Table S.1. Statistics of the four assessed DEMs in study areas: (a) Sichuan; (b) Xinjiang A; (c)
Xinjiang B; and (d) Inner Mongolia. Except for the last column, the unit of statistical values is
m. The number of points is counted based on the valid ICESat points.

(a)

Sichuan ME STD RMSE Max Min MED MAD LE90 P10 P90 Points

TanDEM 12 m - ICESat 241 7.35 7.73 28.09 2242 1.08 396 13.18 -5.37 12.48 7072
TanDEM 30 m - ICESat 247 7.70 8.09 28.62 2270 1.21 425 1379 -6.05 13.15 7072

ASTER - ICESat 442 1330 14.02 4551 -36.63 3.89 851 2374 -11.72 2199 7072
SRTM - ICESat 295 1004 1046 3508 2943 224 599 1764 -8.96 16.24 7072
(b)

Xinjiang A ME STD RMSE Max Min MED MAD LE9 P10 P90 Points
TanDEM 12 m - ICESat 014 074 075 3.87 343 0.09 035 111  -058 0.91 12,733
TanDEM 30 m - ICESat 0.16 0.68  0.70 3.84  -3.37 0.11 027 099 -043 0.79 12,733

ASTER - ICESat -516 451  6.85 985 -2051 525 281 1059 -1059  0.58 12,733
SRTM - ICESat -2.87 161 329 304 873 287 1.01 484 484 088 12,733
(©)

Xinjiang B ME STD RMSE Max Min MED MAD LE9 P10 P90 Points
TanDEM 12 m - ICESat 148 5.02 524 1858 -15.05 0.50 252 925 379 8.75 16,727
TanDEM 30 m - ICESat 159 540 563 1950 -16.05 0.59 282 989 424 9.33 16,727

ASTER - ICESat -5.07 971 1096 2611 -36.03 -524 636 18.01 -1725 725 16,727

SRTM - ICESat -1.85 583 611 1782 -2127 221 341 10.00 -8.62 5.67 16,727
(d

Inner Mongolia ME STD RMSE Max Min MED MAD LE9 P10 P90 Points

TanDEM 12 m - ICESat -0.02 1.94 1.94 9.29 945 002 049 326 -198 1.76 13,117
TanDEM 30 m - ICESat -0.03 1.82 1.82 8.68 -9.05 002 043 3.02 -177 1.58 13,117
ASTER - ICESat -0.10  5.20 520 1776 -17.70 046 295 8.68 —6.08  6.59 13,117
SRTM - ICESat 1.06  2.98 3.16 1206 -10.27 1.13 1.48 522 242 435 13,117

Table S.2. Statistics of the four assessed DEMs at different slope ranges in study areas: (a)
Sichuan; (b) Xinjiang A; (c) Xinjiang B; and (d) Inner Mongolia. Except for the last column, the
unit of statistical values is m. The number of points is counted based on the valid ICESat points.

(a)
TanDEM 12 m - ICESat
Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90 Points

0-2 -1.00 3.65 3.53 2.77 -8.79 0.17 0.88 7.58 -7.26 2.31 7

2-7 0.22 2.78 2.76 9.97 -5.92 -0.11 0.85 3.37 -2.29 2.14 57
7-15 0.76 4.05 4.11 1532  -7.62 -0.15 1.65 6.91 -3.07 6.77 321
15-25 0.93 5.05 5.14 19.08 -16.17  -0.07 2.44 8.26 -4.28 7.82 1146
25-35 1.51 6.09 6.28 2094 -17.57 0.75 3.62 10.65 -5.35 9.86 2779
35-90 3.70 8.37 9.15 2796 -20.46 2.73 5.36 15.87 -6.26 15.35 2762

TanDEM 30 m - ICESat

Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90 Points

0-2 -0.70 2.06 2.03 2.72 -4.34 -0.50 0.37 4.02 -3.70 2.11 7



2-7 0.52 2.68 2.71 10.05 -5.12 0.33 1.01 3.66 -1.83 2.66 57
7-15 0.82 4.14 421 15.94 -8.60 -0.14 1.69 7.18 -3.06 6.99 321
15-25 1.05 5.18 5.28 1859 -15.86 0.23 2.69 8.70 -4.43 8.24 1146
25-35 1.57 6.55 6.73 22.04 -1792 0.85 4.09 11.18 -6.12 10.46 2779
35-90 3.70 8.70 9.45 28.38 -22.01 2.83 5.60 1597 -7.12 15.47 2762

ASTER GDEM - ICESat
Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90 Points

