

Additionality

Reduction in emissionsby sources or enhancement of removals
by sinksthat isadditional to any that would occur in the absence
of aJoint Implementation or aClean Devel opment Mechanism
project activity asdefined inthe Kyoto Protocol Articleson Joint
Implementation and the Clean Devel opment Mechanism. This
definition may be further broadened to include financial,
investment, and technology additionality. Under “financial
additionality,” the project activity funding shall be additional
to existing Global Environmental Facility, other financial
commitments of Parties included in Annex I, Official
Development Assistance, and other systems of cooperation.
Under “investment additionality,” the value of the Emissions
Reduction Unit/Certified Emission Reduction Unit shall
significantly improvethefinancial and/or commercia viability
of the project activity. Under “technology additionality,” the
technology used for the project activity shall be the best
available for the circumstances of the host Party.

Adjustment time
See Lifetime; see also Response time.

Aerosols

A collection of airborne solid or liquid particles, with atypical
size between 0.01 and 10 mm that reside in the atmosphere
for at least several hours. Aerosols may be of either natural or
anthropogenic origin. Aerosols may influence climatein two
ways: directly through scattering and absorbing radiation, and
indirectly through acting as condensation nuclei for cloud
formation or modifying the optical properties and lifetime of
clouds. Seeindirect aerosol effect.

Afforestation

Planting of new forests on lands that historically have not
contained forests. For adiscussion of theterm forest and rel ated
terms such as afforestation, reforestation, and deforestation,
seethe IPCC Special Report on Land Use, Land-Use Change,
and Forestry (IPCC, 2000b).

Aggregate impacts

Total impacts summed up across sectors and/or regions. The
aggregation of impacts requiresknowledge of (or assumptions
about) the rdativeimportance of impactsin different sectorsand
regions. Measures of aggregate impactsinclude, for example, the
total number of peopleaffected, changein net primary productivity,
number of systems undergoing change, or total economic costs.

Albedo
Thefraction of solar radiation reflected by asurface or object,
often expressed as a percentage. Snow covered surfaces have
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a high albedo; the albedo of soils ranges from high to low;
vegetation covered surfaces and oceans have a low abedo.
The Earth’salbedo varies mainly through varying cloudiness,
snow, ice, leaf area, and land cover changes.

Algal blooms
A reproductive explosion of algae in alake, river, or ocean.

Alpine

The biogeographic zone made up of slopes above timberline
and characterized by the presence of rosette-forming
herbaceous plants and low shrubby slow-growing woody
plants.

Alternative development paths

Refer to a variety of possible scenarios for societal values
and consumption and production patterns in all countries,
including, but not limited to, a continuation of today’strends.
In this report, these paths do not include additional climate
initiatives which means that no scenarios are included that
explicitly assume implementation of the United Nations
Framework Convention on Climate Change or the emission
targets of the Kyoto Protocol, but do include assumptions about
other policies that influence greenhouse gas emissions
indirectly.

Alternative energy
Energy derived from non-fossil-fuel sources.

Ancillary benefits

Theancillary, or side effects, of policiesaimed exclusively at
climate change mitigation. Such policies have an impact not
only on greenhouse gas emissions, but also on resource use
efficiency, like reduction in emissions of local and regional
air pollutants associated with fossil-fuel use, and on issues
such as transportation, agriculture, land-use practices,
employment, and fuel security. Sometimes these benefits are
referred to as“ancillary impacts’ to reflect that in some cases
the benefits may be negative. From the perspective of policies
directed at abating local air pollution, greenhouse gas
mitigation may also be considered an ancillary benefit, but
these relationships are not considered in this assessment.

Annex | countries/Parties

Group of countriesincluded in Annex | (asamended in 1998)
to the United Nations Framework Convention on Climate
Change, including all the developed countries in the
Organisation for Economic Cooperation and Devel opment,
and economies in transition. By default, the other countries
arereferred to asnon-Annex | countries. Under Articles4.2(a)
and 4.2(b) of the Convention, Annex | countries commit
themselves specifically to theaim of returning individually or
jointly to their 1990 levels of greenhouse gas emissions by
the year 2000. See also Annex |1, Annex B, and non-Annex B
countries.

Synthesis Report

Annex Il countries

Group of countriesincluded in Annex |1 to the United Nations
Framework Convention on Climate Change, including all
developed countries in the Organisation for Economic
Cooperation and Development. Under Article 4.2(g) of the
Convention, these countries are expected to providefinancial
resources to assist developing countries to comply with their
obligations, such as preparing national reports. Annex |1
countries are also expected to promote the transfer of
environmentally sound technol ogies to devel oping countries.
See also Annex |, Annex B, non-Annex |, and non-Annex B
countries/Parties.

Annex B countries/Parties

Group of countriesincluded in Annex B in the Kyoto Protocol
that have agreed to atarget for their greenhouse gas emissions,
including al the Annex | countries (as amended in 1998) but
Turkey and Belarus. See also Annex |1, non-Annex |, and non-
Annex B countries/Parties.

Anthropogenic
Resulting from or produced by human beings.

Anthropogenic emissions

Emissions of greenhouse gases, greenhouse gas precursors,
and aerosol s associated with human activities. Theseinclude
burning of fossil fuelsfor energy, deforestation, and land-use
changesthat result in net increasein emissions.

Aquaculture
Breeding and rearing fish, shellfish, etc., or growing plants
for food in special ponds.

Aquifer

A stratum of permeable rock that bears water. An unconfined
aquifer isrecharged directly by local rainfal, rivers, and lakes,
and therate of rechargewill beinfluenced by the permeability
of the overlying rocks and soils. A confined aquifer is
characterized by an overlying bed that is impermeable and
the local rainfall does not influence the aquifer.

Arid regions
Ecosystems with less than 250 mm precipitation per year.

Assigned amounts (AAS)

Under the Kyoto Protocol, the total amount of greenhouse
gas emissions that each Annex B country has agreed that its
emissionswill not exceed in thefirst commitment period (2008
to 2012) is the assigned amount. This is calculated by
multiplying the country’s total greenhouse gas emissions in
1990 by five (for the 5-year commitment period) and then by
the percentage it agreed to as listed in Annex B of the Kyoto
Protocol (e.g., 92% for the European Union, 93% for the USA).
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Assigned amount unit (AAU)
Equal to 1 tonne (metric ton) of CO,-equivalent emissions
calculated using the Global Warming Potential.

Atmosphere

The gaseous envel op surrounding the Earth. The dry atmosphere
consists almost entirely of nitrogen (78.1% volume mixing
ratio) and oxygen (20.9% volumemixing ratio), together with
anumber of trace gases, such asargon (0.93% volume mixing
ratio), helium, and radiatively active greenhouse gases such
as carbon dioxide (0.035% volume mixing ratio) and ozone.
In addition, the atmosphere contains water vapor, whose
amount is highly variable but typically 1% volume mixing
ratio. The atmosphere also contains clouds and aerosols.

Attribution
See detection and attribution.

Banking

According to the Kyoto Protocol [Article 3(13)], Parties
included in Annex | to the United Nations Framework
Convention on Climate Change may save excess emissions
allowances or credits from the first commitment period for
use in subsequent commitment periods (post-2012).

Barrier
A barrier is any obstacle to reaching a potential that can be
overcome by apolicy, program, or measure.

Baseline

Thebaseline (or reference) isany datum against which change
ismeasured. It might bea*“ current baseline,” inwhich caseit
represents observable, present-day conditions. It might also
be a “future baseline,” which is a projected future set of
conditionsexcluding thedriving factor of interest. Alternative
interpretations of the reference conditions can give rise to
multiple baselines.

Basin
The drainage area of a stream, river, or lake.

Biodiversity

The numbers and relative abundances of different genes
(genetic diversity), species, and ecosystems (communities) in
aparticular area.

Biofuel

A fuel produced from dry organic matter or combustible oils
produced by plants. Examples of biofuel includeal cohol (from
fermented sugar), black liquor from the paper manufacturing
process, wood, and soybean oil.

Biomass
Thetotal massof living organismsin agiven areaor volume;
recently dead plant material isoftenincluded as dead biomass.

Glossary of Terms

Biome

A grouping of similar plant and animal communitiesinto broad
landscape units that occur under similar environmental
conditions.

Biosphere (terrestrial and marine)

The part of the Earth system comprising all ecosystems and
living organisms in the atmosphere, on land (terrestrial
biosphere), or in the oceans (marine biosphere), including
derived dead organic matter such aslitter, soil organic matter,
and oceanic detritus.

Biota
All living organisms of an area; thefloraand faunaconsidered
asaunit.

Black carbon

Operationally defined species based on measurement of light
absorption and chemical reactivity and/or thermal stability;
consists of soot, charcoal, and/or possible light-absorbing
refractory organic matter (Charlson and Heintzenberg, 1995).

Bog

A poorly drained area rich in accumulated plant material,
frequently surrounding a body of open water and having a
characteristic flora (such as sedges, heaths, and sphagnum).

Boreal forest
Forests of pine, spruce, fir, and larch stretching from the east
coast of Canada westward to Alaska and continuing from
Siberia westward across the entire extent of Russia to the
European Plain.

Bottom-up models
A modeling approach that includes technological and
engineering detailsinthe analysis. See a so top-down models.

Burden
The total mass of a gaseous substance of concern in the
atmosphere.

Capacity building

Inthe context of climate change, capacity building isaprocess
of developing the technical skills and institutional capability
in developing countries and economiesin transition to enable
them to participate in all aspects of adaptation to, mitigation
of, and research on climate change, and the implementation
of the Kyoto Mechanisms, etc.

Carbonaceous aerosol

Aerosol consisting predominantly of organic substances and
various forms of black carbon (Charlson and Heintzenberg,
1995).
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Carbon cycle

Theterm used to describe theflow of carbon (in variousforms
such as as carbon dioxide) through the atmosphere, ocean,
terrestrial biosphere, and lithosphere.

Carbon dioxide (CO,)

A naturally occurring gas, and also a by-product of burning
fossil fuelsand biomass, aswell asland-use changes and other
industrial processes. It is the principal anthropogenic
greenhouse gas that affects the Earth’s radiative balance. It
isthereference gas against which other greenhouse gases are
measured and therefore has aGlobal Warming Potential of 1.

Carbon dioxide (CO,) fertilization

The enhancement of the growth of plantsasaresult of increased
amaspheric carbon dioxide concentration. Depending on their
mechanism of photosynthesis, certain types of plantsare more
sengtiveto changesin atmospheric carbon dioxide concentration.
In particular, plantsthat produce athree-carbon compound (C,)
during photosynthesi s—including most trees and agricultural
cropssuch asrice, wheat, soybeans, potatoes, and vegetables—
generally show a larger response than plants that produce a
four-carbon compound (C,) during photosynthesis—mainly
of tropical origin, including grasses and the agriculturally
important crops maize, sugar cane, millet, and sorghum.

Carbon leakage
See |eakage.

Carbon taxes
See emissions tax.

Catchment
An areathat collects and drains rainwater.

Certified Emission Reduction (CER) Unit
Equal to 1 tonne (metric ton) of CO,-equivalent emissions
reduced or sequestered through a Clean Development
Mechanism project, calculated using Global Warming
Potentials. See also Emissions Reduction Unit.

Chlorofluorocarbons (CFCs)

Greenhouse gases covered under the 1987 Montreal Protocol
and used for refrigeration, air conditioning, packaging,
insulation, solvents, or aerosol propellants. Sincethey are not
destroyed in the lower atmosphere, CFCs drift into the upper
amosphere where, given suitable conditions, they break down
ozone. These gases are being replaced by other compounds,
including hydrochl orofluorocarbons and hydrofluorocarbons,
which are greenhouse gases covered under the Kyoto Protocol .

Cholera
Anintestinal infection that results in frequent watery stools,
cramping abdomind pain, and eventud collgpsefrom dehydration.

Synthesis Report

Clean Development Mechanism (CDM)

Defined in Article 12 of the Kyoto Protocol, the Clean
Development M echanism isintended to meet two objectives:
(1) to assist Parties not included in Annex | in achieving
sustainable development and in contributing to the ultimate
objective of the convention; and (2) to assist Partiesincluded
in Annex | in achieving compliance with their quantified
emission limitation and reduction commitments. Certified
Emission Reduction Units from Clean Development
M echanism projects undertaken in non-Annex | countriesthat
limit or reduce greenhouse gas emissions, when certified by
operational entities designated by Conference of the Parties/
Meeting of the Parties, can be accrued to the investor
(government or industry) from Partiesin Annex B. A share of
the proceeds from the certified project activities is used to
cover administrative expenses aswell asto assist developing
country Partiesthat are particularly vulnerable to the adverse
effects of climate change to meet the costs of adaptation.

Climate

Climatein anarrow senseis usually defined as the “average
weather” or more rigorously as the statistical description in
terms of the mean and variability of relevant quantitiesover a
period of time ranging from months to thousands or millions
of years. The classical period is 30 years, as defined by the
World Meteorological Organization (WMO). These relevant
guantities are most often surface variables such astemperature,
precipitation, and wind. Climate in awider senseisthe state,
including a statistical description, of the climate system.

Climate change

Climate changerefersto astatistically significant variationin
either the mean state of the climate or in its variability,
persisting for an extended period (typically decadesor longer).
Climate change may be due to natural internal processes or
external forcings, or to persistent anthropogenic changesin
the composition of the atmosphere or in land use. Note that
the United Nations Framework Convention on Climate
Change (UNFCCC), initsArticle 1, defines” climate change’
as: “a change of climate which is attributed directly or
indirectly to human activity that altersthe composition of the
global atmosphere and which isin addition to natural climate
variability observed over comparable time periods.” The
UNFCCC thus makes adistinction between “ climate change’
attributable to human activities altering the atmospheric
composition, and “ climate variability” attributable to natural
causes. See aso climate variability.

