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Fig.1 Schematic diagram of spatial coverage and geographic elevation of Anhui Province
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Table 1 Basic information of eight global digital elevation model products

HifE 4 T i 3 3R /m Ji A Z5 [ &% AR Ak
ASTER GDEM 83°N~83°S 30 V3 WGS84/EGM96 https://search.earthdata.nasa.gov/
AW3D30 82°N~82°S 30 V4.1 WGS84/EGMI6 https:/ www .eorc.jaxa.jp/
COPDEM 90°N~90°S 30 V2023-1  WGS84/EGMOS https://browser.dataspace.copernicus.eu/
FABDEM 90°N~90°S 30 V1.2 WGS84/EGMO08 https://data.bris.ac.uk/data/dataset/
GEDTM30 90°N~90°S 30 V1 WGS84/EGMO8 https:// github.com/openlandmap/GEDTM30
NASADEM 90°N~90°S 30 V1 WGS84/EGM96 https://search.earthdata.nasa.gov/
SRTM1 60°N~56"S 30 V3 WGS84/EGM96 https:// earthexplorer.usgs.gov/
TanDEM-X 90°N~90°S 30 EDEM  WGS84/WGS84 https://download.geoservice.dlr.de/ TDM30_EDEM/
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Fig.2 Schematic diagram of the process of extracting elevation control points of ICESat-2/ATL08
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Table 2 Basic descriptive statistical analysis of ICESat-2/
ATLOS values and eight DEM products

M RO BUME bR Mz

r [ %71

R /m /m /m /m /m

ICESat-2/ATL0S 28.36 1196.88 2.18 30.62  1194.70
ASTER GDEM 25.10 1219.23 1.67 30.50 1217.56
AW3D30 29.32 1197.13 1.55 30.83  1195.58
COPDEM 28.72 1197.27 1.58 30.79  1195.69
FABDEM 28.46 1199.67 1.92 30.66 1197.76
GEDTM30 28.12 119148 1.48 30.57 1190.00
NASADEM 28.54 1192.87 1.31 30.76  1191.56
SRTM1 28.55 1195.61 1.31 30.84 1194.30
TanDEM-X 28.75 120641 1.43 30.79  1204.98

2, 5 H A DEM = A8 1k, ASTER GDEM #il
TanDEM-X fii K B &, M GEDTM30 1 NASA-
DEM T F 554 A /1 o

3 R 1 8 Flt DEM 7= i 76 iF 5% X PN 5 7
22 HE AR A . m B 3T UL, K25 DEM /=
sty 10 1o R % 25 4 A B4 3 T IE S A0 A (0 2 A5 TR 25 0
WEME A B A T 22 5% . Hop ,ASTER GDEM % 2 4y
A 3 B fe ), 22 B0 i a5t 22 462 T -20~10 m X [R]
H oA 5 00 A 36 B ALE 22 500 ) A 320 o 40 1)
FARAL ; AW3D30 . NASADEM FI SRTM1 45 7 i iy
TR 22 40 A BT R 42 T IE A/ A (AW 3D30 K H ) —
FE B IE RS ), 6 i Ab R iR 2 7E-5.0~5.0 m
X A, 3 7] fE & T 7 NASADEM Al AW3D30 i
Fofr 7= it 1 AR G AR P T SRTMAE 8 4l B %%
# ; COPDEM .FABDEM .GEDTM30, TanDEM-X
A7 il R R R 25 A A G B AL, BRI
FE 4 FHB 43 il i A BT 22 4 #E -0.5~0.5 m
X [H] , 3¢ B X 28 DEM 7= i i) 54 1A 5% 22 5/, ixX 1] g
1525 T 3Fp ™ B e AR o i T 208 A U .

B3 DEM=REMRERNSERENH
Fig.3 Distribution of elevation biases of eight DEM products in the study area
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Fig.4 Accuracy evaluation of different DEM products in the study area
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Fig.5 Spatial distribution of slope, aspect, landform and land cover at 30 m resolution in Anhui Province

£3 AEASETTS8MDEMF=REERIAX L
Table 3 Comparison of the accuracy of eight DEM products at different altitude zones

) A <10m 10~100 m 100~300 m 300~500 m =500 m
Ml RB/% MAPE/%  RB/%  MAPE/% RB/% MAPE/% RB/% MAPE/Y% RB/%  MAPE/%
ASTER GDEM 7.14 22.15 -13.37 19.97 -1.79 3.79 0.69 1.89 0.36 1.23
AW3D30 5.09 18.27 3.66 7.65 0.99 1.73 1.03 1.16 0.62 0.64
COPDEM -0.82 7.65 1.42 3.55 0.69 1.26 0.37 1.05 0.16 0.51
FABDEM -1.79 7.47 0.45 2.99 0.22 1.11 -0.07 1.03 -0.07 0.48
GEDTM30 -5.42 8.44 -0.76 3.14 -0.68 1.53 -0.40 0.87 -0.13 0.35
NASADEM -2.22 14.96 0.76 6.03 0.15 2.28 0.92 1.44 0.06 0.61
SRTM1 -1.83 17.08 0.75 6.47 0.52 2.39 1.22 1.64 0.29 0.65
TanDEM-X 0.14 8.66 1.52 3.94 0.50 2.38 0.60 1.47 0.23 0.54

[2°, 7°) . [7°, 15°) .[15°, 25°) Fl =25° 45 3 Jir 47 | ] B, , ASTER GDEM AW 3D30 fll SRTM1 2577 i
FE KW N DEM P2 Shi ik 248 (£ 4) . Y e R T 2 o R I e /DS, LA 7 RS B I
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TR FKIT NIE T , MAPEHIRZLAE T 5% .

