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1) Climate simulations may disagree quite strongly.
Use output of several models when possible !



courtesy D. Vinner, CRU

Structure of a General Circulation Model 

Spectral models

Finite-difference models



Improvement in spatial resolution of global climate models

First Assessment 
Report ~1990

Fourth Assessment 
Report ~2007

The spatial resolution of global climate models 
is not totally adequate for local or regional studies



The range of expected climate change
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The weak (missing)  link of present climate models:
land ice dynamics



Greenland topography beneath the ice sheet



Take home message for user of climate model data:

Present global climate models
DO NOT simulate land-ice dynamics

(with very few non-operational exceptions)

Past land-deglatiation, sea-level, coast lines, need to be prescribed 'by hand'

Future sea level rise (land ice contribution)  is estimated by expert knowledge 



Taylor et al., Bulletin of the American Meteor. Soc (2012)

The Climate Model Intercomparison Project 5 simulation scheme:
different modelling groups providing simulations under the same protocol

No transient 
simulations

~ 2013



The CMIP6 simulations scheme
Climate Model Intercomparison Project 

Eyring et al., 2016

~ 2020
No transient 
simulations



Paleo climate simulations in the Climate Model Intercomparison Project 6



External forcings and 'time slice’ simulations in CMIP6
Last Interglacial Last Glacial Maximum Mid-Holocene

Kageyama et al., 2018



The Last Glacial Maximum: Ice Sheets



The Last Glacial Maximum: Ocean bathymetry and land-sea mask
Differences to present day



Simulated temperature at the Last Glacial Maximum
(20 thousand years before present)

Kageyama et al., 2019

Temperature difference 
between LGM and today

Stippling indicates the regions 
where models do NOT agree
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Differences between Last Glacial Maximum and recent temperature
averaged in the west-east direction
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When possible, use data from several models

List of models

Kageyama et al., 2019



Simulated precipitation at the Last Glacial Maximum

Kageyama et al., 2019

Stippling indicates the regions 
where models do NOT agree

Precipitation difference 
between LGM and today



Differences between Last Glacial Maximum and recent precipitation
averaged in the west-east direction

Southern extratropics Tropics Northern extratropics
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The Trace-21ka transient simulations

Ivanovic et al, 2016



A transient Trace21ka simulation: external forcings (prescribed by the researcher)

Insolation at 45N in boreal spring
(example for the whole insolation field)

Atmospheric CO2

Melt Water Flux

North American Ice Sheet

Climate Model : CCSM3

Jiang et al, 2020



Jiang et al, 2020

Example of a transient Trace21ka simulations: westerly winds over Central Asia

All forcings

Only orbital forcing

GHG only



The Holocene conundrum:
reconstructions (and models) disagree

Bader et al, 2020



The Palmod Project - First transient simulation of the Last Glacial Cycle
with an Earth System Model



The Palmod Project : First transient simulation of the Last Glacial Cycle
with an Earth System Model

Objective

Use a state-of-the-art Earth System Model,

With a reasonable spatial resolution ( ~100 km ),

With interactive carbon cycle, terrestrial and marine,

With interactive land-ice (thermo-)dynamics,

With interactive geo-elasticity !!,

with the only external forcing being the orbital forcing,

to simulate the past 130 k years of Earth’s climate



Final thoughts

Earth System Models may help  to  interpret large networks of proxy records in a physically consistent 
manner . Do use the large data sets provided by CMIP5 and CMIP6 !

Different models may, however, provide diverging pictures. Critical stance is always needed

When focusing on small scales ( a few hundreds of km), simulations may be perfectly wrong

This is specially true in regions with complex topography or coastlines

Trust more the large-scale characteristics  a much less the local features 
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