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[’atmosphere (2): le climat perturbe

Une situation particulicre:

Des perturbations petites par rapport a ce que 1’on sait
mesurer, grande par rapport aux équilibres préindustriels
apparents

Des processus « physiques » complexes sur lesquels les
progres a venir sont incertains

Des aspects locaux difficiles a déterminer sans référence
aux aspects dynamiques



Changes in Greenhouse Gases
from ice-Core and Modern Data
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Northern Hemisphere anomaly (C)
relative to 1961 to 1990

Temperature anomaly (°C wrt 1961-90)

A comparison with recent effects
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Deux ¢éléments de forcage:
- la rotation de la Terre
- les échanges radiatifs avec I’espace
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Anthropogenic
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Integrated Radiative Forcing for Year 2000 Global Emissions
(Weighted by 100-yr and 20-yr time horizons)
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Greenhouse effect also impacts the vertical distribution of
temperatures




Examples
of signals

20th
century
response
to forcing
simulated

by PCM
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Precipitation change (%)

A first lasting problem
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Uncertainty 1s largely associated with some
key feedbacks
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. and a few more (soil mositure, state of vegetation, ...)



Modele de « processus »:

LES
Nuages

: Modeles fonctionnels de vegeétation
Donnees de campagnes Modéles radiatifs ligne a ligne

(in situ, satellitaires)

Etudes en laboratoire

Mesures a grande échelle

Réanalyses, données
satellitaires

EVALUATION \
(AMIP, CMIP, ...

Systématique depuis 1990

Modeéles « réalistes »:

Couplés / Atmospheére seule
Equations primitives / Equations simplifiees
Résolution variable



Des €quations basées sur 1’observation de processus de
echelle, souvent complexes

Mackenzie GEWEX , _
Study (MAGS) Baltic Sea Experiment

‘ (BALTEX)

GEWEX A.mericas,,fv ‘Q GEWEX Asian
>rediction Project (GAPP) Monsogg Sépen’mentf
Large Scale /.
Biosphere-Atmosphere

African Monsoon
Experiment in Amazonia

Multidisciplinary
(LBA) Analysis (AMMA) Project

Murray-Darling Basin
Water Budget (MDB) Project




Rétroaction de la vapeur d’eau

* Un exemple de débat interne a la communauté scientifique
- Consensus « rapide » (1 rapport du GIEC)
- Consensus « argumenté » (3™ rapport du GIEC)

Des implications considérables



Tropical areas offer a strong contrast between temperature
distributions which are rather uniforme, while humidity may
vary drastically
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Normalized greenhouse effect

Normalized greenhouse effect

In (Column water vapor)

CLERA Geographical Variation For Ice—Free Oceans, April 1985
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LW Cloud Radiative Forcing
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Figure 8.15. Sensitivity (in W nm—2 °C-1) of the tropical net cloud radiative forcing (CRF) to SST changes
associated with global warming (simulations in which CO- increases by 1% yr-7). The inset shows the
tropically averaged sensitivity X predicted by 15 AOGCMs used in this report: 7 models predict >~ < 0 and
8 models predict =~ > 0. The main panel compares the CRF sensitivity to SST predicted by the two groups
of models in different regimes of the large-scale tropical circulation (the 500 hPa vertical pressure velocity
is used as a proxy for large-scale motions, with negative values corresponding to large-scale ascending
motions, and positive values to sinking motions). Thick lines and vertical lines represent the mean and the
standard deviation of model sensitivities within each group, dotted lines represent the minimum and maxi-
mum values of model sensitivities within each dynamical regime. The discrepancy between the two groups
of models is greatest in regimes of large-scale subsidence. These regimes, which have a large statistical
weight in the tropics, are primarily covered by boundary-layer clouds. As a result, the spread of tropical
cloud feedbacks among the models (inset) primarily arises from inter-model differences in the radiative re-
sponse of low-level clouds in regimes of large-scale subsidence. Adapted from Bony and Dufresne (2005).






Role de la dynamique

* Fluctuations possibles des cellules de Hadley

e [’influence du changement climatique sur des « modes »
naturels (et observes)
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Fig. 2. Swrength of the winter Hadley cell in the Northern Hemisphere (above, December, January, February) and in the Southern Hemisphere
(below, June, July, August) for the same models as in Fig. 1. This strength is diagnosed through the streamfunction of the zonally averaged flow. The
indicated range represents the simulated interannual variability, and the circle and triangle indicate the displacement of the change of the cell strength
in transient or stabilized warming conditions associated with a CO, doubling.