Climate feedback

An interaction mechanism between processes in the climate
systemiscalled aclimate feedback, when theresult of aninitial
process triggers changes in a second process that in turn
influences the initial one. A positive feedback intensifies the
original process, and a negative feedback reducesit.
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Climate model (hierarchy)

A numerical representation of the climate systembased on the
physical, chemical, and biological propertiesof itscomponents,
their interactions and feedback processes, and accounting for
all or some of itsknown properties. The climate system can be
represented by model sof varying complexity—that is, for any
one component or combination of components a*“ hierarchy”
of models can be identified, differing in such aspects as the
number of spatial dimensions, the extent to which physical,
chemical or biological processes are explicitly represented,
or thelevel at which empirical parametrizationsareinvolved.
Coupled atmosphere/ocean/sea-ice general circulation models
(AOGCMs) provide a comprehensive representation of the
climate system. Thereis an evolution towards more complex
models with active chemistry and biology. Climate models
are applied, as a research tool, to study and simulate the
climate, but also for operational purposes, including monthly,
seasonal, and interannual climate predictions.

Climate prediction

A climate prediction or climate forecast is the result of an
attempt to produce amost likely description or estimate of the
actual evolution of the climatein the future (e.g., at seasonal,
interannual, or long-term time-scales). See also climate
projection and climate (change) scenario.

Climate projection

A projection of the response of the climate systemto emission or
concentration scenarios of greenhouse gases and aerosols, or
radiative forcing scenarios, often based upon simulations by
climatemodds. Climate projectionsaredistinguished from dimate
predictionsin order to emphasi zethat climate projections depend
upon the emission/concentration/radiative forcing scenario used,
which are based on assumptions, concerning, for example, future
socio-economic and technol ogica developmentsthat may or may
not beredized, and aretherefore subject to substantial uncertainty.

Climate scenario

A plausible and often simplified representation of the future
climate, based on aninternally consistent set of climatological
relationships, that has been constructed for explicit use in
investigating the potential consequences of anthropogenic
climate change, often serving as input to impact models.
Climate projections often serve as the raw material for
constructing climate scenarios, but climate scenarios usually
require additional information such as about the observed
current climate. A “ climate change scenario” isthe difference
between a climate scenario and the current climate.

Climate sensitivity

In IPCC assessments, “ equilibrium climate sensitivity” refers
to the equilibrium changein global mean surface temperature
following a doubling of the atmospheric (equivalent) CO,
concentration. More generally, equilibrium climate sensitivity
refers to the equilibrium change in surface air temperature

Glossary of Terms

following a unit change in radiative forcing (°C/Wm?). In
practice, the evaluation of the equilibrium climate sensitivity
requiresvery long simulationswith coupled general circulation
models. The*“ effective climate sensitivity” isarelated measure
that circumventsthisrequirement. It is evaluated from model
output for evolving non-equilibrium conditions. It isameasure
of the strengths of the feedbacks at a particular time and may
vary with forcing history and climate state. See climate model.

Climate system

The climate system is the highly complex system consisting
of five major components: the atmosphere, the hydrosphere,
the cryosphere, the land surface and the biosphere, and the
interactions between them. The climate system evolvesintime
under theinfluence of itsown internal dynamics and because
of external forcings such asvolcanic eruptions, solar variations,
and human-induced forcings such asthe changing composition
of the atmosphere and land-use change.

Climate variability

Climatevariahility refersto variationsin themean state and other
Satigtics(such asstandard deviations, the occurrence of extremes,
etc.) of the climate on all temporal and spatial scales beyond
that of individual weather events. Variability may be due to
natural internal processes within the climate system (internal
variability), or to variations in natural or anthropogenic
external forcing (externa variahility). Seea so climate change.

CO,-equivalent
See equivalent CO.,.

CO, fertilization
See carbon dioxide (CO,) fertilization.

Co-benefits

Thebenefitsof policiesthat areimplemented for variousreasons
at the same time—including climate change mitigation—
acknowledging that most policies designed to address
greenhouse gas mitigation also have other, often at least
equally important, rationales (e.g., related to objectives of
development, sustainability, and equity). The term co-impact
isalso used in amore generic senseto cover both the positive
and negative sides of the benefits. See also ancillary benefits.

Co-generation
The use of waste heat from el ectric generation, such asexhaust
fromgasturbines, for either industrial purposesor digtrict heating.

Compliance
See implementation.

Conference of the Parties (COP)

Thesupremebody of theUnited Nations Framework Convention
on Climate Change (UNFCCC), comprising countriesthat have
ratified or acceded to the UNFCCC. The first session of the
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Conference of the Parties (COP-1) washeldin Berlinin 1995,
followed by COP-2 in Geneva 1996, COP-3 in Kyoto 1997,
COP-4 in Buenos Aires 1998, COP-5 in Bonn 1999, COP-6
Part 1 in The Hague 2000, and COP-6 Part 2 in Bonn 2001.
COP-7 is scheduled for November 2001 in Marrakech. See
also Mesting of the Parties (MOP).

Cooling degree days

Theintegral over aday of thetemperature above 18°C (e.g., a
day with an average temperature of 20°C counts as 2 cooling
degree days). See aso heating degree days.

Coping range
The variation in climatic stimuli that a system can absorb
without producing significant impacts.

Coral bleaching

Thepaling in color of coralsresulting from aloss of symbiotic
algae. Bleaching occursin responseto physiological shock in
responseto abrupt changesin temperature, sdinity, and turbidity.

Cost-effective

A criterion that specifiesthat atechnology or measure delivers
agood or serviceat equal or lower cost than current practice, or
theleast-cost alternative for the achievement of agiven target.

Cryosphere

The component of the climate system consisting of all snow,
ice, and permafrost on and beneath the surface of the earth
and ocean. See aso glacier and ice sheet.

Deepwater formation

Occurswhen seawater freezesto form seaice. Thelocal release
of salt and consequent increase in water density leads to the
formation of saline coldwater that sinks to the ocean floor.

Deforestation

Conversion of forest to non-forest. For a discussion of the
term forest and related terms such as afforestation,
reforestation, and deforestation, see the |PCC Special Report
on Land Use, Land-Use Change, and Forestry (1PCC, 2000b).

Demand-side management

Policies and programs designed for a specific purpose to
influence consumer demand for goods and/or services. In the
energy sector, for instance, it refersto policies and programs
designed to reduce consumer demand for electricity and other
energy sources. It helps to reduce greenhouse gas emissions.

Dengue Fever

Aninfectiousviral disease spread by mosquitoes often called
breakbone fever becauseit is characterized by severepainin
joints and back. Subsequent infections of the virus may lead
to dengue haemorrhagic fever (DHF) and dengue shock
syndrome (DSS), which may befatal.

Synthesis Report

Deposit-refund system

Combinesadeposit or fee (tax) on acommodity with arefund
or rebate (subsidy) for implementation of a specified action.
Se also emissions tax.

Desert
An ecosystem with less than 100 mm precipitation per year.

Desertification

Land degradationin arid, semi-arid, and dry sub-humid areas
resulting from various factors, including climatic variations
and human activities. Further, the United Nations Convention
to Combat Desertification defines land degradation as a
reduction or loss in arid, semi-arid, and dry sub-humid areas
of the biological or economic productivity and complexity of
rain-fed cropland, irrigated cropland, or range, pasture, forest,
and woodlands resulting from land uses or from a process or
combination of processes, including processes arising from
human activities and habitation patterns, such as. (i) soil
erosion caused by wind and/or water; (ii) deterioration of the
physical, chemical, and biological or economic properties of
soil; and (iii) long-term loss of natural vegetation.

Detection and attribution

Climatevariescontinualy onall timescales. Detection of climate
change is the process of demonstrating that climate has
changed in some defined statistical sense, without providing
a reason for that change. Attribution of causes of climate
change is the process of establishing the most likely causes
for the detected change with somedefined level of confidence.

Disturbance regime
Frequency, intensity, and types of disturbances, such asfires,
inspect or pest outbreaks, floods, and droughts.

Diurnal temperature range
The difference between the maximum and minimum
temperature during aday.

Double dividend

The effect that revenue-generating instruments, such ascarbon
taxesor auctioned (tradable) carbon emission permits, can (i)
limit or reduce greenhouse gas emissions and (ii) offset at
least part of the potential welfare losses of climate policies
through recycling the revenue in the economy to reduce other
taxes likely to be distortionary. In a world with involuntary
unemployment, the climate change policy adopted may have an
effect (apositive or negative “third dividend”) on employment.
Wesak double dividend occurs as long as there is a revenue
recycling effect—that is, as long as revenues are recycled
through reductionsin themargina ratesof distortionary taxes.
Strong double dividend requiresthat the (beneficial) revenue
recycling effect more than offset the combination of the
primary cost and, in this case, the net cost of abatement is
negative.
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Drought

The phenomenon that exists when precipitation has been
significantly below normal recorded levels, causing serious
hydrological imbalances that adversely affect land resource
production systems.

Economic potential

Economic potential is the portion of technological potential
for greenhouse gas emissions reductions or energy efficiency
improvementsthat could be achieved cost-effectively through
the creation of markets, reduction of market failures, or increased
financial and technological transfers. The achievement of
economic potential requiresadditional policiesand measures
to break down market barriers. See also market potential,
socio-economic potential, and technological potential.

Economies in transition (EITs)
Countrieswith national economiesin the process of changing
from a planned economic system to a market economy.

Ecosystem

A system of interacting living organisms together with their
physical environment. The boundaries of what could be called
an ecosystem are somewhat arbitrary, depending on thefocus
of interest or study. Thus, the extent of an ecosystem may range
from very small spatial scalesto, ultimately, the entire Earth.

Ecosystem services
Ecologica processesor functionsthat have valuetoindividuas
or society.

El Nifio Southern Oscillation (ENSO)

El Nifio, initsorigind sense,isawarmwater current that periodicaly
flowsalong the coast of Ecuador and Peru, disrupting thelocal

fishery. Thisoceanic event isassociated with afluctuation of the
intertropical surface pressure pattern and circulationinthelndian
and Pacific Oceans, called the Southern Oscillation. Thiscoupled
atmosphere-ocean phenomenoniscollectively known asEl Nifio
Southern Oscillation, or ENSO. During an El Nifio event, the
prevailing tradewindsweaken and the equatorial countercurrent
strengthens, causing warm surfacewatersinthelndonesian area
to flow eastward to overliethe cold waters of the Peru current.
Thisevent hasgreat impact onthewind, seasurfacetemperature,
and precipitation patternsin thetropical Pacific. It hasclimatic
effectsthroughout the Pacific region and in many other parts of
theworld. The opposite of an El Nifio eventiscalled La Nifia.

Emissions

In the climate change context, emissions refer to the release
of greenhouse gasesand/or their precur sorsand aerosolsinto
the atmosphere over a specified area and period of time.

Emissions permit
An emissions permit is the non-transferable or tradable
allocation of entitlements by an administrative authority
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(intergovernmental organization, central or local government
agency) to aregional (country, sub-national) or asectoral (an
individual firm) entity to emit aspecified amount of asubstance.

Emissions quota

The portion or share of total allowable emissionsassignedtoa
country or group of countrieswithin aframework of maximum
total emissions and mandatory all ocations of resources.

Emissions Reduction Unit (ERU)
Equal to 1 tonne (metric ton) of carbon dioxide emissions
reduced or sequestered arising from a Joint Implementation
(defined in Article 6 of the Kyoto Protocol) project calculated
using Global Warming Potential. See also Certified Emission
Reduction Unit and emissions trading.

Emissions tax

Levy imposed by agovernment on each unit of CO,-equivalent
emissions by asource subject to thetax. Since virtually all of
thecarboninfossil fudsisultimately emitted ascarbon dioxide,
alevy onthe carbon content of fossil fuels—acarbon tax—is
equivalent to an emissionstax for emissions caused by fossil-
fuel combustion. An energy tax—alevy on the energy content
of fuels—reduces demand for energy and so reduces carbon
dioxideemissionsfromfossil-fuel use. An ecotax isdesignated
for the purpose of influencing human behavior (specifically
economic behavior) to follow an ecologically benign path.
International emissions/carbon/energy tax isatax imposed on
specified sourcesin participating countries by an international
agency. The revenue is distributed or used as specified by
participating countries or the international agency.

Emissions trading

A market-based approach to achieving environmental objectives
that allows, those reducing greenhouse gas emissions below
what isrequired, to use or trade the excess reductionsto offset
emissions at another source inside or outside the country. In
general, trading can occur at theintracompany, domestic, and
international levels. The IPCC Second Assessment Report
adopted the convention of using “ permits’ for domestic trading
systemsand“ quotas’ for internationa trading systems. Emissions
trading under Article 17 of the Kyoto Protocol is a tradable
guota system based on the assigned amounts cal culated from
the emission reduction and limitation commitments listed in
Annex B of the Protocol. See also Certified Emission Reduction
Unit and Clean Devel opment Mechanism.

Emissions scenario

A plausible representation of the future development of
emissions of substancesthat are potentially radiatively active
(e.g., greenhouse gases, aerosols), based on a coherent and
internally consistent set of assumptions about driving forces
(such as demographic and socio-economic development,
technologica change) and their key relationships. Concentration
scenarios, derived from emissions scenarios, are used asinput
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into aclimate model to compute climate projections. In IPCC
(1992), a set of emissions scenarios were used as a basis for
the climate projections in IPCC (1996). These emissions
scenarios are referred to as the 1S92 scenarios. In the IPCC
Specia Report on Emissions Scenarios (Nakicenovic et al.,
2000), new emissions scenarios—the so-called SRES
scenarios—were published. For the meaning of some terms
related to these scenarios, see SRES scenarios.

