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Supplementary Information Figure 1. Method of generating the annual AVHRR vegetation 904	

continuous fields (VCF) land-cover product. a, Flowchart. b, Annual metrics derived from 905	

monthly composites. 906	

 907	

 908	

Supplementary Information Table 1. Estimates of 1982 land cover area, 1982-2016 annual net 909	

land-cover change and 1982-2016 gross land-cover change at national scale. Consistent with 910	

Extended Data Tables 1 and 2, annual net land-cover change (slope) and 1982 land-cover area 911	

were estimated using Theil-Sen regression of time series of annual land-cover area per country. 912	

Lower and upper slopes represent the 90% confidence interval. Reported p-value is for the 913	

Mann-Kendall test for trend. Gross land-cover change was estimated based on per-pixel non-914	
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parametric trend analysis. Per-pixel loss and gain were summed to derive gross loss and gain at 915	

the aggregated scale. Country boundary shapefile was downloaded from Global Administrative 916	

Areas (GADM) (http://www.gadm.org). Only countries with land area greater than 105 km2 are 917	

included. 918	

 919	

A rea	1982	
(103	km2)

S lope	(103	

km2	yr-1)
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A fghanis tan 2 0.0 0.0 0.0 0.000 -1 0 189 -1.1 -1.6 -0.6 0.000 -34 4 451 1.2 0.6 1.7 0.000 -4 35
A lgeria 8 0.0 0.0 0.1 0.023 0 2 150 0.0 -0.4 0.5 0.910 -6 7 2156 -0.1 -0.6 0.3 0.755 -7 5
A ngo la 390 -1.1 -2.1 -0.2 0.044 -34 8 776 1.3 0.4 2.3 0.023 -5 34 84 -0.1 -0.4 0.2 0.733 -5 3

A rgentina 456 -3.3 -5.5 -1.2 0.011 -84 8 1545 0.9 -0.4 2.4 0.233 -51 87 732 2.7 0.6 5.1 0.029 -19 61
A us tralia 459 -0.6 -2.2 0.7 0.532 -38 29 4452 -4.1 -10.7 4.1 0.379 -106 48 2764 5.2 -4.0 12.5 0.280 -34 113

B anglades h 19 0.2 0.1 0.3 0.000 0 6 101 0.1 0.0 0.1 0.088 -2 3 20 -0.3 -0.3 -0.2 0.000 -8 1
B elarus 60 1.1 0.8 1.3 0.000 0 32 140 -1.0 -1.3 -0.8 0.000 -30 0 5 -0.1 -0.1 -0.1 0.000 -1 0
B enin 12 0.1 0.0 0.2 0.008 0 3 94 -0.1 -0.1 0.0 0.005 -2 0 9 0.0 0.0 0.0 0.478 -1 0
B o liv ia 587 -1.3 -1.9 -0.7 0.001 -43 8 348 1.5 0.9 2.1 0.000 -10 47 146 -0.1 -0.3 0.2 0.570 -7 4

B o tswana 13 0.0 -0.1 0.1 0.650 -1 2 390 0.6 -0.3 1.7 0.307 -1 8 176 -0.6 -1.7 0.5 0.334 -9 1
B razil 4856 -11.3 -16.0 -8.1 0.000 -399 70 3400 11.6 7.6 16.1 0.000 -63 395 212 0.1 -0.4 0.7 0.712 -19 18

B ulgaria 26 0.5 0.4 0.6 0.000 0 13 79 -0.4 -0.5 -0.3 0.000 -11 0 6 -0.1 -0.1 -0.1 0.000 -2 0
B urkina	F as o 5 0.0 0.0 0.1 0.061 0 1 186 0.3 0.0 0.5 0.201 -1 10 85 -0.3 -0.6 0.0 0.083 -11 1
C ambodia 74 -0.2 -0.4 0.0 0.140 -2 10 94 0.2 0.0 0.4 0.125 -9 2 8 0.0 0.0 0.0 0.755 -1 0
C ameroon 222 0.7 0.4 0.9 0.000 -8 2 226 -0.5 -0.8 -0.2 0.008 -2 8 18 -0.1 -0.2 -0.1 0.000 -2 1
C anada 3025 2.1 -2.7 6.6 0.478 -1 18 5541 1.3 -3.7 6.6 0.650 -15 3 1120 -3.5 -4.5 -2.3 0.000 -3 0

