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Extended Data, Figure 1. Spatial concordance of climate velocity predicted under the RCP 8.5 and RCP 2.6 emission mitigation scenarios at pixel (a) and ecoregional 

scales (b). (c) Bivariate linear regression: log(Y) = 0.95 * log(X) −0.37, R2 = 0.85.



 

Extended Data, Figure 2. Global patterns of the joint climate change velocity and land-use instability. (a–c) 

A bivariate choropleth of climate and land-use velocities showing two-dimensional velocity space across the 



globe during 1971–2005, 2015–2050 and 2065–2100 epochs. Climate velocity and land-use instability metrics 

were reclassified into frequency distributions of percentile bins each. 

 

Extended Data, Figure 3. Biome summary of the relationship between climate velocity and land-use 

instability from 1971 to 2100. 

 



 

Extended Data, Figure 4. Distribution of climate velocity and land-use instability within protected areas across terrestrial biomes during the near-future (2015–2050) 

relative to global mean of 1971–2005 baseline.   



Extended Data, Table 1. Correlations between climate velocity, land-use instability, and key characteristics of protected biomes. Abbreviations are ELEV: Elevation in 

meters, SRICH = Vertebrates richness, CDIST = Euclidean distance from the coast (meters), LUI = Land-use instability. 

Biomes  Climate velocity (km yr−1)  Land-use instability (km yr−1) 

LUI ELEV SRICH CDIST ELEV SRICH CDIST 

Deserts and xeric shrublands  −0.50 −0.52* −0.37 −0.06  0.28 0.20 −0.07 

Flooded grasslands and savannas  −0.10 0.23 0.02 0.49***  0.30** 0.14* −0.11 

Mangroves  0.19 0.06 0.07 −0.24  0.12 −0.09 −0.16 

Mediterranean forests, woodlands and scrub  −0.26*** −0.34*** −0.30*** 0.36***  0.20 0.20** −0.07 

Montane grasslands and shrublands  −0.21*** −0.07 0.23*** −0.01  −0.34 0.60*** −0.23 

Taiga and boreal forests  −0.02 −0.66*** −0.11 0.01  −0.03 0.37*** 0.16 

Temperate coniferous forests  0.05** −0.30*** −0.01 0.01  0.05 0.32*** 0.07 

Temperate grasslands, savannas and shrublands  −0.25*** −0.69*** 0.01 −0.12  0.20*** 0.18 0.04 

Temperate mixed forests  −0.19* −0.52*** 0.23** 0.34***  0.14** −0.12 0.19 

Tropical coniferous forests  −0.41* −0.14*** −0.35*** −0.11  −0.22 0.51*** −0.08 

Tropical dry forests  −0.31 −0.38*** −0.10 0.50*  0.02 −0.05 −0.62 

Tropical grasslands, savannas and shrublands  −0.15* −0.19 −0.33*** 0.29**  0.33* 0.51** 0.09 

Tropical moist forests  −0.13* −0.57*** −0.31* 0.542***  0.14** −0.17 −0.02 

Tundra  −0.33* −0.65*** −0.3411 −0.20  0.07 0.56* 0.16 

All PAs  −0.22*** −0.47** −0.04 0.14*  0.07 0.52** 0.08 

 



 

Extended Data, Figure 5. Differences in the distribution of climate velocity (log-scaled) and land-use instability 

(log-scaled) among IUCN management restriction by 2050. Plus sign (+) represents the average.  



 

Extended Data, Figure 6. Sensitivity of land-use instability metric to cropland, managed pasture and urban land-

use (Table S6) predicted under the Representative Concentration Pathway (RCP) 8.5 for the present to near future 

(2005–2050) and presented as changes relative to the baseline period (1971–2005). A bivariate choropleth of 

showing the position of protected areas within a two-dimensional climate velocity and land-use instability exposure 

space across the globe. Numbers within brackets of respective quadrants correspond to the proportion by PA pixels 

within each quadrant by strict management. Legend abbreviations: (BL) slow-moving climate and stable land-use 

(blue shades), (TL) fast-moving climate and stable land-use (green shades), (TR) fast-moving climate and rapidly-

changing land-use (yellow shades), and (BR) slow-moving climate and rapidly-changing land-use velocity (red 

shades). Results of t-test modified for spatial autocorrelations20 showed increased negative association between 

climate velocity and land-use instability (coefficient = −0.30, p < 0.0001). These results also suggested that forest 

recovery trends may compensate for and enhance a range of ecosystem services across the worlds. 

 

 