Endemic

Redtricted or peculiar toalocdlity or region. With regard to human
health, endemic can refer to adisease or agent present or usualy
prevalent in a population or geographical areaat all times.

Energy balance

Averaged over the globe and over longer time periods, the
energy budget of the climate system must be in balance.
Because the climate system derives all its energy from the
Sun, thisbalanceimpliesthat, globa ly, theamount of incoming
solar radiation must on average be equal to the sum of the
outgoing reflected solar radiation and the outgoing infrared
radiation emitted by the climate system. A perturbation of
this global radiation balance, be it human-induced or natural,
is called radiative forcing.

Energy conversion
See energy transformation.

Energy efficiency
Ratio of energy output of aconversion process or of asystem
toitsenergy input.

Energy intensity

Energy intensity istheratio of energy consumption to economic
or physical output. At the national level, energy intensity isthe
ratio of total domestic primary energy consumption or final energy
consumption to Gross Domestic Product or physical output.

Energy service
The application of useful energy to tasks desired by the
consumer such as transportation, awarm room, or light.

Energy tax
See emissions tax.

Energy transformation
The change from one form of energy, such as the energy
embodied in fossil fuels, to another, such as electricity.

Environmentally Sound Technologies (ESTS)

Technol ogiesthat protect the environment, are less polluting,
use al resourcesin amore sustainable manner, recycle more
of their wastes and products, and handle residual wastesin a
more acceptable manner than the technol ogiesfor which they
were substitutes and are compatiblewith nationally determined
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socio-economic, cultural, and environmental priorities. ESTs
inthisreport imply mitigation and adaptation technol ogies, hard
and soft technologies.

Epidemic

Occurring suddenly in numbers clearly in excess of normal
expectancy, said especialy of infectious diseases but applied also
to any disease, injury, or other health-related event occurring in
such outbreaks.

Equilibrium and transient climate experiment
An*“equilibrium climate experiment” isan experimentinwhich
aclimatemodel isallowedtofully adjust toachangeinradiative
forcing. Such experiments provideinformation on the difference
between theinitial and final states of the model, but not on the
time-dependent response. If the forcing is allowed to evolve
gradually according to aprescribed emission scenario, thetime-
dependent response of aclimate model may be analyzed. Such
an experiment is called a “transient climate experiment.” See
also climate projection.

Equivalent CO, (carbon dioxide)

The concentration of carbon dioxide that would cause the same
amount of radiativeforcing asagiven mixtureof carbon dioxide
and other greenhouse gases.

Erosion

The process of removal and transport of soil and rock by
weathering, mass wasting, and the action of streams, glaciers,
waves, winds, and underground water.

Eustatic sea-level change

A change in global average sea level brought about by an
alteration to the volume of the world ocean. Thismay be caused
by changes in water density or in the total mass of water. In
discussions of changes on geological time scales, this term
sometimes also includes changes in global average sea level
caused by an alteration to the shape of the ocean basins. In this
report, the term is not used in that sense.

Eutrophication

The process by which abody of water (often shallow) becomes
(either naturally or by pollution) richin dissolved nutrientswith
aseasonal deficiency in dissolved oxygen.

Evaporation
The process by which aliquid becomes agas.

Evapotranspiration
The combined process of evaporation from the Earth’s surface
and transpiration from vegetation.

Exotic species
See introduced species.
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Exposure
The nature and degree to which a system is exposed to
significant climatic variations.

Externality
See external cost.

External cost

Used to define the costs arising from any human activity, when
the agent responsiblefor the activity does not take full account
of the impacts on others of his or her actions. Equally, when
the impacts are positive and not accounted for in the actions
of theagent responsiblethey arereferred to asexternal benefits.
Emissions of particulate pollution from apower station affect
the health of people in the vicinity, but this is not often
considered, or isgiven inadequate weight, in private decision
making and there is no market for such impacts. Such a
phenomenonisreferred to asan “externality,” and the costsit
imposes are referred to as the external costs.

External forcing
See climate system.

Extinction
The complete disappearance of an entire species.

Extirpation
The disappearance of a species from part of its range; local
extinction.

Extreme weather event

An extreme weather event is an event that is rare within its
statistical reference distribution at a particular place.
Definitionsof “rare” vary, but an extremeweather event would
normally be asrareasor rarer than the 10th or 90th percentile.
By definition, the characteristics of what is called extreme
weather may vary from place to place. An extreme climate
event isan average of anumber of weather eventsover acertain
period of time, an averagewhichisitself extreme (e.g., rainfall
over aseason).

Feedback
See climate feedback.

Fiber
Wood, fuelwood (either woody or non-woody).

Final energy
Energy supplied that isavailableto the consumer to be converted
into usable energy (e.g., electricity at thewall outlet).

Flexibility mechanisms
See Kyoto Mechanisms.
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Flux adjustment

To avoid the problem of coupled atmosphere-ocean general
circulation model sdrifting into some unrealistic climate state,
adjustment terms can be applied to the atmosphere-ocean fluxes
of heat and moisture (and sometimesthe surface stressesresulting
from the effect of the wind on the ocean surface) before these
fluxesareimposed onthemodel ocean and atmosphere. Because
these adjustments are pre-computed and thereforeindependent
of the coupled model integration, they are uncorrelated to the
anomaliesthat develop during the integration.

Food insecurity

A situation that existswhen peoplelack secure accessto sufficient
amounts of safe and nutritious food for normal growth and
development and an active and healthy life. It may be caused
by the unavailability of food, insufficient purchasing power,
inappropriate distribution, or inadequate use of food at the
household level. Food insecurity may be chronic, seasonal, or
transitory.

Forest

A vegetation type dominated by trees. Many definitions of the
term forest are in use throughout the world, reflecting wide
differencesin bio-geophysical conditions, social structure, and
economics. For a discussion of the term forest and related
terms such as afforestation, reforestation, and deforestation:
seethe IPCC Special Report on Land Use, Land-Use Change,
and Forestry (IPCC, 2000b).

Fossil CO, (carbon dioxide) emissions

Emissions of carbon dioxide resulting from the combustion
of fuels from fossil carbon deposits such as oil, natural gas,
and coal.

Fossil fuels
Carbon-based fuelsfromfossil carbon deposits, including coal,
oil, and natural gas.

Freshwater lens
A lenticular fresh groundwater body that underlies an oceanic
island. It isunderlain by saline water.

Fuel switching
Policy designed to reduce carbon dioxide emissionsby switching
to lower carbon-content fuel's, such asfrom coal to natural gas.

Full-cost pricing

The pricing of commercial goods—such as electric power—
that includesin the final pricesfaced by the end user not only
the private costs of inputs, but also the costs of externalities
created by their production and use.

Framework Convention on Climate Change
SeeUnited Nations Framewor k Convention on Climate Change.
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General circulation

The large scale motions of the atmosphere and the ocean asa
consequence of differential heating on arotating Earth, aiming
to restore the energy balance of the system through transport
of heat and momentum.

General Circulation Model (GCM)
See climate model.

Geo-engineering

Efforts to stabilize the climate system by directly managing
the energy balance of the Earth, thereby overcoming the
enhanced greenhouse effect.

Glacier

A mass of land iceflowing downhill (by internal deformation
and diding at the base) and constrained by the surrounding
topography (e.g., the sides of avalley or surrounding peaks);
the bedrock topography isthe major influence on thedynamics
and surface slope of a glacier. A glacier is maintained by
accumulation of snow at high altitudes, balanced by melting
at low altitudes or discharge into the sea.

Global surface temperature

The global surface temperature is the area-weighted global
average of (i) the seasurfacetemperature over the oceans(i.e.,
the sub-surface bulk temperaturein thefirst few metersof the
ocean), and (ii) the surface air temperatureover landat 1.5 m
above the ground.

Global Warming Potential (GWP)

Anindex, describing the radiative characteristics of well-mixed
greenhouse gases, that represents the combined effect of the
differing timesthese gasesremain in the atmosphere and their
relative effectivenessin absorbing outgoing infrared radiation.
This index approximates the time-integrated warming effect
of aunit massof agiven greenhouse gasin today’satmosphere,
relative to that of carbon dioxide.

Greenhouse effect

Greenhouse gases effectively absorb infrared radiation, emitted
by the Earth’s surface, by the atmosphereitself dueto the same
gases, and by clouds. Atmosphericradiationisemitted todl sides,
including downward to the Earth’s surface. Thus greenhouse
gasestrap heat within the surface-troposphere system. Thisis
called the " natural greenhouse effect.” Atmospheric radiation
isstrongly coupled to the temperature of the level at which it
isemitted. Inthetroposphere, thetemperaturegeneraly decreases
with height. Effectively, infrared radiation emitted to space
originatesfrom an altitude with atemperature of, on average,
-19°C, in bdancewith the net incoming solar radiation, whereas
the Earth’s surfaceiskept at amuch higher temperature of, on
average, +14°C. Anincreasein the concentration of greenhouse
gasesleadsto anincreased infrared opacity of the atmosphere,
and therefore to an effective radiation into space from ahigher
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altitude at alower temperature. Thiscausesaradiativeforcing,
animbalance that can only be compensated for by anincrease
of the temperature of the surface-troposphere system. Thisis
the “ enhanced greenhouse effect.”

Greenhouse gas

Greenhousegasssarethosegaseous condituentsof theatmosphere,
both natural and anthropogenic, that absorb and emit radiation
at specific wavelengthswithinthe spectrum of infrared radiation
emitted by the Earth’ssurface, the atmosphere, and clouds. This
property causesthegreenhouse effect. Water vapor (H,0), carbon
dioxide (CQ,), nitrous oxide (N,O), methane (CH,), and ozone
(O,) aretheprimary greenhouse gasesin the Earth’satmosphere.
Moreover thereareanumber of entirely human-madegreenhouse
gases in the atmosphere, such as the halocarbons and other
chlorine- and bromine-contai ning substances, dealt with under
the Montreal Protocol. Besides CO,, N,O, and CH,,, the Kyoto
Protocol dedswith thegreenhousegasessulfur hexafl uoride (SFy),
hydrofluorocarbons (HFCs), and perfluorocarbons (PFCs).

Groin

A low, narrow jetty, usually extending roughly perpendicular
to the shoreline, designed to protect the shore from erosion by
currents, tides, or waves, or to trap sand for the purpose of
building up or making a beach.

Gross Domestic Product (GDP)

The sum of gross value added, at purchasers' prices, by all
resident and non-resident producersin the economy, plusany
taxes and minus any subsidies not included in the value of the
productsin acountry or ageographic region for agiven period
of time, normally 1 year. It is calculated without deducting for
depreciation of fabricated assets or depletion and degradation
of natural resources. GDP is an often used but incomplete
measure of welfare.

Gross Primary Production (GPP)
The amount of carbon fixed from the atmosphere through
photosynthesis.

Groundwater recharge

The process by which external water is added to the zone of
saturation of an aquifer, either directly into a formation or
indirectly by way of another formation.

Habitat

The particular environment or place where an organism or
speciestend to live; amore locally circumscribed portion of
thetotal environment.

Halocarbons

Compounds containing carbon and either chlorine, bromine,
or fluorine. Such compounds can act as powerful greenhouse
gasesintheatmosphere. The chlorine- and bromine-containing
halocarbonsareasoinvolved inthedepl etion of theozonelayer.
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Harmonized emissions/carbon/energy tax

Commits participating countriesto impose atax at acommon
rate on the same sources. Each country can retain the tax
revenue it collects. A harmonized tax would not necessarily
require countriesto impose atax at the samerate, but imposing
different rates across countries would not be cost-effective.
See also emissions tax.

Heat island

An area within an urban area characterized by ambient
temperatures higher than those of the surrounding areabecause
of the absorption of solar energy by materiaslike asphalt.

Heating degree days

Theintegral over aday of thetemperaturebelow 18°C (e.g., a
day with an average temperature of 16°C counts as 2 heating
degree days). See also cooling degree days.

Hedging

Inthe context of climate change mitigation, hedgingisdefined
as balancing the risks of acting too slowly against acting too
quickly, and it depends on society’s attitude towards risks.

Heterotrophic respiration
The conversion of organic matter to CO, by organisms other
than plants.

Human settlement
A place or area occupied by settlers.

Human system

Any system in which human organizations play amajor role.
Often, but not always, theterm is synonymouswith “ society”
or “social system” (e.g., agricultural system, political system,
technological system, economic system).

Hydrofluorocarbons (HFCs)

Among the six greenhouse gasesto be curbed under the Kyoto
Protocol. They are produced commercially asasubstitute for
chlorofluorocarbons. HFCs largely are used in refrigeration
and semiconductor manufacturing. Their Global Warming
Potentials range from 1,300 to 11,700.

Hydrosphere

The component of the climate system composed of liquid
surface and subterranean water, such as oceans, sess, rivers,
freshwater lakes, underground water, etc.

Ice cap
A dome shaped ice mass covering a highland area that is
considerably smaller in extent than an ice sheet.

Ice sheet
A mass of land ice that is sufficiently deep to cover most of
the underlying bedrock topography, sothat its shapeismainly

Glossary of Terms

determined by itsinternal dynamics (the flow of theice asit
deformsinternally and dlides at its base). An ice sheet flows
outward from a high central plateau with a small average
surface slope. The margins slope steeply, and the ice is
discharged through fast-flowing ice streams or outlet glaciers,
in some cases into the sea or into ice shelves floating on the
sea. There are only two large ice sheets in the modern world,
on Greenland and Antarctica, the Antarctic ice sheet being
divided into East and West by the Transantarctic Mountains;
during glacial periods there were others.

Ice shelf

A floating ice sheet of considerable thickness attached to a
coast (usually of great horizontal extent with alevel or gently
undulating surface); often a seaward extension of ice sheets.

(Climate) Impact assessment

The practice of identifying and eval uating the detrimental and
beneficial consegquences of climate change on natural and
human systems.