C entral	A fric an	R epublic 234 1.7 1.2 2.1 0.000 -122 157 379 -1.5 -1.9 -1.1 0.000 -122 153 11 -0.1 -0.2 -0.1 0.000 -72 10
C had 22 0.3 0.2 0.4 0.000 0 48 372 1.2 0.6 1.8 0.002 -44 0 880 -1.5 -2.2 -0.8 0.002 -2 0
C hile 158 0.6 0.4 0.8 0.000 0 8 311 -0.8 -1.2 -0.4 0.002 -5 39 297 0.3 -0.1 0.6 0.147 -42 1
C hina 1079 10.7 7.8 13.2 0.000 -5 23 4613 -3.1 -5.1 -1.2 0.006 -30 9 3625 -7.3 -9.5 -5.1 0.000 -8 13

C o lombia 707 1.0 0.5 1.5 0.002 -16 324 393 -0.8 -1.2 -0.4 0.005 -310 224 45 -0.2 -0.3 -0.2 0.000 -286 78
C ô te	d’Ivo ire 100 0.3 0.1 0.5 0.011 -5 33 209 -0.3 -0.5 -0.1 0.025 -29 7 13 0.0 -0.1 0.0 0.140 -5 1

C uba 24 0.5 0.5 0.6 0.000 0 18 80 -0.5 -0.5 -0.4 0.000 -16 0 4 -0.1 -0.1 -0.1 0.000 -1 0
D emoc ratic 	R epublic 	o f	the	C ongo 1580 -1.8 -3.2 -0.1 0.074 -52 20 706 1.7 0.1 3.2 0.078 -19 50 29 0.0 0.0 0.1 0.410 0 2

E cuado r 150 0.1 0.0 0.2 0.050 -1 3 94 -0.1 -0.2 0.1 0.334 -2 1 14 -0.1 -0.1 0.0 0.132 -2 0
E gypt 3 0.0 0.0 0.0 0.008 0 1 51 0.3 0.2 0.5 0.000 -4 15 928 -0.3 -0.5 -0.2 0.000 -16 3
E ritrea 0 0.0 0.0 0.0 0.551 0 0 33 0.1 0.0 0.2 0.164 -2 4 86 -0.1 -0.2 0.0 0.173 -4 2
E thiopia 114 0.2 -0.1 0.4 0.307 -6 10 708 -0.2 -0.7 0.5 0.712 -18 16 308 0.0 -0.6 0.8 0.977 -12 12
F inland 153 0.8 0.5 1.1 0.000 -1 21 169 -0.8 -1.0 -0.5 0.000 -18 0 7 -0.1 -0.1 0.0 0.000 -1 0
F rance 154 1.0 0.3 1.5 0.018 -3 25 377 -0.9 -1.4 -0.3 0.025 -23 4 17 -0.1 -0.2 0.0 0.044 -2 0
Gabon 203 0.0 -0.1 0.1 1.000 -2 3 58 0.0 -0.1 0.1 0.691 -3 2 5 0.0 0.0 0.1 0.011 0 1
Germany 103 1.1 0.7 1.6 0.000 0 29 244 -1.1 -1.4 -0.6 0.001 -26 0 9 -0.1 -0.1 -0.1 0.001 -1 0
Ghana 55 0.1 0.0 0.2 0.201 -2 5 163 -0.1 -0.2 0.1 0.334 -5 2 17 0.0 -0.1 0.0 0.733 -1 1
G reece 18 0.4 0.3 0.5 0.000 0 11 95 -0.2 -0.3 -0.1 0.000 -7 2 15 -0.2 -0.2 -0.2 0.000 -5 0

Guatemala 60 0.0 0.0 0.1 0.334 -6 8 45 0.0 -0.1 0.1 0.670 -7 6 2 0.0 0.0 0.0 0.000 -1 0
Guinea 53 0.4 0.3 0.5 0.000 0 14 182 -0.3 -0.4 -0.2 0.000 -9 1 11 -0.1 -0.2 -0.1 0.000 -3 0
Guyana 172 0.2 0.1 0.3 0.000 0 5 36 -0.2 -0.3 -0.1 0.000 -5 0 3 0.0 0.0 0.0 0.798 0 0

Honduras 62 0.2 0.1 0.3 0.003 -2 8 50 -0.2 -0.2 -0.1 0.006 -7 2 2 0.0 0.0 0.0 0.000 0 0
Iceland 5 0.0 0.0 0.1 0.011 0 1 74 0.0 0.0 0.0 0.426 -1 1 23 0.0 -0.1 0.0 0.244 -1 0
India 280 2.2 1.8 2.6 0.000 -4 56 2072 5.7 4.1 6.9 0.000 -34 199 802 -7.9 -9.5 -6.1 0.000 -228 5

