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Effects on climate of greenhouse gases
concentrations

1. Introduction

2. The greenhouse effect

3. Observed climate change

4. Projected climate change



1. Introduction

• Observed and projected climate change are successively
examined at the global scale and over the Mediterranean
region.

• Presented illustrations are mainly coming from the IPCC
Working Group I reports and from the results of specific
research projects.

The IPCC was established by the World
Meteorological Organisation (WMO) and the
United Nations Environment Programme (UNEP)
in 1988 to provide an assessment of the
understanding on climate change due to natural
and anthropogenic forcing. The Working group I
addresses the scientific aspects of climate
change.

Research projects are aimed at identifying the main
climate processes and feedbacks playing a role in
climate change, at detecting climate change and
attributing it to human activities, at constructing
climate change scenarios.



2. The greenhouse effect

• Natural origin

Due to the absorption of infrared radiation by gases
such as water vapour, carbon dioxide, nitrous
oxide, methane, ozone.

Radiative forcing due to greenhouse gases implies
a warming of near 33°C of the equilibrium surface
temperature.

• Anthropogenic

Due to the human-induced increase of greenhouse
gases concentrations such as above mentioned
gases and Halocarbons.

Radiative forcing due to greenhouse exceeds
radiative forcing due to human-induced changes
of aerosols concentrations and due to natural
sources of climate variability (sun, volcanoes).

Anthropogenic greenhouse gases concentrations
increase may have a significant influence on
climate that need to be investigated.
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Flgure 1.2: The Earth's annual and global mean energy balance. Of the incoming solar radiation, 49% (168 Wm'2) is
absorbed by the surface. That heat is returned to the atmosphere as sensible heat, as evapotranspiratioti (latent heat)
and as thermal infrared radiation. Most of this radiation is absorbed by the atmosphere, which in turn emits radiation
both up and down. The radiation lost to space comes from cloud tops and atmospheric regions much colder than the
surface. This causes a greenhouse effect. Source: Kiehl and Trenberth, 1997.
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The global mean radiative forcing of the climate system
for the year 2000, relative to 1750
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Figure 3: Many external factors force climate change.

These radiative forcings arise from changes in the atmospheric composition, alteration of surface reflectance by land use, and variation in the output

of the sun. Except for solar variation, some form of human activity is linked to each. The rectangular bars represent estimates of the contributions of

these forcings - some of which yield warming, and some cooling. Forcing due to episodic volcanic events, which lead to a negative forcing lasting

only for a few years, is not shown. The indirect effect of aerosols shown is their effect on the size and number of cloud droplets. A second indirect

effect of aerosols on clouds, namely their effect on cloud lifetime, which would also lead to a negative forcing, is not shown. Effects of aviation on

greenhouse gases are included in the individual bars. The vertical line about the rectangular bars indicates a range of estimates, guided by the

spread in the published values of the forcings and physical understanding. Some of the forcings possess a much greater degree of certainty than

others. A vertical line without a rectangular bar denotes a forcing for which no best estimate can be given owing to large uncertainties. The overall

level of scientific understanding for each forcing varies considerably, as noted. Some of the radiative forcing agents are well mixed over the globe,

such as CO2, thereby perturbing the global heat balance. Others represent perturbations with stronger regional signatures because of their spatial

distribution, such as aerosols. For this and other reasons, a simple sum of the positive and negative bars cannot be expected to yield the net effect

on the climate system. The simulations of this assessment report (for example, Figure 5) indicate that the estimated net effect of these perturbations

is to have warmed the global climate since 1750. [Based upon Chapter 6, Figure 6.6]
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Figure 1.1: Schematic view of the components of the global climate system (bold), their processes and interactions

(thin arrows) and some aspects that may change (bold arrows).
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The data sources

u

Indicators k - ^ ice cores, tree rings, coralss

related to ci^iate parameters.