(Climate) Impacts
Consequences of climate change on natural and human
systems. Depending on the consideration of adaptation, one
can distinguish between potential impactsand residual impacts.
* Potential impacts: All impacts that may occur given a
projected changein climate, without considering adaptation.
» Residual impacts: The impacts of climate change that
would occur after adaptation.
See al so aggregate impacts, market impacts, and non-mar ket
impacts.

Implementation

Implementation refersto the actions (legidation or regul ations,
judicial decrees, or other actions) that governments take to
translate international accords into domestic law and policy.
It includes those events and activities that occur after the
issuing of authoritative public policy directives, whichinclude
the effort to administer and the substantive impacts on people
and events. It is important to distinguish between the legal
implementation of international commitments (in national law)
and the effective implementation (measures that induce
changes in the behavior of target groups). Compliance is a
matter of whether and to what extent countries do adhere to
the provisions of the accord. Compliance focuses on not only
whether implementing measures are in effect, but also on
whether there is compliance with the implementing actions.
Compliance measures the degree to which the actors whose
behavior istargeted by the agreement, whether they arelocal
government units, corporations, organizations, or individuals,
conform to the implementing measures and obligations.

Implementation costs
Costs involved in the implementation of mitigation options.
These costs are associated with the necessary institutional
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changes, information requirements, market size, opportunities
for technology gain and learning, and economic incentives
needed (grants, subsidies, and taxes).

Indigenous peoples

People whose ancestors inhabited a place or a country when
persons from another culture or ethnic background arrived on
the scene and dominated them through conquest, settlement,
or other means and who today live more in conformity with
their own social, economic, and cultural customsand traditions
than those of the country of which they now form a part (also
referred to as “native,” “aboriginal,” or “tribal” peoples).

Indirect aerosol effect

Aerosolsmay lead to anindirect radiativeforcing of the climate
system through acting as condensation nuclei or modifying
the optical properties and lifetime of clouds. Two indirect
effectsare distinguished:

« Firgindirect effect: A radiativeforcinginduced by anincrease
in anthropogenic aerosols which cause aninitial increase
in droplet concentration and adecreasein droplet sizefor
fixed liquid water content, leading to an increase of cloud
albedo. Thiseffect isalso known asthe“ Twomey effect.”
This is sometimes referred to as the cloud albedo effect.
However thisishighly midleading sincethe second indirect
effect also alters cloud albedo.

» Second indirect effect: A radiative forcing induced by an
increasein anthropogenic aerosol swhich cause adecrease
indroplet size, reducing the preci pitation efficiency, thereby
modifying the liquid water content, cloud thickness, and
cloud lifetime. This effect is also known as the “cloud
lifetime effect” or “Albrecht effect.”

Industrial Revolution

A period of rapid industrial growth with far-reaching social
and economic consequences, beginning in England during the
second half of the 18th century and spreading to Europe and
later to other countries including the United States. The
invention of the steam engine was an important trigger of this
development. The Industrial Revolution marksthe beginning
of astrong increase in the use of fossil fuelsand emission of,
in particular, fossil carbon dioxide. In this report, the terms
“pre-industrial” and “industrial” refer, somewhat arbitrarily,
to the periods before and after the year 1750, respectively.

Inertia

Delay, slowness, or resistance in the response of the climate,
biological, or human systems to factorsthat alter their rate of
change, including continuation of change in the system after
the cause of that change has been removed.

Infectious diseases

Any diseasethat can betransmitted from one personto another.
This may occur by direct physical contact, by common
handling of an object that has picked up infective organisms,
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through a disease carrier, or by spread of infected droplets
coughed or exhaled into the air.

Infrared radiation

Radiation emitted by the Earth’s surface, the atmosphere, and
clouds. It isalso known asterrestrial or long-wave radiation.
Infrared radiation has a distinctive range of wavelengths
(“spectrum”) longer than the wavelength of the red color in
the visible part of the spectrum. The spectrum of infrared
radiationispractically distinct from that of solar or short-wave
radiation because of the difference in temperature between
the Sun and the Earth-atmosphere system.

Infrastructure

The basic equipment, utilities, productive enterprises,
installations, institutions, and services essential for the
development, operation, and growth of an organization, city,
or nation. For example, roads; schools; electric, gas, and water
utilities; transportation; communication; and legal systems
would be al considered asinfrastructure.

Integrated assessment

A method of analysisthat combines results and models from
the physical, biological, economic, and social sciences, and
the interactions between these components, in a consistent
framework, to evaluate the status and the consequences of
environmental change and the policy responsesto it.

Interaction effect

Theresult or consequence of theinteraction of climatechange
policy instrumentswith existing domestic tax systems, including
both cost-increasing tax i nteraction and cost-reducing revenue-
recycling effect. Theformer reflectstheimpact that greenhouse
gaspaliciescan haveonthefunctioning of labor and capitd markets
through their effectson real wagesand thereal returnto capital.
By restricting the all owabl e greenhouse gas emissions, permits,
regulations, or acarbon tax raise the costs of production and the
pricesof output, thusreducing thered returnto labor and capital.
For policiesthat raiserevenuefor the government—carbon taxes
and auctioned permits—the revenues can berecycled toreduce
existing distortionary taxes. See also double dividend.

Internal variability
See climate variability.

International emissions/carbon/energy tax
See emissions tax.

International Energy Agency (IEA)

Paris-based energy forum established in 1974. It islinked with
the Organi sation for Economic Cooperation and Development
to enable member countriesto take joint measuresto meet oil
supply emergencies, to share energy information, to coordinate
their energy policies, and to cooperate in the development of
rational energy programs.
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International product and/or technology standards
See standards.

Introduced species

A species occurring in an area outside its historically known
natural range as a result of accidental dispersal by humans
(also referred to as “ exotic species’ or “alien species’).

Invasive species
An introduced speciesthat invades natural habitats.

Isostatic land movements

| sostasy refersto theway in which the lithosphere and mantle
respond to changes in surface loads. When the loading of the
lithosphere is changed by aterationsin land ice mass, ocean
mass, sedimentation, erosion, or mountain building, vertical
isostatic adjustment results, in order to balance the new load.

Joint Implementation (J1)

A market-based implementation mechanism defined inArticle
6 of the Kyoto Protocol, allowing Annex | countries or
companiesfrom these countriesto implement projectsjointly
that limit or reduce emissions, or enhance sinks, and to share
the Emissions Reduction Units. Jl activity isalso permitted in
Article 4.2(a) of the United Nations Framework Convention
on Climate Change. See also Activities Implemented Jointly
and Kyoto Mechanisms.

Known technological options

Refer to technol ogiesthat exist in operation or pilot plant stage
today. It doesnot includeany new technologiesthat will require
drastic technological breakthroughs.

Kyoto Mechanisms

Economic mechanismsbased on market principlesthat Parties
to the Kyoto Protocol can use in an attempt to lessen the
potential economic impacts of greenhouse gas emission-
reduction requirements. They include Joint I|mplementation
(Article 6), the Clean Development Mechanism (Article 12),
and Emissions Trading (Article 17).

Kyoto Protocol

TheKyoto Protocol tothe United Nations Framework Convention
on Climate Change (UNFCCC) wasadopted at the Third Session
of the Conference of the Parties to the UNFCCC in 1997 in
Kyoto, Japan. It containslegaly binding commitments, inaddition
to thoseincluded inthe UNFCCC. Countriesincluded in Annex
B of the Protocol (most countries in the Organisation for
Economic Cooperation and Devel opment, and countrieswith
economiesintransition) agreed to reducetheir anthropogenic
greenhouse gas emissions (carbon dioxide, methane, nitrous
oxide, hydrofluorocarbons, perfluorocarbons, and sulfur
hexafluoride) by at least 5% below 1990 levels in the
commitment period 2008 to 2012. The Kyoto Protocol has
not yet entered into force (September 2001).

Glossary of Terms

La Nifia
See El Nifio Southern Oscillation.

Land use

The total of arrangements, activities, and inputs undertaken
inacertain land cover type (aset of human actions). The social
and economic purposes for which land is managed (e.g.,
grazing, timber extraction, and conservation).

Land-use change

A changein the use or management of land by humans, which
may lead to achangein land cover. Land cover and land-use
change may have animpact onthe albedo, evapotranspiration,
sources, and sinks of greenhouse gases, or other properties of
the climate system, and may thus have an impact on climate,
locally or globally. See aso the |PCC Special Report on Land
Use, Land-Use Change, and Forestry (IPCC, 2000b).

Landslide

A mass of material that has slipped downhill by gravity, often
assisted by water when the material is saturated; rapid
movement of amass of soil, rock, or debris down a slope.

Leakage

The part of emissions reductions in Annex B countries that
may be offset by an increase of the emission in the non-
constrained countries above their baseline levels. This can
occur through (i) relocation of energy-intensive productionin
non-constrained regions; (ii) increased consumption of fossil
fuelsin theseregionsthrough declinein theinternational price
of oil and gas triggered by lower demand for these energies;
and (iii) changesinincomes (thusin energy demand) because
of better terms of trade. Leakage also refersto thesituationin
which a carbon sequestration activity (e.g., tree planting) on
one piece of land inadvertently, directly or indirectly, triggers
an activity, which in whole or part, counteracts the carbon
effects of theinitial activity.

Lifetime

Lifetime is a general term used for various time scales
characterizing therate of processes affecting the concentration
of trace gases. In general, lifetime denotesthe average length
of timethat an atom or molecule spendsin agiven reservoir,
such as the atmosphere or oceans. The following lifetimes
may be distinguished:

* “Turnover time” (T) or “atmospheric lifetime’ istheratio
of themass M of areservoir (e.g., agaseous compound in
the atmosphere) and the total rate of removal S from the
reservoir: T = M/S. For each removal process separate
turnover times can be defined. In soil carbon biology, this
isreferred to as Mean Residence Time.

» “Adjustment time,” “response time,” or “perturbation
lifetime” (T,) isthe time scale characterizing the decay of
an instantaneous pulse input into the reservoir. The term
adjustment timeisal so used to characterize the adjustment
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of the mass of areservoir following a step change in the
sourcestrength. Half-life or decay constant isused to quantify
afirst-order exponential decay process. Seeresponsetime
for a different definition pertinent to climate variations.
Theterm“lifetime” issometimes used, for smplicity, asa
surrogate for “adjustment time.”
In simple cases, wherethe global removal of the compoundis
directly proportional to the total mass of the reservoir, the
adjustment time equalsthe turnover time: T=T_. An example
is CFC-11 which is removed from the atmosphere only by
photochemical processesinthestratogphere. Inmorecomplicated
cases, where severd reservoirsareinvolved or wheretheremoval
is not proportional to the total mass, the equality T = T, no
longer holds. Carbon dioxideisan extremeexample. Itsturnover
timeisonly about 4 yearsbecause of the rapid exchange between
atmosphere and the ocean and terrestrial biota. However, a
large part of that CO, isreturned to the atmosphere within a
few years. Thus, the adjustment time of CO, intheatmosphere
isactually determined by the rate of removal of carbon from
the surface layer of the oceansintoits deeper layers. Although
an approximate value of 100 years may be given for the
adjustment time of CO, in the atmosphere, the actual
adjustment isfaster initially and slower later on. In the case of
methane, the adjustment time is different from the turnover
time, because the removal is mainly through a chemical
reaction with the hydroxyl radical OH, the concentration of
which itself depends on the CH, concentration. Thereforethe
CH, removal Sisnot proportional to its total mass M.

Lithosphere

The upper layer of the solid Earth, both continental and
oceanic, which is composed of all crustal rocks and the cold,
mainly elastic, part of the uppermost mantle. Vol canic activity,
although part of the lithosphere, is not considered as part of
the climate system, but acts as an external forcing factor.

Leapfrogging

Leapfrogging (or technological leapfrogging) refers to the
opportunitiesin developing countriesto bypass several stages
of technology devel opment, historically observedinindustrialized
countries, and apply the most advanced presently available
technol ogiesin the energy and other economic sectors, through
investments in technological development and capacity
building.

Level of scientific understanding

Thisisan index on a4-step scale (High, Medium, Low, and
Very Low) designed to characterize the degree of scientific
understanding of theradiative forcing agentsthat affect climate
change. For each agent, the index represents a subjective
judgement about the reliability of the estimate of its forcing,
involving such factors asthe assumptions necessary to evaluate
theforcing, the degree of knowledge of the physical/chemical
mechanisms determining the forcing, and the uncertainties
surrounding the quantitative estimate.
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Local Agenda 21

Local Agenda 21s are the local plans for environment and
development that each local authority is meant to develop
through a consultative process with their populations, with
particular attention paid to involving women and youth. Many
local authorities have developed Loca Agenda 21s through
consultative processes asameans of reorienting their policies,
plans, and operationstowardsthe achievement of sustainable
development goals. The term comes from Chapter 28 of
Agenda 21—the document formally endorsed by all
government representatives attending the United Nations
Conference on Environment and Development (also known
asthe Earth Summit) in Rio de Janeiro in 1992.

Lock-in technologies and practices

Technol ogiesand practicesthat have market advantagesarising
from exigtingingtitutions, services, infrastructure, and available
resources, they are very difficult to change because of their
widespread use and the presence of associated infrastructure
and socio-cultural patterns.

Maladaptation

Any changesin natural or human systems that inadvertently
increase vulnerability to climatic stimuli; an adaptation that
does not succeed in reducing vulnerability but increases it
instead.

Malaria

Endemic or epidemic parasitic disease caused by species of
the genus Plasmodium (protozoa) and transmitted by mosquitoes
of the genus Anopheles; produces high fever attacks and
systemic disorders, and kills approximately 2 million people
every year.

Marginal cost pricing

The pricing of commercial goods and services such that the
price equalsthe additional cost that arisesfrom the expansion
of production by one additional unit.

