DIALOGUES

( NSS=

eépasser les frontiéres

aro :

ATIO
CLIMATIQUE
®)GICC

= UNIVERSITE
P PARIS
SU
depass
isTech

Paul Leadley
Laboratoire ESE, Université Paris-Sud, France

C
9
CLIMAT
ENVIRONNEMEN
SOCIETE

Py

L’incertitude dans les modeles d’impact
Les modeles d’écosystemes
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Scenarios of

socioeconomic development pathways
Population growth, fossil fuel use, food demand, etc.

e.g., IPCC SRES scenarios, MA scenarios, GEO4 scenarios
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Projections of direct drivers

Climate change, land-use change, water extraction,

fish harvesting pressure

e.g., Global Climate Models (GCM), IMAGE
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Projections of
impacts on biodiversity

Habitat or
functional group-
level changes

Species-level
changes

| =
e.g., niche models,
species-area

e.g., dynamic
vegetation models,
marine trophic curves, empirical
models dose-response

I relationships

ﬁ

Projections of

impacts on ecosystem
services

Provisioning, regulating,
supporting and cultural
services

e.g., marine trophic model
(food provisioning),
dynamic vegetation models
(carbon sequestration)
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Pereira, Leadley et al.
2010. Science.
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Adaptation — Juin 2012
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Sources of uncertainty

e Socio-economic scenarios
(e.g., IPCC SRES, IPCC RCP, MA, etc.)

e Models of direct drivers (e.g., AOGCMs, RCMs, etc.)

e Models of impacts on ecosystems:
- Lack of understanding of underlying processes
- Hypotheses underlying model formulation
- Mathematical formulation & resolution
- Parameterization
- Choice of indicators
- Surprises
- Feedbacks to drivers
- etc...



Ly
.g\__("r
|1 -

= 4
1

vy |

matique et Evolution

Incertitudes et Adaptatio

e

o

i
Laboratoire d’Ecologie, Systé

L

Understanding and quantifying uncertainty

e Sensitivity analysis

¢ Multi-model & multi-scenario comparison
e Model-data comparison (= ‘validation’)

e Expert assessment (including stakeholders)
* etc...

Examples using climate change impacts on
biodiversity and ecosystem function



Climate change
iImpacts on
biodiversity

¥y uonnjoAd 18 w:c:@EQw\Am a160]0203,p aliojeloge]

m.,aﬁl; ,J__.Ilbullll!l.l:lz J
% NSNc_:%|:o_umuam_ud‘”_mmm_u:u__tmoc_, @“
LS BN Y VEOR ANEREGER ~'8 T TS d LE




Bﬂ -
5
5 g
8 o & 60 -
£ ¥ 2
=c X
& o £ 40 -
© -5 )
£ >
o 9 &
g &z
®© o 20 4
E &
o 1
0 < %%i - % _-—-;
Data SDM GCM GES
Source.of . Data used to Species Climate Socio-
uncertainty construct Distribution Models economic
model Models (3 GCMs) scenarios
(100 (7 SDMs) (4 SRES)

subsamples)

Buisson et al. 2009 Global Change Biology



Validation using contemporary data

Red-backed shrike

A comparison of
observations and niche
models of UK bird
response to contemporary
climate change suggests
that:

1) Model ensembles do
better than individual
models

2) Niche models work
reasonably well for
some species, but not
for others

e Araujo & Rahbek 2006
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Model intercomparison to help quantify uncertainty in
climate change impacts on trees:. Beech

European Beech giomop N-NBM STASH
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Model intercomparison to help quantify uncertainty in
climate change impacts on trees:. Scots pine
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Validation using paleo data

Développement du modele PHENOFIT : Intégration d’une
migration réaliste a grande échelle - Dir. Isabelle Chuine, CEFE

Simulation de la recolonisation post-glaciaire du hétre en Europe
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Outlook 3

Golden toad, Costa Rica,
extinct in the wild since 1989

See Pounds et al. 2006 Nature
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Issues Key sources
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Climate change
iImpacts on
ecosystem

function
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Change in C stored in vegation (2100-current)

Climate change impacts on C storage in the Amazon

c
0

= O
o R
S8
s o
w o
- 2
o5
)

8<1:
5 _15

285" 300" 315° 285" 300" 315° 285" 300" 315°

Percentofm— ——_
current C 1

-100 -80 -60 -40 0

& TRIFFID

O Hyland LPJ
Y- > €01
o ‘= il
c © 0]
S5 C© 20,
Q GEJ o
2 < -
o9 . )
© ; = -100+ 100

’ GEJ i ATFI a2 B1 B2 ATFI az B1 B2

A1Fl A2 B1 B2 Bl FPrecipitation EXA Interactions
I Carbon Dioxide 1 Other Variables
Galbraith et al. 2010 New Phytologist C—1 Humidity = Net Effect

I Temperature



Validation using experiments

Caxiuana National Forest
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Vegetation carbon (kg C m™)
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Climate/vegetation model 1870 1992 Change
EC-EARTH-TESSEL 3.36 (74) 1.54 (34) 1.82 (40)
SPEEDY-LPJmL 3.04 (67) 1.62 (36) 1.42 (31)
IPSL-ORCHIDEE 2.53 (56) 1.26 (28) 1.27 (28)
ARPEGE-ISBA 2.26 (50) 1.13 (25) 1.13 (25) de Noblet-
CCAM-CABLE 1.93 (43) 0.94 (21) 0.99 (22) D dré et al
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ECHAMS-JSBACH 1.65 (36) 1.09 (24) 0.56 (12) 2012 J. Climate



Forward Look
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Models of climate change impacts on biodiversity & ecosystems:
a need for better integration of models and data

Diract observations

Paleoecological records

Climate-envelope models

Empirical and . .
observational I
o Integrated science of
- climate-change
biodiversity assessment
Mechanistic -

Population models

Experimental manipulations

Dawson et al. 2011 Science



A long way to go, but a long way already travelled

Intergovernmental Science-Policy
Platform on Biodiversity and
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