Z: 2% R WOR 43 B v T B 3 4 2807 kR
B 1 K 4y oA E (0°) AR (67.5°~112.5°) (AR
(112.5°~157.5°) \F§(157.5°~202.5") . FH R (202.5° ~
247.5°) PH(247.5°~292.5°) Pk (292.5°~337.5°) .
16 (337.5°~360°,0°~22.5°) M & L (22.5°~67.5°) 3
O %, AR DEM 7 & 76 4 3% 10 F B9 359 07
MR 2 A al /(& 7) , ASTER GDEM 1E fif A 3%

Eo HEFFHHEMESILRLEMNSHDEMFRERS o] LR B R BAE (RMSE=5 m) iR 2238 7 T3
W WERX R 7= it 3 8Tl DEM 7 ity 24 75 - 181 3% o] & 38 9 s fe 1

Fig.6 Relationship between the accuracy of eight DEM i B, H GEDTM30 fl FABDEM W # 7= 54 76 i 5
products and altitude and slope based on MAPE YW R EH A A R E A, A, 8 F DEM 77

R4 AEPEFTSTHDEM = RiEERIITEE

Table 4 Comparison of the accuracy of eight DEM products under different slope zones

- ) 0°~2° 20~7° 7°~15° 15°~25° >=25°
Ak RB/%  MAPE/% RB/% MAPE/% RB/% MAPE/% RB/% MAPE/% RB/% MAPE/%
ASTER GDEM -12.47 20.32 -7.73 15.55 -1.00 10.31 1.14 4.80 1.68 3.10
AW3D30 3.49 8.75 3.08 7.38 2.19 6.26 1.69 4.60 1.47 2.06
COPDEM 0.98 3.67 3.27 7.32 2.35 7.13 1.08 4.27 0.92 2.04
FABDEM 0.12 3.19 1.89 6.05 1.64 8.06 0.81 4.66 -0.28 2.11
GEDTM30 -1.08 3.59 0.45 4.48 0.52 4.43 -0.04 3.37 -0.39 1.71
NASADEM 0.48 6.97 1.34 5.84 1.90 5.42 1.22 5.79 0.32 2.08
SRTM1 0.43 7.56 1.98 6.64 2.31 5.97 1.45 5.19 0.39 2.22
TanDEM-X 1.02 4.08 3.61 8.25 2.97 8.84 1.36 4.59 0.52 3.25

7 ETHARREBFRNAEREET 8 DEM ™ RiEERY
Fig.7 Accuracy performance of DEM products at different slopes based on RMSE
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Fig.8 Accuracy performance of DEM products under different landforms and land covers based on RMSE
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Accuracy Evaluation and Bias Analysis of Multiple High—Resolution
DEM Products: A Case Study of Anhui Province

Du Yi',Hu Yan',Fu Hancong', Long Kaihao’, Wang Dagang’
(1.School of Energy, Environmental and Geomatics Engineering , Anging Normal University,
Anging 246133, China;
2.School of Geography and Planning, Sun Yat—sen University, Guangzhou 510275, China)

Abstract: Accuracy assessment of Digital Elevation Models (DEMs) is an important prerequisite for ensuring
their reliable application in various fields. Given the difficulty of applying traditional ground—based measurement
methods to large—scale DEM accuracy assessment, using data from the second—generation Ice, Cloud, and
Land Elevation Satellite (ICESat-2/ATI.08) as a reference, combined digital terrain analysis with mathemati-
cal statistics to evaluate the quality of eight global DEM products for Anhui Province. The paper also explored
the bias characteristics of each product. The results show that FABDEM and GEDTMS30 products have the
highest overall accuracy, with mean absolute errors of 0.70 m and 0.73 m, respectively. The accuracy of DEM
products is significantly affected by topographic factors. For all products, the accuracy is best in high—altitude ar-
eas (=500 m) , high-slope areas (==25°). In addition, the accuracy of DEM products is closely related to the
characteristics of the underlying surface, with most products showing lower biases under medium mountainous
landforms and farmland cover types. These findings provide scientific guidance for the selection and application
of regional DEM products.

Key words: Digital Elevation Model(DEM) ; Accuracy assessment; Second—generation Ice,Cloud,and Land Ele-
vation Satellite(ICESat-2) ; FABDEM ; GEDTM30
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