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Définitions

! Le système climatique se compose de l'atmosphère, 
des océans, de la cyrosphère de la lithosphère et de la 
biosphère

! Le climat est l’état moyen du système climatique sur 
une longue période de temps et l’analyse de la 
variabilité du système autour de cette moyenne.

! Contrairement à la météo il est possible de projeter le 
climat pour le futur (car il s’agit d’un état moyenné)



IPCC (GIEC)
!  créé par l’OMM et le PNUE en 1988 

!  plus de 2500 chercheurs y participent (auteurs + 
relecteurs critiques)

!  Mandat : évaluer les informations scientifiques, 
techniques et socio-économiques liées à la 
compréhension des risques associés aux 
changements climatiques (base scientifique, impacts 
potentiels, prévention et adaptation).

!  publie des rapports (1990, 1996, 2001, 2007) 
(Cambridge University Press) qui font autorité. 

!  Web: www.ipcc.ch (résumés : www.climate.be)



Structure du GIEC

! 3 Groupes de travail, 1 Task Force

! GT 1: Science des changements climatiques

! GT2: Impacts, adaptation & vulnérabilité

! GT3: Atténuation (Mitigation)

! TF: Inventairs d’émissions (méthodologies)



Cyle d’écriture des rapports
(4 années et 2500 scientifiques)

Source: site web du GIEC



Les causes des changements 
climatiques

Source (sauf indication contraire): 
- Rapport GIEC (2007)



Observations
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CHANGES IN TEMPERATURE, SEA LEVEL AND NORTHERN HEMISPHERE SNOW COVER

Figure SPM.3. Observed changes in (a) global average surface temperature, (b) global average sea level from tide gauge (blue) and 
satellite (red) data and (c) Northern Hemisphere snow cover for March-April. All changes are relative to corresponding averages for 
the period 1961–1990. Smoothed curves represent decadal average values while circles show yearly values. The shaded areas are the 
uncertainty intervals estimated from a comprehensive analysis of known uncertainties (a and b) and from the time series (c).  {FAQ 3.1, 
Figure 1, Figure 4.2, Figure 5.13}

Tous les changements 
sont relatifs à la moyenne 
de la période 1961-1990

! points gris: 
observations annuelles

! ligne noire: moyenne 
décennale courante

! surfaces bleues: 
intervalles d’incertitudes

! ligne rouge: 
observations satelitaires 
du niveau de la mer



Tendances des températures 
globales de surface (1979-2005)

Dans les surfaces grises il n y a pas assez de données



Le cycle de l’effet et serre
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Historical Overview of Climate Change Science Chapter 1

Frequently Asked Question 1.1
What Factors Determine Earth’s Climate?

The climate system is a complex, interactive system consisting 
of the atmosphere, land surface, snow and ice, oceans and other 
bodies of water, and living things. The atmospheric component of 
the climate system most obviously characterises climate; climate 
is often defined as ‘average weather’. Climate is usually described 
in terms of the mean and variability of temperature, precipitation 
and wind over a period of time, ranging from months to millions 
of years (the classical period is 30 years). The climate system 
evolves in time under the influence of its own internal dynamics 
and due to changes in external factors that affect climate (called 
‘forcings’). External forcings include natural phenomena such as 
volcanic eruptions and solar variations, as well as human-induced 
changes in atmospheric composition. Solar radiation powers the 
climate system. There are three fundamental ways to change the 
radiation balance of the Earth: 1) by changing the incoming solar 
radiation (e.g., by changes in Earth’s orbit or in the Sun itself); 2) 
by changing the fraction of solar radiation that is reflected (called 

‘albedo’; e.g., by changes in cloud cover, atmospheric particles or 
vegetation); and 3) by altering the longwave radiation from Earth 
back towards space (e.g., by changing greenhouse gas concentra-
tions). Climate, in turn, responds directly to such changes, as well 
as indirectly, through a variety of feedback mechanisms. 

The amount of energy reaching the top of Earth’s atmosphere 
each second on a surface area of one square metre facing the 
Sun during daytime is about 1,370 Watts, and the amount of en-
ergy per square metre per second averaged over the entire planet 
is one-quarter of this (see Figure 1). About 30% of the sunlight 
that reaches the top of the atmosphere is reflected back to space. 
Roughly two-thirds of this reflectivity is due to clouds and small 
particles in the atmosphere known as ‘aerosols’. Light-coloured  
areas of Earth’s surface – mainly snow, ice and deserts – reflect the 
remaining one-third of the sunlight. The most dramatic change in 
aerosol-produced reflectivity comes when major volcanic erup-
tions eject material very high into the atmosphere. Rain typically 

FAQ 1.1, Figure 1. Estimate of the Earth’s annual and global mean energy balance. Over the long term, the amount of incoming solar radiation absorbed by the Earth and 
atmosphere is balanced by the Earth and atmosphere releasing the same amount of outgoing longwave radiation. About half of the incoming solar radiation is absorbed by the 
Earth’s surface. This energy is transferred to the atmosphere by warming the air in contact with the surface (thermals), by evapotranspiration and by longwave radiation that is 
absorbed by clouds and greenhouse gases. The atmosphere in turn radiates longwave energy back to Earth as well as out to space. Source: Kiehl and Trenberth (1997).

(continued)



Le cycle du carbone

Source: J.P. van Ypersele



Le forçage radiatif (FR)
Le forçage radiatif du système surface-troposphère dû à la perturbation 
ou l'introduction d'un agent (par exemple, une variation de concentration 
des gaz à effet de serre) est la variation nette (baisse moins hausse) de 
l'irradiation (solaire et grandes longueurs d'onde, en Wm-2) à la 
tropopause APRÈS que les températures stratosphériques se soient 
réajustées à l'équilibre radiatif, mais avec les températures et états de 
surface et troposphériques gardés constants aux valeurs non-perturbées.
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Changes in Atmospheric Constituents and in Radiative Forcing Chapter 2

RF. This ‘response’ is most significant for aerosol-

related cloud changes, where the tropospheric 

state needs to change significantly in order to 

create a radiative perturbation of the climate 

system (Jacob et al., 2005).

Over the palaeoclimate time scales that are 

discussed in Chapter 6, long-term changes in 

forcing agents arise due to so-called ‘boundary 

condition’ changes to the Earth’s climate system 

(such as changes in orbital parameters, ice sheets 

and continents). For the purposes of this chapter, 

these ‘boundary conditions’ are assumed to be 

invariant and forcing agent changes are considered 

to be external to the climate system. The natural 

RFs considered are solar changes and volcanoes; 

the other RF agents are all attributed to humans. 

For the LLGHGs it is appropriate to assume 

that forcing agent concentrations have not been 

significantly altered by biogeochemical responses 

(see Sections 7.3 and 7.4), and RF is typically 

calculated in off-line radiative transfer schemes, 

using observed changes in concentration (i.e., 

humans are considered solely responsible for their 

increase). For the other climate change drivers, RF 

is often estimated using general circulation model 

(GCM) data employing a variety of methodologies 

(Ramaswamy et al., 2001; Stuber et al., 2001b; 

Tett et al., 2002; Shine et al., 2003; Hansen et 

al., 2005; Section 2.8.3). Often, alternative RF calculation 

methodologies that do not directly follow the TAR definition of 

a stratospheric-adjusted RF are used; the most important ones 

are illustrated in Figure 2.2. For most aerosol constituents (see 

Section 2.4), stratospheric adjustment has little effect on the RF, 

and the instantaneous RF at either the top of the atmosphere 

or the tropopause can be substituted. For the climate change 

drivers discussed in Sections 7.5 and 2.5, that are not initially 

radiative in nature, an RF-like quantity can be evaluated by 

allowing the tropospheric state to change: this is the zero-

surface-temperature-change RF in Figure 2.2 (see Shine et al., 

2003; Hansen et al., 2005; Section 2.8.3). Other water vapour 

and cloud changes are considered climate feedbacks and are 

evaluated in Section 8.6. 

Climate change agents that require changes in the 

tropospheric state (temperature and/or water vapour amounts) 

prior to causing a radiative perturbation are aerosol-cloud 

lifetime effects, aerosol semi-direct effects and some surface 

Figure 2.1. Diagram illustrating how RF is linked to other aspects of climate change assessed 
by the IPCC. Human activities and natural processes cause direct and indirect changes in climate 
change drivers. In general, these changes result in specific RF changes, either positive or negative, 
and cause some non-initial radiative effects, such as changes in evaporation. Radiative forcing and 
non-initial radiative effects lead to climate perturbations and responses as discussed in Chapters 6, 
7 and 8. Attribution of climate change to natural and anthropogenic factors is discussed in Chapter 
9. The coupling among biogeochemical processes leads to feedbacks from climate change to its 
drivers (Chapter 7). An example of this is the change in wetland emissions of CH4 that may occur in 
a warmer climate. The potential approaches to mitigating climate change by altering human activi-
ties (dashed lines) are topics addressed by IPCC’s Working Group III.

Figure 2.2. Schematic comparing RF calculation methodologies. Radiative forcing, defined as the net flux imbalance at the tropopause, is shown by an arrow. The horizon-
tal lines represent the surface (lower line) and tropopause (upper line). The unperturbed temperature profile is shown as the blue line and the perturbed temperature profile 
as the red line. From left to right: Instantaneous RF: atmospheric temperatures are fixed everywhere; stratospheric-adjusted RF: allows stratospheric temperatures to adjust; 
zero-surface-temperature-change RF: allows atmospheric temperatures to adjust everywhere with surface temperatures fixed; and equilibrium climate response: allows the 
atmospheric and surface temperatures to adjust to reach equilibrium (no tropopause flux imbalance), giving a surface temperature change (!Ts). 

1ère approximation:  !RF !!Tglobale
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Figure SPM.1. Atmospheric concentrations of carbon dioxide, 
methane and nitrous oxide over the last 10,000 years (large 
panels) and since 1750 (inset panels). Measurements are shown 
from ice cores (symbols with different colours for different studies) 
and atmospheric samples (red lines). The corresponding radiative 
forcings are shown on the right hand axes of the large panels. 
{Figure 6.4}

are estimated to be 1.6 [0.5 to 2.7] GtC (5.9 [1.8 to 

9.9] GtCO2) per year over the 1990s, although these 

estimates have a large uncertainty.  {7.3}

• The global atmospheric concentration of methane has 

increased from a pre-industrial value of about 715 ppb 

to 1732 ppb in the early 1990s, and was 1774 ppb in 

2005. The atmospheric concentration of methane 

in 2005 exceeds by far the natural range of the last 

650,000 years (320 to 790 ppb) as determined from ice 

cores. Growth rates have declined since the early 1990s, 

consistent with total emissions (sum of anthropogenic 

and natural sources) being nearly constant during this 

period. It is very likely6 that the observed increase 

in methane concentration is due to anthropogenic 

activities, predominantly agriculture and fossil fuel 

use, but relative contributions from different source 

types are not well determined.  {2.3, 7.4} 

• The global atmospheric nitrous oxide concentration 

increased from a pre-industrial value of about 270 

ppb to 319 ppb in 2005. The growth rate has been 

approximately constant since 1980. More than a third 

of all nitrous oxide emissions are anthropogenic and 

are primarily due to agriculture.  {2.3, 7.4}

The understanding of anthropogenic warming and 
cooling influences on climate has improved since 
the TAR, leading to very high confidence7 that the 
global average net effect of human activities since 
1750 has been one of warming, with a radiative 
forcing of +1.6 [+0.6 to +2.4] W m–2 (see Figure 
SPM.2).  {2.3., 6.5, 2.9}

• The combined radiative forcing due to increases in 

carbon dioxide, methane, and nitrous oxide is +2.30 

[+2.07 to +2.53] W m–2, and its rate of increase 

during the industrial era is very likely to have been 

unprecedented in more than 10,000 years (see Figures 

CHANGES IN GREENHOUSE GASES FROM ICE CORE 
AND MODERN DATA

6 In this Summary for Policymakers, the following terms have been used to 
indicate the assessed likelihood, using expert judgement, of an outcome or 
a result: Virtually certain > 99% probability of occurrence, Extremely likely > 
95%, Very likely > 90%, Likely > 66%, More likely than not > 50%, Unlikely 
< 33%, Very unlikely < 10%, Extremely unlikely < 5% (see Box TS.1 for more 
details).