Indones ia 1295 2.0 0.0 4.0 0.105 -25 68 547 -1.8 -3.7 0.1 0.112 -62 24 39 -0.2 -0.3 -0.1 0.027 -5 3
Iran 14 0.1 0.0 0.1 0.005 0 3 350 -0.9 -1.8 0.0 0.099 -34 22 1251 0.8 0.0 1.7 0.094 -22 32
Iraq 1 0.0 0.0 0.0 0.000 0 0 79 -0.2 -0.7 0.2 0.514 -10 6 364 0.2 -0.2 0.7 0.495 -6 10
Italy 64 0.8 0.6 1.0 0.000 -1 22 213 -0.6 -0.8 -0.4 0.000 -18 2 19 -0.2 -0.2 -0.1 0.000 -5 1
J apan 167 1.5 1.1 1.9 0.000 -1 45 190 -1.4 -1.8 -1.1 0.000 -43 1 11 -0.1 -0.1 0.0 0.001 -2 1

Kazakhs tan 49 0.1 -0.1 0.4 0.379 -2 7 1472 -1.7 -4.3 0.4 0.256 -60 33 1156 1.7 -1.0 4.2 0.280 -35 59
Kenya 38 0.1 -0.1 0.2 0.307 -2 5 357 -0.3 -1.0 0.3 0.514 -12 6 179 0.3 -0.5 1.0 0.495 -6 9

K yrgyzs tan 6 0.0 0.0 0.1 0.712 0 1 127 0.2 0.1 0.3 0.010 -1 7 59 -0.2 -0.4 -0.1 0.017 -7 1
Lao s 143 0.4 0.2 0.7 0.001 -2 15 85 -0.4 -0.7 -0.2 0.001 -15 2 3 0.0 0.0 0.0 0.650 0 0
L ibya 2 0.0 0.0 0.0 0.712 0 0 29 0.0 -0.2 0.1 0.650 -2 2 1588 0.0 -0.1 0.2 0.650 -2 2

Madagas car 155 -0.7 -1.0 -0.4 0.000 -20 2 387 0.5 0.2 0.8 0.003 -4 16 49 0.3 0.1 0.5 0.012 -1 9
Malawi 22 -0.1 -0.2 -0.1 0.002 -4 0 70 0.1 0.1 0.2 0.001 0 3 5 0.0 0.0 0.1 0.021 0 1
Malays ia 243 0.6 0.2 1.0 0.013 -2 16 85 -0.6 -1.0 -0.2 0.011 -15 2 5 0.0 0.0 0.0 0.268 0 1
Mali 10 0.2 0.1 0.2 0.000 0 5 306 1.1 0.4 1.8 0.036 -2 41 936 -1.3 -2.0 -0.6 0.015 -43 1

Mauritania 1 0.0 0.0 0.0 0.776 0 0 52 1.0 0.5 1.4 0.003 0 31 993 -1.0 -1.4 -0.5 0.003 -31 0
Mexico 362 1.9 0.9 2.7 0.003 -9 63 1195 -1.9 -2.8 -0.8 0.003 -73 25 396 0.2 -1.3 1.8 0.691 -28 26

Mongo lia 49 -0.2 -0.3 -0.1 0.005 -7 2 694 -1.4 -2.6 -0.3 0.053 -43 12 806 1.7 0.7 2.9 0.020 -9 47
Moro cco 4 0.0 0.0 0.0 0.551 0 1 145 0.2 -0.3 0.6 0.379 -3 7 270 -0.2 -0.6 0.2 0.394 -7 3

Mozambique 232 -1.6 -2.8 -0.9 0.001 -47 1 511 1.6 1.0 2.6 0.000 -1 45 28 0.1 0.0 0.3 0.211 -1 4
Myanmar 320 0.4 0.0 0.8 0.074 -10 19 323 -0.3 -0.7 0.2 0.307 -17 12 29 -0.2 -0.2 -0.1 0.002 -6 2
Namibia 8 0.0 0.0 0.1 0.691 0 1 376 0.6 -0.5 2.0 0.320 -2 15 442 -0.6 -2.1 0.6 0.334 -15 2
Nepal 25 0.3 0.2 0.4 0.000 0 9 98 -0.2 -0.3 -0.1 0.000 -7 1 25 -0.1 -0.1 -0.1 0.000 -4 1

