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ARCTIC
AMPLIFICATION

Lots of progress in the last 30

ASIAN years
MONSOONS

BUT relative impact or
importance of the different
factors not understood and
still under debate

"/ Need to deal with : lack of observations
/ .. +difficult for climate model

Pausata et al. 2020
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Fig. 18. Spatial synthesis: global chimate change for the preindustrial period (AD ~ 1700) compared to the MH ( ~6000 cal years BP).
« Long term trends those detailed characteristics/timing still Wanner et al. 2008

need refinements
« Response to insolation forcing? Annual, seasonal Internal
variability? Role of ocean, ice, vegetation, dust.... Feedbacks?



Lake status
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+ much wetter
+ wetter

o no change
- drier

=~ much drier

Kohfeld and Harrison, 2000
@PMIP2 https://pmip2.Isce.ipsl.fr/synth/lakestatus.shtml



(c) Reconstructed 0 k, where 6 ka data exists in each model grid cell
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https://researchdata.reading.ac.uk/view/creators/Harrison=3ASandy=3A=3A.html
https://doi.org/10.17864/1947.99
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Reconstruction precipitation and temperature
see Bartlein et al. 2011

PMIP3 simulations

See AR4 chap. 9
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Brierley et al. 2020
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- Test climate response to insolation (Earth’s orbit) and trace gases
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Computing time : PRACE TRHOL Project + GENCI allocation on curie at TGCC (~20Mh)



Earth System model : ex IPSL

>Atmosphere (LMDZ)-2°0cean (NEMO)-sea-ice

(LIM) et land surface (ORCHIDEE)

>Qcean and land carbone cycle, (dynamical

vegetation)

1
]
[ ]

ESMs
IPSL-CMXx

Paléoclimats anciens et récents, Simulations transitoires courtes,

Codt calcul élevé (moyens nationaux)

Paléoclimats Quaternaire, Simulations transitoires longues,
Co(t calcul faible (clusters locaux)

Tous les paléoclimats, Etude de processus oscillatoires,
Codt calcul négligeable (poste de travail)

broxies simulés: 4180, d13C, pCO2, eps-Nd

| ey

‘ «

Calottes glaciaires
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Modeles en boites

MEP, modeles conceptuels

@Pierre Sepulchre

Application extra-paléoclimatiques :
« Cycles biogéochimiques a long-terme
« Distribution d'espéces (e.g. Maxent)

« Biodiversité (e.g. RPANDA, GEN3SIS)
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Using Foam model: Atmosphere resolution 7°x4.8°x18L
+ LPJ for dynamical vegetation
Ocean 1.4°x2.8°x32L
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Strt from Brovkin et al. 1‘.395

Pg(V) = Py(t) + DgV

Add noise to account for variability

P(V,t) = max{Pg(V) + Py(t),0}
Simulations : vary Pd and V to mimic insolation

Strong coupling D, =150 mm/yr

P equilibrium precipitaiton

P, : background precipitation
V vegetation

Dg : vegetation feedback

P: variability represented as a

stochastic forcing

weak coupling D, = 150 mm/yr
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PMIP3 simulations (5 models): mid-Holocene (6ka)
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. Two versions of the IPSL model : differences only in atm physics.
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Role or control simulation : not only vegetation or surface modeling but also
Location of ITCZ, precipitation /convective regimes, soil moisture in semi-arid
area, description of surface vegetation in model gridbox, model tuning....

Braconnot and Kageyama, 2015



Model underestimate northward
shift
« Ocean and vegetation feedback
needed
But also other factor to consider : soil
moisture, lakes, dust, soil

composition, resolution

IPSL-CM2 Precupltatlon changes (mmlyr) over Afrlca IPSL ooupled sumulauons
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Adapted from Joussaume et al 1999 and Braconnot et al. 1999



CCA °1 TS

r=0.99

)

o Tropical ocean colder in spring : |mpact on troplcs/extra troplcs and land/sea gradients (T,
slp, moist static energy)

CCA °1 PR 75.6 r=0.99

(mm/day)
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Ensemble Mean of 8 models

Zhao et al. 2007,
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Ocean SST dipole favouring humidity transport into African monsoon region + warmer NH in
Autumn maintain “summer anomalies” and delay monsoon withdrawal
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Still a need to develop mode-data comparisons to fully assess model results
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28.5%

e Drying from 6k to 2k. Different time
scales for variability, including large
events.
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Aquatic ecosystem indicators
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Projet ANR SAHELP —AM Lézine coord, Lezine et al. 2011.
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Hydrological
evolution infered
from numer of dated
sites within 1000 year
windows

Lezine et al; QSR, 2011
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Synthesis when considering the different taxa

Sahelian types: ™.

Limit monsoon effec¢
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Longitude Chronologie (ans BP)

Dry tropical
elements

T n T
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Watrin et al 2009



Stadard model
version
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« Trends in variability only in 2-20 year band !
« Possible to isolate variability pattern associated to the trend
part of the pattern common to the 2 simulations

- Teleconnection Atlantic/Mediterranean (Africa)

. N N N N N N N N N NS NS -
b. West Africa ,‘;? ‘_fo ) <& :,;,o <’;*_:b :\"p o}_:» :\,‘p c}_:» % Q
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Braconnot et al, GRL 2019 precipitation Cretat et al. submitted

less effective in maintaining Also found in Awi and MPI simulations



>Modes are different between the two simulations
>No obvious linkage with the long term trend in mean state

Ex Mode 1 Atlantic dipole pattern 2 increase African rainfall

but the other ocean basin are in different states 2> different impact on the
Indian rainfall

TR5AS-VIr01: PC#1 50-500 vs tsol_oce 50-500 TR6AV-Sr02: PC#1 50-500 vs tsol_oce 50-500

Future research direction : Role of centennial to millennium variability??

Braconnot et al. GRL2019



v New simulations transient simulations with dynamical vegetation in
better agreement with observations in different modeling groups :
Dallmeyer et al, 2020, 2021, Hoptcroft and Valdes 2022, Thomson 2022

v. New simulations with and without dynamical vegetation with the

IPSLCM6 model (ongoing)

Décrochement de la circulation «
thermohaline

Version standard
Version avec vegetation dynamique
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Evolution total vegetation, forest limit and Sahelian type region

Total vegetation cover

- Sahelian region
Precipitation = 200 to 400 mm/yr from 6000 BP to 5900 BP %

Total vegetation
5% and 10% limits el

Total forest
10%, 50% and 80% limits

20°N —

10°N —

IPSLCM6 with dynamical
vegetation : ongoing work
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« Revival of the questions of the AHP around the transient simulations

e EU-TIPESM project (starting January 2024) : analyses of abrupt
changes in vegetation, E/W asymmetry in Africa; linkage with ocean
and variability

« ANR Nilafar (The NILe and AFAR regions: hydrologic changes and
impact on human adaptation in the last 20,000 years)

e Need to develop new types of diagnostics for model-data so as to
answer more targeted questions (resilience, threshold, climate/
environmental events, society)

e Open question on the role of multi-decadal to millennium variability
on key events

« Implications for today’s climate and future changes



