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Supplementary Tables: 

 

Supplementary Table 1: Mean magnitude of biome shifts at 2,250 C.E. relative to pre-industrial (0.1 cal. 

ka BP) in the Northern Hemisphere. Group means represent the average values across all biomes within 

each biome group. 20 
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Supplementary Table 2: Proportion and magnitude of biome shifts at 2,250 C.E. relative to pre-

industrial (0.1 cal. ka BP) in the Northern Hemisphere, by contingency class. Contingency classes are 

defined based on combinations of bioclimatic seasonality and the rate of change in growing season temperature 25 

(see Fig. 4). The proportion of biome shifts is calculated as the number of grid-cells that undergo biome shifts 

divided by the total number of grid-cells in that class in the MPI-ESM simulation. The mean magnitude of 

biome shifts is the average shift magnitude (scale 0–4) for all grid-cells within each class. 
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Supplementary Table 3: Agreement of modern potential natural biomes with the pollen-based 

reconstructions and ESM-based simulations at 0 cal. ka BP globally. The spatial resolution of the modern 

potential natural biomes is 5 arc minutes for the reconstruction and 3.75 degrees for the simulation 

(Supplementary Data 7). 
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Supplementary Table 4: Number and proportion of grid-cells classified as modern potential natural 

biome in the Northern Hemisphere. 
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Supplementary Table 5: Distance matrix of biome shifts used in this study. Higher values indicate a greater 

magnitude of shift in vegetation structure or bioclimatic zone affinity between biome types. 
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Supplementary Figures: 45 

 

Supplementary Fig. 1: Gaussian kernel correlations between compositional turnover and the proportion 

of biome shifts over the last 21,000 years in the Northern Hemisphere, stratified by modern potential 

natural biome distributions. Statistically significant correlations are denoted by one (p < 0.05), two (p < 0.01), 

or three asterisks (p < 0.001). 50 
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Supplementary Fig. 2: Gaussian kernel correlation coefficients between compositional turnover and the 

proportion of biome shifts with simulated bioclimatic variables and their rates of change over the last 

21,000 years in the Northern Hemisphere. Statistical significance is indicated by one (p < 0.05), two 

(p < 0.01), or three asterisks (p < 0.001). 55 
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Supplementary Fig. 3: Temporal dynamics of simulated bioclimatic variables and their rates of change 

over the last 21,000 years in the Northern Hemisphere. Bioclimatic variables are defined following 

O’Donnell and Ignizio1, and clustered hierarchically based on normalized time series. For each timeslice, 

hemispheric values are calculated as the weighted sum of biome-level values, with weights corresponding to 60 

the proportion of each biome in the modern potential natural biome distribution (see Supplementary Table 4). 

Variable values at each timeslice represent medians between adjacent timeslices, while rates of change 

represent relative changes between consecutive timeslices. All time series are normalized to a 0–1 scale. 
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Supplementary Fig. 4: Record density of pollen-based biome reconstructions over the last 21,000 years. 

(a) Spatial distribution of the proportion of 500-year timeslices available for each site globally. The 

background map shows modern potential natural biome distributions, aggregated from modern potential 

natural vegetation at 5-arcminute resolution2,3. (b) Number of available sites at each timeslice over the past 

21,000 years in the Northern Hemisphere, grouped by modern potential natural biome. The y-axis is shown on 70 

a logarithmic scale. 
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Supplementary Fig. 5: Spatial distribution of biomes at 0 cal. ka BP and their agreement with modern 

potential natural biomes. Maps are derived from pollen-based biome reconstructions and ESM-based 75 

simulations. The background shows modern potential natural biomes aggregated from modern potential natural 

vegetation. Spatial resolution is 5 arc minutes for the pollen-based reconstruction and 3.75° for the simulation. 
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