0-2 1.03 8.96 8.36 16.76 -8.46 2.01 799 1510 -8.15 14.53 7

2-7 0.95 7.87 7.86 19.68 -20.36 0.34 466 13.73 -7.52 10.31 57
7-15 0.54 8.97 8.97 25.75  -21.37 -0.50 548 1496 -10.52 12.73 321
15-25 2.19 10.60 10.82 3399 -29.74 1.58 6.96 1793 -10.55 15.68 1146
25-35 3.84 11.96 1256 39.84 -31.77 3.68 786 2130 -11.16 19.31 2779
35-90 6.20 14.69 1594 4551 -36.63 6.33 10.16 26.39 -12.40 25.36 2762

SRTM - ICESat
Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90 Points

0-2 1.32 7.18 6.78 8.60 -12.46 3.23 479 11.69 -10.35 8.48 7

2-7 2.06 6.25 6.53 17.14 -16.52 1.87 244  11.12 -5.62 9.52 57
7-15 1.70 6.64 6.84 20.93 -18.29 1.16 382 11.76 -5.79 10.49 321
15-25 1.57 7.79 7.95 2574 2224 1.15 467 13.17 -7.38 11.06 1146
25-35 1.94 9.00 9.21 29.80 -25.82 1.62 576 15.12 -9.19 13.69 2779
35-90 4.24 11.00 11.78 35.08 -28.72 3.65 6.92  20.40 -9.33 19.20 2762

(b)
TanDEM 12 m - ICESat
Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90 Points

0-2 0.06 0.42 0.43 1.60 -1.43 0.05 0.26 0.70 -0.47 0.58 5891

2-7 0.14 0.61 0.63 2.23 -1.91 0.13 0.39 1.03 -0.58 0.92 5601
7-15 0.34 1.27 1.32 3.83 -3.41 0.36 0.80 2.22 -1.33 1.92 804
15-25 0.08 1.76 1.76 3.75 -3.37 0.02 1.38 2.90 -2.14 2.68 305
25-35 0.22 1.56 1.56 3.23 -3.12 0.39 0.91 2.71 -2.26 1.76 109
35-90 0.09 2.40 2.08 2.74 -2.16 -0.12 1.82 2.74 -2.16 2.74 23

TanDEM 30 m - ICESat
Slope/ ° ME STD RMSE Max Min MED MAD LE9 P10 P90 Points

0-2 0.08 0.30 0.31 1.31 -1.05 0.06 0.18 0.49 -0.28 0.43 5891

2-7 0.17 0.54 0.57 2.00 -1.62 0.16 0.33 0.93 -0.49 0.84 5601
7-15 0.30 1.24 1.27 3.84 -3.29 0.27 0.82 2.08 -1.26 1.87 804
15-25 0.14 1.86 1.86 3.84 -3.19 0.21 1.61 3.00 -2.44 2.58 305
25-35 0.41 2.22 2.22 3.53 -3.31 0.53 2.05 3.45 -2.44 3.45 109
35-90 0.30 3.18 2.77 3.35 -2.57 0.21 2.66 3.35 -2.57 3.35 23

ASTER GDEM - ICESat
Slope/ ° ME STD RMSE Max Min MED MAD LE9 P10 P90 Points

0-2 -4.47 4.19 6.13 8.40 -16.98 -4.67 2.79 9.56 -9.56 1.01 5891

2-7 -5.45 3.97 6.74 6.88 -17.69 -5.54 252 1036 -10.36 -0.18 5601
7-15 -7.53 4.66 8.86 6.08 -20.05 -7.46 320 13.68 -13.68 -1.86 804
15-25 -8.47 6.31 10.55 7.35 -20.24 -8.91 465 1623 -16.23 -0.29 305
25-35 -8.40 8.29 11.71 7.89 -20.51 -8.73 6.38 1897 -18.97 2.39 109
35-90 -9.12 10.18 12.68 6.13 -15.09 -13.75 0.77 15.09 -15.09 6.13 23




SRTM - ICESat

Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90 Points
0-2 -2.99 1.41 3.30 1.33 -7.29 297 095 4.82 —4.82 -1.18 5891
2-7 -2.79 1.47 3.15 1.67 -7.28 -2.79 097  4.65 —4.65 -0.89 5601
7-15 —2.66 2.09 3.38 3.04 -8.32 -2.69 1.33 5.36 -5.36 0.06 804

15-25 -3.27 2.83 4.32 2.94 -8.72 -345  2.08 7.20 -7.20 0.64 305
25-35 -3.64 2.56 443 1.58 -8.73 -3.96 1.57  7.10 -7.10 0.16 109
35-90 —4.12 4.82 5.86 1.06 -8.55 —4.48 3.73 8.55 —-8.55 1.06 23
(c) Area C
TanDEM 12 m - ICESat

Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90 Points
0-2 -0.55 1.71 1.79 4.53 -6.57 -0.16 044 324 -2.93 0.70 285
2-7 -0.36 1.84 1.87 6.64 -6.95 -0.17 078  3.02 -2.58 1.58 1017
7-15 0.28 2.66 268 10.02 -9.10 -0.03 1.35 435 -2.52 3.59 2791

15-25 1.36 4.53 473 1537 -12.49 0.54 2.52 8.42 -3.51 8.18 6012

25-35 221 5.72 6.13 1856 -14.54 1.51 3.65 1058 445 10.40 4868

35-90 2.56 6.59 707 1814 -14.92 2.37 443 12.09 584 11.62 1754
TanDEM 30 m — ICESat

Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90  Points
0-2 -0.54 1.54 1.63 3.38 -6.11 -0.12 033 264 -2.40 0.49 285
2-7 -0.24 1.59 1.60 5.26 -6.21 -0.09 072 254 -2.15 1.41 1017
7-15 0.27 2.59 2.61 9.70 -8.42 -0.02 1.41 4.29 -2.56 3.50 2791

15-25 1.50 4.80 503 16.38 -13.07 0.73 2.94 8.79 -3.86 8.59 6012

25-35 2.32 6.21 6.62 1928 -15.27 1.76 420 1140 -5.23 11.07 4868

35-90 2.58 7.25 770 1930 -15.75 2.52 514 1284 -6.89 12.12 1754
ASTER GDEM - ICESat

Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90  Points
0-2 -6.38 497 8.09 943 2211 -6.85 246 11.36 -11.36 -0.50 285
2-7 -7.10 6.37 953 11.80 -26.58 -7.54 3.66 14.65 -14.65 1.25 1017
7-15 -5.91 8.57 1041 1912 -31.43 581 6.06 1732 -17.25 5.36 2791

15-25 -5.66 9.10 10.72  22.09 -3328 -552 6.25 1759 -17.44 5.81 6012

25-35 -4.19 10.06 1090 25.83 3444 421 680 1790 -17.09 8.84 4868

35-90 -3.49 12.07 1256 26.08 -35.66 -3.80 831 2060 -1851 12.86 1754
SRTM - ICESat

Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90 Points
0-2 -3.14 2.24 3.86 4.05 -9.67 -2.95 137 625 -6.25 -0.42 285
2-7 -2.81 2.59 3.82 5.69 -9.99 -2.75 1.67  6.25 -6.25 0.44 1017
7-15 -2.92 3.64 4.67 883 -1433 -3.06 223 7.38 -7.16 1.59 2791

15-25 -1.97 5.08 545 1364 -17.58 222 329 8.89 -8.21 4.85 6012
25-35 -1.23 6.53 6.64 1775 -20.76  -1.32 447 1093 -9.59 7.17 4868
35-90 -1.48 8.07 820 1776 2116 -1.06 568 13.66 -12.83 9.30 1754
(d) Area D
TanDEM 12 m — ICESat

Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90  Points

0-2 0.03 0.48 0.49 2.36 -2.20 -0.01 0.22 0.75 -0.43 0.60 5483



2-7 0.14 1.23 1.24 4.77 —4.45 0.07 0.50 2.12 -1.13 1.50 3320
7-15 -0.36 2.29 2.31 7.01 -7.56 -0.36 1.32 3.95 -3.13 2.42 2038
15-25 -0.12 3.07 3.07 9.07 -9.34 -0.18 1.82 5.33 -3.84 3.76 1393
25-35 -0.16 3.47 3.47 9.29 -9.09 -0.33 242 5.85 —4.46 4.40 772
35-90 -0.13 3.39 3.37 9.02 -7.41 0.04 2.60 5.84 -4.15 3.69 111
TanDEM 30 m — ICESat
Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90 Points
0-2 0.03 0.42 0.42 212 -1.95 -0.02 0.17 0.64 -0.34 0.52 5483
2-7 0.12 0.95 0.96 3.89 -3.53 0.08 0.45 1.61 -0.94 1.20 3320
7-15 -0.26 1.84 1.86 5.62 -6.01 -0.28 1.10 3.13 -2.55 1.99 2038
15-25 -0.12 2.86 2.86 8.46 -8.01 -0.27 1.93 4.80 -3.70 3.74 1393
25-35 -0.44 3.80 3.82 8.64 -9.03 —0.43 2.85 6.39 -5.49 4.95 772
35-90 -0.38 4.43 4.42 8.32 -8.40 —0.42 3.48 6.82 —6.76 5.82 111
ASTER GDEM - ICESat
Slope/ ° ME STD RMSE Max Min MED MAD LE9 P10 P90 Points
0-2 -0.38 3.89 3.91 12.02 -11.90 —0.66 2.45 6.46 -5.11 4.81 5483
2-7 -0.46 4.27 4.29 13.08 -13.74 -0.64 2.66 7.20 -5.61 5.09 3320
7-15 -0.39 5.42 5.44 16.27 -16.79 -0.49 3.42 9.06 -7.10 6.66 2038
15-25 1.04 7.07 7.15 17.58 -17.43 0.72 474 1208 -8.17 10.97 1393
25-35 1.91 7.71 7.93 17.63 -17.44 1.77 5,58 1350 -8.17 12.36 772
35-90 2.72 8.07 8.46 17.76  -16.78 2.45 6.64 13.85 -7.30 13.01 111
SRTM - ICESat
Slope/ ° ME STD RMSE Max Min MED MAD LE90 P10 P90 Points
0-2 1.18 1.64 2.02 6.44 —4.04 1.17 1.04 3.29 —0.88 3.26 5483
2-7 1.42 2.36 2.75 9.09 —6.24 1.39 1.45 4.56 -1.36 4.36 3320
7-15 0.91 3.43 3.55 11.12 -9.31 0.97 2.14 5.90 -3.55 5.19 2038
15-25 0.19 4.29 4.29 1196 -10.25 0.17 2.85 7.13 -5.60 5.65 1393
25-35 -0.05 4.95 4.95 12.06 -10.27 -0.23 3.84 8.18 —6.68 6.64 772
35-90 0.72 5.17 5.19 10.82 -9.54 0.66 3.48 8.81 -6.47 7.47 111
Table S.3. Statistics of the model-to-model comparison before and after co-registration.
Assess‘id DEM Ateas ME RMSE STD MED MAD LE9 Outliers
Reference DEM (m) (m) (m) (m) (m) (m) (%)
Sichuan Before 0.02 2.94 2.94 0.085 1.61 4.62 0.84
After 0. 002 2.23 2.23 0.01 0.88 3.40 0.88
. Before 0.024 0.42 0.42 0.03 0.20 0.64 2.26
30-m Xinjiang A
TanDEM-X After 0.003 0.35 0.35 0.01 0.18 0.54 1.95
DEM Xinjiang B Before 0.06 2.07 2.07 0.08 1.26 3.40 1.07
After 0.01 1.26 1.26 0.02 0.55 2.08 1.32
Inner Before 0.02 1.04 1.04 0.02 0.28 1.80 2.24
Mongolia After 0.01 0.85 0.85 —0.001 0.25 1.45 2.06
. Before 1.12 12.19 12.13 0.91 6.80 19.92 0.82
Sichuan
STER GDEM After 0.22 11.51 11.51 -0.08 6.42 18.68 0.80
A Xinjiang A Before -6.02 8.22 5.60 -5.93 3.51 13.08 1.05
After 0.01 5.39 5.39 0.03 3.35 8.98 1.08




. Before 1.44 11.26 9.83 -5.42 6.21 18.61 0.91
Xinjiang B

After -0.20 9.02 9.01 -0.29 5.44 14.98 1.07

Inner Before -5.50 6.10 5.92 0.99 3.30 10.11 1.58

Mongolia After -0.19 5.39 5.39 -0.30 3.10 8.92 1.51

2.74
2 2 . . . .

Sichuan Before 0_04 8.29 8.29 0.06 4.03 12.60 1.05

After 0.19 8.21 8.21 0.24 4.00 12.45 1.05

- Before -2.81 3.29 1.70 -2.78  1.078 4.93 1.37
Xinjiang A

SRTM After 0.03 1.71 1.71 0.06 1.079 2.78 1.36

L Before -3.44 5.93 4.83 -3.23 2.73 9.65 1.00
Xinjiang B

After -0.02 4.74 4.74 0.16 2.66 7.74 1.02

Inner Before 1.36 3.69 3.44 1.47 1.68 6.01 1.53

Mongolia After 0.02 3.40 3.40 0.07 1.65 5.65 1.51
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Figure S.1. The spatial distribution of aspects in four study areas: (a) Sichuan; (b) Xinjiang A;
(c) Xinjiang B; and (d) Inner Mongolia, and the distribution of ICESat/GLAS points.
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Figure S.2. Spatial distribution of differences between the assessed DEMs with 30-m pixel size
and the reference 12-m TanDEM-X DEM before co-registration without eliminating outliers
in: (a) Sichuan; (b) Xinjiang A; (c) Xinjiang B; and (d) Inner Mongolia.
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Figure S.3. The MAD and LE90 of three DEMs after co-registration.