Market barriers

Inthe context of mitigation of climate change, conditionsthat
prevent or impede the diffusion of cost-effective technologies
or practices that would mitigate greenhouse gas emissions.

Market-based incentives
Measures intended to use price mechanisms (e.g., taxes and
tradable permits) to reduce greenhouse gas emissions.

Market impacts

Impacts that are linked to market transactions and directly
affect Gross Domestic Product (a country’s national
accounts)—for example, changes in the supply and price of
agricultural goods. See also non-market impacts.
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Market penetration
Market penetration is the share of a given market that is
provided by a particular good or service at a given time.

Market potential

The portion of the economic potential for greenhouse gas
emissions reductions or energy-efficiency improvements that
could be achieved under forecast market conditions, assuming
no new policies and measures. See also economic potential,
socio-economic potential, and technological potential.

Mass movement
Appliesto all unit movements of land material propelled and
controlled by gravity.

Mean Sea Level (MSL)

Mean Sea Leve is normally defined as the average relative
sealevel over aperiod, such asamonth or ayear, long enough
to average out transients such as waves. See also sea-level
rise.

Methane (CH,)

A hydrocarbon that is a greenhouse gas produced through
anaerobic (without oxygen) decomposition of waste in
landfills, animal digestion, decomposition of animal wastes,
production and distribution of natural gas and oil, coal
production, and incomplete fossil-fuel combustion. Methane
is one of the six greenhouse gases to be mitigated under the
Kyoto Protocol.

Methane recovery

Method by which methane emissions (e.g., from coal mines
or waste sites) are captured and then reused either asafuel or
for some other economic purpose (e.g., reinjection in oil or
gas reserves).

Meeting of the Parties (to the Kyoto Protocol) (MOP)
The Conference of the Parties of the United Nations Framework
Convention on Climate Change will serve as the Meeting of
the Parties (MOP), the supreme body of the Kyoto Protocol,
but only Parties to the Kyoto Protocol may participate in
deliberations and make decisions. Until the Protocol enters
into force, MOP cannot meet.

Mitigation
An anthropogenic intervention to reduce the sources or
enhance the sinks of greenhouse gases.

Mitigative capacity
The social, palitical, and economic structures and conditions
that are required for effective mitigation.

Mixed layer
The upper region of the ocean well-mixed by interaction with
the overlying atmosphere.

Glossary of Terms

Mixing ratio
See mole fraction.

Model hierarchy
See climate model.

Mole fraction

Mole fraction, or mixing ratio, is the ratio of the number of
moles of a constituent in a given volume to the total number
of molesof al congtituentsinthat volume. Itisusually reported
for dry air. Typica valuesfor long-lived greenhouse gases are
in the order of mmol/moal (parts per million: ppm), nmol/mol
(parts per billion: ppb), and fmol/mol (parts per trillion: ppt).
Molefraction differsfrom volume mixing ratio, often expressed
inppmv, etc., by the correctionsfor non-ideality of gases. This
correctionissignificant relative to measurement precision for
many greenhouse gases (Schwartz and Warneck, 1995).

Monsoon

Wind in the general atmospheric circulation typified by a
seasonal persistent wind direction and by apronounced change
in direction from one season to the next.

Montane

The biogeographic zone made up of relatively moist, cool
upland slopes below timberline and characterized by the
presence of large evergreen trees as adominant life form.

Montreal Protocol

The Montreal Protocol on substances that deplete the ozone
layer was adopted in Montreal in 1987, and subsequently
adjusted and amended in L ondon (1990), Copenhagen (1992),
Vienna (1995), Montreal (1997), and Beijing (1999). It
controls the consumption and production of chlorine- and
bromine-containing chemical sthat destroy stratospheric ozone,
such as chlorofluorocarbons (CFCs), methyl chloroform,
carbon tetrachloride, and many others.

Morbidity

Rate of occurrence of disease or other health disorder within a
population, taking account of the age-specific morbidity rates.
Health outcomesinclude chronic diseaseincidence/prevalence,
ratesof hospitalization, primary care consultations, disability-days
(i.e., dayswhen absent fromwork), and preva ence of symptoms.

Mortality

Rate of occurrence of death within a population within a
specified time period; calculation of mortality takes account
of age-specific death rates, and can thusyield measures of life
expectancy and the extent of premature death.

Net Biome Production (NBP)

Net gain or loss of carbon from aregion. NBPis equal to the
Net Ecosystem Production minus the carbon lost due to a
disturbance (e.g., aforest fire or aforest harvest).
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Net carbon dioxide emissions
Difference between sources and sinks of carbon dioxidein a
given period and specific area or region.

Net Ecosystem Production (NEP)

Net gain or loss of carbon from an ecosystem. NEPisequal to
the Net Primary Production minus the carbon lost through
heterotrophic respiration.

Net Primary Production (NPP)

Theincreasein plant biomassor carbon of aunit of alandscape.
NPPisequal to the Gross Primary Production minus carbon
lost through autotrophic respiration.

Nitrogen fertilization

Enhancement of plant growth through the addition of nitrogen
compounds. In IPCC assessments, this typically refers to
fertilization from anthropogenic sources of nitrogen such as
human-made fertilizers and nitrogen oxides released from
burning fossil fuels.

Nitrogen oxides (NO,)
Any of several oxides of nitrogen.

Nitrous oxide (N,O)

A powerful greenhouse gas emitted through soil cultivation
practices, especially the use of commercial and organic
fertilizers, fossil-fuel combustion, nitric acid production, and
biomassburning. One of the six greenhouse gasesto be curbed
under the Kyoto Protocol.

Non-point-source pollution

Pollution from sources that cannot be defined as discrete
points, such as areas of crop production, timber, surface
mining, disposal of refuse, and construction. See also point-
source pollution.

No-regrets opportunities
See no-regrets policy.

No-regret options
See no-regrets policy.

No-regrets policy

One that would generate net social benefits whether or not
there is climate change. No-regrets opportunities for
greenhouse gas emissions reduction are defined as those
options whose benefits such as reduced energy costs and
reduced emissions of local/regional pollutantsequal or exceed
their coststo society, excluding the benefits of avoided climate
change. No-regrets potential is defined as the gap between
the market potential and the socio-economic potential.

No-regrets potential
See no-regrets policy.
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Non-Annex B countries/Parties
The countries that are not included in Annex B in the Kyoto
Protocol. See also Annex B countries.

Non-Annex | countries/Parties

The countries that have ratified or acceded to the United
Nations Framework Convention on Climate Change that are
not included in Annex | of the Climate Convention. See also
Annex | countries.

Non-linearity

A process is called “non-linear” when there is no simple
proportional relation between cause and effect. The climate
system contains many such non-linear processes, resulting in
a system with a potentially very complex behavior. Such
complexity may lead to rapid climate change.

Non-market impacts

Impactsthat affect ecosystems or human welfare, but that are
not directly linked to market transactions—for example, an
increased risk of premature death. See also market impacts.

North Atlantic Oscillation (NAO)

The North Atlantic Oscillation consists of opposing variations
of barometric pressure near Iceland and near the Azores. On
average, awesterly current, between the I celandic low pressure
area and the Azores high pressure area, carries cycloneswith
their associated frontal systems towards Europe. However,
the pressure difference between | celand and theAzoresfluctuates
ontime scalesof daysto decades, and can bereversed at times.
Itisthe dominant modeof winter climatevariabilityintheNorth
Atlanticregion, ranging from central North Americato Europe.

Ocean conveyor belt
Thetheoretical route by which water circulatesaround theentire
global ocean, driven by wind and the thermohalinecirculation.

Opportunity

An opportunity isasituation or circumstance to decrease the
gap between the market potential of any technology or practice
and the economic potential, socio-economic potential, or
technological potential.

Opportunity costs
The cost of an economic activity forgone by the choice of
another activity.

Optimal policy
A policy isassumedtobe“ optima” if marginal abatement costs
are equalized across countries, thereby minimizing total costs.

Organic aerosol

Aerosol particlesconsisting predominantly of organic compounds,
mainly C, H, and O, and lesser amounts of other elements
(Charlson and Heintzenberg, 1995). See carbonaceousaerosol.
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Ozone (O,)

Ozone, thetristomicform of oxygen (O,), isagaseousatmospheric
congtituent. In thetroposphereit iscreated both naturally and by
photochemical reactionsinvolving gasesresulting from human
activities (photochemical “smog”). In high concentrations,
tropospheric ozone can be harmful to awide-range of living
organisms. Tropospheric 0zone acts as a greenhouse gas. In the
stratosphere, ozoneiscreated by theinteraction between solar
ultraviolet radiation and molecular oxygen (O,). Stratospheric
ozoneplaysadecisiveroleinthestratospheric radiativebalance.
Its concentration is highest in the ozone layer. Depletion of
Sratogpheric ozone, dueto chemical reactionsthat may beenhanced
by climate change, resultsin an increased ground-level flux of
ultraviolet-B radiation. Seed so Montreal Protocol and ozonelayer.

Ozone hole
See ozone layer.

Ozone layer

The stratosphere contains alayer in which the concentration
of ozone is greatest, the so-called ozone layer. The layer
extends from about 12 to 40 km. The ozone concentration
reaches a maximum between about 20 and 25 km. Thislayer
isbeing depleted by human emissionsof chlorineand bromine
compounds. Every year, during the Southern Hemisphere
spring, avery strong depletion of the ozone layer takes place
over theAntarctic region, a so caused by human-made chlorine
and bromine compounds in combination with the specific
meteorological conditions of that region. This phenomenonis
called the ozone hole.

Parameterization

Inclimatemodels, thisterm refersto the technique of representing
processes, that cannot be explicitly resolved at the spatial or
temporal resolution of the model (sub-grid scale processes),
by rel ationships between the area- or time-averaged effect of
such sub-grid-scale processes and the larger scale flow.

Pareto criterion/Pareto optimum
A requirement or statusthat an individua’swelfare could not be
further improved without making othersinthe society worse off.

Perfluorocarbons (PFCs)

Among the six greenhouse gasesto be abated under the Kyoto
Protocol. These are by-products of aluminum smelting and
uranium enrichment. They also replace chlorofluorocarbons
in manufacturing semiconductors. The Global Warming
Potential of PFCsis6,500-9,200 timesthat of carbon dioxide.

Permafrost
Perennially frozen ground that occurswherever thetemperature
remains below 0°C for several years.

Perturbation lifetime
Seelifetime.
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Photosynthesis

The process by which plants take carbon dioxide (CO,) from
theair (or bicarbonatein water) to build carbohydrates, releasing
oxygen (O,) in the process. There are several pathways of
photosynthesis with different responses to atmospheric CO,
concentrations. See also carbon dioxide fertilization.

Phytoplankton

The plant forms of plankton (e.g., diatoms). Phytoplankton
arethe dominant plantsin the sea, and are the bast of theentire
marine food web. These single-celled organisms are the
principal agents for photosynthetic carbon fixation in the
ocean. See also zooplankton.

Plankton
Aquatic organisms that drift or swim weakly. See also
phytoplankton and zooplankton.

Point-source pollution

Pollution resulting from any confined, discrete source, such
asapipe, ditch, tunnel, well, container, concentrated animal-
feeding operation, or floating craft. See al so non-point-source
pollution.

Policies and measures

In United Nations Framewor k Convention on Climate Change
parlance, “ policies’ are actionsthat can betaken and/or mandated
by agovernment—aoftenin conjunctionwith businessand industry
within its own country, as well as with other countries—to
accelerate the application and use of measures to curb
greenhouse gas emissions. “Measures’ are technologies,
processes, and practices used to implement policies, which, if
employed, would reduce greenhouse gas emissions below
anticipated future levels. Examples might include carbon or
other energy taxes, standardized fuel-efficiency standardsfor
automobiles, etc. “Common and coordinated” or “harmonized”
policiesrefer to those adopted jointly by Parties.

Pool
Seereservoir.

Post-glacial rebound

The vertical movement of the continents and sea floor
following the disappearance and shrinking of ice sheets—for
example, since the Last Glacial Maximum (21 ky BP). The
rebound is an isostatic |and movement.

Precursors

Atmospheric compoundswhich themselves are not greenhouse
gasesor aerosol s, but which have an effect on greenhouse gas
or aerosol concentrationsby taking part in physical or chemical
processes regul ating their production or destruction rates.

Pre-industrial
See Industrial Revolution.

381



Climate Change 2001

Present value cost
The sum of al costs over al time periods, with future costs
discounted.

Primary energy

Energy embodied in natural resources (e.g., coa, crude oil,
sunlight, uranium) that has not undergone any anthropogenic
conversion or transformation.

Private cost
Categoriesof costsinfluencing anindividual’sdecision making
arereferred to asprivate cogts. Seea so social cost and total cost.

Profile

A smoothly changing set of concentrations representing a
possible pathway towards stabilization. Theword “profile’is
used to distinguish such pathways from emissions pathways,
which are usually referred to as “ scenarios.”

Projection (generic)

A projectionisapotential future evolution of aquantity or set
of quantities, often computed with the aid of a model.
Projections are distinguished from “predictions’ in order to
emphasize that projections involve assumptions concerning,
for example, future socio-economic and technological
developments that may or may not be realized, and are
therefore subject to substantial uncertainty. See also climate
projection and climate prediction.

Proxy

A proxy climateindicator isalocal record that isinterpreted,
using physical and biophysical principles, to represent some
combination of climate-related variations back in time.
Climate-related dataderived in thisway arereferred to as proxy
data. Examplesof proxiesaretreering records, characteristics
of corals, and various data derived from ice cores.

Purchasing Power Parity (PPP)

Estimates of Gross Domestic Product based on the purchasing
power of currenciesrather than on current exchangerates. Such
estimates are a blend of extrapolated and regression-based
numbers, using the results of the International Comparison
Program. PPP estimates tend to lower per capita GDPs in
industrialized countriesand raise per capitaGDPsin developing
countries. PPPisalso an acronym for polluter-pays-principle.

