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Supplementary Figure 1 

Comparison of simulated and reconstructed regional climate 

The climate change simulated by MPI-ESM1.2 (black) is compared to the simulation TraCE-21ka1

(grey)  and  to  pollen-independent  temperature  reconstructions,  reconstructions  of  temperature
controlled d18O records (a-e), and precipitation controlled d18O reconstructions (f-j) (red). For (a-
e) differences to 0 ka, for (f-h) differences to 6ka, for (i,j) differences to 12ka are shown. Additional
information on the records including their reference is given in Supplementary  Table 1. The Last
Glacial Maximum period (22 ka - 19 ka, light blue shading), Bølling/Allerød (14.6 ka – 12.9 ka,
light red shading) and the Younger Dryas period (12.9 ka – 11.6 ka, light blue shading) are marked. 



Supplementary Table 1: Information on the proxy records used for regional climate 
evaluation 

Region Location Lat Lon Proxy reference

Central Europe Ammersee 47.1°N 11.02°E Ostracod Von 
Grafenstein et 
al.2

Northeast
China

Hani Bog 42.22°N 126.52°E glycerol 
dialkyl 
glycerol 
tetraether 

Zheng et al.3

Tibetan Plateau Qinghai Lake 36.81°N 100.14°E alkenone Hou et al.4

Eastern 
Beringia

Dempster 
Highway 
Peatland

65.21°N 138.32°W d18O in ice Porter et al.5

Southwestern 
United States

Leviathan 37.89°N 115.58°W Speleothem
d18O

Lachniet et al.6

Middle East Soreq Cave 31.45°N 35.03 °E Speleothem
d18O

Orland et al.7 

East Asian 
monsoon 
region

Lianhua Cave 38.4°N 113.8°E Speleothem
d18O

Dong et al.8

Southern China Dongge Cave 25.28°N 108.08°E Speleothem
d18O

Dykoski et al.9

Southwestern 
United States

Cave of the 
bells

31.75°N 110.75°W Speleothem
d18O

Wagner et al.10

New Mexico Fort Stanton 33.3°N 105.3°W Speleothem
d18O

Asmerom, et 
al.11 



Supplementary Table 2: Gaussian kernel correlation test for the model-data agreement

The similarity between the MPI-ESM1.2 simulation, TraCE-21ka, and the proxy records is 
quantified by testing the similarity of the temporal patterns of the time series with a Gaussian kernel
correlation (GKC). Correlations are calculated for a) the raw time-series and for oribtal- and b) 
millennial-scale temporal patterns which are separated with Gaussian smoothers12 For the millennial
scale, also the p-values are listed (in brackets). Due to the strong deglacial climate trend, the raw 
and orbital time-series have not enough degrees of freedom to calculate p-values. References for the
records are given in Fig.1 or Supplementary Table 1.

a) RAW orbital scale

MPI-ESM & 
TraCE-21ka

MPI-ESM 
& Records

TraCE-21ka 
& Records

MPI-ESM &

TraCE-21ka

MPI-ESM 
& Records

TraCE-21ka 
& Records

T NH (Shakun) 0.96 0.97 0.96 0.98 0.99 0.98

T NH (Osman) 0.96 0.99 0.98 0.98 0.98 0.99

P NH (Cariaco) 0.79 0.53 0.87 0.91 0.67 0.96

T Greenland 0.85 0.81 0.76 0.95 0.87 0.85

P Greenland 0.87 0.96 0.93 0.96 0.99 0.98

T Ammersee 0.76 0.94 0.66 0.92 0.96 0.86

T Hani 0.91 0.62 0.73 0.98 0.76 0.78

T Qinghai 0.97 0.4 0.5 0.99 0.79 0.77

T Dempster 0.44 0.59 0.29 0.57 0.18 -0.18

T Leviathan 0.96 0.96 0.93 0.98 1 0.97

P Soreq 0.21 -0.15 -0.58 0.28 -0.09 -0.78

P Lianhua 0.83 -0.12 0.66 0.87 -0.37 0.88

P Dongge -0.44 0.45 0.02 -0.61 0.67 -0.22

P Cave Bell -0.74 0.72 -0.4 -0.91 0.87 -0.67

P Stanton -0.67 0.71 -0.49 -0.85 0.82 -0.84



b) Millenial scale

MPI-ESM & 
TraCE-21ka

MPI-ESM &
Records

TraCE-21ka 
& Records

T NH (Shakun) 0.52 (0.1) 0.79 (0.01) 0.69 (0.0)

