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Figure S1. Comparison of fractional cover percentage averaged across the study area for each 
cover type between modeled simulations and Back in Time (BIT) reference maps  for 2018. Error 
bars for the model simulations represent the standard deviation across 30 Monte Carlo 
simulations run over the historical period (1985-2018). 

 
 
 



Table S1. Shrub fractional cover summarized for the business-as-usual (BAU) and Representative Concentration Pathways (RCP) 8.5 scenarios across 
10 categories in 2018 and 2050. Lower and upper limits are expressed for each management unit, as well as average net change across the study period 
(2018–2050). 

 
Shrub BAU            
 2018 (square kilometers) 2050 Min   2050 Max Mean Change (2018 - 2050)  
% Cover Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty 
1–10 16.1 221.0 117.3 24.6 287.6 220.3 45.8 396.6 291.4 21.2 106.3 133.5 
11–20 397.5 1523.2 1814.0 292.1 1298.1 1497.9 353.5 1427.3 1611.0 −71.1 −145.8 −266.6 
21–30 296.7 425.0 239.2 292.9 427.4 318.2 361.5 511.0 418.5 30.8 44.1 119.4 
31–40 135.8 124.1 35.0 81.3 54.0 12.7 140.1 102.9 61.5 −23.9 −48.2 −13.5 
41–50 42.4 19.4 4.1 54.7 16.1 1.4 88.0 68.2 47.3 33.5 9.8 2.8 
51–60 5.2 0.9 0.1 5.4 0.1 0.0 14.4 54.6 48.5 4.1 4.8 4.7 
61–70 0.8 0.0 0.0 0.5 0.0 0.0 4.7 32.7 45.8 0.9 4.3 4.2 
71–80 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
81–90 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
91–100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

             
Shrub RCP 8.5            
 2018 (square kilometers) 2050 Min   2050 Max Mean Change (2018 − 2050)  
 % Cover Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty 
1–10 16.1 221.0 117.3 28.5 285.5 223.7 43.2 350.9 271.6 18.9 96.9 124.4 
11–20 397.5 1523.2 1814.0 296.6 1316.9 1491.2 347.2 1436.7 1591.4 −70.5 −147.1 −274.1 
21–30 296.7 425.0 239.2 286.7 409.8 319.1 363.5 520.7 442.4 33.5 40.3 125.6 
31–40 135.8 124.1 35.0 97.3 66.9 11.7 128.5 87.7 24.4 −26.4 −46.6 −16.5 
41–50 42.4 19.4 4.1 66.3 20.8 2.0 88.0 67.6 49.5 34.0 14.8 8.8 
51–60 5.2 0.9 0.1 5.8 0.1 0.0 11.5 17.1 6.0 3.6 1.4 1.3 
61–70 0.8 0.0 0.0 1.4 0.0 0.0 8.7 41.7 45.6 2.1 7.7 6.8 
71–80 0.0 0.0 0.0 1.3 8.4 4.3 10.0 62.9 56.1 4.8 32.5 23.7 
81–90 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
91–100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 



 
Table S2. Herbaceous fractional cover summarized for the business-as-usual (BAU) and Representative Concentration Pathways (RCP) 8.5 scenarios 
across 10 categories in 2018 and 2050. Lower and upper limits are expressed for each management unit, as well as average net change across the study 
period (2018–2050). 
 

Herbaceous BAU            
 2018 (square kilometers) 2050 Min   2050 Max Mean Change (2018–2050)  
% Cover Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty 
1–10 100.5 335.3 485.9 197.5 510.4 622.2 285.6 619.7 990.7 149.1 209.4 387.7 
11–20 391.5 1007.9 1246.0 171.5 850.2 732.9 266.8 1024.7 1119.6 −181.0 −69.5 −376.7 
21–30 306.1 798.7 407.7 213.3 466.3 174.1 324.1 620.2 312.5 −46.7 −275.6 −164.1 
31–40 74.5 159.4 63.6 103.0 132.7 135.9 172.9 217.0 251.4 57.9 9.6 123.0 
41–50 17.8 12.6 6.7 23.6 74.0 0.6 83.1 179.7 111.0 20.7 126.1 30.1 
51–60 3.9 1.0 0.0 3.9 1.0 0.0 3.9 1.0 0.0 0.0 0.0 0.0 
61–70 0.5 0.0 0.0 0.5 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 
71–80 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
81–90 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
91–100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