Radiative balance
See energy balance.

Radiative forcing

Radiative forcing is the change in the net vertical irradiance
(expressed inWm?) at thetropopause dueto aninternal change
or achangeintheexterna forcing of theclimate system, such as,
for example, a change in the concentration of carbon dioxide
or the output of the Sun. Usually radiativeforcing iscomputed

Synthesis Report

after allowing for stratospheric temperatures to readjust to
radiative equilibrium, but with all tropospheric propertiesheld
fixed at their unperturbed values.

Radiative forcing scenario

A plausible representation of the future development of
radiative forcing associated, for example, with changes in
atmospheric composition or land-use change, or with external
factors such as variationsin solar activity. Radiative forcing
scenarios can be used asinput into simplified climate models
to compute climate projections.

Rangeland
Unimproved grasslands, shrublands, savannahs, and tundra.

Regeneration

Therenewal of astand of trees through either natural means
(seeded onsite or adjacent stands or deposited by wind, birds,
or animals) or artificial means (by planting seedlings or direct
seeding).

Rapid climate change

The non-linearity of the climate system may lead to rapid
climate change, sometimes called abrupt events or even
surprises. Some such abrupt events may be imaginable, such
as adramatic reorganization of the thermohaline circulation,
rapid deglaciation, or massive melting of permafrost leading
to fast changes in the carbon cycle. Others may be truly
unexpected, as a consequence of a strong, rapidly changing,
forcing of anon-linear system.

Rebound effect

Occurs because, for example, an improvement in motor
efficiency lowers the cost per kilometer driven; it has the
perverse effect of encouraging moretrips.

Reference scenario
See baseline.

Reforestation

Planting of forests on lands that have previously contained
forests but that have been converted to some other use. For a
discussion of the term forest and related terms such as
afforestation, reforestation, and deforestation, see the IPCC
Specia Report on Land Use, Land-Use Change, and Forestry
(IPCC, 2000b).

Regulatory measures

Rulesor codes enacted by governmentsthat mandate product
specificationsor process performance characteristics. Seealso
standards.

Reinsurance
Thetransfer of aportion of primary insurancerisksto asecondary
tier of insurers(reinsurers); essentially “insurancefor insurers.”
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Relative sea level
Sea level measured by a tide gauge with respect to the land
upon which it is situated. See also Mean Sea Level.

(Relative) Sea level secular change

Long-term changes in relative sea level caused by either
eustatic changes (e.g., brought about by thermal expansion)
or changesin vertical |land movements.

Renewables

Energy sourcesthat are, within ashort time frame relative to
the Earth’snatural cycles, sustainable, and include non-carbon
technologies such as solar energy, hydropower, and wind, as
well as carbon-neutral technol ogies such as biomass.

Research, development, and demonstration

Scientific and/or technical research and development of new
production processes or products, coupled with analysis and
measuresthat provideinformationto potential usersregarding
the application of the new product or process; demonstration
tests; and feasibility of applying these products processesvia
pilot plants and other pre-commercial applications.

Reserves

Refer to those occurrences that are identified and measured
as economically and technically recoverable with current
technologies and prices. See also resources.

Reservoir

A component of the climate system, other than the atmosphere,
which has the capacity to store, accumulate, or release a
substance of concern (e.g., carbon, a greenhouse gas, or a
precursor). Oceans, soils, and forests are examples of
reservoirs of carbon. Pool isan equivalent term (note that the
definition of pool oftenincludesthe atmosphere). The absolute
guantity of substance of concerns, held within areservoir at a
specified time, is called the stock. The term also means an
artificial or natural storage place for water, such as a lake,
pond, or aquifer, from which the water may be withdrawn for
such purposes as irrigation, water supply, or irrigation.

Resilience
Amount of change a system can undergo without changing
State.

Resource base
Resource base includes both reserves and resources.

Resources

Resources are those occurrences with less certain geol ogical
and/or economic characteristics, but which are considered
potentially recoverable with foreseeable technological and
economic developments.

Glossary of Terms

Respiration
The processwhereby living organisms converts organic matter
to carbon dioxide, releasing energy and consuming oxygen.

Responsetime

The response time or adjustment time is the time needed for
the climate system or its componentsto re-equilibrate to anew
state, following aforcing resulting from external and internal
processesor feedbacks. Itisvery different for various components
of the climate system. Theresponsetime of thetroposphereis
relaivey short, fromdaystoweeks, whereasthegtratogpherecomes
into equilibrium on atime scale of typically afew months. Due
tother large heat capacity, the oceanshaveamuchlonger reponse
time, typically decades, but up to centuries or millennia. The
responsetime of thestrongly coupled surface-tropospheresystem
is, therefore, slow compared to that of the stratosphere, and
mainly determined by the oceans. The biosphere may respond
fast (e.g., todroughts), but aso very dowly toimposed changes.
Seelifetimefor adifferent definition of responsetime pertinent
totherate of processes affecting the concentration of trace gases.

Revenue recycling
See interaction effect.

Runoff
That part of precipitation that does not evaporate. In some
countries, runoff implies surface runoff only.

S profiles

Thecarbon dioxide concentration profiles|eading to stabilization
defined in the IPCC 1994 assessment (Enting et al., 1994;
Schimel et al., 1995). For any given stabilization level, these
profiles span a wide range of possihilities. The S stands for
“ Stahilization.” See also WRE profiles.

Safe-landing approach
See tolerable windows approach.

Salinization
The accumulation of saltsin soils.

Saltwater intrusion/encroachment

Displacement of fresh surfacewater or groundwater by the
advanceof saltwater duetoitsgreater density, usualy in coastal
and estuarine aress.

Scenario (generic)

A plausible and often simplified description of how the future
may develop, based on a coherent and internally consistent set
of assumptionsabout key driving forces (e.g., rate of technology
change, prices) and rdationships. Scenariosareneither predictions
nor forecasts and sometimes may be based on a “narrative
storyline.” Scenarios may be derived from projections, but are
often based on additional information from other sources. See
also SRESscenarios, climate scenario, and emission scenarios.
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Sea-level rise

Anincreaseinthe mean level of the ocean. Eustatic sea-level
riseisachangein global average sealevel brought about by
an alteration to the volume of the world ocean. Relative sea-
level rise occurs where there is a net increase in the level of
theoceanrelativetolocal land movements. Climate modelers
largely concentrate on estimating eustatic sea-level change.
Impact researchers focus on relative sea-level change.

Seawall
A human-made wall or embankment along a shoreto prevent
wave erosion.

Semi-arid regions
Ecosystemsthat have more than 250 mm precipitation per year
but are not highly productive; usually classified asrangelands.

Sensitivity

Sensitivity isthe degree to which a system is affected, either
adversely or beneficialy, by climate-related stimuli. The effect
may bedirect (e.g., achangein cropyieldinresponseto achange
in the mean, range, or variability of temperature) or indirect
(e.g., damages caused by anincreasein thefrequency of coastal
flooding due to sea-level rise). See also climate sensitivity.

Sequential decision making

Sepwisedecision making aming toidentify short-term strategies
inthefaceof long-term uncertainties, by incorporating additional
information over time and making mid-course corrections.

Sequestration

The process of increasing the carbon content of a carbon
reservoir other than the atmosphere. Biological approaches
to sequestration includedirect removal of carbon dioxidefrom
the atmosphere through land-use change, afforestation,
reforestation, and practicesthat enhance soil carbonin agriculture.
Physical approachesinclude separation and disposal of carbon
dioxide from flue gases or from processing fossil fuels to
produce hydrogen- and carbon dioxide-rich fractionsand long-
term storagein underground in depleted oil and gasreservairs,
coa seams, and saline aquifers. See also uptake.

Silt

Unconsolidated or |oose sedimentary material whose constituent
rock particles are finer than grains of sand and larger than
clay particles.

Silviculture
Development and care of forests.

Sink

Any process, activity or mechanism that removesagreenhouse
gas, anaerosol, or aprecursor of agreenhouse gas or aerosol
from the atmosphere.

Synthesis Report

Snowpacks
A seasonal accumulation of slow-melting snow.

Social cost

Thesocid cogt of anactivity includesthevalueof al theresources
used initsprovision. Someof theseare priced and othersarenct.
Non-priced resources are referred to as externalities. It isthe
sum of the costs of these externalities and the priced resources
that makesup the socia cost. Seed so private cost and total cost.

Socio-economic potential

The socio-economic potential representsthelevel of greenhouse
gasmitigation that would be approached by overcoming social
and cultural obstaclesto the use of technologiesthat are cost-
effective. See also economic potential, market potential, and
technology potential.

Soil moisture
Water storedinor a theland surfaceand availablefor evaporation.

Solar activity

The Sun exhibits periods of high activity observed in numbers
of sunspots, aswell asradiative output, magnetic activity, and
emission of high energy particles. These variationstake place
on arange of time scales from millions of years to minutes.
See also solar cycle.

Solar (11 year”) cycle
A quasi-regular modulation of solar activity with varying
amplitude and a period of between 9 and 13 years.

Solar radiation

Radiation emitted by the Sun. It is also referred to as short-
wave radiation. Solar radiation has a distinctive range of
wavel engths (spectrum) determined by the temperature of the
Sun. See dso infrared radiation.

Soot particles

Particlesformed during the quenching of gasesat the outer edge
of flames of organic vapors, consisting predominantly of carbon,
withlesser amounts of oxygen and hydrogen present as carboxyl
and phenolic groupsand exhibiting animperfect graphitic structure
(Charlson and Heintzenberg, 1995). See also black carbon.

Source

Any process, activity, or mechanism that rel eases agreenhouse
gas, an aerosol, or aprecursor of agreenhouse gas or aerosol
into the atmosphere.

Southern Oscillation
See El Nifio Southern Oscillation.

Spatial and temporal scales
Climatemay vary onalargerange of spatial andtempord scales.
Spatial scales may range from local (lessthan 100,000 km?),
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through regional (100,000 to 10 million km?) to continental
(10 to 100 million km?). Tempora scales may range from
seasonal to geological (up to hundreds of millions of years).

Spill-over effect

Theeconomic effectsof domestic or sectoral mitigation measures
onother countriesor sectors. Inthisreport, no assessment ismade
onenvironmentd spillover effects. Spillover effectscan bepositive
or negative andinclude effectson trade, carbon leakage, transfer,
and diffusion of environmentally sound technol ogy and other issues.

SRES scenarios

SRES scenarios are emissions scenarios developed by
Nakicenovic et al. (2000) and used, among others, asabasis
for the climate projections in the IPCC WGI contribution to
the Third Assessment Report (IPCC, 20014). The following
terms are relevant for a better understanding of the structure
and use of the set of SRES scenarios:

* (Scenario) Family: Scenariosthat haveasimilar demographic,
societal, economic, and technical-change storyline. Four
scenario families comprisethe SRES scenario set: A1, A2,
B1, and B2.

* (Scenario) Group: Scenarioswithin afamily that reflect a
consistent variation of the storyline. The A1 scenario family
includesfour groupsdesignated asA1T,A1C,A1G andA1B
that exploreaternative structures of future energy systems.
In the Summary for Policymakers of Nakicenovic et al.
(2000), theA1C and A1G groups have been combined into
one“Fossil-Intensive’ A1Fl scenario group. Theother three
scenariofamiliesconsist of onegroup each. The SRES scenario
st reflected in the Summary for Policymakersof Nakicenovic
et al. (2000) thus consist of six distinct scenario groups, all
of which areequally sound and together capture therange of
uncertainties associated with driving forcesand emissions.

* lllustrative Scenario: A scenariothat isillustrativefor each
of the six scenario groups reflected in the Summary for
Policymakers of Nakicenovic et al. (2000). They include
four revised scenario marker sfor the scenario groupsA 1B,
A2,B1, B2, and two additional scenariosfor theA1Fl and
A1T groups. All scenario groups are equally sound.

* (Scenario) Marker: A scenario that wasoriginally posted in
draft form on the SRESwebsiteto represent agiven scenario
family. Thechoiceof markerswasbased onwhich of theinitial
quantificationsbest reflected the storyline, and the features
of specific models. Markersare no morelikely than other
scenarios, but are considered by the SRESwriting team as
illustrative of a particular storyline. They areincluded in
revised formin Nakicenovic et al. (2000). These scenarios
have received the closest scrutiny of the entirewriting team
and viathe SRES open process. Scenarios have also been
selected to illustrate the other two scenario groups.

* (Scenario) Storyline: A narrative description of ascenario
(or family of scenarios) highlighting the main scenario
characteristics, relationships between key driving forces,
and the dynamics of their evolution.

Glossary of Terms

Stabilization

The achievement of stabilization of atmospheric concentrations
of one or more greenhouse gases (e.g., carbon dioxide or a
CO,-equivalent basket of greenhouse gases).

Stabilization analysis
Inthisreport, thisrefersto analyses or scenariosthat address
the stabilization of the concentration of greenhouse gases.

Stabilization scenarios
See stabilization analysis.

Stakeholders
Person or entity holding grants, concessions, or any other type
of value that would be affected by aparticular action or policy.

Standards

Set of rulesor codesmandating or defining product performance
(e.g., grades, dimensions, characteristics, test methods, and
rules for use). International product and/or technology or
performance standards establish minimum reguirements for
affected products and/or technologiesin countrieswhere they
are adopted. The standards reduce greenhouse gas emissions
associated with the manufacture or use of the products and/or
application of the technology. See a so regulatory measures.

Stimuli (climate-related)

All the elements of climate change, including mean climate
characteristics, climate variability, and the frequency and
magnitude of extremes.

Stock
Seereservoir.