New	Z ealand 123 0.8 0.5 1.0 0.000 -1 20 137 -0.7 -0.9 -0.5 0.000 -20 1 7 0.0 -0.1 0.0 0.001 -1 0
N icaragua 63 0.0 0.0 0.1 0.349 -4 6 55 0.0 -0.1 0.0 0.629 -5 4 2 0.0 0.0 0.0 0.000 0 0

N iger 1 0.0 0.0 0.0 0.053 0 0 98 0.9 0.3 1.5 0.031 -1 25 1089 -0.9 -1.5 -0.3 0.031 -26 1
N igeria 88 0.5 0.2 0.8 0.018 -2 14 668 0.1 -0.5 0.6 0.776 -16 17 147 -0.4 -0.8 0.2 0.211 -18 6

No rth	K o rea 49 0.1 0.0 0.2 0.233 -2 4 68 -0.1 -0.2 0.0 0.244 -3 2 4 0.0 0.0 0.0 0.280 0 0
No rway 91 0.5 0.3 0.8 0.001 -1 15 211 -0.3 -0.5 -0.2 0.005 -12 3 24 -0.2 -0.3 -0.1 0.000 -4 0
Oman 0 0.0 0.0 0.0 0.410 0 0 9 0.0 0.0 0.0 0.609 0 1 296 0.0 0.0 0.0 0.589 -1 0

P akis tan 10 0.0 0.0 0.1 0.379 -1 1 268 1.0 0.6 1.3 0.001 -9 37 595 -1.0 -1.3 -0.6 0.000 -38 10
P apua	New	Guinea 352 0.5 0.3 0.8 0.002 -2 14 101 -0.5 -0.7 -0.2 0.002 -13 3 10 -0.1 -0.1 0.0 0.031 -1 0

P araguay 235 -2.3 -3.0 -1.7 0.000 -74 0 161 2.3 1.6 2.9 0.000 0 72 4 0.0 0.0 0.1 0.002 0 0
P eru 716 0.4 0.3 0.6 0.000 -3 13 368 0.6 0.2 1.0 0.027 -11 27 215 -1.0 -1.5 -0.6 0.001 -27 2

P hilippines 140 1.2 1.0 1.5 0.000 -1 38 143 -1.1 -1.4 -0.8 0.000 -35 1 8 -0.1 -0.1 -0.1 0.000 -2 0
P o land 72 1.2 0.9 1.4 0.000 0 31 229 -1.1 -1.4 -0.8 0.000 -29 0 10 -0.1 -0.1 0.0 0.002 -1 0

R epublic 	o f	C ongo 231 -0.1 -0.4 0.1 0.320 -4 3 103 0.1 -0.1 0.3 0.495 -3 4 8 0.0 0.0 0.1 0.004 0 1
R omania 53 1.1 0.9 1.3 0.000 0 33 169 -0.9 -1.1 -0.7 0.000 -29 1 13 -0.2 -0.3 -0.1 0.000 -4 0
R us s ia 4936 27.6 19.5 35.5 0.000 -90 790 10761 -23.3 -30.7 -16.2 0.000 -700 98 1008 -3.8 -5.5 -2.0 0.004 -83 23

S audi	A rabia 2 0.0 0.0 0.0 0.989 0 0 54 -0.1 -0.6 0.2 0.570 -6 10 1857 0.1 -0.2 0.6 0.570 -10 6
S enegal 6 0.1 0.1 0.2 0.000 0 4 123 0.5 0.3 0.7 0.002 -1 15 69 -0.6 -0.9 -0.4 0.000 -18 0
S omalia 9 0.0 -0.1 0.0 0.551 -1 0 255 0.1 -0.6 0.8 0.842 -7 6 367 -0.1 -0.8 0.7 0.887 -6 8

S outh	A fric a 77 -0.4 -0.8 -0.1 0.074 -7 3 735 1.2 0.2 2.0 0.041 -9 28 397 -0.7 -1.6 0.3 0.280 -20 9
S outh	K o rea 29 0.4 0.3 0.5 0.000 0 13 64 -0.4 -0.5 -0.3 0.000 -12 0 4 0.0 0.0 0.0 0.002 -1 0
S outh	S udan 89 1.2 1.0 1.5 0.000 0 37 499 -0.7 -1.0 -0.4 0.000 -24 2 46 -0.5 -0.8 -0.3 0.000 -11 0

S pain 70 0.5 0.2 0.7 0.003 -1 14 340 0.1 -0.2 0.3 0.798 -10 11 91 -0.5 -0.8 -0.2 0.011 -15 3
S udan 10 0.2 0.1 0.2 0.000 0 4 452 1.1 0.1 2.3 0.074 -4 34 1419 -1.2 -2.5 -0.2 0.053 -37 3