             
Herbaceous RCP 8.5           
 2018 (square kilometers) 2050 Min   2050 Max Mean Change (2018–2050)  
% Cover Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty 
1–10 100.5 335.3 485.9 193.2 483.0 592.7 301.1 603.8 1031.1 146.8 212.9 359.6 
11–20 391.5 1007.9 1246.0 141.5 865.0 725.0 295.4 1039.4 1125.8 −179.0 −77.0 −345.3 
21–30 306.1 798.7 407.7 197.1 462.3 163.6 325.4 614.3 304.4 −46.8 −274.0 −182.0 
31–40 74.5 159.4 63.6 91.1 107.8 135.7 165.0 232.2 273.1 55.8 5.7 132.1 
41–50 17.8 12.6 6.7 18.5 94.6 0.5 85.3 216.5 115.6 23.3 132.3 35.6 
51–60 3.9 1.0 0.0 3.9 1.0 0.0 3.9 1.0 0.0 0.0 0.0 0.0 
61–70 0.5 0.0 0.0 0.5 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 
71–80 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
81–90 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 



91–100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
Table S3. Bare ground fractional cover summarized for the business-as-usual (BAU) and Representative Concentration Pathways (RCP) scenarios 
across 10 categories in 2018 and 2050. Lower and upper limits are expressed for each management unit, as well as average net change across the study 
period (2018–2050). 
 

Bare BAU            
 2018 (square kilometers) 2050 Min   2050 Max Mean Change (2018 - 2050)  
% Cover Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty 
1–10 42.6 15.2 7.4 32.4 17.1 5.3 45.4 37.5 29.3 −4.8 9.7 4.6 
11–20 81.8 81.3 27.3 70.6 53.4 19.5 92.6 81.7 56.5 −2.7 −12.1 6.9 
21–30 98.3 184.4 59.4 116.4 142.1 88.1 140.7 176.7 159.2 31.0 −22.6 58.6 
31–40 176.2 308.1 179.9 173.0 293.8 130.4 203.3 353.8 192.0 13.9 7.9 −14.3 
41–50 224.9 605.1 485.0 194.7 569.7 374.4 220.3 654.8 457.1 −15.0 7.9 −64.5 
51–60 182.5 690.7 923.5 142.7 625.8 680.1 166.8 668.3 925.9 −30.3 −38.7 −129.0 
61–70 66.7 347.9 486.1 42.7 331.0 453.8 75.7 372.4 627.5 −6.1 3.9 54.6 
71–80 8.5 61.3 33.7 4.7 74.8 62.8 11.8 100.7 161.2 −0.5 24.7 70.1 
81–90 1.4 13.8 4.6 0.0 6.3 2.4 2.0 12.5 17.6 −0.8 −4.4 2.7 
91–100 0.2 0.7 0.3 0.0 0.0 0.0 0.0 0.4 0.4 −0.2 −0.6 −0.2 

             
Bare RCP 8.5            
 2018 (square kilometers) 2050 Min   2050 Max Mean Change (2018 − 2050)  
% Cover Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty Hart Sheldon Beaty 
1–10 42.6 15.2 7.4 32.7 18.9 4.8 45.5 37.3 27.9 −4.8 11.8 8.7 
11–20 81.8 81.3 27.3 71.8 55.8 22.5 93.2 85.5 58.1 −2.1 −12.2 8.0 
21–30 98.3 184.4 59.4 125.0 141.5 90.3 140.7 181.5 154.9 33.8 −21.2 63.1 
31–40 176.2 308.1 179.9 167.6 302.4 131.6 198.0 345.3 198.8 12.7 11.1 −13.2 
41–50 224.9 605.1 485.0 197.3 583.9 362.1 226.3 630.0 453.5 −13.6 2.7 −72.5 
51–60 182.5 690.7 923.5 144.1 612.9 678.0 159.6 658.5 890.5 −31.5 −49.1 −126.7 
61–70 66.7 347.9 486.1 42.7 330.9 462.7 72.2 381.2 619.4 −8.6 4.6 50.7 
71–80 8.5 61.3 33.7 4.6 77.8 57.0 11.1 96.5 146.8 −1.2 25.3 65.7 



81–90 1.4 13.8 4.6 0.0 7.5 1.9 1.1 11.4 10.1 −1.0 −4.1 0.6 
91–100 0.2 0.7 0.3 0.0 0.0 0.0 0.0 0.5 0.4 −0.2 −0.6 −0.2 

 