Storm surge

The temporary increase, at a particular locality, in the height
of the sea due to extreme meteorological conditions (low
atmospheric pressure and/or strong winds). The storm surge
is defined as being the excess above the level expected from
thetidal variation alone at that time and place.

Storyline
See SRES scenarios.

Streamflow
Water within ariver channel, usually expressed in m3sec.

Stratosphere

The highly stratified region of the atmosphere above the
troposphere extending from about 10 km (ranging from 9 kmin
high latitudesto 16 kmin thetropicson average) to about 50 km.

Structural change
Changes, for example, intherelative share of Gross Domestic
Product produced by theindustrid, agricultural, or servicessectors
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of an economy; or more generaly, systems transformations
whereby some components are either replaced or potentially
substituted by other ones.

Submergence

A riseinthewater level inrelation to theland, so that areas of
formerly dry land become inundated; it results either from a
sinking of the land or from arise of the water level.

Subsidence
The sudden sinking or gradual downward settling of the Earth’'s
surface with little or no horizontal motion.

Subsidy

Direct payment fromthegovernment to an entity, or atax reduction
tothat entity, for implementing apracticethe government wishes
to encourage. Greenhouse gas emissions can be reduced by
lowering existing subsidies that have the effect of raising
emissions, such as subsidiesto fossil-fuel use, or by providing
subsidiesfor practicesthat reduce emissions or enhance sinks
(e.g., for insulation of buildings or planting trees).

Sulfur hexafluoride (SF)

One of the six greenhouse gasesto be curbed under the Kyoto
Protocoal. Itislargely used in heavy industry to insulate high-
voltage equipment and to assist in the manufacturing of cable-
cooling systems. Its Global Warming Potential is 23,900.

Sunspots

Small dark areas on the Sun. The number of sunspotsishigher
during periods of high solar activity, and variesin particular
with the solar cycle.

Surface runoff

Thewater that travelsover the soil surfaceto the nearest surface
stream; runoff of adrainage basin that has not passed beneath
the surface since precipitation.

Sustainable development

Development that meets the needs of the present without
compromising the ability of future generations to meet their
own needs.

Targets and time tables

A target isthe reduction of aspecific percentage of greenhouse
gasemissionsfromabaselinedate (e.g., “below 1990 levels”)
to be achieved by aset date or timetable (e.g., 2008 to 2012).
For exampl e, under the Kyoto Protocol’sformula, the European
Union has agreed to reduce its greenhouse gas emissions by
8% below 1990 level sby the 2008 to 2012 commitment period.
These targets and time tables are, in effect, an emissions cap
on the total amount of greenhouse gas emissions that can be
emitted by a country or region in agiven time period.

Synthesis Report

Tax-interaction effect
See interaction effect.

Technological potential

The amount by which it is possible to reduce greenhouse gas
emissonsor improveenergy efficiency by implementing atechnology
or practicethat hasdready been demonstrated. Seea soeconomic
potential, market potential, and socio-economic potential.

Technology
A pieceof equipment or atechniquefor performing aparticular
activity.

Technology or performance standard
See standards.

Technology transfer

Thebroad set of processesthat cover theexchange of knowledge,
money, and goods among different stakeholder sthat lead to the
spreading of technology for adapting to or mitigating climate
change. As ageneric concept, theterm is used to encompass
both diffusion of technologies and technol ogical cooperation
across and within countries.

Thermal erosion
The erosion of ice-rich permafrost by the combined thermal
and mechanical action of moving water.

Thermal expansion

In connectionwith sealevd, thisreferstotheincreasein volume
(and decrease in density) that results from warming water. A
warming of the ocean leads to an expansion of the ocean
volume and hence an increase in sealevel.

Thermohaline circulation

Large-scal e density-driven circulation in the ocean, caused by
differencesin temperature and sdlinity. Inthe North Atlantic, the
thermohalinecirculation cons stsof warm surfacewater flowing
northward and cold deepwater flowing southward, resulting
inanet poleward transport of heat. The surfacewater sinksin
highly restricted sinking regions located in high latitudes.

Thermokarst
Irregular, hummocky topography in frozen ground caused by
melting of ice.

Tide gauge

A device at a coastal |ocation (and some deep sea locations)
which continuously measuresthe level of the seawith respect
to the adjacent land. Time-averaging of the sea level so
recorded givesthe observed relative sea level secular changes.

Time scale
Characteristic timefor aprocessto be expressed. Since many
processesexibit most of their effectsearly, and then havealong
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period during which they gradually approach full expression,
for the purpose of thisreport thetime scaleisnumericaly defined
asthetimerequired for a perturbation in a process to show at
least half of itsfinal effect.

Tolerable-windows approach

These approaches analyze greenhouse gas emissions as they
would be constrained by adopting along-term climate—rather
than greenhouse gas concentration stabilization—target (e.g.,
expressed in terms of temperature or sealevel changes or the
rate of such changes). The main objective of these approaches
isto evaluatetheimplicationsof suchlong-term targetsfor short-
or medium-term “tolerable” ranges of global greenhouse gas
emissions. Also referred to as safe-landing approaches.

Top-down models

The terms “top” and “bottom” are shorthand for aggregate
and disaggregated models. The top-down label derives from
how modelers applied macro-economic theory and
econometric techniques to historical data on consumption,
prices, incomes, and factor costs to model final demand for
goods and services, and supply from main sectors, like the
energy sector, transportation, agriculture, and industry.
Therefore, top-down models evaluate the system from
aggregate economic variables, as compared to bottom-up
model sthat consider technological optionsor project specific
climate change mitigation policies. Some technology data
were, however, integrated into top-down analysis and so the
distinction is not that clear-cut.

Total cost

All items of cost added together. The total cost to society is
made up of both the external cost and the private cost, which
together are defined as social cost.

Trade effects

Economic impacts of changes in the purchasing power of a
bundle of exported goods of a country for bundles of goods
imported from its trade partners. Climate policies change the
relative production costs and may change terms of trade
substantially enough to change the ultimate economic balance.

Transient climate response

Theglobally averaged surfaceair temperatureincrease, averaged
over a 20-year period, centered at the time of CO, doubling
(i.e, a year 70 in a 1% per year compound CO, increase
experiment with a global coupled climate mode!).

Tropopause
The boundary between the troposphere and the stratosphere.

Troposphere

The lowest part of the atmosphere from the surface to about
10 kmin altitude in mid-latitudes (ranging from 9 kmin high
latitudesto 16 kmin thetropicson average) where cloudsand

Glossary of Terms

“weather” phenomenaoccur. Inthetroposphere, temperatures
generally decrease with height.

Tundra
A treeless, level, or gently undulating plain characteristic of
arctic and subarctic regions.

Turnover time
Seelifetime.

Ultraviolet (UV)-B radiation

Solar radiation within a wavelength range of 280-320 nm,
the greater part of which is absorbed by stratospheric ozone.
Enhanced UV-B radiation suppressestheimmune system and
can have other adverse effects on living organisms.

Uncertainty

An expression of the degree to which avalue (e.g., the future
state of the climate system) isunknown. Uncertainty can result
from lack of information or from disagreement about what is
known or even knowabl e. It may have many types of sources,
from quantifiable errors in the data to ambiguously defined
concepts or terminology, or uncertain projections of human
behavior. Uncertainty can therefore berepresented by quantitative
measures (e.g., arange of values cal culated by various models)
or by qualitative statements (e.g., reflecting the judgment of a
team of experts). See Moss and Schneider (2000).

Undernutrition

The result of food intake that is insufficient to meet dietary
energy requirements continuously, poor absorption, and/or
poor biological use of nutrients consumed.

Unique and threatened systems

Entitiesthat are confined to arelatively narrow geographical
range but can affect other, often larger entities beyond their
range; narrow geographical range points to sensitivity to
environmental variables, including climate, and therefore
attests to potential vulnerability to climate change.

United Nations Framework Convention on Climate
Change (UNFCCC)

The Convention was adopted on 9 May 1992 in New York
and signed at the 1992 Earth Summit in Rio de Janeiro by
more than 150 countries and the European Community. Its
ultimate objective is the “stabilization of greenhouse gas
concentrationsin the atmosphere at alevel that would prevent
dangerous anthropogenic interference with the climate
system.” It contains commitments for all Parties. Under the
Convention, Parties included in Annex | aim to return
greenhouse gas emissions not controlled by the Montreal
Protocol to 1990 levels by the year 2000. The Convention
entered into force in March 1994. See also Kyoto Praotocol
and Conference of the Parties (COP).
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Uptake

The addition of a substance of concern to a reservoir. The
uptake of carbon-containing substances, in particular carbon
dioxide, is often called (carbon) sequestration. See also
sequestration.

Upwelling
Transport of deeper water to the surface, usually caused by
horizontal movements of surface water.

Urbanization

The conversion of land from anatural state or managed natural
state (such as agriculture) to cities; a process driven by net
rural-to-urban migration through which anincreasing percentage
of the population in any nation or region come to live in
settlementsthat are defined as* urban centres.”

Value added
The net output of a sector after adding up al outputs and
subtracting intermediate inputs.

Values

Worth, desirability, or utility based onindividual preferences.
Thetotal value of any resourceisthe sum of the values of the
different individualsinvolved in the use of the resource. The
values, which are the foundation of the estimation of costs,
are measured in terms of the willingness to pay (WTP) by
individuals to receive the resource or by the willingness of
individual sto accept payment (WTA) to part with theresource.

Vector
An organism, such asaninsect, that transmits apathogen from
one host to another. See aso vector-borne diseases.

Vector-borne diseases

Diseasethat istransmitted between hosts by avector organism
such as a mosquito or tick (e.g., malaria, dengue fever, and
leishmaniasis).

Volume mixing ratio
See mole fraction.

Synthesis Report

Voluntary agreement

An agreement between agovernment authority and oneor more
private parties, as well as a unilateral commitment that is
recognized by the public authority, to achieve environmental
objectives or to improve environmental performance beyond
compliance.

Vulnerability

The degree to which a system is susceptible to, or unable to
copewith, adverse effects of climate change, including climate
variability and extremes. Vulnerability is a function of the
character, magnitude, and rate of climate variation to which a
system is exposed, its sensitivity, and its adaptive capacity.

Water stress

A country iswater-stressed if the available freshwater supply
relative to water withdrawal s acts as an important constraint
on development. Withdrawals exceeding 20% of renewable
water supply has been used as an indicator of water stress.

Water-use efficiency

Carbon gain in photosynthesis per unit water lost in
evapotranspiration. It can be expressed on a short-term basis
astheratio of photosynthetic carbon gain per unit transpirational
water 10ss, or on a seasonal basis as the ratio of net primary
production or agriculturd yield to theamount of availablewater.

Water withdrawal
Amount of water extracted from water bodies.

WRE profiles

Thecarbon dioxide concentration profilesleading to stabilization
defined by Wigley, Richels, and Edmonds (1996) whoseinitials
provide the acronym. For any given stabilization level, these
profiles span awiderange of possibilities. Seea so Sprofiles.

Zooplankton
The animal forms of plankton. They consume phytoplankton
or other zooplankton. See aso phytoplankton.
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Annex C. Acronyms, Abbreviations, and Units

Acronyms and Abbreviations

AA Assigned Amount

AAU Assigned Amount Unit

AD Anno Domini

AlJ Activities Implemented Jointly
A-O Atmosphere-Ocean

AO Arctic Oscillation

AOGCM Atmosphere-Ocean General Circulation Model
Bern-CC Bern Carbon Cycle

BP Before Present

CF, Perfluoroethane / Hexafluoroethane

C, Three-Carbon Compound

C, Four-Carbon Compound

CANz Canada, Australia, and New Zealand

CBA Cost-Benefit Analysis

CCC(ma) Canadian Centrefor Climate (Modeling and Analysis) (Canada)
CCGT Combined Cycle Gas Turbine

CDM Clean Development M echanism

CEA Cost-EffectivenessAnalysis

CER Certified Emission Reduction

CF, Perfluoromethane/ Tetrafluoromethane
CFC Chlorofluorocarbon

CGCM Coupled GCM from CCC(ma)

CGE Computable General Equilibrium

CGIAR Consultative Group on International Agricultural Research
CH, Methane

CHP Combined Heat and Power

CMIP Coupled Model Intercomparison Project
Co, Carbon Dioxide

COP Conference of the Parties

DAF Decision Analysis Framework

DES Development, Equity, and Sustainability
DES GP Guidance Paper on Devel opment, Equity, and Sustainability
DHF Dengue Haemorrhagic Fever

DMF Decision Making Framework

DSS Dengue Shock Syndrome

ECE Economic Commission for Europe

EIT Economy in Transition

ENSO El Nifio Southern Oscillation

ERU Emissions Reduction Unit

ES Executive Summary

ESCO Energy Service Company

EST Environmentally Sound Technology

FCCC Framework Convention on Climate Change
FSU Former Soviet Union

GCM General Circulation Model

GDP Gross Domestic Product

GFDL Geophysical Fluid Dynamics Laboratory (USA)
GHG Greenhouse Gas

GNP Gross National Product

GP Guidance Paper

GPP Gross Primary Production

GWP Global Warming Potential
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H,0
HadCM
HFC
IAM
ICSU
IEA
IET
IGCC S
IPCC
IPCC TP3
IPCC TP4
ISAM

J

LCcC
LSG
LUC
MAC
MOP
MSL
MSU
N,O
NAO
NBP
NEP
NGOs
NO,
NPP
NS

o,

o,
oDS
OECD
OPEC
oPYC
PFC
PMIP
PPM
PPP
R&D
RCM
SAR
SF,
SME
S0,
SPM
SRAGA
SRES
SRLULUCF
SRTT
SST
TAR
TCR
THC
TP

TS

Acronyms, Abbreviations, and Units

Water Vapor

Hadley Centre Coupled Model

Hydrofluorocarbon

Integrated A ssessment M odel

International Council of Scientific Unions

International Energy Agency

International Emissions Trading

Integrated Gasification Combined Cycle or Supercritical
Intergovernmental Panel on Climate Change