7 In this Summary for Policymakers the following levels of confidence have 
been used to express expert judgements on the correctness of the underly-
ing science: very high confidence represents at least a 9 out of 10 chance 
of being correct; high confidence represents about an 8 out of 10 chance of 
being correct (see Box TS.1) 
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Dioxyde de carbone Méthane

Oxydes nitreux



Données de forages glaciaires
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Technical Summary 

chemically stable and persist in the atmosphere over time 

scales of a decade to centuries or longer, so that their 

emission has a long-term influence on climate. Because 

these gases are long lived, they become well mixed 

throughout the atmosphere much faster than they are 

removed and their global concentrations can be accurately 

estimated from data at a few locations. Carbon dioxide 

does not have a specific lifetime because it is continuously 

cycled between the atmosphere, oceans and land biosphere 

and its net removal from the atmosphere involves a range 

of processes with different time scales. 

Short-lived gases (e.g., sulphur dioxide and carbon 

monoxide) are chemically reactive and generally removed 

by natural oxidation processes in the atmosphere, by 

removal at the surface or by washout in precipitation; 

their concentrations are hence highly variable. Ozone is 

a significant greenhouse gas that is formed and destroyed 

by chemical reactions involving other species in the 

atmosphere. In the troposphere, the human influence on 

ozone occurs primarily through changes in precursor gases 

that lead to its formation, whereas in the stratosphere, the 

human influence has been primarily through changes 

in ozone removal rates caused by chlorofluorocarbons 

(CFCs) and other ozone-depleting substances.

TS.2.1.1 Changes in Atmospheric Carbon Dioxide, 

Methane and Nitrous Oxide

Current concentrations of atmospheric CO2 and 

CH4 far exceed pre-industrial values found in polar 

ice core records of atmospheric composition dating 

back 650,000 years. Multiple lines of evidence confirm 

that the post-industrial rise in these gases does not 

stem from natural mechanisms (see Figure TS.1 and  

Figure TS.2). {2.3, 6.3–6.5, FAQ 7.1} 

The total radiative forcing of the Earth’s climate 

due to increases in the concentrations of the LLGHGs 

CO2, CH4 and N2O, and very likely the rate of increase 

in the total forcing due to these gases over the 

period since 1750, are unprecedented in more than  

10,000 years (Figure TS.2). It is very likely that the 

sustained rate of increase in the combined radiative 

forcing from these greenhouse gases of about +1 W m–2 

over the past four decades is at least six times faster than 

at any time during the two millennia before the Industrial 

Era, the period for which ice core data have the required 

temporal resolution. The radiative forcing due to these 

LLGHGs has the highest level of confidence of any 

forcing agent. {2.3, 6.4} 

GLACIAL-INTERGLACIAL ICE CORE DATA

Figure TS.1. Variations of deuterium (!D) in antarctic ice, which is a proxy for local temperature, and the atmospheric concentrations of 
the greenhouse gases carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) in air trapped within the ice cores and from recent 
atmospheric measurements. Data cover 650,000 years and the shaded bands indicate current and previous interglacial warm periods. 
{Adapted from Figure 6.3}

La concentration du dioxyde de carbone en 2005 dépasse de loin les 
variations naturelles durant les 650 000 dernières années (180 à 300 

ppm), déduites des carottes de glace



Les forçages anthropogéniques
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Figure SPM.2. Global average radiative forcing (RF) estimates and ranges in 2005 for anthropogenic carbon dioxide (CO2 ), methane 
(CH4 ), nitrous oxide (N2O) and other important agents and mechanisms, together with the typical geographical extent (spatial scale) of 
the forcing and the assessed level of scientific understanding (LOSU). The net anthropogenic radiative forcing and its range are also 
shown. These require summing asymmetric uncertainty estimates from the component terms, and cannot be obtained by simple addition. 
Additional forcing factors not included here are considered to have a very low LOSU. Volcanic aerosols contribute an additional natural 
forcing but are not included in this figure due to their episodic nature. The range for linear contrails does not include other possible effects 
of aviation on cloudiness.  {2.9, Figure 2.20}

SPM.1 and SPM.2). The carbon dioxide radiative 

forcing increased by 20% from 1995 to 2005, the 

largest change for any decade in at least the last 200 

years.  {2.3, 6.4} 

• Anthropogenic contributions to aerosols (primarily 

sulphate, organic carbon, black carbon, nitrate and 

dust) together produce a cooling effect, with a total 

direct radiative forcing of –0.5 [–0.9 to –0.1] W m–2 

and an indirect cloud albedo forcing of –0.7 [–1.8 to 

–0.3] W m–2. These forcings are now better understood 

than at the time of the TAR due to improved in situ, 

satellite and ground-based measurements and more 

comprehensive modelling, but remain the dominant 

uncertainty in radiative forcing. Aerosols also influence 

cloud lifetime and precipitation.  {2.4, 2.9, 7.5}

• Significant anthropogenic contributions to radiative 

forcing come from several other sources. Tropospheric 

ozone changes due to emissions of ozone-forming 

chemicals (nitrogen oxides, carbon monoxide, and 

hydrocarbons) contribute +0.35 [+0.25 to +0.65] 

W m–2. The direct radiative forcing due to changes 

in halocarbons8 is +0.34 [+0.31 to +0.37] W m–2. 

Changes in surface albedo, due to land cover changes 

and deposition of black carbon aerosols on snow, exert 

RADIATIVE FORCING COMPONENTS

8 Halocarbon radiative forcing has been recently assessed in detail in IPCC’s Special Report on Safeguarding the Ozone Layer and the Global Climate System (2005).



Distribution de probabilité du FR

La compréhension des influences humaines sur le réchauffement et le 
refroidissement du climat a été améliorée depuis le troisième Rapport 

d’évaluation, ce qui conduit à une très grande confiance dans le fait que l’effet 
moyen global des activités humaines depuis 1750 a été un effet de 
réchauffement avec un forçage radiatif de +1,6 (+0,6 à +2,4) Wm-2
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Chapter 2 Changes in Atmospheric Constituents and in Radiative Forcing

Figure 2.20. (A) Global mean RFs from the agents and mechanisms discussed in this chapter, grouped by agent type. Anthropogenic RFs and the natural direct solar RF are 
shown. The plotted RF values correspond to the bold values in Table 2.12. Columns indicate other characteristics of the RF; efficacies are not used to modify the RFs shown. 
Time scales represent the length of time that a given RF term would persist in the atmosphere after the associated emissions and changes ceased. No CO2 time scale is given, 
as its removal from the atmosphere involves a range of processes that can span long time scales, and thus cannot be expressed accurately with a narrow range of lifetime 
values. The scientific understanding shown for each term is described in Table 2.11. (B) Probability distribution functions (PDFs) from combining anthropogenic RFs in (A). 
Three cases are shown: the total of all anthropogenic RF terms (block filled red curve; see also Table 2.12); LLGHGs and ozone RFs only (dashed red curve); and aerosol direct 
and cloud albedo RFs only (dashed blue curve). Surface albedo, contrails and stratospheric water vapour RFs are included in the total curve but not in the others. For all of the 
contributing forcing agents, the uncertainty is assumed to be represented by a normal distribution (and 90% confidence intervals) with the following exceptions: contrails, for 
which a lognormal distribution is assumed to account for the fact that the uncertainty is quoted as a factor of three; and tropospheric ozone, the direct aerosol RF (sulphate, 
fossil fuel organic and black carbon, biomass burning aerosols) and the cloud albedo RF, for which discrete values based on Figure 2.9, Table 2.6 and Table 2.7 are randomly 
sampled. Additional normal distributions are included in the direct aerosol effect for nitrate and mineral dust, as these are not explicitly accounted for in Table 2.6. A one-million 
point Monte Carlo simulation was performed to derive the PDFs (Boucher and Haywood, 2001). Natural RFs (solar and volcanic) are not included in these three PDFs. Climate 
efficacies are not accounted for in forming the PDFs.
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GLOBAL AND CONTINENTAL TEMPERATURE CHANGE

Figure SPM.4. Comparison of observed continental- and global-scale changes in surface temperature with results simulated by climate 
models using natural and anthropogenic forcings. Decadal averages of observations are shown for the period 1906 to 2005 (black line) 
plotted against the centre of the decade and relative to the corresponding average for 1901–1950. Lines are dashed where spatial 
coverage is less than 50%. Blue shaded bands show the 5–95% range for 19 simulations from five climate models using only the natural 
forcings due to solar activity and volcanoes. Red shaded bands show the 5–95% range for 58 simulations from 14 climate models using 
both natural and anthropogenic forcings.  {FAQ 9.2, Figure 1}

Résultats des modèles globaux



Les projections du GIEC

Le GIEC ne fait pas de prédictions, seulement des 
projections, sur la base des scénarios dont les 
hypothèses sont précisées: ‘il se passerait cela si … ‘

Source (sauf indication contraire): 
- Rapport GIEC (2007)



Les scénarios SRES du GIEC
A1: Un mode marqué par une 

croissance économique rapide et 
l'introduction rapide de nouvelles 

technologies plus efficaces

A2: Un mode très hétérogène avec 
un accent sur les valeurs familiales 

et les tradition locales 

B1: Un monde marqué par la 
dématérialisation et l’introduction 
de nouvelles technologies vertes

B2: Un monde marqué par des 
solutions locales des problèmes de 

développement durable
Source: SRES, 2000 
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Scenarios for GHG emissions from 2000 to 2100 (in the absence of additional climate policies) 

and projections of surface temperatures 
 

 
 
Figure SPM.5. Left Panel: Global GHG emissions (in CO2-eq) in the absence of climate policies: six illustrative SRES marker 
scenarios (coloured lines) and the 80th percentile range of recent scenarios published since SRES (post-SRES) (gray shaded 
area). Dashed lines show the full range of post-SRES scenarios. The emissions cover CO2, CH4, N2O, and F-gases. Right 
Panel: Solid lines are multi-model global averages of surface warming for scenarios A2, A1B and B1, shown as continuations 
of the 20th-century simulations. These projections also take into account emissions of short-lived GHGs and aerosols. The pink 
line is not a scenario, but is for Atmosphere-Ocean General Circulation Model (AOGCM) simulations where atmospheric 
concentrations are held constant at year 2000 values. The bars at the right of the figure indicate the best estimate (solid line 
within each bar) and the likely range assessed for the six SRES marker scenarios at 2090-2099. All temperatures are relative 
to the period 1980-1999. {Figures 3.1 and 3.2} 
 
 

Table SPM.1.  Projected global averaged surface warming and sea level rise at the end of the 21st century. {Table 3.1} 

 

 
Temperature change  

(°C at 2090-2099 relative to 1980-1999) a, d 

Sea level rise 
(m at 2090-2099 relative to  

1980-1999) 

Case 
Best  

estimate 
Likely 
range 

Model-based range 
excluding future rapid dynamical  

changes in ice flow 
Constant year 2000  

concentrations b 
0.6 0.3 – 0.9 Not available 

B1 scenario 1.8 1.1 – 2.9 0.18 – 0.38 
A1T scenario 2.4 1.4 – 3.8 0.20 – 0.45 
B2 scenario 2.4 1.4 – 3.8 0.20 – 0.43 

A1B scenario 2.8 1.7 – 4.4 0.21 – 0.48 
A2 scenario 3.4 2.0 – 5.4 0.23 – 0.51 

A1FI scenario 4.0 2.4 – 6.4 0.26 – 0.59 

 
Notes: 
a) Temperatures are assessed best estimates and likely uncertainty ranges from a hierarchy of models of varying complexity as well as 

observational constraints. 
b)  Year 2000 constant composition is derived from Atmosphere-Ocean General Circulation Models (AOGCMs) only. 
c)  All scenarios above are six SRES marker scenarios. Approximate CO2-eq concentrations corresponding to the computed radiative forcing 

due to anthropogenic GHGs and aerosols in 2100 (see p. 823 of the WGI TAR) for the SRES B1, AIT, B2, A1B, A2 and A1FI illustrative 
marker scenarios are about 600, 700, 800, 850, 1250 and 1550 ppm, respectively. 

d) Temperature changes are expressed as the difference from the period 1980-1999. To express the change relative to the period 1850-1899 
add 0.5 oC. 

