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Fig. S1. Variations of Eccentricity, Precession index and Obliquity through the late Eocene to 
early Oligocene (42-30 Ma) from Laskar et al. (49). The closest values to our theoretical orbital 
end-members are spotted by the arrows, maintaining the same color coding as in Table 1. Note that a 
value of 0.06 (-0.06 resp.) of precession in Laskar et al. (49) corresponds to a longitude of the 
perihelion of 90 (270 resp.) in Table 1. 
 
  



 

 

 
 
Fig. S2. Regions of high biome stability. Shaded zones in central map match the biome color coding 
from Fig.1, Fig.4 and Fig.S3 and Fig.S6. Inlets highlight the PFT composition of these regions, 
measured at the locations showed on the map. Each line displays the biome composition of the 
corresponding orbital setting ordered by decreasing summer insolation. The corresponding 
ombrothermic diagrams are also presented. For interpretation purposes, the scale of ombrothermic 
diagram is set to Temperature = 2 Precipitation. When Temperature (full lines, left axis) > 2 
Precipitation (dotted lines, right axis) the month is considered dry. 
  



 

 

  



 

 

Fig. S3. Comparison of the biomes proxy compilation (dots) to the simulated biomes for each  
orbital configuration of the late Eocene.  
  

 
Fig. S4. Evolution of the Jet Stream position over northern America in July depending on  
orbital configuration. For (A) Hot Boreal Low Obliquity configuration and (B) Hot Austral Low  
Obliquity configuration, with monthly precipitations (shaded, in mm) and 500 hPa winds (red  
streamlines). Areas considered for the « Louisiana » site (6) and « Wyoming » site (5) are shown in  
boxes.   
  
  

Plant Functional Type CMMTmin (°C) CMMTmax  (°C) 

Bare Soil - - 
Tropical Broadleaf Evergreen 0 - 
Tropical Broadleaf Raingreen 0 - 
Temperate Needleleaf Evergreen -30 5 
Temperate Broadleaf Evergreen -14 15.5 
Temperate Broadleaf Summergreen - 45 15.5 
Cold Needleleaf Evergreen - 45 - 8 
Cold Broadleaf Summergreen - - 8 
Cold Needleleaf Summergreen - - 8 
C3 grasses - - 

  
Table S1. Plant Functional Types and their main bioclimatic limits.   
CMMTmin = minimum coldest month mean temperature ; CMMTmax = maximum coldest month mean  
temperature  
  
  

  



 

 

Fig. S5. Difference in Mean Annual Temperature and Mean Annual Precipitation between the  
reference Oligocene and Eocene simulations. (A) MAT difference in °C, and (B) MAP difference  
in %. Values are calculated comparing Oligocene (560 ppm) and Eocene (1120 ppm) simulations in  
modern orbital configuration (MOD in Table 1).  
  
  

  
Fig. S6. Comparison of the biomes proxy compilation (symbols) to the simulated biomes for  
each Oligocene orbital configuration. Symbols and color legends are the same as Fig. S3.  
   



 

 

  
Fig. S7. Temporal evolution of the SITIG boreal and austral summer index during the 42-34  
Ma period and probability of occurrence over the period, from Laskar et al. (49). Lines  
overplotted in color correspond to the SITIG value of each of the simulations presented here. During  
boreal summer, the three configurations triggering increased migration of the ITCZ over land in Asia  
are characterized by SITIG values which are met respectively 6 % (HO), 2 % (HALO) and 0 %  
(HBHO) of the time during the whole period. Therefore, although monsoon may not have been the  
dominant mode in this region, it may have occurred and been recorded several times over the late  
Eocene.  
  
  
  
  



 

 

 
Fig. S8. Boundary conditions and stability plots for the fully coupled simulations. (A) 
paleotopography and paleobathymetry and (B) idealized vegetation map prescribed. For (B), color 
coding is: Cold Needleleaf Summergreen (red), Cold Broadleaf Summergreen (cyan), Temperate 
Broadleaf Evergreen + Temperate Broadleaf Summergreen (light green), Bare soil (yellow), C3 
grasses (orange) and Tropical Broadleaved Evergreen + Tropical Broadleaved Raingreen (dark 
green). (C) EOC_MOD oceanic heat content at 5, 500, 1800 and 4750 m and (D) oceanic heat content 
for the orbital simulations at 5 m and 100 m. 
 
  



 

 

 
Fig. S9. Effect of the Dynamic Vegetation mode (EOC_MOD_VD) on different key parameters. 
Vegetation cover (A), MAT (B), MAP (C, D) and latent heat flux (E) compared to the fully coupled 
run using prescribed vegetation (EOC_MOD). Grey areas show regions that remained with less than 
20% of vegetation coverage (ie more than 80% of bare soil) in both simulations. All values are shown 
to 95% confidence. 
  



 

 

 
 
 
Fig. S10. Biomization methodology flowchart after a methodology presented in Dallmeyer et al. 
(72), simplified for this study. 
 
 
  



 

 

 
Biomes from Pound & Salzmann (20) Biomes in this paper 

Tropical evergreen forest 
Tropical Forest (purple) 

Tropical Mangroves, swamps and forest 

Paratropical/subtropical evergreen forest Tropical or warm temperate forest (red/purple) 

Warm-temperate mixed forest 
Warm temperate forest (red) 

Warm-temperate conifer forest 

Temperate mixed forest 
Temperate mixed forest (light green) 

Cool-temperate mixed forest 

Temperate conifer forest Temperate conifer forest (dark green) 

Sclerophyll woodland Woodland (brown) 

Xerophytic shrubland 

Shrubland (pink) Cool-temperate shrubland 

Tundra 

Marsh not attributed 
 
Table S2: Simplification of the biomes from Pound & Salzmann (20). 
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