T NH (Osman) 0.52 (0.1) 0.69 (0.0) 0.78 (0.0)

P NH (Cariaco) 0.52 (0.1) 0.5 (0.13) 0.77 (0.02)

T Greenland 0.43 (0.11) 0.48 (0.0) 0.56 (0.0)

P Greenland 0.23 (0.23) 0.68 (0.0) 0.6 (0.01)

T Ammersee 0.28 (0.19) 0.98 (0.0) 0.69 (0.0)

T Hani 0.4 (0.17) 0.33 (0.14) 0.58 (0.02)

T Qinghai 0.71 (0.01) -0.01 (0.45) 0.26 (0.0)

T Dempster 0.29 (0.26) 0.29 (0.01) 0.37 (0.0)

T Leviathan 0.35 (0.18) 0.37 (0.19) 0.09 (0.41)

P Soreq 0.41 (0.07) -0.3 (0.0) 0.03 (0.36)

P Lianhua 0.55 (0.01) 0.48 (0.0) 0.37 (0.0)

P Dongge -0.1 (0.34) 0.22 (0.0) -0.04 (0.26)

P Cave Bell -0.3 (0.18) 0.83 (0.0) -0.68 (0.0)

P Stanton -0.46 (0.07) 0.62 (0.01) -0.31 (0.13)



Supplementary Figure 2.

Record density for the last 22000 years

The temporal and spatial coverage of the records is displayed in form of a) the number of time steps
available for each site (prepared with GMT 5.4.313) and  b) the number of available sites at each
time-step, for the entire region (Northern Hemisphere > 30°N, total) and all individual continents.
The entire analysis period covers 35 potential time steps. During the Holocene, temporal resolution
is 500 years. During the deglaciation, temporal resolution is 1000 years14.



Supplementary Figure 3. 

Climate difference between simulated 0ka time-slice and observations

Difference between the simulated 0ka climate and CRU TS3.10 data15 (climatological  mean of
period 1960-1990),  i.e.  difference in  a) mean temperature of  the warmest  month [K],  b) mean
temperature of the coldest month [K], and  c) annual mean mean precipitation [mm/d]. The maps
have been prepared with the software GMT, version 5.4.313.



Supplementary Figure 4. 

Comparison of pollen-based and non-pollen based moisture reconstructions for Asia

a) Pollen-based and b) non-pollen-based semi-quantitative moisture reconstructions for East Asia16

are compared. Here, past moisture levels are categorized into “much wetter” (dark blue) or “wetter”
(light  blue)  than  at  0ka,  “similar  as”  (grey)  or  “drier  than”  (yellow) at  0ka.  Figure  shows the
percentage of all sites revealing the different moisture categories, respectively.



Supplementary Figure 5

The  agreement  between  the  simulated  global  biome  distribution  and  BIOME6000
reconstructions with respect to other (time-slice) simulations for 21ka, 6ka and 0ka 

Snapshots  of  the  simulated  MPI-ESM  global  biome  distribution  are  compared  to  biome
distributions calculated from other state-of-the art Earth System Model simulations, among them
the PMIP3 simulations17 with dynamic vegetation, taken from Dallmeyer et al.18. Both are evaluated
against BIOME 6000 reconstructions19 for 21ka, 6ka and a potential natural biome assessment for
0ka20. The agreement is displayed in terms of the fractional skill score (fss) for 0ka, and the Best
neighbour score (BNS) for 6ka and 21ka for each individual mega-biome and in total. For details on
the metrics and simulations we refer to Dallmeyer et al.18.
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