-> AriiaircLis temperature reconstruction over
the last 42@0§O years from Vostok ice core
(Petit etaO,199

-> NortBienn Hemisohere tempers&we
lo^ ower the past rrdY

MeteoroiogicaS parameters measured at land
stations or onboard ships since xhs Tiiddle of 13th

-> Combined land-surface air temperatyie and
sea surface anomalies fFoSland et aE, 2000).

-> Climatology of temperature and precipitation
of (Legates and Willmott,1990).

-> Climate Atlas of ECSN : a Climate off Europe »
(1995),



The data sources

atellite data

measurement at warious frequencies
e the 60s.

Precipitation climatology of Xie et Arkin
(1:996).

ReanaSyses fram weather forecast centres

\s state of the art of a
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Figure 5: Millennial Northern Hemisphere (NH) temperature reconstruction (blue) and instrumental data (red) from
AD 1000-1999. Smoother version of NH series (black), and two standard error limits (gray shaded) are shown.
[Based OD Figure 2.20.]
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1
2

Earth's surface temperati
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Figure 2: Combined annual land-surface air and sea surface temperature anomalies (°C) 1861 to 1999, relative to
1961 to 1990. Two standard error uncertainties are shown as bars on the annual number. [Based on Figure 2.7c]

Note: This will be updated in early 2001.
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Figure 4: (a) Times 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.]

Do , 22 October 2000. 49 TECHNICAL SUMMARY

13



FINAL DRAFT REPORT

1
2

Temperature Indicators

OCEA

LOWER STRATOSPHERE ' lower stratosphere: 0.5 to 2.5°C decrease since 1979

TROPOSPHERE
Upper

* »„•_, f **0.0-0.1°Cin
Low- to Mid- •<

\ *0.2to0.4°Ci

* little or no change since 1979
increase since 1979 - satellites and balloons
increase since ~ 1960

NEAR SURFACE
: N.H. spring snow cover extent: since
1987 10% below 1973-86 mean

1990s warmest decade of the millenium
and 1998 warmest year for at least the N.H.

* marine air temperature: 0.4 to 0.7°C
increase since late 19th Century

*** sea surface temperature:
0.4 to 0.8°C increase since
the late 19th century

* global ocean (to 300m depth)
heat content increase since 1940s
equal to 0.03°C / decade

*** massive retreat of mountain glacier's
during 20th century |

* land night-tirne air temperature
increasing at twice the rate of daytime
temperatures sines 1950

** lake and riyer ice retreat at mid and high
latitudes since the late 19th century •
(2 week decrease in ice duration) ;

*** land air temperatures: 0.4 to 0.86C j
increase since late 19th Century j

> • C _
* Arctic sea ice:
summer thickness
decrease of 40% and
10-15% decrease in
extent during spring
and summer since

1950s

? Antarctic sea ice:
no significant
change since 1978

Likelihood

'** Virtually certain (probability > 99%)
** Very likely (probability > 90% but < 99%)
* Likely (probability > 66% but < 90%)
? Medium likelihood (probability > 33% but < 66%)

Figure 7a: Schematic of observed variations of the temperature indicators. [Based on Figure 2.39a."
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Hydrological and storm related Indicators
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6 Figure 7b: Schematic of observed variations of the hydrological and storm-related indicators. [Based on Figure 2.39b.]
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scale

The global awerage surface temperature has increased of
0 S°+/-0.2°C over the 20th century. The last years are
likely the warmest of the millennium. The rate
increase is likely unprecedented over the last 101
wears.

ince the !ate 1950s the overall giofeaS temperature
increases in the lowest 8 km of the atmosphere and in
surface have been similar sX &.1eC per decade. Over
shorter periorrs3 psrl t f the diffwsncas of trends at the

and1 iii ifce lower atmosphere remain

is confirmed by indirect indie
gtaciers rsireat at mid and low

irease of snow cower since the late "}2i
i-sce extent and! thickness decreases auri
;ades.

