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Introduction

Present-day validation

Conclusion
- Our biogeodynamic tool can describe the 

present-day climate in an efficient and 
complete way for the atmosphere, the 
ocean, the vegetation and the cryosphere

- Close to CMIP6 class models and verified
against reanalysis

Good description of 
the main climatic 

components

Multiple climate 
steady state 
exploration

Bifurcation diagram 
construction

- Biogeodynamical: surface processes, biology 
adaptation and climate dynamics à
computationally expensive

- Our tool is in between Earth System Models and 
an intermediate complexity models, thus 
requiring a reasonable amount of CPU time to 
reach a stationary state

Multistability investigation of deep time 
and present Earth's climate.

Figure 1: example of a bifurcation diagram for an 
aquaplanet configuration [3]

- run1 : biogeodynIS-MITgcm 280 ppm against 
CMIP6 1850 – 1880 (detailed)

- run2 : biogeodynIS-MITgcm 360 ppm against 
ERA5/Obs 1979-2009

Sinergia 
project
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Newly developed global-scale ice sheet 
model, based on the shallow-ice 

approximation (SIA) and an improved 
positive degree-day (PDD) method that 

includes a percolation layer for a 
delayed melting at T= 0°C [6]. It is 

directly implemented in the MITgcm 
cubed-sphere grid to avoid 

interpolation errors. Isostasy and lapse-
rate corrections are also included in the 

MITgcmIS python code.
Good agreement with the 

observations with a volume of 
28 x 106 km3(MITgcmIS) against 

31 x 106 km3 (observations).

Correct representation of 
related climatic components, 

such as the Atlantic 
Meridional Overturning 

Circulation (AMOC).
Figure 3: AMOC depth profile at 26.5 °N

The offline coupling is repeated until convergence. It captures the 
general zonal distribution of precipitation and surface air temperature.

Tropical xerophytic 
shrubland

Tropical 
evergreen 

broadleaf forest

Warm 
temperate 
evergreen 
broadleaf

Cold evergreen 
needleleaf forest

Our coupled setup 
provides a good

representation of the 
overall pattern of Net 
Primary Productivity 

(NPP) and the biomes 
distribution, in 
particular the 

Amazonian and the 
Boreal forests and the 

desert.Figure 9: Vegetation map output from the coupling of MITgcm and BIOME4,and the corresponding NPP zonal average

biogeodynIS-MITgcm can run starting from different boundary conditions. This allows us to 
investigate paleoclimates.

Energy is well conserved, and the heat transport is well described at the top of the 
atmosphere and at the ocean surface.

Fs
(Wm-2)

Rt
(Wm-2)

biogeodynIS
-MITgcm

0.0 ± 0.6 0 ± 2  

IPSL-CM6A-
LR

1.4 ± 0.2 0.8 ± 0.3

NorESM2-
LM

0.8 ± 0.6 0.1 ± 0.6

Figure 4: PANALESIS palaeogeographical reconstructions at selected time frames [5]

0 Ma: present-day 125 Ma: Barremian-Aptian boundary 252 Ma: Permian-Triassic boundary 444 Ma: Hirnantian

Table 1: Global average of the energy 
budget at the surface (Fs) and at the top 
of the atmosphere (Rt)

3. pysheds

Figure 6: Map of the hydrological flow from the land points (brown) to the corresponding ocean 
points (light blue)

Our coupled setup provides a good conservation of 
the water mass and a sufficiently good representation 

of the sea ice extent.
E - P

( 10-8kgm-2s-1)
NH sea ice

extent (106 km2)
SH sea ice

extent (106 km2)

biogeodynIS- MITgcm -2 ± 1 9.7 ± 0.1 16 ± 1

IPSL-CM6A - LR -8 ± 9 13 ± 7 12 ± 3

NorESM2 - LM -3 ± 1 11 ± 3 6 ± 3

Table 2: Global average water budget and the hemisphere sea-ice extent

2. PANALESIS

Scan me to vote !

4. BIOME4

Figure 7: Zonal average of the climatological 
annual mean precipitation

Figure 8: Zonal average of the climatological 
annual mean surface air temperature

Figure 7: Climatological annual mean northward water-mass transport

The coupling ensures a 
consistent water-mass 

transport. 

Figure 5: Climatological annual mean of the total (solid) and 
oceanic (dashed) northward heat transport

1. MITgcmIS

Figure 2: Height anomaly map of  BedMachine observations - MITgcmIS
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