 

 
The range of projections (Table SPM.1) is broadly consistent with the TAR, but uncertainties and upper ranges for 
temperature are larger mainly because the broader range of available models suggests stronger climate-carbon 
cycle feedbacks. Warming reduces terrestrial and ocean uptake of atmospheric CO2, increasing the fraction of 
anthropogenic emissions remaining in the atmosphere. The strength of this feedback effect varies markedly among 
models. {2.3, 3.2.1} 
 
 
 

Des émissions aux augmentations 
des températures

Fourchette  des températures: 1.1 -6.4°C, 
de la hausse du niveau de la mer: 0.18 - 0.59 m

période de référence:1980–1999
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Analysis of models together with constraints from 

observations suggest that the equilibrium climate 

sensitivity is likely to be in the range 2°C to 4.5°C, 

with a best estimate value of about 3°C. It is very 

unlikely to be less than 1.5°C. Values substantially 

higher than 4.5°C cannot be excluded, but agreement with 

observations is not as good for those values. Probability 

density functions derived from different information and 

approaches generally tend to have a long tail towards high 

values exceeding 4.5°C. Analysis of climate and forcing 

evolution over previous centuries and model ensemble 

studies do not rule out climate sensitivity being as high as 

6°C or more. One factor in this is the possibility of small net 

radiative forcing over the 20th century if aerosol indirect 

cooling effects were at the upper end of their uncertainty 

range, thus cancelling most of the positive forcing due to 

greenhouse gases. However, there is no well-established 

way of estimating a single probability distribution 

function from individual results taking account of the 

different assumptions in each study. The lack of strong 

constraints limiting high climate sensitivities prevents the 

specification of a 95th percentile bound or a very likely 

range for climate sensitivity. {Box 10.2}

There is now increased confidence in the 

understanding of key climate processes that are 

important to climate sensitivity due to improved 

analyses and comparisons of models to one another 

and to observations. Water vapour changes dominate 

the feedbacks affecting climate sensitivity and are now 

better understood. New observational and modelling 

evidence strongly favours a combined water vapour-lapse 

rate9 feedback of around the strength found in General 

Circulation Models (GCMs), that is, approximately  

1 W m–2 per degree global temperature increase, 

corresponding to about a 50% amplification of global 

mean warming. Such GCMs have demonstrated an ability 

to simulate seasonal to inter-decadal humidity variations 

in the upper troposphere over land and ocean, and have 

successfully simulated the observed surface temperature 

and humidity changes associated with volcanic eruptions. 

Cloud feedbacks (particularly from low clouds) remain 

the largest source of uncertainty. Cryospheric feedbacks 

such as changes in snow cover have been shown to 

contribute less to the spread in model estimates of climate 

sensitivity than cloud or water vapour feedbacks, but they 

CUMULATIVE DISTRIBUTIONS OF CLIMATE SENSITIVITY

Figure TS.25. Cumulative distributions of climate sensitivity derived from observed 20th-century warming (red), model climatology (blue), 
proxy evidence (cyan) and from climate sensitivities of AOGCMs (green). Horizontal lines and arrows mark the boundaries of the likelihood 
estimates defined in the IPCC Fourth Assessment Uncertainty Guidance Note (see Box TS.1). {Box 10.2, Figures 1 and 2}

9  The rate at which air temperature decreases with altitude.

Sensibilité climatique des modèles
Sensibilité climatique = augmentation de la température moyenne globale pour un 

dédoublement de concentration de CO2

observations, climatologies, proxy, modèles climatiques
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dominante des combustibles fossiles dans le bouquet énergétique mondial 

jusqu’en 2030 et au-delà. Des scénarios plus récents sans mesures d’atténuation 

supplémentaires conduisent à des ordres de grandeur analogues. {3.1} 

 

 

 

Scénarios d’émission de GES de 2000 à 2100 (en l’absence de politiques 

climatiques supplémentaires) et projections des températures de surface 

 

 

 
Figure SPM.5 : Panneau de gauche : Emissions globales de GES (en CO2-eq) en l’absence 

de politique climatique supplémentaire : six scénarios marqueurs du RSSE (lignes colorées) et 

la gamme du 80
ème

 percentile des scénarios récents, publiés depuis le RSSE (post-RSSE) 

(zone grisée). Les lignes tiretées montre la gamme complète des scénarios post-RSSE. Les 

émissions comprennent le CO2, le CH4, le N2O, et les gaz fluorés. Panel de droite : les lignes 

continues représentent la moyenne sur de nombreux modèles du réchauffement mondial pour 

les scénarios du RSSE A2,A1B et B1, en continuité avec les simulations du 20
ème

 siècle. Ces 

projections prennent aussi en compte les émissions de GES à courte durée de vie et les 

aérosols. La ligne rose n’est pas un scénario, mais correspond à une simulation de modèle 

climatique dans laquelle les concentrations sont maintenues constantes à leur valeur en 2000. 

Les barres à droite de la  figure indiquent la valeur la plus probable (trait horizontal à 

l’intérieur de chaque barre) et la plage probable associées à chacun des scénarios de référence 

pour la période 2090-2099. Toutes les températures sont relatives à la moyenne sur la période 

1980-1999. {Figure 3.1, Figure 3.2} 

 

 

Une poursuite des émissions de GES à un niveau égal ou supérieur au 

niveau actuel causerait un réchauffement supplémentaire et, au cours du 

21
ème

 siècle, induirait dans le système climatique global de nombreux 

changements qui seraient très vraisemblablement plus importants que ceux 

qui ont été observés au cours du 20
ème

 siècle (table SPM.1, figure SPM.5). 

{3.2.1} 
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GLOBAL MEAN WARMING: 
MODEL PROJECTIONS COMPARED WITH OBSERVATIONS

Figure TS.26. Model projections of global mean warming compared to observed warming. Observed temperature anomalies, as in Figure 
TS.6, are shown as annual (black dots) and decadal average values (black line). Projected trends and their ranges from the IPCC First 
(FAR) and Second (SAR) Assessment Reports are shown as green and magenta solid lines and shaded areas, and the projected range 
from the TAR is shown by vertical blue bars. These projections were adjusted to start at the observed decadal average value in 1990. 
Multi-model mean projections from this report for the SRES B1, A1B and A2 scenarios, as in Figure TS.32, are shown for the period 
2000 to 2025 as blue, green and red curves with uncertainty ranges indicated against the right-hand axis. The orange curve shows model 
projections of warming if greenhouse gas and aerosol concentrations were held constant from the year 2000 – that is, the committed 
warming. {Figures 1.1 and 10.4}

TS.5.2 Large-Scale Projections for the 
21st Century

This section covers advances in understanding global-

scale climate projections and the processes that will 

influence their large-scale patterns in the 21st century. 

More specific discussion of regional-scale changes 

follows in TS.5.3.

Projected global average surface warming for 

the end of the 21st century (2090–2099) is scenario-

dependent and the actual warming will be significantly 

affected by the actual emissions that occur. Warmings 

compared to 1980 to 1999 for six SRES scenarios11 

and for constant year 2000 concentrations, given 

as best estimates and corresponding likely ranges, 

are shown in Table TS.6. These results are based on 

AOGCMs, observational constraints and other methods 

to quantify the range of model response (see Figure 

TS.27). The combination of multiple lines of evidence 

allows likelihoods to be assigned to the resulting ranges, 

representing an important advance since the TAR. {10.5}

Assessed uncertainty ranges are larger than those 

given in the TAR because they consider a more 

complete range of models and climate-carbon cycle 

feedbacks. Warming tends to reduce land and ocean 

uptake of atmospheric CO2, increasing the fraction of 

anthropogenic emissions that remains in the atmosphere. 

For the A2 scenario for example, the CO2 feedback 

increases the corresponding global average warming in 

2100 by more than 1°C. {7.3, 10.5}

11 Approximate CO2 equivalent concentrations corresponding to the computed radiative forcing due to anthropogenic greenhouse gases and aerosols in 2100 (see 
p. 823 of the TAR) for the SRES B1, A1T, B2, A1B, A2 and A1FI illustrative marker scenarios are about 600, 700, 800, 850, 1,250 and 1,550 ppm respectively. 
Constant emission at year 2000 levels would lead to a concentration for CO2 alone of about 520 ppm by 2100.

Le futur des trois premiers rapports 
du GIEC est maintenant ...
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In contrast, warming is least over the southern 

oceans and parts of the North Atlantic Ocean. 

Temperatures are projected to increase, including 

over the North Atlantic and Europe, despite a 

projected slowdown of the meridional overturning 

circulation (MOC) in most models, due to the much 

larger influence of the increase in greenhouse gases. 

The projected pattern of zonal mean temperature change 

in the atmosphere displays a maximum warming in the 

upper tropical troposphere and cooling in the stratosphere. 

Further zonal mean warming in the ocean is expected 

to occur first near the surface and in the northern mid-

latitudes, with the warming gradually reaching the ocean 

interior, most evident at high latitudes where vertical 

mixing is greatest. The projected pattern of change is very 

similar among the late-century cases irrespective of the 

scenario. Zonally averaged fields normalised by the mean 

warming are very similar for the scenarios examined (see 

Figure TS.28). {10.3}

It is very likely that the Atlantic MOC will slow 

down over the course of the 21st century. The multi-

model average reduction by 2100 is 25% (range 

from zero to about 50%) for SRES emission scenario 

A1B. Temperatures in the Atlantic region are projected 

to increase despite such changes due to the much larger 

warming associated with projected increases of greenhouse 

gases. The projected reduction of the Atlantic MOC is 

due to the combined effects of an increase in high latitude 

temperatures and precipitation, which reduce the density 

of the surface waters in the North Atlantic. This could lead 

to a significant reduction in Labrador Sea Water formation. 