• It is very tiksly that precipitation has increased In the last
ceittury ^>er most mid and high latitudes. Es iikeBy that
rain'/ad! h£s decreased over mych of the Northern
Hemisphere sub-tropical land areas.

frecjuesnew are dominated by inter-decadal t©
decadal variations.
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Over the Mediterranean area

The average near surface temperature ower the
Mediterranean region follows the global average
surface l&mperaturs at th@ decadal to rcticlti-decatilsl
time scales. InterannysE variability may be marginally
influenced by volcanic eruptions.

The temperature differences between 1381 - 1990 and
1S61 -1980 show a warming of the western part of ihs

basin and a cooling ^f the eastern
ig is greater In smrniri3r and ir-i
iolinq is qreater in autumn and in '>

ion exniDits no
Interannuai variabiii^

1S80 sho^v a decrease over the bssirs exceDtec^ i
Tunisia and over northern Algeria fbut ECSM
coverage is Simited to 32°N). Local Song series
south of Spain show that recent drought conditions
are similar to other -ones obserwed at the end of 13th

century.

© As for many other regionss climate datasets exist for the
Mediterranean area, however they are often on paper
support and need quality control with the application
of homogenssation processes.
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iiTiui3iions

regional m

Energy budget and ypwelling/dsffysion simple
models to assess changes in global average
temperatyre. The parameters of these models, fiifee
climate sensitiwity, most be adjusted or the
results of General Cireylation Models.

pheric General Circylation models simulating
equilibrium climate under present conditions and
usidter doubled CO2 conditions, to investigate the
. ois OF soinc pioc?«ss©s on

oypisQ 3iSTiospncric anci

imuiaie ira:risiiory cjuiriiiai©

or centuries. These models rostr
include the coupling IQ other compo
climate system fsea-ices ice-cap,
ecosystems, hydrology, biology,...).

Regional area Eoomited atrajespheric models of
wariabie resolytiop ateespheric GCils to sinnuiat©
regional features of climate change {
downsca3i"ng). Coupling with other cs
has beerj recently deweloped.

J<U'ii
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c'langi

• Models myst be validated on present climate or past
climate conditions using natural and sm&tiropogenic
forcings.

• Constryction of climate scenarios for impact, adaptation
and mitigation through the simuEaticm of climate in
response to scenarios of greenhouse gases and
aerosols concentrations. These scenarios come from
emission scenarios Iks those of ih® IPCC Special

eport on Emissicn acsnanos ^Rt&,;»
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Temperature JJA Legates and Willmott (deg.C)
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Precipitations DJF Xie and Arkin (mm/day)

40N

o

0 0.5 1 1.5 2

Precipitations DJF model (mm/day)

30E

0 0.5 1 1.5 2 2.5 "3 3.5

26



Precipitation^ JJA Xie and Arkin (mm/day)
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Biaises for 1981-1999 for simulations with
historical forcing including sulphate aerosols

Winter

-20% 1+15%

-31%/ +15%
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Indicators of the human influence on the atmosphere
during the industrial Era

(a) Global atmospheric concentrations of three well mixed
greenhouse gases
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Figure 2: Long records of past changes in
atmospheric composition provide the context for
thai

(a) shows changes in the atmospheric

concentrations of carbon dioxide (CO2), methane

(CH4), and nitrous oxide (N2O) over the past 1000

years. The 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 CO2 and incorporated in the

curve representing the global average of CH4). The

estimated positive radiative forcing of the climate

system from these gases is indicated on the right-

hand scale. Since these gases have atmospheric

iifetimes of a decade or more, they are well mixed,

and their concentrations reflect emissions from

sources throughout the globe. AH three records show

effects of the large and increasing growth in

anthropogenic emissions during the Industrial Era.

