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Elevation Accuracy Evaluation and Correction of SRTM and ASTER GDEM in Shandong
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Abstract: Shuttle Radar Topography Mission(SRTM) and Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) GDEM have a high spatial resolution and wide spatial coverage, which play an
important role in many Earth researches. However, their error distributions are heterogeneous on different terrain
types. In order to assess the elevation accuracy of the two DEMs, data from Geoscience Laser Altimeter System
(GLAS) carried on the Ice, Cloud, and land Elevation Satellite (ICESat) are often used as the checkpoints due to
their high accuracy. Taking Shandong Province as the research area, the accuracy of SRTM and ASTER GDEM
are first evaluated by ICESat/GLAS in the years of 2003-2010 in this paper. Results indicate that the root mean
squared errors (RMSEs) of SRTM and ASTER are 5.57 m and 7.20 m, respectively, which are much lower than
the nominated accuracy. We further analyzed the effect of terrain slope and landscape type on the accuracy of
SRTM and ASTER GDEM. Specifically, the study area was first divided into different sub-regions according to
slope ranges (0~5°, 5~10°, 10~15°, 15~20°, 20~25°, 30~35°, 35~40°, 40~45°) and landscape types
(farmland, shrub, forest, grassland, wetlands, water body), respectively. Then, the RMSE of each sub-region was
computed and analyzed. We found that with the increasing of terrain slope, the accuracy of the two DEMs
decreases, and under different land cover types, they also have different accuracy. More specifically, the two
DEMs have a higher accuracy on farmland and shrub; while have a lower accuracy on forest and wet lands. To
improve the accuracy of SRTM and ASTER, their error surfaces were first produced by interpolating the
elevation differences between the DEM and randomly selected ICESat/GLAS data with the proportion of 90%.
The interpolation methods include Inverse Distance Weight (IDW), Ordinary Kriging (OK), terrain- to- grid
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method (T2G) and Natural Neighborhood (NN). Then, the interpolated error surfaces were added to the original
DEMs. Accuracy assessment of the improved SRTM and ASTER using the remaining 10% ICESat/GLAS
demonstrates that IDW with the RMSEs of 2.20 m and 5.31 m is more accurate than the other interpolation
methods. IDW is closely followed by T2G and NN. It is surprised to see that OK produces the worst results.
Hence, SRTM and ASTER GDEM are improved with the IDW-based error surfaces. The ICESat-2 satellite was
launched on September 15, 2018. It can emit 10,000 laser pulses per second, monitoring the height of glaciers
and land in unprecedented detail. ICESat-2 collects elevation data over all surfaces spanning the world's frozen
regions, forests, lakes, urban areas, and more. Thus, further researches will focus on improving the accuracy of
SRTM and ASTER with the ICESat2 data.

Key words: SRTM; ASTER GDEM; ICESat/GLAS; accuracy correction; interpolation; Shandong Province; error
distribution; rectification method
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Tab. 1 Statistics of ICESat/GLAS and elevation errors

DEM e FORIU RN P BRI B
m m m m m

SRTM 335716 4792 -47.83 -0.25 5.57 5.57

ASTER 328366  47.94 -47.65 0.08 7.20 7.20

4.2 SRTM #1 ASTER GDEM iR E431E

FL 2294 )5 , SRTM 1 ASTER GDEM 1% 2% 4
i B 7 AN 3 BTk . SRTM 8 4 e 72 S A
335 7164 BEAR R IE S04 FeifE 24 5.57 m, i
THRPRRE BEY R 22 5010 B AR 5, 90.2% 1Y 15
TS B E A 7E-8~8 m =22 [a] , {EH " -0.25 m.,

X 1 B ASTER GDEM = T2 54 61 4% 328 366
A AEZE RN 7.20 m, L FARFRKSEE . ASTER GDEM
F ICESat/GLAS 1= 72 22 {8 4317 #H Lt SRTM B 43+
— 28 76.3% 1 = TR 25 (H AR T /E-8~8 m Z[H] , #& 1A
SIEASME M8 57 0.08 m, brRifE2E Y )y 215
F SRTM,,

T SR SR E LR R (F2) 25

1.4E+05}

1.2E+05
1.0E+05
#8.0E+04
K 6.0E+04
4.0E+04
2.0E+04
0.0E+00

W o gh o S D P o gk D D
AN AT QX o Al
/@o/@/@;;\y\/\/ %\b,\}\%’»@

Fi22/m

(b) ASTER GDEMIR 2435

€13 SRTM Il ASTER GDEM #2243 i Gt i1
Fig. 3 Error distributions of SRTM and ASTER GDEM



356 ok 7 B R

2020 4F

£2 WEEATRE L EREIRERE 5t

Tab. 2 Accuracy statistics under different land

types in Shandong Province (m)
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Tab. 3 Accuracy statistics of SRTM under different slopes

Werzre HEUA HRRAE/m I/ ME/m FE{E/m PRifE2E/m BJ7 2% /m
0~5 296 699 99.91 -95.60 0.32 4.40 4.40
5~10 18 631 99.44 -60.26 0.12 12.48 12.48

10~15 8365 98.03 -91.48 0.60 19.00 19.01

15~20 3752 99.74 -85.74 0.96 24.08 24.08

20~25 1107 78.73 =79.00 1.21 29.16 29.17

25~30 193 97.94 -82.80 5.12 33.08 33.17

30~35 30 74.47 -72.86 -8.70 39.10 39.77

%4 ASTER GDEMIEE H it E 4t
Tab. 4 Accuracy statistics of ASTER GDEM under different slopes

Wz SR EINIET #/IME/m -1 {E/m FRifEZE/m BJ52E/m
0~5 204 513 99.42 -86.30 -0.10 6.61 6.61
5~10 90 474 99.95 -97.83 0.37 8.40 8.40

10~15 21270 98.96 -69.38 0.72 10.93 10.93

15~20 7260 97.74 -91.60 0.54 12.83 12.83

20~25 3222 99.56 -81.74 -0.47 13.85 13.85

25~30 1362 78.97 -86.13 -1.45 15.93 15.94

30~35 445 59.58 -56.38 -1.09 17.64 17.66

35~40 135 84.85 -59.74 -3.64 23.59 23.68

40~45 23 62.67 -55.10 -9.58 21.72 22.21
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Fig. 5 Comparison of ASTER GDEM error surfaces based on four interpolation methods
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Tab.5 Accuracy Analysis of SRTM and ASTER

GDEM using Interpolation Correction (m)
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Fig. 6 Original SRTMs and ASTERs, and their improved versions
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