Very few AOGCM studies have included the impact of 

additional freshwater from melting of the Greenland Ice 

Sheet, but those that have do not suggest that this will lead 

to a complete MOC shutdown. Taken together, it is very 

likely that the MOC will reduce, but very unlikely that 

the MOC will undergo a large abrupt transition during the 

course of the 21st century. Longer-term changes in the 

MOC cannot be assessed with confidence. {8.7, 10.3}

PROJECTIONS OF SURFACE TEMPERATURES

Figure TS.28. Projected surface temperature changes for the early and late 21st century relative to the period 1980 to 1999. The central 
and right panels show the AOGCM multi-model average projections (°C) for the B1 (top), A1B (middle) and A2 (bottom) SRES scenarios 
averaged over the decades 2020 to 2029 (centre) and 2090 to 2099 (right). The left panel shows corresponding uncertainties as the 
relative probabilities of estimated global average warming from several different AOGCM and EMIC studies for the same periods. Some 
studies present results only for a subset of the SRES scenarios, or for various model versions. Therefore the difference in the number of 
curves, shown in the left-hand panels, is due only to differences in the availability of results. {Adapted from Figures 10.8 and 10.28} 

Projection régionale des températures

période de référence: 1980-1999
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Because understanding of some important effects driving sea level rise is too limited, this report does not assess 
the likelihood, nor provide a best estimate or an upper bound for sea level rise. Table SPM.1 shows model-based 
projections of global average sea level rise for 2090-2099.10 The projections do not include uncertainties in 
climate-carbon cycle feedbacks nor the full effects of changes in ice sheet flow, therefore the upper values of the 
ranges are not to be considered upper bounds for sea level rise. They include a contribution from increased 
Greenland and Antarctic ice flow at the rates observed for 1993-2003, but this could increase or decrease in the 
future.11 {3.2.1} 

 
There is now higher confidence than in the TAR in projected patterns of warming and other regional-scale 
features, including changes in wind patterns, precipitation, and some aspects of extremes and sea ice. 
{3.2.2} 

 
Regional-scale changes include: {3.2.2} 

• warming greatest over land and at most high northern latitudes and least over Southern Ocean and parts of 
the North Atlantic Ocean, continuing recent observed trends (Figure SPM.6) 

• contraction of snow cover area, increases in thaw depth over most permafrost regions, and decrease in sea 
ice extent; in some projections using SRES scenarios, Arctic late-summer sea ice disappears almost 
entirely by the latter part of the 21st century 

• very likely increase in frequency of hot extremes, heat waves, and heavy precipitation 
• likely increase in tropical cyclone intensity; less confidence in global decrease of tropical cyclone numbers 
• poleward shift of extra-tropical storm tracks with consequent changes in wind, precipitation, and 

temperature patterns 
• very likely precipitation increases in high latitudes and likely decreases in most subtropical land regions, 

continuing observed recent trends. 
 

There is high confidence that by mid-century, annual river runoff and water availability are projected to increase at 
high latitudes (and in some tropical wet areas) and decrease in some dry regions in the mid-latitudes and tropics. 
There is also high confidence that many semi-arid areas (e.g. Mediterranean basin, western United States, southern 
Africa and northeast Brazil) will suffer a decrease in water resources due to climate change. {3.3.1; Figure 3.5} 

 
 

Geographical pattern of surface warming 

 

 
 
Figure SPM. 6. Projected surface temperature changes for the late 21st century (2090-2099). The map shows the multi-
AOGCM average projection for the A1B SRES scenario. All temperatures are relative to the period 1980-1999. {Figure 3.2} 

 

                                                 
10 TAR projections were made for 2100, whereas the projections for this report are for 2090-2099. The TAR would have had similar ranges to 
those in Table SPM.1 if it had treated uncertainties in the same way. 
11 For discussion of the longer term see material below. 

Projection régionale des températures

2090-2099 relatif à 1980-1999 (scénario A1B)
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PROJECTED PATTERNS OF PRECIPITATION CHANGES

Figure SPM.7. Relative changes in precipitation (in percent) for the period 2090–2099, relative to 1980–1999. Values are multi-model 
averages based on the SRES A1B scenario for December to February (left) and June to August (right). White areas are where less than 
66% of the models agree in the sign of the change and stippled areas are where more than 90% of the models agree in the sign of the 
change.  {Figure 10.9}

• Extratropical storm tracks are projected to move 

poleward, with consequent changes in wind, 

precipitation and temperature patterns, continuing the 

broad pattern of observed trends over the last half-

century.  {3.6, 10.3} 

• Since the TAR, there is an improving understanding 

of projected patterns of precipitation. Increases in the 

amount of precipitation are very likely in high latitudes, 

while decreases are likely in most subtropical land 

regions (by as much as about 20% in the A1B scenario 

in 2100, see Figure SPM.7), continuing observed 

patterns in recent trends.  {3.3, 8.3, 9.5, 10.3, 11.2 to 

11.9} 

• Based on current model simulations, it is very likely that 

the meridional overturning circulation (MOC) of the 

Atlantic Ocean will slow down during the 21st century. 

The multi-model average reduction by 2100 is 25% 

(range from zero to about 50%) for SRES emission 

scenario A1B. Temperatures in the Atlantic region 

are projected to increase despite such changes due to 

the much larger warming associated with projected 

increases in greenhouse gases. It is very unlikely that 

the MOC will undergo a large abrupt transition during 

the 21st century. Longer-term changes in the MOC 

cannot be assessed with confidence.  {10.3, 10.7}  

Anthropogenic warming and sea level rise would 
continue for centuries due to the time scales 
associated with climate processes and feedbacks, 
even if greenhouse gas concentrations were to be 
stabilised.  {10.4, 10.5, 10.7}

• Climate-carbon cycle coupling is expected to add 

carbon dioxide to the atmosphere as the climate system 

warms, but the magnitude of this feedback is uncertain. 

This increases the uncertainty in the trajectory of 

carbon dioxide emissions required to achieve a 

particular stabilisation level of atmospheric carbon 

dioxide concentration. Based on current understanding 

of climate-carbon cycle feedback, model studies 

suggest that to stabilise at 450 ppm carbon dioxide 

could require that cumulative emissions over the 21st 

century be reduced from an average of approximately 

670 [630 to 710] GtC (2460 [2310 to 2600] GtCO2) to 

approximately 490 [375 to 600] GtC (1800 [1370 to 

2200] GtCO2). Similarly, to stabilise at 1000 ppm, this 

feedback could require that cumulative emissions be 

reduced from a model average of approximately 1415 

[1340 to 1490] GtC (5190 [4910 to 5460] GtCO2) to 

approximately 1100 [980 to 1250] GtC (4030 [3590 to 

4580] GtCO2).  {7.3, 10.4}

Projection des précipitations

2090-2099 relatif à 1980-1999

Dans les régions blanches moins de 66% des modèles évalués par le GIEC 
s’accordent sur le signe du changement, dans les régions pointillés plus de 

90 % des modèles s’accordent sur le signe du changement



over the Mediterranean Basin, and also over eastern and central
Europe and, to a lesser degree, over northern Europe even as far
north as central Scandinavia [12.3.1]. Recruitment and
production of marine fisheries in the NorthAtlantic are likely to
increase [12.4.7]. Crop suitability is likely to change throughout
Europe, and crop productivity (all other factors remaining
unchanged) is likely to increase in northern Europe, and decrease
along the Mediterranean and in south-east Europe [12.4.7].
Forests are projected to expand in the north and retreat in the
south [12.4.4]. Forest productivity and total biomass are likely
to increase in the north and decrease in central and eastern
Europe, while tree mortality is likely to accelerate in the south
[12.4.4]. Differences in water availability between regions are
anticipated to become more pronounced: annual average runoff
increasing in north/north-west, and decreasing in south/south-
east Europe (summer low flow is projected to decrease by up to
50% in central Europe and by up to 80% in some rivers in
southern Europe) [12.4.1, 12.4.5].

Water stress is likely to increase, as well as the number of
people living in river basins under high water stress (high
confidence).
Water stress is likely to increase over central and southern
Europe. The percentage of area under high water stress is likely
to increase from 19% to 35% by the 2070s, and the number of
people at risk from 16 to 44 million [12.4.1]. The regions most
at risk are southern Europe and some parts of central and eastern
Europe [12.4.1]. The hydropower potential of Europe is
expected to decline on average by 6%, and by 20 to 50% around
the Mediterranean by the 2070s [12.4.8.1].

It is anticipated that Europe’s natural systems and biodi-
versity will be substantially affected by climate change (very
high confidence). The great majority of organisms and
ecosystems are likely to have difficulty in adapting to climate
change (high confidence).
Sea-level rise is likely to cause an inland migration of beaches
and loss of up to 20% of coastal wetlands [12.4.2.], reducing the
habitat availability for several species that breed or forage in low-
lying coastal areas [12.4.6]. Small glaciers will disappear and
larger glaciers substantially shrink (projected volume reductions
of between 30% and 70% by 2050) during the 21st century
[12.4.3]. Many permafrost areas in theArctic are projected to dis-
appear [12.4.5.]. In the Mediterranean, many ephemeral aquatic
ecosystems are projected to disappear, and permanent ones
shrink and become ephemeral [12.4.5]. The northward expansion
of forests is projected to reduce current tundra areas under some
scenarios [12.4.4]. Mountain communities face up to a 60% loss
of species under high-emissions scenarios by 2080 [12.4.3]. A
large percentage of the European flora (one study found up to
50%) is likely to become vulnerable, endangered or committed
to extinction by the end of this century [12.4.6]. Options for
adaptation are likely to be limited for many organisms and
ecosystems. For example, limited dispersal is very likely to
reduce the range of most reptiles and amphibians [12.4.6]. Low-
lying, geologically subsiding coasts are likely to be unable to
adapt to sea-level rise [12.5.2]. There are no obvious climate
adaptation options for either tundra or alpine vegetation [12.5.3].

The adaptive capacity of ecosystems can be enhanced by reduc-
ing human stresses [12.5.3, 12.5.5]. New sites for conservation
may be needed because climate change is very likely to alter con-
ditions of suitability for many species in current sites (with
climate change, to meet conservation goals, the current reserve
area in the EU would have to be increased by 41%) [12.5.6].

Nearly all European regions are anticipated to be negatively
affected by some future impacts of climate change and these
will pose challenges to many economic sectors (very high
confidence).
In southern Europe, climate change is projected to worsen con-
ditions (high temperatures and drought) in a region already vul-
nerable to climate variability. In northern Europe, climate
change is initially projected to bring mixed effects, including
some benefits, but as climate change continues, its negative ef-
fects are likely to outweigh its benefits [12.4].

Agriculture will have to cope with increasing water demand for
irrigation in southern Europe due to climate change (e.g.,
increased water demand of 2 to 4% for maize cultivation and 6
to 10% for potatoes by 2050), and additional restrictions due to
increases in crop-related nitrate leaching [12.5.7].Winter heating
demands are expected to decrease and summer cooling demands
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Figure TS-13. Characteristics of the summer 2003 heatwave: (a) JJA
temperature anomaly with respect to 1961-1990; (b-d) June, July,
August temperatures for Switzerland; (b) observed during 1864-2003;
(c) simulated using a regional climate model for the period 1961-1990;
(d) simulated for 2071-2100 under the SRES A2 scenario. The vertical
bars in panels (b-d) represent mean summer surface temperature for
each year of the time period considered; the fitted Gaussian
distribution is indicated in black. [F12.4]

Augmentation du nombre d’extrêmes 
météorologiques

Températures d’été en Suisse
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Table notes: 
a See Table 3.7 for further details regarding definitions.
b See Table TS.4, Box TS.5 and Table 9.4.
c Decreased frequency of cold days and nights (coldest 10%).
d Warming of the most extreme days and nights each year.
e Increased frequency of hot days and nights (hottest 10%).
f Magnitude of anthropogenic contributions not assessed. Attribution for these phenomena based on expert judgement rather than formal attribution 

studies. 
g Extreme high sea level depends on average sea level and on regional weather systems. It is defined here as the highest 1% of hourly values of ob-

served sea level at a station for a given reference period. 
h Changes in observed extreme high sea level closely follow the changes in average sea level.  {5.5} It is very likely that anthropogenic activity contributed 

to a rise in average sea level.  {9.5} 
i In all scenarios, the projected global average sea level at 2100 is higher than in the reference period.  {10.6} The effect of changes in regional weather 

systems on sea level extremes has not been assessed.