Technica Paper on Sabilization of Atmospheric Greehouse Gases: Physicd, Biological, and Socio-Economic Implications

Technical Paper on Implications of Proposed CO, Emissions Limitations
Integrated Science Assessment Model

Joint Implementation

Land-Cover Change

L arge-Scale Geostrophic Ocean Model

Land-Use Change

Marginal Abatement Cost

Meeting of the Parties

Mean SeaLevel

Microwave Sounding Unit

Nitrous Oxide

North Atlantic Oscillation

Net Biome Production

Net Ecosystem Production

Non-Governmental Organization

Nitrogen Oxides

Net Primary Production

National Systems of Innovation

Molecular Oxygen

Ozone

Ozone-Depl eting Substance

Organisation for Economic Cooperation and Development
Organization of Petroleum-Exporting Countries

Ocean Isopycnal GCM

Perfluorocarbon

Paleoclimate Model Intercomparison Project
Processes and Production Method

Purchasing Power Parity

Research and Development

Regional Climate Model

Second Assessment Report

Sulfur Hexafluoride

Small and Medium Sized Enterprise

Sulfur Dioxide

Summary for Policymakers

Special Report on Aviation and the Globa Atmosphere
Specia Report on Emissions Scenarios

Specia Report on Land Use, Land-Use Change, and Forestry
Special Report on the Methodological and Technological Issuesin Technology Transfer
Sea Surface Temperature

Third Assessment Report

Transient Climate Response

Thermohaline Circulation

Technical Paper

Technical Summary
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TSI

UNEP
UNESCO
UNFCCC
uv

VA

vVOC
WAIS
WGI TAR
WGII SAR
WGII TAR
WGIII TAR
WMO
WRE

Total Solar Irradiance

United Nations Environment Programme

United Nations Education, Scientific and Cultural Organisation
United Nations Framework Convention on Climate Change
Ultraviolet

Voluntary Agreement or Value-Added

Volatile Organic Compounds

West Antarctic | ce Sheet

Working Group | Contribution to the Third Assessment Report
Working Group Il Contribution to the Second Assessment Report
Working Group Il Contribution to the Third Assessment Report
Working Group I11 Contribution to the Third Assessment Report
World Meteorological Organization

Wigley, Richels, and Edmonds

Willingness to Accept

Willingnessto Pay

Water-Use Efficiency
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Units

Acronyms, Abbreviations, and Units

Sl (Systeme I nter nationale) Units

Physical Quantity Name of Unit Symbol

length meter m

mass kilogram kg

time second S

thermodynamic temperature kelvin K

amount of substance mole mol

Fraction Prefix Symbol Multiple Prefix Symbol
10* deci d 10 deca da
1072 centi c 102 hecto h
103 milli m 103 kilo k
10 micro M 10¢ mega M
10° nano n 10° giga G
1012 pico p 10%2 tera T
10 femto t 10% peta P

Specia Names and Symbolsfor Certain SlI-Derived Units

Physical Quantity Name of SI Unit
force newton

pressure pascal

energy joule

power watt

frequency hertz

Symbol for Sl Unit
N

Pa

J

w

Hz

Definition of Unit
kgms?
kgm!s2(=Nm3?)
kgm?s?2
kgm?s3(=Js?

s (cycles per second)

Decimal Fractions and Multiples of SI Units having Special Names

bp before present

Physical Quantity Name of S| Unit Symbol for SI Unit Definition of Unit
length Angstrom A 10°m=108cm
length micron pm 10%m
area hectare ha 10% nv?
force dyne dyn 10°N
pressure bar bar 10° N m2=10°Pa
pressure millibar mb 10 Nm2=1hPa
mass tonne t 10° kg
mass gram g 102 kg
column density Dobson units DU 2.687x10* moleculescm™
streamfunction Sverdrup Sv 10°més?
Non-Sl Units
°C degree Celsius (0°C = 273 K approximately)

Temperature differences are also given in °C (=K) rather than the more correct form of “Celsius degrees”
ppmv parts per million (10°) by volume
ppbv parts per billion (10°) by volume
pptv parts per trillion (10*) by volume
yr year
ky thousands of years
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Annex D. Scientific, Technical, and Socio-Economic Questions Selected by the Panel

Question 1

What can scientific, technical, and socio-economic analyses
contribute to the determination of what constitutes dangerous
anthropogenicinterferencewith the climate system asreferred
to in Article 2 of the Framework Convention on Climate
Change?

Question 2
What is the evidence for, causes of, and consegquences of
changesin the Earth’s climate since the pre-industrial era?

a) Has the Earth’'s climate changed since the pre-industrial
eraat theregional and/or global scale? If so, what part, if
any, of the observed changes can be attributed to human
influence and what part, if any, can be attributed to natural
phenomena? What is the basis for that attribution?

b) What is known about the environmental, social, and
economic consequences of climate changes sincethe pre-
industrial erawith an emphasis on the last 50 years?

Question 3

What is known about the regional and global climatic,
environmental, and socio-economic consequencesin the next
25, 50, and 100 years associated with arange of greenhouse
gas emissions arising from scenarios used in the TAR
(projections which involve no climate policy intervention)?

To the extent possible evaluate the:

« Projected changesin atmospheric concentrations, climate,
and sealevel

 Impacts and economic costs and benefits of changes in
climate and atmospheric composition on human health,
diversity and productivity of ecologica systems, and socio-
economic sectors (particularly agriculture and water)

» The range of options for adaptation, including the costs,
benefits, and challenges

» Development, sustainability, and equity issues associated
with impacts and adaptation at aregional and global level.

Question 4

What isknown about theinfluence of theincreasing atmospheric
concentrations of greenhouse gases and aerosols, and the
projected human-induced change in climate regionally and
globally on:

a. The frequency and magnitude of climate fluctuations,
including daily, seasonal, inter-annual, and decadal
variability, such asthe El Nifio Southern Oscillation cycles
and others?

b. Theduration, location, frequency, and intensity of extreme
events such as heat waves, droughts, floods, heavy
precipitation, avalanches, storms, tornadoes, and tropical
cyclones?

c. Therisk of abrupt/non-linear changes in, among others,
the sources and sinks of greenhouse gases, ocean
circulation, and the extent of polar ice and permafrost? |f
S0, can therisk be quantified?

d. Therisk of abrupt or non-linear changesin ecological systems?

Question 5

What is known about the inertia and time scales associated
with the changes in the climate system, ecological systems,
and socio-economic sectors and their interactions?

Question 6

a) How does the extent and timing of the introduction of a
range of emissionsreduction actions determine and affect
the rate, magnitude, and impacts of climate change, and
affect theglobal and regiona economy, taking into account
the historical and current emissions?

b) What isknown from sensitivity studiesabout regional and
global climatic, environmental, and socio-economic
consequences of stabilizing the atmospheric concentrations
of greenhouse gases (in carbon dioxide equivalents), at a
range of levels from today’s to double that level or more,
taking into account to the extent possible the effects of
aerosols? For each stabilization scenario, including different
pathways to stabilization, eval uate the range of costs and
benefits, relative to the range of scenarios considered in
Question 3, in terms of':
* Projected changesin atmospheric concentrations, climate,
and sealevel, including changes beyond 100 years
 Impacts and economic costs and benefits of changes
in climate and atmospheric composition on human
health, diversity and productivity of ecological systems,
and socio-economic sectors (particularly agriculture
and water)

» Therange of optionsfor adaptation, including the costs,
benefits, and challenges

» Therange of technologies, policies, and practicesthat
could be used to achieve each of the stabilization levels,
with an evaluation of the national and global costsand
benefits, and an assessment of how these costsand benefits
would compare, either qualitatively or quantitatively,
to the avoided environmental harm that would be
achieved by the emissions reductions

 Development, sustainability, and equity issuesassociated
with impacts, adaptation, and mitigation at a regional
and global level.

Question 7
What is known about the potential for, and costs and benefits
of, and time frame for reducing greenhouse gas emissions?
+ What would be the economic and social costsand benefits
and equity implicationsof optionsfor policiesand measures,
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and the mechanisms of the Kyoto Protocol, that might be
condderedto addressclimate changeregionaly and globally?
» What portfolios of options of research and development,
investments, and other policies might be considered that
would be most effective to enhance the development and
deployment of technol ogies that address climate change?
» What kind of economic and other policy options might be
considered to remove existing and potential barriers and
to stimulate private- and public-sector technol ogy transfer
and deployment among countries, and what effect might
these have on projected emissions?
» How doesthetiming of the options contained in the above
affect associated economic costs and benefits, and the
« atmospheric concentrations of greenhouse gases over the
next century and beyond?

Question 8

What is known about the interactions between projected
human-induced changes in climate and other environmental
issues(e.g., urban air pollution, regional acid deposition, loss
of biological diversity, stratospheric ozone depletion, and
desertification and land degradation)? What is known about
environmental, social, and economic costs and benefits and
implicationsof theseinteractionsfor integrating climate change
response strategiesin an equitable manner into broad sustainable
development strategiesat thelocal, regional, and global scales?

Question 9
What are the most robust findings and key uncertainties
regarding attribution of climate change and regarding model
projections of:;
« Future emissions of greenhouse gases and aerosol s?
« Future concentrations of greenhouse gases and aerosols?
« Future changesin regional and global climate?
» Regiona and global impacts of climate change?
* Costs and benefits of mitigation and adaptation options?

Questions Selected by the Panel
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Annex E. List of Major IPCC Reports

Climate Change—The I PCC Scientific Assessment
The 1990 Report of the IPCC Scientific Assessment Working
Group (also in Chinese, French, Russian, and Spanish)

Climate Change—The | PCC I mpactsAssessment
The 1990 Report of the IPCC Impacts Assessment Working
Group (also in Chinese, French, Russian, and Spanish)

Climate Change—The | PCC Response Strategies
The 1990 Report of the IPCC Response Strategies Working
Group (also in Chinese, French, Russian, and Spanish)

Emissions Scenarios
Prepared for the |PCC Response StrategiesWorking Group, 1990

Assessment of the Vulnerability of Coastal Areasto Sea
Level Rise-A Common M ethodology
1991 (also in Arabic and French)

Climate Change 1992—T he Supplementary Report tothe
I PCC Scientific Assessment

The 1992 Report of the IPCC Scientific Assessment Working
Group

Climate Change 1992—T he Supplementary Report tothe
I PCC I mpactsAssessment
The 1992 Report of thel PCC ImpactsA ssessment Working Group

Climate Change: The | PCC 1990 and 1992 Assessments
IPCC First Assessment Report Overview and Policymaker
Summaries, and 1992 |PCC Supplement

Global Climate Changeand the Rising Challenge of the Sea
Coastal Zone Management Subgroup of the IPCC Response
Strategies Working Group, 1992

Report of the |IPCC Country Sudies Workshop
1992

Preliminary Guideinesfor Assessing | mpacts of Climate
Change
1992

|PCC Guiddinesfor National Greenhouse Gaslnventories
Three volumes, 1994 (also in French, Russian, and Spanish)

IPCC Technical Guidelinesfor Assessing Climate Change
Impactsand Adaptations
1995 (alsoinArabic, Chinese, French, Russian, and Spanish)

ClimateChange 1994—Radiative Forcing of Climate Change
and an Evaluation of the I[PCC S92 Emission Scenarios
1995

Synthesis Report

Climate Change 1995—T he Science of Climate Change—
Contribution of Working Group | to the IPCC Second
Assessment Report

1996

Climate Change 1995—Impacts, Adaptations, and
Mitigation of Climate Change: Scientific-Technical
Analyses—Contribution of Working Group || tothe PCC
Second Assessment Report

1996

Climate Change 1995—Economic and Social Dimensions
of Climate Change — Contribution of Working Group 111
to the IPCC Second Assessment Report

1996

Climate Change 1995—I| PCC Second Assessment Synthesis
of Scientific-Technical Information Relevant to I nterpreting
Article2of theUN Framewor k Convention on ClimateChange
1996 (alsoinArabic, Chinese, French, Russian, and Spanish)

Technologies, Policies, and Measures for Mitigating
Climate Change—1PCC Technical Paper |
1996 (also in French and Spanish)

An Introduction to SmpleClimateM odelsused inthel PCC
Second Assessment Report — I PCC Technical Paper 11
1997 (also in French and Spanish)

Sabilization of Atmospheric Greenhouse Gases. Physical,
Biological and Socio-economic Implications — IPCC
Technical Paper |11

1997 (also in French and Spanish)

Implications of Proposed CO, Emissions Limitations —
IPCC Technical Paper IV
1997 (also in French and Spanish)

TheRegional Impactsof Climate Change: An Assessment
of Vulner ability — I PCC Special Report
1998

Aviation and the Global Atmosphere— I PCC Special Report
1999

Methodological and Technological 1ssues in Technology
Transfer —1PCC Special Report
2000

Land Usg, L and-Use Change, and Forestry — I PCC Special
Report
2000

Emission Scenarios— I PCC Special Report
2000
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Good Practice Guidance and Uncertainty Management
in National Greenhouse Gas Inventories
2000

Climate Change 2001: The Scientific Basis—Contribution
of Working Group | tothe | PCC Third Assessment Report
2001

Climate Change 2001: Impacts, Adaptation, and
Vulnerability — Contribution of Working Group Il tothe
IPCC Third Assessment Report

2001

Climate Change 2001: Mitigation — Contribution of
Working Group I11 tothe | PCC Third Assessment Report
2001

Enquiries: IPCC Secretariat, c/o World Meteorological
Organization, 7 bis, Avenue de la Paix, Case Postale 2300,
1211 Geneva 2, Switzerland
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