(b) illustrates the influence of industrial emissions on

atmospheric sulphate concentrations, which produce

negative radiative forcing. Shown is the time history

of the concentrations of sulphate, not in the

atmosphere but in ice cores in Greenland (shown by

lines; from which the episodic effects of volcanic

eruptions have been removed). Such data indicate

the local deposition of sulphate aerosols at the site,

reflecting sulphur dioxide (SO2) emissions at

mid-latitudes in the Northern Hemisphere. This

record, albeit more regional than that of the

globally-mixed greenhouse gases, demonstrates the

large growth in anthropogenic SO2 emissions during

the Industrial Era. The pluses denote the relevant

regional estimated SO2 emissions (right-hand scale).

[Based upon (a) Chapter 3, Figure 3.2b (CO,,);

Chapter 4, Figure 4.1a and b (CH4) and Chapter 4,

Figure 4.2 (N2Q) and (b) Chapter 5, Figure 5.4a]
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Simulated annual global mean surface temperatures

(a) Natural
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Figure 4: Simulating the Earth's temperature variations, and comparing the results to measured changes, can provide insight into the

underlying causes of the major changes.

A climate model can be used to simulate the temperature changes that occur both from natural and anthropogenic causes. The simulations

represented by the band in (a) were done with only natural forcings: solar variation and volcanic activity. Those encompassed by the band in (b) were

done with anthropogenic forcings: greenhouse gases and an estimate of sulphate aerosols, and those encompassed by the band in (c) were done with

both natural and anthropogenic forcings included. From (b), it can be seen that inclusion of anthropogenic forcings provides a plausible explanation

for a substantial part of the observed temperature changes over the past century, but the best match with observations is obtained in (c) when both

natural and anthropogenic factors are included. These results show that the forcings included are sufficient to explain the observed changes, but do

not exclude the possibility that other forcings may also have contributed. The bands of model results presented here are for four runs from the same

model. Similar results to those in (b) are obtained with other models with anthropogenic forcing. [Based upon Chapter 12, Figure 12.7]
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Figure 16: Anthropogenic emissions of CO2, CH4, N2O and sulphur dioxide for the six illustrative SRES scenarios,
A1B, A2, Bl and B2, AlFI and AIT. For comparison the IS92a scenario is also shown. [Based on IPCC Special
Report on Emissions Scenarios.]

Do Not Cite. Do Not Quote. 22 October 2000. 63 TECHNICAL SUMMARY

32



FINAL DRAFT REPORT

1980 2000 2020 2040
Year

2060 2080 2100

4000

3500-

3000
o.

2500

2000

1500

500

450

2000 2025 2050 2075 2100

a.
a.

O
CM

400

350

300
2000 2025 2050 2075 2100

Figure 17: Atmospheric concentrations of CO2, CH4 and N2O resulting from the six SRES scenarios and from the
IS92a scenario computed with current methodology. [Based on Figures 3.12 and 3.14a-l and 2.]
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Figure 18: Simple model results: estimated historical anthropogenic radiative forcing up to 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 CO2 from seven AOGCMs. The IS92a, IS92c, and
IS92e forcing is also shown following the same method of calculation. [Based on Figure 9.13a.]
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Figure 21: Simple model results: (a) global mean temperature projections for the six illustrative SRES scenarios
using a simple climate model tuned to seven AOGCMs. 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 include estimated historical anthropogenic forcing. [Based on Figures 9.14 and 9.13b.]
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Figure 23: Global-average sea-level rise 1990-2100 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 35 SRES
scenarios. The region in light shading shows the range of all AOGCMs for all 35 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. [Based on Figure 11.12.]
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Figure 24: Projcted CO2 emissions permitting stabilization of atmospheric CO2 concentrations at different final
values. Panel (a) shows the assumed trajectories of CO2 concentration (WRE scenarios) and panels (b) and (c) show
the implied CO2 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 CO2 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 CO2