• Mid-latitude westerly winds have strengthened in both 

hemispheres since the 1960s.  {3.5}

• More intense and longer droughts have been observed 

over wider areas since the 1970s, particularly in the 

tropics and subtropics. Increased drying linked with 

higher temperatures and decreased precipitation has 

contributed to changes in drought. Changes in sea 

surface temperatures, wind patterns and decreased 

snowpack and snow cover have also been linked to 

droughts.  {3.3}

• The frequency of heavy precipitation events has 

increased over most land areas, consistent with warming 

and observed increases of atmospheric water vapour.  

{3.8, 3.9}

• Widespread changes in extreme temperatures have been 

observed over the last 50 years. Cold days, cold nights 

and frost have become less frequent, while hot days, 

hot nights and heat waves have become more frequent 

(see Table SPM.2).  {3.8}

Table SPM.2. Recent trends, assessment of human influence on the trend and projections for extreme weather events for which there 
is an observed late-20th century trend.  {Tables 3.7, 3.8, 9.4; Sections 3.8, 5.5, 9.7, 11.2–11.9}

  Likelihood that trend Likelihood of a Likelihood of future trends
 Phenomenona and occurred in late 20th human contribution based on projections for 
 direction of trend century (typically to observed trendb 21st century using 
  post 1960)  SRES scenarios

 Warmer and fewer cold 
 days and nights over Very likelyc Likelyd Virtually certaind 
 most land areas 

 Warmer and more frequent 
 hot days and nights over Very likelye Likely (nights)d Virtually certaind 
 most land areas 

 Warm spells/heat waves. 
 Frequency increases over Likely More likely than notf Very likely 
 most land areas 

 Heavy precipitation events. 
 Frequency (or proportion of 

Likely More likely than notf Very likely
 

 total rainfall from heavy falls) 
 increases over most areas  

 Area affected by Likely in many 
More likely than not Likely

 
 droughts increases regions since 1970s 

 Intense tropical cyclone Likely in some 
More likely than notf Likely

 
 activity increases regions since 1970 

 Increased incidence of 
 extreme high sea level Likely More likely than notf,h Likelyi 
 (excludes tsunamis)g

 

Les extrêmes observés et attendus
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For the B1 constant composition commitment run, the 

additional warming after 100 years is also about 0.5°C, and 

roughly the same for the A1B constant composition commitment 

(Supplementary Material, Figure S10.3). These new results 

quantify what was postulated in the TAR in that the warming 

commitment after stabilising concentrations is about 0.5°C 

for the first century, and considerably smaller after that, with 

most of the warming commitment occurring in the first several 

decades of the 22nd century.

Constant composition precipitation commitment for the 

multi-model ensemble average is about 1.1% by 2100 for the 

20th-century constant composition commitment experiment, 

and for the B1 constant composition commitment experiment it 

is 0.8% by 2200 and 1.5% by 2300, while for the A1B constant 

composition commitment experiment it is 1.5% by 2200 and 

2% by 2300. 

 The patterns of change in temperature in the B1 and A1B 

experiments, relative to the pre-industrial period, do not change 

greatly after stabilisation (Table 10.5). Even the 20th-century 

stabilisation case warms with some similarity to the A1B pattern 

(Table 10.5). However, there is some contrast in the land and 

ocean warming rates, as seen from Figure 10.6. Mid- and low-

latitude land warms at rates closer to the global mean of that of 

A1B, while high-latitude ocean warming is larger.

10.7.2 Climate Change Commitment to Year 3000 
and Beyond to Equilibrium

Earth System Models of Intermediate Complexity are used 

to extend the projections for a scenario that follows A1B to 

2100 and then keeps atmospheric composition, and hence 

radiative forcing, constant to the year 3000 (see Figure 10.34). 

By 2100, the projected warming is between 1.2°C and 4.1°C, 

similar to the range projected by AOGCMs. A large constant 

composition temperature and sea level commitment is evident 

in the simulations and is slowly realised over coming centuries. 

By the year 3000, the warming range is 1.9°C to 5.6°C. While 

surface temperatures approach equilibrium relatively quickly, 

sea level continues to rise for many centuries.

Five of these EMICs include interactive representations of 

the marine and terrestrial carbon cycle and, therefore, can be 

used to assess carbon cycle-climate feedbacks and effects of 

Figure 10.34. (a) Atmospheric CO2, (b) global mean surface warming, (c) sea level rise from thermal expansion and (d) Atlantic meridional overturning circulation (MOC) 
calculated by eight EMICs for the SRES A1B scenario and stable radiative forcing after 2100, showing long-term commitment after stabilisation. Coloured lines are results 
from EMICs, grey lines indicate AOGCM results where available for comparison. Anomalies in (b) and (c) are given relative to the year 2000. Vertical bars indicate ±2 standard 
deviation uncertainties due to ocean parameter perturbations in the C-GOLDSTEIN model. The MOC shuts down in the BERN2.5CC model, leading to an additional contribution to 
sea level rise. Individual EMICs (see Table 8.3 for model details) treat the effect from non-CO2 greenhouse gases and the direct and indirect aerosol effects on radiative forcing 
differently. Despite similar atmospheric CO2 concentrations, radiative forcing among EMICs can thus differ within the uncertainty ranges currently available for present-day 
radiative forcing (see Chapter 2).

L’inertie du système climatique



« Certitudes »

! Les gaz à effet de serre d’origine humaine vont 
continuer à réchauffer le climat global

! Même les modèles “optimistes” montrent un 
réchauffement sans précédent au cours des 100.000 
dernières années

! L’inertie du système est grande, en particulier pour le 
niveau des mers

! Un stabilisation du climat requiert importantes 
réductions des émissions



Incertitudes

! Microphysique des nuages

! Aérosols

! Interactions biosphère-atmosphère

! Stabilité de la circulation océanique

! Distribution des effets sur les pluies

! Fréquence & intensité des événements extrêmes



Quels sont les surprises qui peuvent 
nous attendre?

! Stabilité des calottes glaciaires

! Arrêt de la circulation 
thermohaline

Source: site du NCAO



Les impacts des changements 
climatiques

Source (sauf indication contraire): 
- Rapport GIEC (2007)



Observations des impacts
Sur la base des faits observés sur tous les continents et dans la plupart des océans, 
on conclut que de nombreux systèmes naturels sont touchés par les changements 
climatiques régionaux, particulièrement les augmentations de température.

Les systèmes naturels touchés sont notamment:

! les glaciers

! les récifs coralliens et atolls

! les palétuviers

! les forêts boréales et tropicales

! les écosystèmes polaires & alpins

! les zones de prairies humides

!  les pâturages naturels résiduels



Argentières, 1850 Le Roy Ladurie



Argentières, 1966 Le Roy Ladurie



Argentières, 2006 Christ Naert



Les changements climatiques 
apporteront des avantages ...
Augmentation des rendements potentiels des cultures dans 
certaines régions de latitudes moyennes pour des augmentations de 
températures inférieures à 2-3°C

Augmentation potentielle de l’offre mondiale de bois provenant de 
forêts gérées de manière appropriée

Augmentation de la disponibilité de l’eau pour les populations dans 
certaines régions où elle est rare, par exemple dans certaines parties 
du sud-est asiatique

Mortalité hivernale réduite aux latitudes moyennes et élevées

Réduction de la demande d’énergie pour le chauffage suite aux 
températures d’hiver plus élevées



... mais aussi des inconvénients

Diminution générale des rendements potentiels des cultures dans la 
plupart des régions tropicales et sous-tropicales

Réduction de la disponibilité de l’eau pour les populations dans de 
nombreuses régions où elle est rare (spécialement : régions sous-
tropicales)

Augmentation du nombre de personnes exposées à des maladies 
telles que la malaria ou le choléra, et augmentation de la mortalité 
due au stress thermique

Augmentation très répandue du risque d’inondations pour de 
nombreux établissements humains, suite à l’augmentation des 
phénomènes de précipitations intenses et à celle du niveau des océans



Exemple: Nombre de 

décès à Paris (2003)

among the elderly and outdoor workers (Chaudhury et al., 2000)
(see Section 8.2.9). The mortality figures probably refer to
reported deaths from heatstroke and are therefore an
underestimate of the total impact of these events.

8.2.1.2 Cold-waves
Cold-waves continue to be a problem in northern latitudes,

where very low temperatures can be reached in a few hours and

extend over long periods. Accidental cold exposure occurs
mainly outdoors, among socially deprived people (alcoholics,
the homeless), workers, and the elderly in temperate and cold
climates (Ranhoff, 2000). Living in cold environments in polar
regions is associated with a range of chronic conditions in the
non-indigenous population (Sorogin et al, 1993) as well as with
acute risk from frostbite and hypothermia (Hassi et al., 2005). In
countries with populations well adapted to cold conditions, cold-

Chapter 8 Human Health
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Box 8.1. The European heatwave 2003: impacts and adaptation

In August 2003, a heatwave in France caused more than 14,800 deaths (Figure 8.2). Belgium, the Czech Republic, Germany,
Italy, Portugal, Spain, Switzerland, the Netherlands and the UK all reported excess mortality during the heatwave period, with
total deaths in the range of 35,000 (Hemon and Jougla, 2004; Martinez-Navarro et al., 2004; Michelozzi et al., 2004;
Vandentorren et al., 2004; Conti et al., 2005; Grize et al., 2005; Johnson et al., 2005). In France, around 60% of the heatwave
deaths occurred in persons aged 75 and over (Hemon and Jougla, 2004). Other harmful exposures were also caused or
exacerbated by the extreme weather, such as outdoor air pollutants (tropospheric ozone and particulate matter) (EEA, 2003),
and pollution from forest fires.

Figure 8.2. (a) The distribution of excess mortality in France from 1 to 15 August 2003, by region, compared with the previous three years
(INVS, 2003); (b) the increase in daily mortality in Paris during the heatwave in early August (Vandentorren and Empereur-Bissonnet, 2005).

A French parliamentary inquiry concluded that the health impact was ‘unforeseen’, surveillance for heatwave deaths was
inadequate, and the limited public-health response was due to a lack of experts, limited strength of public-health agencies,
and poor exchange of information between public organisations (Lagadec, 2004; Sénat, 2004).

In 2004, the French authorities implemented local and national action plans that included heat health-warning systems, health
and environmental surveillance, re-evaluation of care of the elderly, and structural improvements to residential institutions (such
as adding a cool room) (Laaidi et al., 2004; Michelon et al., 2005). Across Europe, many other governments (local and national)
have implemented heat health-prevention plans (Michelozzi et al., 2005; WHO Regional Office for Europe, 2006).

Since the observed higher frequency of heatwaves is likely to have occurred due to human influence on the climate system
(Hegerl et al., 2007), the excess deaths of the 2003 heatwave in Europe are likely to be linked to climate change.

(a) (b)

Exemple: décès à Paris (2006)
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Impacts 
dans 
différents 
secteurs



Les deltas les plus vulnérables

(e.g., in deltas and megadeltas) uninhabitable by 2100 [6.6.3].
Effective adaptation to climate change can be integrated with
wider coastal management, reducing implementation costs among
other benefits [6.6.1.3].