Intensité des cellules de Hadley en hiver dans l’Hémisphére Nord (en haut, décembre, janvier, février) et dans " Hémisphére Sud (en bas, juin, juillet,
aolit) pour les mémes modéles que la Fig. 1. La fourchette a l'extrémité de chaque barre représente la variabilité interannuelle de chaque modéle,
alors que les cercles et triangles indigquent les variations d'intensité des cellules de Hadley pour un réchauffement associé, respectivement a des
conditions de doublement du CO> atmosphérique transitoires ou stabilisées.

Gastineau, Le Treut, Li,
2008



A second lasting problems: Precipitation changes
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The dynamic link between two cells determines specific scales
(Bellon, Ghil, Le Treut, GRL, 2006)
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Conclusion

Traitement de I’incertitude:
Une part probablement intrinseque
Une part réductible

Quelle attente réelle?



Key impacts as a function of increasing global average temperature change

(Impacts will vary by extent of adaptation, rate of temperature change, and socio-economic pathway)

Global mean annual temperature change relative to 1980-1999 (°C)

Global mean annual temperature change relative to 1980-1999 (°C)

" Significant is defined here as more than 40%.

1 2 3 4 5°C
Increased water availability in moist tropics and high latitudes mm mm mm = e - - - - - - — - ] | 34.1, 343
WATER Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes == == == = |3ES,3.4.1,343
Hundreds of millions of people exposed to increased water Stress mm mm mm - - - - - - - .- . .. | _?_ésgsTsAs, 20.6.2,
Up to 30% of species at Significant” extinctions =g |4.ES, 4.4.11
increasing risk of extinction around the globe
Increased coral bleaching === Most corals bleached Widespread coral mortality == == m= m= m= = o= - - | g‘f""f %46458364i
Terrestrial biosphere tends toward a net carbon source as: 4.ES.T4.1.FE4.2
ECOSYSTEMS ~15% ~40% of ecosystems affected I | Fs 2" o
. ) . 5o . 422,441, 44.4,
Increasing species range shifts and wildfire risk 4.45,44.6,4.4.10,
B4.5
Ecosystem changes due to weakening of the meridional =] | 1035
overturning circulation
Complex, localised negative impacts on small holders, subsistence farmers and fishers mm mm = - - - - - ] |5.ES, 547
Tendencies for cereal productivity Productivity of all 1
it I y of all cereals wm w= g1 |5 ES, 542 F52
FOOD to decrease in low latitudes decreases in low latitudes
Tendencies for some cereal productivity Cereal productivity to
to increase at mid- to high latitudes decrease in some regions 5.ES, 542, F52
Increased damage from floods and STOrMS = e - - - —— o — ] g.E3,6.3.2, 6.4.1,
AIb%UtI 30% ofI A
global coastal mm mm e = - ——— ] 541
COASTS wetlands lost®
Millions more people could experience
S —— == == =] | T6.6, F6.8, TS.B5
coastal flooding each year
Increasing burden from malnutrition, diarrhoeal, cardio-respiratory, and infectious diseases mm mm | ?525"18-{3441’ 8.7
Increased morbidity and mortality from heat waves, floods, and droughts == mm == == == == - - - - - - gfﬁ g.ﬁ%%%.s,
HEALTH T8.3, F8.3
Changed distribution of some disease vectors == mm mm mm mm = m— e —— — —— e ———— BB.éEf, 8.2.8,8.7,
Substantial burden on health services == == = 861
1 2 3 s 5°C

“Based on average rate of sea level rise of 4.2 mm/year from 2000 to 2080.

Figure SPM.2. /llustrative examples of global impacts projected for climate changes (and sea level and atmospheric carbon dioxide where relevant)
associated with different amounts of increase in global average surface temperature in the 21st century [T20.8]. The black lines link impacts, dotted
arrows indicate impacts continuing with increasing temperature. Entries are placed so that the left-hand side of the text indicates the approximate
onset of a given impact. Quantitative entries for water stress and flooding represent the additional impacts of climate change relative to the conditions
projected across the range of Special Report on Emissions Scenarios (SRES) scenarios A1FI, A2, B1 and B2 (see Endbox 3). Adaptation to climate
change is not included in these estimations. All entries are from published studies recorded in the chapters of the Assessment. Sources are given in
the right-hand column of the Table. Confidence levels for all statements are high.

[PCC, WG2