S uriname 136 0.1 0.0 0.1 0.006 0 1 10 -0.1 -0.1 0.0 0.005 -1 0 1 0.0 0.0 0.0 0.532 0 0
S weden 212 1.1 0.7 1.4 0.000 -1 27 216 -1.0 -1.3 -0.6 0.000 -24 1 11 -0.1 -0.2 -0.1 0.000 -2 0
S yria 1 0.0 0.0 0.0 0.293 0 0 48 -0.2 -0.5 0.0 0.164 -6 4 138 0.2 0.0 0.5 0.147 -4 6

T ajik is tan 1 0.0 0.0 0.0 0.006 0 0 69 0.0 -0.1 0.1 0.426 -2 1 71 0.1 0.0 0.2 0.394 -1 2
T anzania 222 -1.1 -1.7 -0.5 0.005 -33 5 626 0.8 0.2 1.2 0.020 -7 26 47 0.3 0.1 0.5 0.027 -2 9
T hailand 131 1.0 0.6 1.4 0.000 -2 30 350 -0.8 -1.1 -0.4 0.002 -27 4 33 -0.2 -0.3 -0.1 0.015 -6 2
T unis ia 1 0.0 0.0 0.0 0.013 0 0 33 0.1 -0.1 0.2 0.334 0 1 121 -0.1 -0.2 0.1 0.349 -2 0
T urkey 59 0.7 0.5 0.9 0.000 -1 20 523 0.2 -0.2 0.7 0.410 -15 23 186 -0.7 -1.4 -0.2 0.038 -28 3

T urkmenis tan 1 0.0 0.0 0.0 0.061 0 0 105 -0.3 -0.7 0.1 0.191 -18 10 363 0.3 -0.1 0.7 0.191 -10 18
Uganda 66 0.0 -0.2 0.1 0.629 -4 5 138 0.1 -0.1 0.2 0.460 -4 4 9 0.0 -0.1 0.0 0.025 -1 0
Ukraine 91 1.3 0.9 1.6 0.000 -1 34 455 -0.8 -1.2 -0.4 0.004 -28 3 43 -0.4 -0.5 -0.1 0.015 -7 0

United	K ingdom 64 0.2 0.0 0.4 0.112 -1 5 172 -0.2 -0.4 0.0 0.164 -4 1 7 0.0 -0.1 0.0 0.020 0 0
United	S tates 2201 9.6 5.3 14.2 0.002 -61 301 5692 -10.0 -14.2 -5.7 0.005 -343 93 1374 1.2 -2.3 4.4 0.532 -79 104

Uruguay 52 0.1 -0.4 0.3 0.820 -2 4 120 -0.1 -0.3 0.3 0.798 -3 2 3 0.0 0.0 0.0 0.755 0 0
Uzbekis tan 2 0.0 0.0 0.0 0.164 0 0 133 -0.1 -0.5 0.3 0.776 -7 7 298 0.1 -0.3 0.5 0.776 -7 8
Venezuela 501 0.8 0.3 1.2 0.012 -5 23 373 -0.6 -1.1 -0.2 0.025 -20 7 40 -0.1 -0.3 0.0 0.041 -5 2
Vietnam 131 0.2 0.0 0.5 0.105 -6 12 174 -0.2 -0.4 0.0 0.164 -11 6 14 0.0 -0.1 0.0 0.125 -3 2

Wes tern	S ahara 0 0.0 0.0 0.0 0.337 0 0 2 0.0 0.0 0.1 0.776 0 0 267 0.0 -0.1 0.0 0.712 0 0
Y emen 1 0.0 0.0 0.0 0.776 0 0 49 0.0 -0.3 0.2 0.820 -2 5 400 0.0 -0.2 0.3 0.820 -5 2
Z ambia 215 -1.2 -2.0 -0.8 0.002 -37 2 495 1.4 0.9 1.9 0.000 -2 37 31 0.1 -0.1 0.2 0.460 -1 2

Z imbabwe 31 0.0 -0.2 0.2 0.910 -2 2 311 0.3 0.1 0.5 0.008 -1 7 47 -0.3 -0.5 0.1 0.222 -5 1

B a re 	g ro und 	c o v e r
A nnua l	ne t 	c ha ng e G ro s s 	c ha ng e

C o untry
A nnua l	ne t 	c ha ng e G ro s s 	c ha ng e

T re e 	c a no py	c o v e r S ho rt 	v e g e ta tio n 	c o v e r
A nnua l	ne t 	c ha ng e G ro s s 	c ha ng e