The unavoidability of sea-level rise, even in the longer term,
frequently conflicts with present-day human development
patterns and trends (high confidence).
Sea-level rise has substantial inertia and will continue beyond
2100 for many centuries [WG1 AR4 Chapter 10]. Breakdown
of the West Antarctic and/or Greenland ice sheets would make
this long-term rise significantly larger. For Greenland, the
temperature threshold for breakdown is estimated to be about
1.1 to 3.8°C above today’s global average temperature. This is
likely to happen by 2100 under the A1B scenario [WG1 AR4
Chapter 10]. This questions both the long-term viability of many
coastal settlements and infrastructure (e.g., nuclear power
stations) across the globe and the current trend of increasing
human use of the coastal zone, including a significant coastward
migration. This issue presents a challenge for long-term coastal
spatial planning. Stabilisation of climate is likely to reduce the
risks of ice sheet breakdown, and reduce but not stop sea-level
rise due to thermal expansion [B6.6]. Hence, since the IPCC
Third Assessment it has become virtually certain that the most
appropriate response to sea-level rise for coastal areas is a
combination of adaptation to deal with the inevitable rise, and
mitigation to limit the long-term rise to a manageable level
[6.6.5, 6.7].

Industry, settlement and society

Virtually all of the world’s people live in settlements, and many
depend on industry, services and infrastructure for jobs, well-
being and mobility. For these people, climate change adds a new
challenge in assuring sustainable development for societies

across the globe. Impacts associated with this challenge will be
determined mainly by trends in human systems in future decades
as climate conditions exacerbate or ameliorate stresses
associated with non-climate systems [7.1.1, 7.4, 7.6, 7.7].

Inherent uncertainties in predicting the path of technological and
institutional change and trends in socio-economic development
over a period of many decades limit the potential to project
future prospects for industry, settlements and society involving
considerable climate change from prospects involving relatively
little climate change. In many cases, therefore, research to date
has tended to focus on vulnerabilities to impacts rather than on
projections of impacts of change, saying more about what could
happen than about what is expected to happen [7.4].

Key vulnerabilities of industry, settlements and society are most
often related to (i) climate phenomena that exceed thresholds
for adaptation, related to the rate and magnitude of climate
change, particularly extreme weather events and/or abrupt
climate change, and (ii) limited access to resources (financial,
human, institutional) to cope, rooted in issues of development
context (see Table TS.1) [7.4.1, 7.4.3, 7.6, 7.7].

Findings about the context for assessing vulnerabilities are as
follows.

Climate change vulnerabilities of industry, settlement and
society are mainly to extreme weather events rather than to
gradual climate change, although gradual changes can be
associated with thresholds beyond which impacts become
significant (high confidence).
The significance of gradual climate change, e.g., increases in
the mean temperature, lies mainly in variability and volatility,
including changes in the intensity and frequency of extreme
events [7.2, 7.4].

Technical Summary
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Figure TS.8. Relative vulnerability of coastal deltas as indicated by estimates of the population potentially displaced by current sea-level trends to
2050 (extreme >1 million; high 1 million to 50,000; medium 50,000 to 5,000) [B6.3]. Climate change would exacerbate these impacts.Many millions more people are projected to be flooded every year 

due to sea-level rise by the 2080s. Those densely-populated and 
low-lying areas where adaptive capacity is relatively low, and 
which already face other challenges such as tropical storms or 
local coastal subsidence, are especially at risk. The numbers 

affected will be largest in the mega-deltas of Asia and Africa while 
small islands are especially vulnerable. 



Mesures d’adaptations

L'adaptation sera nécessaire pour répondre aux impacts résultant du 
réchauffement déjà inévitable en raison des émissions passées. 

Les mesures d'adaptations comprennent: 

! des mesures technologiques (protections côtières) 

! des changements de comportements (changement des choix de 
produits alimentaires et des activités récréatives) 

! des changements dans la gestion (changements de pratiques 
d'exploitation agricole) 

! des mesures politiques (planification)



Moyens d’atténuer les 
changements climatiques

Source (sauf indication contraire): 
- Rapport GIEC (2007)



Responsabilités
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Figure SPM 3a:  Year 2004 distribution of regional per capita GHG 

emissions (all Kyoto gases, including those from land-use) over the 

population of different country groupings. The percentages in the bars 

indicate a regions share in global GHG emissions [Figure 1.4a].   

Figure SPM 3b: Year 2004 distribution of regional GHG emissions 

(all Kyoto gases, including those from land-use) per US$ of GDPppp 

over the GDPppp of different country groupings. The percentages in 

the bars indicate a regions share in global GHG emissions [Figure 

1.4b]. 
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Figure SPM 7:  Emissions pathways of mitigation scenarios for alternative categories of 

stabilization levels (Category I to VI as defined in the box in each panel). The pathways are 

for CO2 emissions only. Light brown shaded areas give the CO2 emissions for the post-TAR 5 

emissions scenarios.  Green shaded areas depict the range of more than 80 TAR 

stabilization scenarios. Base year emissions may differ between models due to differences in 

sector and industry coverage. To reach the lower stabilization levels some scenarios deploy 

removal of CO2 from the atmosphere (negative emissions) using technologies such as 

biomass energy production utilizing carbon capture and storage. [Figure 3.17] 10 

 

 

rose: scénarios 
du 4ème rapport

vert: scénarios 
du 3ème rapport
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Figure SPM 8:  Stabilization scenario categories as reported in Figure SPM.7 (coloured 

bands) and their relationship to equilibrium global mean temperature change above pre-

industrial, using (i) “best estimate” climate sensitivity of 3°C (black line in middle of 5 

shaded area),  (ii) upper bound of likely range of climate sensitivity of 4.5°C (red line at top 

of shaded area) (iii) lower bound of likely range of climate sensitivity of 2°C (blue line at 

bottom of shaded area). Coloured shading shows the concentration bands for stabilization 

of greenhouse gases in the atmosphere corresponding to the stabilization scenario 

categories I to VI as indicated in Figure SPM.7. The data are drawn from AR4 WGI, 10 

Chapter 10.8. 

 

19. The range of stabilization levels assessed can be achieved by deployment of a 

portfolio of technologies that are currently available and those that are expected to 

be commercialised in coming decades. This assumes that appropriate and effective 15 

incentives are in place for development, acquisition, deployment and diffusion of 

technologies and for addressing related barriers (high agreement, much evidence). 

! The contribution of different technologies to emission reductions required for 

stabilization will vary over time, region and stabilization level.  

o Energy efficiency plays a key role across many scenarios for most regions 20 

and timescales.  

o For lower stabilization levels, scenarios put more emphasis on the use of 

low-carbon energy sources, such as renewable energy and nuclear power, 

and the use of CO2 capture and storage (CCS). In these scenarios 

improvements of carbon intensity of energy supply and the whole 25 

economy need to be much faster than in the past.  

o Including non-CO2 and CO2 land-use and forestry mitigation options 

provides greater flexibility and cost-effectiveness for achieving 

stabilization. Modern bioenergy could contribute substantially to the share 

of renewable energy in the mitigation portfolio.  30 

o For illustrative examples of portfolios of mitigation options, see figure 

SPM.9 [3.3, 3.4]. 

Afin d’atteindre le but de la Commission Européenne (2°C) il faut 
que les émissions sont réduites de façon considérable dans les 

prochaines années

sensibilité climatique:
- ligne rouge: 4.5°C

-ligne noire: 3°C
-ligne bleue: 2.5°C



Moyens de mitigations
En parallèle avec des changements de mode de vie, les 

technologies et politiques connues sont capable de réduire 
les émissions de gaz à effet de serre à des coûts raisonnables, 

mais des politiques effectives, incluant un prix du carbone 
effectif sont requis

Summary for Policymakers 
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(potential at 
<US$100/tC
O2-eq: 2.4 - 
4.7 Gt CO2-
eq/yr) 

(potential 
at 
<US$100
/tCO2-eq: 
1.6 - 2.5 

(potential 
at 
<US$100
/tCO2-eq: 
5.3 -6.7 

(potential 
at 
<US$100/
tCO2-eq: 
2.5 - 5.5 

(potential 
at 
<US$100/t
CO2-eq: 
2.3  -6.4 

(potential 
at 
<US$100
/tCO2-eq: 
1.3 - 4.2 

(potential 
at 
<US$100
/tCO2-eq: 
0.4 - 1 Gt 

Figure SPM 6: Estimated sectoral economic potential for global mitigation for different 

regions as a function of carbon price in 2030 from bottom-up studies, compared to the 

respective baselines assumed in the sector assessments. A full explanation of the derivation 

of this figure is found in 11.3. 

 

Notes: 

1. The ranges for global economic potentials as assessed in each sector are shown by 

vertical lines. The ranges are based on end-use allocations of emissions, meaning that 

emissions of electricity use are counted towards the end-use sectors and not to the 

energy supply sector. 

2. The estimated potentials have been constrained by the availability of studies particularly 

at high carbon price levels. 

3. . Sectors used different baselines. For industry the SRES B2 baseline was taken, for 

energy supply and transport the WEO 2004 baseline was used; the building sector is 

based on a baseline in between SRES B2 and A1B; for waste, SRES A1B driving forces 

were used to construct a waste specific baseline, agriculture and forestry used baselines 

that mostly used B2 driving forces. 

4. Only global totals for transport are shown because international aviation is included 

[5.4]. 

5. Categories excluded are: non-CO2 emissions in buildings and transport, part of material 

efficiency options, heat production and cogeneration in energy supply, heavy duty 

vehicles, shipping and high-occupancy passenger transport, most high-cost options for 

buildings, wastewater treatment, emission reduction from coal mines and gas pipelines, 

fluorinated gases from energy supply and transport. The underestimation of the total 

economic potential from these emissions is of the order of 10-15%. 



Quelques exemples

!Energie: Réduction des subventions aux combustibles fossiles

!Transport: Obligation d’économies de carburant et normes en 
CO2 pour le transport routier 

!Bâtiments: Règles de construction et certification 

!Industrie:Permis négociables

!Agriculture: Incitations financières et réglementations pour 
l’amélioration de la gestion des terres

!Gestion des déchets: Incitations et obligations relatives aux 
énergies renouvelables   



Expériences personnelles au 
plénières du GIEC

Participations:
- plénière du groupe de travail 2 pour adopter le 
résumé pour décideurs à Bruxelles (avril 2007)
- plénière du GIEC pour adopter le rapport de 
synthèse du 4ème rapport à Valencia (novembre 2007)



Bruxelles: groupe 
de travail 2



Valencia: rapport 
de synthèse



Le temps qui 
manque toujours ...

Merci pour votre 
attention



Sites web

! www.climate.be/ipcc: Résumés du GIEC en français

! www.ipcc.ch!: IPCC ou GIEC

! www.climate.be/impacts: Impacts en Belgique

! www.climate.be/jcm  : Java Climate model (Ben Mathews)

! www.unfccc.int!: Convention & Protocole

! courriel: andrew.ferrone@uclouvain.be



  

Impacts de l'aviation sur le climat

O3 CH4
(refroidissement car baisse de concentration)

(Emissions par les réacteurs)

(Transformations dans 
le sillage de l'avion)

Traînées de condensation

Réflexion partielle du 
rayonnement solaire entrant

Absorbent une partie du 
rayonnement terrestre 
infrarouge

Effet diurnal net
= 

réchauffement 

 NOx + CxHy + CO2 + H2O + CO + Csuies + SOx
! 

! 

! 

     si air 
supersaturé

Facteur de : réchauffement du climat    refroidissement du climat

cirrus !