fertilization 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 11.12.]
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Figure 25: Simple model results: Projected global mean temperature changes when the concentration of CO2 is
stabilised following the WRE profiles (see chapter 9.3.3). For comparison, results based on the S profiles in the SAR
are also shown in bloe (SI000 not available). The results are the average produced by a simple climate model tuned to
seven AOGCMs. The baseline scenario is scenario AlB, this is specified only to 2100. After 2100, the emissions of
gases other than CO2 are assumed to remain constant at their AlB 2100 values. The projections are labelled according
to the level of CO2 stabilisation. The broken lines after 2100 indicate increased uncertainty in the simple climate
model results beyond 2100. The black dots indicate the time of CO2 stabilisation. The stabilisation year for the
WRE10Q0 profile is 2375. [Based on Figure 9.16.]
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4 SRES scenario A2 (upper panel) and the SRES scenario B2 (lower panel). Both SRES-scenarios show the period
5 2071-2100 relative to the period 1961-1990 and where performed by OAGCMs. [Based on Figures 9.10&-1 and
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Figure 20: 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 wanning 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. [Based on Chapter 10, Box 1, Figure 1.]
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Figure 22: 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% ('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% ('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 necessary for
agreement. [Based on Chapter 10, Box 1, Figure 2.]
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4. Projected cDimatc

At the global scale

• dw^nhoiisi* aa.^,1^^ ^nTn^^i^fr^fln^^ 'C^ f CP41- P5*GI havp

increased ssnc® 1758 ^ 1 ! % , 151%, 17%i

• The similarity between climate numerical simulations of
the past century and Sast decades observations
increases when greenhouse gases and aerosols
concentrations are takers onto sccotint.

« There is rjew and stronger evidence that rniost of the
camming ©^served over the last 50 years is attributable

cti¥iies» |1PCCS 2001).t a

increase of global awerage surface temperature from
1S4°C to 5,8°C over the period 1990 to 21OC

The range of these projections comes from Ihs razrge of
climate sensitiwity simulated by the models anô  from
the range of the emission scenarios, patlicularly
aerosols.
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2C02-C02 Precipitations DJF (mm/day)
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Precip. DJF (mm/day) 2071/2100-1960/1990
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40N

2332-032 Temperature DJF (deg.C)
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2332-332 Temperature JJA (deg.C)
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emp.2m DJF (deg.) 2071/2100-1960/1990
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.• i sa

Temperature }- - e i , r

Winter

Summer +2.5°C

Precipitation

Winter

Summer

«8% / +20% -1 % / +13%

-19%/-1% -28%/ «14%
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Changes over the Mediterranean basin induced
by CO2 increasing at 1%/year rate

Mean for 2070-2100 minus mean for 1961-1990

Temperature

Winter

Summer

Without sulfate
aerosols

+3.9°C / +5.3°C

+4.0X /+6.9°C

With sulfate
aerosols

+3.1°C/+4.9°C

+3.3°C / +5.5°C

Precipitation Without sulphate With sulphate
aerosols aerosols

Winter

Summer

-10%/+16%

-37% / +6%

-7% 7+15%

-33% / -3%
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4. Projected climate change

Over the Mediterranean area

• The simulated warming due to the doubling of CO2, is of
the order of 2.4°C over the Mediterranean basin
whatever the experiment and the model resolution.
The simulated precipitation are rather stable or slightly
decrease. This is consistent with recent observations.

• The simulated warming is greater in summer and on the
Western part of the Mediterranean basin : this is
consistent with the observations of 1981-1990
compared to 1951-1980.

• The simulated precipitation tends to increase in winter
and to decrease in summer: consistent with
observations but only for the last decade.

• Neither the hydrological control, nor the radiative control
dominates the temperature anomalies. However, an
analysis of the ensemble of the LSPCR simulations
over Southern Europe (European research project),
suggests that the seasonal dependence of the
warming could be due to the seasonal dependence of
the hydrological control.
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4. Projected climate change

Over the Mediterranean area

In addition to the uncertainties of emission and basis
socio-economic scenarios, the uncertainty of the
simulated climate change at the regional scale comes
from the uncertainty of the representation of physical
processes and climatic feedbacks by the models
acting at the global and regional scale (clouds,
aerosols, ...), the uncertainty due to the character
partly chaotic of climate.
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