Impacts de l'aviation sur le climat



Traînées de condensation

  

Distribution géographique des impacts

Secteur aérien en pleine expansion :  
+ 3 à 5 % par année

Densité de trafic aérien très élevée au 
dessus de l'Europe et en 
particulier du Benelux

! Forçage radiatif au dessus de 
l'Europe du même ordre de 
grandeur que le forçage radiatif 
global actuel.

     Comment protéger le climat ?

     Comment quantifier l'impact
     régional de l'aviation sur 
     le climat en Europe ?? ? 2050 

(BaU)

Source : IPCC, 1999.

Forçage radiatif des traînées de condensation (Wm-2)

1992



Impacts de l’aviation en 
Europe et en Belgique



Changer l’altitude de vol

  

Source : Mannstein, 2006.

Pressure 
(atm)

(K)

Source : mémoire, 2006.

Occurence de supersaturation (%)

altitude
(km)

Augmentation de la température de surface 
suivant l'altitude d'une couche d'ozone

Altitudes où la supersaturation 
est fréquente

Production de l'ozone et son impact

Autres scénarios : projet de recherche belge ABCI sur les solutions 
socio-économiques et techniques du problème (financé par la politique scientifique fédérale)

Ce doctorat : complémentaire à ce projet pour les aspects 3D

Apports du doctorat

Exemple : déterminer l'efficacité d'un changement de l'altitude de croisière

! ! 

vols inter-européens: voler plus bas
Long-courier: voler plus haut



The regional climate model CLM

Non-hydrostatic regional climate model, deriving from the 
Lokal Modell developed at DWD

The model was developed to do:

!  long dynamical nested runs 

!  simulation periods from 1 to 100 years

!  runs with high spatial resolution:

!  50 down to 2 km

 simulations forced continuously by:

!  GCM output

!  meteorological analysis or reanalysis



Features of CLM
Dynamics:

! non-hydrostatic 

! leapfrog time split explicit, 2nd order central diff.

! 3rd order Runch Kutta p‘ T‘, 5th order upwind, vert. implicit 

Initial and Boundary Conditions:

! Davies Lateral Boundary Condition for U, V, W, T, p, SST

! Rayleigh Damping and Rigid Lid at top of atmosphere at 20 hPa 

! Vertically Integrated Ozone, Leave Area Index, Plant Cover, 
Temperature and Water Content of deep soil



Physical parametrisations in CLM
! Soil and vegetation model (TERRA_ML):
! multi (10) layer soil model (15m depth) 
! vertical homogeneous soil type
! 2 vegetation types 
! Veg3D
! prognostic snow density 

Physics:
! Gridscale and Subgridscale clouds 
! Turbulence param. (prognostic TKE, 3D turb. scheme)
! Convection (Kain-Fritsch, Tiedtke) 
! Radiation (Ritter-Geleyn)
! prognostic precipitation (rain, snow, graupel) 
! variable CO2
! Lake model 
! Shadowing effects for radiation



Supersaturation with respect to ice

Relative humidity 
(%)with respect to 
ice at an altitude of 

400 hPa as simulated 
by CLM



DANS LA COLONNE

ATMOSPHERIQUE

• Vecteurs vent
• Humidité
• Nuages
• Température
• Altitude

Echanges

horizontaux entre

colonnes

Echanges verticaux

entre niveaux

A LA SURFACE

•Température

au sol

•Flux d’eau

et d’énergie

Intervalle de temps ~ 30 minutes Résolution ~ 3°x 3°

Les modèles climatiques

Source: McGuffie & Henderson-Sellers (1997)



Evolution des
modèles
au cours 
du temps 
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Chapter 1 Historical Overview of Climate Change Science

Figure 1.2. The complexity of climate models has increased over the last few decades. The additional physics incorporated in the models are shown pictorially by the 
different features of the modelled world. 
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Changements en Europe
Exemple avec un scénario à émissions fortes: 

(température moyenne en été)

17
impacts des changements climatiques en belgique

iv Liée aux différences géographiques de température (thermo) et de salinité (haline), donc de densité de l’eau.

figure 2

Températures observées l’été en 
Europe pour la période 1961-1990 
(à gauche); températures simulées par des
modèles climatiques régionaux pour la
période 2071-2100 (à droite), scénario A2, 
à titre d’exemple (moyenne pour 2
modèles, qui pourraient surestimer les
températures au sud de l’Europe, bien que
d’autres modèles aient produit des
résultats similaires). Source: programme
de recherche SWECLIM, cité par Bernesg.

modèle moyennement sensible à cette augmentation, on
obtient une augmentation de température en surface de
3°C pour la période 1990-2100. Les observations montrent
par ailleurs que la température globale a augmenté de 0,6
(+/- 0,2) °C entre la fin du 19ème et la fin du 20ème siècle. Au
cours des 10.000 dernières années au moins, la tempéra-
ture n’a jamais augmenté aussi vite que ce qui est projeté
pour le futur, et les températures qu’on craint d’atteindre
en 2100 n’ont vraisemblablement pas été atteintes depuis
plusieurs centaines de milliers d’années. 

Une telle évolution ne se limite bien sûr pas aux tempé-
ratures, mais touche l’ensemble du système climatique.
La tendance pour les précipitations est à l’augmentation
en moyenne globale, avec d’importantes disparités selon
les saisons et régions. 

Niveau de la mer

Le niveau des océans est influencé par deux mécanismes: la
dilatation de l’eau de mer par réchauffement et le bilan
de l’accumulation de neige et de la fonte pour les glaciers
de montagne, ainsi que les glaces du Groenland et de
l’Antarctique. Pour le 21ème siècle, la contribution princi-
pale sera vraisemblablement celle du réchauffement
océanique. L’incertitude liée aux modèles est importante;
pour l’ensemble des modèles et scénarios SRES, on obtient
une large gamme d’élévations possibles du niveau moyen
des mers: de 9 à 88 cm pour la période 1990-2100. L’aug-
mentation ne serait pas la même dans toutes les régions
du monde, mais ces disparités semblent modérées et ne
peuvent être estimées de façon fiable pour l’instant. 

Au-delà du 21ème siècle

Ce qui se passera après 2100 dépendra largement des
émissions de gaz à effet de serre jusqu’à cette échéance
et au-delà, en particulier pour le CO2, dont le surplus
introduit dans l’atmosphère persiste longtemps: même
après plusieurs siècles, on trouve encore environ un quart
de cet “excès” de concentration dans l’atmosphère. En
admettant que les concentrations se stabilisent, ce qui
requiert une forte réduction des émissions, la température
continuera d’augmenter lentement en raison du temps
nécessaire au réchauffement en profondeur des océans.

Cette augmentation de température a de fortes chances de
causer la fonte d’une part significative des calottes de
glace du Groenland et de l’Antarctique. Selon un scénario
à long terme qualifié de “moyen” dans le dernier rapport
du GIEC, ceci représenterait une hausse du niveau moyen
des mers de 3 à 6 m sur les 1000 prochaines années. Si
l’on y ajoute 0,5 m pour l’effet des petits glaciers conti-
nentaux, qui auront pratiquement tous disparu à ce
moment, et environ 1,5 m d’élévation due à la dilatation
thermique de l’eau de mer, l’augmentation atteindrait
jusqu’à 8 m en l’an 3000. Et ce n’est pas un scénario
extrême. 

Possibilité de “surprises” majeures

On pense principalement à un changement de la circula-
tion océanique à l’échelle planétaire, aussi appelée circu-
lation thermohaline iv. Le Gulf Stream fait partie de cette
circulation et amène des eaux plus chaudes dans l’Atlan-

                 



Changements climatiques (5b)
Augmentation de température importante dès 2050
A la fin du 21ème sciècle, selon scénarios (CO2) et modèles :
Température:! +2,4! à ! 6,6 °C !en été
Précipitations:!+  6! à! 23  %!en hiver
! ! ! !          0 ! à ! - 50 %!en été
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projections climatiques pour la belgique

figure 3

Moyenne sur un territoire
correspondant
approximativement à la 
Belgique des résultats de 5
modèles climatiques de
circulation généralevi et 2
scénarios SRES (A2 et B2;
simulations réalisées par les
grands centres mondiaux de
modélisation et distribuées par le
GIEC). Valeurs pour la période
2040-2069 (haut) ou 2070-2099
(bas), par rapport à la période
1960-1989. Hiver (à gauche) 
et été (à droite). 
Axe horizontal: variation de
température sur la période; 
axe vertical: variation de
précipitation, en pourcentage de
la valeur pour la période de
référence. Demi-croix en trait
gras: écart-type associé à la
variabilité naturelle d’une
période de 30 ans à une autre
(approximation). Source: UCL,
Institut d’Astronomie et de
Géophysique G. Lemaître4.

v Modèle à plus haute résolution spatiale, spécifique à la région d’intérêt, toujours utilisé en complément de modèles à l’échelle planétaire (dont la résolution est
de quelques centaines de kilomètres).

vi Modèles à l’échelle du globe pour l’ensemble du système climatique (atmosphère, océan, …). 

tique Nord. Or, dans cette région, la circulation thermoha-
line pourrait être freinée par les apports d’eau douce en
surface, dont celles qui proviennent de la fonte de la glace
issue du Groenland.

Pour le 21ème siècle, la plupart des modèles montrent effec-
tivement un ralentissement de la circulation océanique,
mais aucune des projections actuelles ne montre un arrêt
du Gulf Stream avant 2100. L’arrêt de la circulation pour-
rait paradoxalement atténuer le réchauffement à nos lati-
tudes et éventuellement conduire à un refroidissement en
Europe du Nord. On estime aussi qu’un arrêt du Gulf
Stream provoquerait une élévation supplémentaire du
niveau de la Mer du Nord. Le ralentissement projeté n’y
suffit pas, du moins en présence d’un réchauffement à
l’échelle planétaire3. A terme de quelques siècles, les
connaissances actuelles ne permettent pas de quantifier
la probabilité d’arrêt de la circulation thermohaline, mais
ceci pourrait dépendre fortement de l’ampleur et du
rythme d’évolution de nos émissions de gaz à effet de
serre.

Projections climatiques pour la Belgique

Si l’élévation attendue de la température en moyenne
globale est relativement bien connue, il n’en est pas
encore de même pour la distribution régionale des chan-
gements climatiques, en particulier pour ce qui concerne
le cycle hydrologique (pluies et humidité du sol). Toute-
fois, de grandes tendances apparaissent pour nos régions.

Températures et précipitations

La Belgique étant petite à l’échelle des zones climatiques,
il est utile de regarder d’abord l’Europe. La figure 2 com-
pare les températures moyennes en été pour la fin du
20ème siècle à celles que donne un modèle régionalv pour
la fin du 21ème siècle, dans le cas du scénario A2, lequel
suppose des émissions assez élevées. Pour obtenir une
image de la gamme des futurs possibles pour la fin du
siècle, il faudrait analyser un ensemble de modèles et de
scénarios, comme exposé précédemment. Il s’agit donc ici
d’un exemple, qui représente toutefois une des situations

                    



Changements en Belgique

!  Vagues de chaleurs plus fréquentes (1 été comme 2003 
une année sur deux vers 2100)

!  Probablement de pluies plus intenses (toute l’année)
!  Eventuellement plus de tempêtes (à confirmer / 

préciser)
Biodiversité:

! espèces de régions chaudes ! vers le Nord :
! végétales (mousses, algues, ... )
! animales (mollusques, libellules, papillons, fourmis ... )
! espèces de régions froides : 
! réduction, moins évidente pour l’instant 

Balane tropicale à Ostende
! manque d’eau en été, vagues de chaleur
! décalages entre processus biologiques
! apparition d’espèces de zones chaudes -> compétition 

avec les espèces locales (ex. moules)
! Structure des écosystèmes altérée



Changements de # de libellules

! En Belgique

L’analyse des données disponibles depuis 1985 en Flandre
montre que les oiseaux migrateurs arrivent généralement
plus tôt 12. Ce résultat pourrait s’expliquer par des facteurs
climatiques: quelques hivers rudes dans le milieu des
années 1980, puis une augmentation de la fréquence des
hivers doux dans les années 1990, peut-être à mettre en
relation avec l'intensification de l'effet de serre. Par
ailleurs, un lien a été établi entre l'augmentation de la
fréquence des secondes couvées chez différentes popula-
tions de mésanges et l'augmentation des températures
printanières depuis 20 ans, pour six pays européens dont
la Belgique 13. 

! Densité et répartition des espèces

Sept espèces méridionales de libellules (sur un total de
66) ont été recensées de plus en plus régulièrement en
Wallonie (voir figure 4). Aux Pays-Bas et en Grande-Bre-
tagne, on note également une progression vers le nord de
nombreuses espèces d'invertébrés (mollusques, libellules,
fourmis, papillons, etc.). Des observations similaires ont
été faites pour certains oiseaux.

Pour les espèces botaniques, la présence d’une espèce de
cyanobactérie tropicale a été rapportée en Europe tempé-
rée 15; elle pourrait être favorisée par les nouvelles condi-
tions climatiques. Aux Pays-Bas, une progression marquée
d’espèces de plantes à fleurs de régions chaudes a été
mise en évidence 16; 50% de cette augmentation pourrait
résulter d'un effet climatique. En ce qui concerne les
bryophytes et les lichens, la progression des espèces de
régions chaudes a également été observée, mais aussi la
régression des espèces de régions froides17. Enfin, pour les

hépatiques de Belgique, Schumacker (communication
personnelle) enregistre aussi, depuis 1950, la progression
d'espèces thermophiles (7 espèces à caractère atlantique-
subméditerranéen); par contre, il ne détecte pas de
régression de 26 espèces typiques de régions froides
(espèces à caractère boréo-montagnard, voire subarc-
tique-subalpin). 

Tous pays confondus, une analyse de 143 études portant
sur des animaux (invertébrés et vertébrés) et sur diverses
plantes terrestres a montré une évolution dans le sens
attendu en cas de réchauffement pour plus de 80% des
espèces pour lesquelles des changements ont été enregis-
trés 18. L'ensemble de ces travaux donne donc clairement à
penser que les effets des changements climatiques sur la
biodiversité commencent à apparaître. La progression vers
le nord d'espèces thermophiles semble établie, mais la
régression d'espèces de zones froides est moins évidente.
Le GIEC t a confirmé la validité de ces résultats.

Effets à long terme (21ème siècle)

Dans son document “Les changements climatiques et la
biodiversité”, le GIEC o conclut que les changements cli-
matiques, qui ont déjà commencé à influer sur la diver-
sité biologique, exercent une pression supplémentaire sur
celle-ci, et que les risques d’extinction augmenteront
pour de nombreuses espèces déjà vulnérables. Le GIEC t

estime aussi qu’il est bien établi que l’ampleur géogra-
phique des dommages ou des pertes et le nombre des
systèmes affectés augmenteront proportionnellement à
l’ampleur et à la rapidité des changements climatiques
(voir figure 15 dans la partie “coût des impacts clima-
tiques”, page 39).

22
biodiversité

figure 4

Evolution de la température moyenne et de la fréquence
d'espèces méridionales de libellules en Région wallonne.
Source: P. Goffart et R. de Schaetzen 14.

                                      



Evolution, selon une projection 
climatique, de la zone où le 
climat convient au hêtre



Changements en 
Belgique: L’eau

! Hiver: inondations 
! Eté: Secheresses et 

diminution de sa qualité
! Niveau de mers qui monte

34
région côtière

aggravée si le nombre de fortes tempêtes augmentait
comme le montrent certains modèles (mais pas tous).
L’importance de ce dernier facteur est difficile à estimer
vu l’évolution probablement contrastée des vents faibles
et forts, mais le phénomène est quand même préoccu-
pant puisque les fortes tempêtes contribuent à l’érosionxvii,
ainsi qu’au risque d’inondation. En ce qui concerne le
changement climatique, la politique de l’administration
responsable de la protection des côtes (Administratie
Waterwegen en Zeewezen, AWZ) dépend du terme auquel
les décisions prises ont des conséquences: pour le rehaus-
sement des plages, on suit l’évolution, c’est-à-dire qu’il
est considéré comme possible d’ajouter plus de sable
dans le futur, en fonction des besoins. Par contre, quand
il s’agit de constructions telles que des digues, une éléva-
tion du niveau des eaux de 60 cm est prise en compte
pour le 21ème siècle.

Un dernier point important concerne l’estuaire de l’Escaut
et ses affluents sensibles aux marées. Suite aux inonda-
tions de janvier 1976, provoquées par une tempête en Mer
du Nord, a été établi un “Plan Sigma“xviii, dont le but est
de mettre le bassin de l’Escaut maritime à l’abri. Mais les
grandes tempêtes des années 1990 ont montré que le
niveau de sécurité restait insuffisant. Pour améliorer le
niveau de sécurité actuel, une “zone d’inondation
contrôlée” est en cours de préparation (ce sera la trei-
zième) afin de rétablir des surfaces où l’eau peut s’accu-
muler temporairement en cas de très forte marée, dimi-
nuant ainsi la hauteur atteinte. 

Après achèvement des travaux prévus, le niveau de risque
sera, dans les conditions climatiques présentes, de une
inondation sur 350 ans. Pour le futur, l’AWZ fait ici aussi
l’hypothèse d’une hausse du niveau de la mer de 60 cm
à l’horizon 2100. Dans ces conditions, le risque de dépas-
sement d’ici 2050 revient de nouveau à environ 1/70 ans et
à environ 1/25 ans d’ici 2100 (trois fois dans la vie d’un
homme). Pour diminuer le risque tout en tenant compte
du changement climatique, le Plan Sigma est actuelle-
ment en cours d’actualisation. 

Au vu des projections à long terme du niveau de la mer,
qui est une des variables climatiques caractérisées par la
plus longue échelle de temps, il est quasi certain que les
changements climatiques imposeront d’autres travaux
d’adaptation dans le futur, à moins que l’on ne se résigne
à abandonner une partie du territoire à l’océan. Et si on
peut espérer que l’adaptation reste possible encore long-
temps pour les pays aux moyens économiques impor-
tants, il faut se rappeler que beaucoup d’habitants de la
planète n’auront pas cette chance. De plus, malgré l’adaptation,
les milieux naturels parfois uniques des zones côtières
pourraient à terme être fortement dégradés (voir cadre sur
le Zwin).

figure 12

Etendues situées sous le niveau de la mer, qui seraient
inondées en l’absence de protection (en bleu). 
En haut: situation actuelle. 
Au milieu: situation correspondant à une hausse 
de 1 m du niveau de la mer. 
En bas: hausse de 8 m, qui pourrait être atteinte en 
l’an 3000 dans un scénario climatique moyen. 
Source: UCL, Département de Géographie.

xvii Selon Zhang et collaborateurs37, les fortes tempêtes ne sont pas responsables sur le long terme d’un recul des plages, car celles-ci peuvent ensuite se
reconstituer naturellement; toutefois, ce résultat ne s’applique qu’aux plages en équilibre naturel, pouvant au besoin reculer vers l’intérieur des terres pour
atteindre un nouveau profil d’équilibre.

xviii En référence au “plan Delta” pour les Pays-Bas.

+ 1m

Présent

+ 8m

+ 1m
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Table TS.4. Examples of regional impacts [T20.9]. See caption for Table TS.3.

Table TS.3. (cont.) Edges of boxes and placing of text indicate the range of temperature change to which the impacts relate. Arrows between boxes
indicate increasing levels of impacts between estimations. Other arrows indicate trends in impacts. All entries for water stress and flooding represent
the additional impacts of climate change relative to the conditions projected across the range of SRES scenarios A1FI, A2, B1 and B2. Adaptation to
climate change is not included in these estimations. For extinctions, ‘major’ means ~40 to ~70% of assessed species.

The table also shows global temperature changes for selected time periods, relative to 1980-1999, projected for SRES and stabilisation scenarios. To express
the temperature change relative to 1850-1899, add 0.5°C. More detail is provided in Chapter 2 [Box 2.8]. Estimates are for the 2020s, 2050s and 2080s, (the
time periods used by the IPCC Data Distribution Centre and therefore in many impact studies) and for the 2090s. SRES-based projections are shown using
two different approaches. Middle panel: projections from the WGI AR4 SPM based on multiple sources. Best estimates are based on AOGCMs (coloured
dots). Uncertainty ranges, available only for the 2090s, are based on models, observational constraints and expert judgement.Lower panel: best
estimates and uncertainty ranges based on a simple climate model (SCM), also from WGI AR4 (Chapter 10).Upper panel: best estimates and uncertainty
ranges for four CO2-stabilisation scenarios using an SCM. Results are from the TAR because comparable projections for the 21st century are not available in
the AR4. However, estimates of equilibrium warming are reported in the WGI AR4 for CO2-equivalent stabilisation18. Note that equilibrium temperatures
would not be reached until decades or centuries after greenhouse gas stabilisation.

Table TS.3. Sources: 1, 3.4.1; 2, 3.4.1, 3.4.3; 3, 3.5.1; 4, 4.4.11; 5, 4.4.9, 4.4.11, 6.2.5, 6.4.1;6, 4.4.9, 4.4.11, 6.4.1; 7, 4.2.2, 4.4.1, 4.4.4 to 4.4.6, 4.4.10;8, 4.4.1,
4.4.11; 9, 5.4.2; 10, 6.3.2, 6.4.1, 6.4.2; 11, 6.4.1; 12, 6.4.2; 13, 8.4, 8.7; 14, 8.2, 8.4, 8.7; 15, 8.2, 8.4, 8.7; 16, 8.6.1; 17, 19.3.1; 18, 19.3.1, 19.3.5; 19, 19.3.5
Table TS.4. Sources: 1, 9.4.5; 2, 9.4.4; 3, 9.4.1; 4, 10.4.1; 5, 6.4.2; 6, 10.4.2; 7, 11.6; 8, 11.4.12; 9, 11.4.1, 11.4.12; 10, 11.4.1, 11.4.12; 11, 12.4.1; 12,
12.4.7; 13, 13.4.1; 14, 13.2.4; 15, 13.4.3; 16, 14.4.4; 17, 5.4.5, 14.4.4; 18, 14.4.8; 19, 14.4.5; 20, 15.3.4, 21, 15.4.2; 22, 15.3.3; 23, 16.4.7; 24, 16.4.4; 25, 16.4.3
18 Best estimate and likely range of equilibrium warming for seven levels of CO2-equivalent stabilisation from WGI AR4 are: 350 ppm, 1.0°C [0.6–1.4]; 450 ppm, 2.1°C

[1.4–3.1]; 550 ppm, 2.9°C [1.9–4.4]; 650 ppm, 3.6°C [2.4–5.5]; 750 ppm, 4.3°C [2.8–6.4]; 1,000 ppm, 5.5°C [3.7–8.3] and 1,200 ppm, 6.3°C [4.2–9.4].

Impacts 
dans 
différentes 
régions du 
monde



Projectibilité du climat
Lehrstuhl

Umweltmeteorologie

Schwankungsbreite von KlimamittelnSchwankungsbreite von Klimamitteln

Klimavariabilität auf unterschiedlichen Zeitskalen
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