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ABSTRACT:  
 
The freely available ASTER GDEM ver2 was released by NASA and METI on October 17, 2011. As one of the most complete high 
resolution digital topographic data sets of the world to date, the ASTER GDEM covers land surfaces between 83°N and 83°S at a 
spatial resolution of 1 arc-second  and will be a useful product for many applications, such as relief analysis, hydrological studies and 
radar interferometry. The stated improvements in the second version of ASTER GDEM benefit from finer horizontal resolution, 
offset adjustment and water body detection in addition to new observed ASTER scenes. This study investigates the absolute vertical 
accuracy of the ASTER GDEM ver2 at five study sites in China using ground control points (GCPs) from high accuracy GPS 
benchmarks, and also using a DEM-to-DEM comparison with the Consultative Group for International Agriculture Research 
Consortium for Spatial Information (CGIAR-CSI) SRTM DEM (Version 4.1). And then, the results are separated into GlobCover 
land cover classes to derive the spatial pattern of error. It is demonstrated that the RMSE (19m) and mean (-13m) values of ASTER 
GDEM ver2 against GPS-GCPs in the five study areas is lower than its first version ASTER GDEM ver1 (26m and -21m) as a result 
of the adjustment of the elevation offsets in the new version. It should be noted that the five study areas in this study are 
representative in terms of terrain types and land covers in China, and even for most of mid-latitude zones. It is believed that the 
ASTER GDEM offers a major alternative in accessibility to high quality elevation data. 
 
 
 

1. INTRODUCTION 1 

The ASTER GDEM version 2 (GDEM2) was released for free 2 
by NASA and METI (the Ministry of Economy, Trade and 3 
Industry of Japan) on October 17, 2011. As one of the most 4 
complete high resolution digital topographic data sets of the 5 
world so far, the ASTER GDEM covers land surfaces between 6 
83°N and 83°S at a spatial resolution of 1 arc-second 7 
(approximately 30m at the equator), available for high latitude 8 
and steep mountainous areas not covered by Shuttle Radar 9 
Topography Mission (Farr et al. 2007). So it will be a useful 10 
product for many applications, such as radar interferometry, 11 
relief analysis, hydrological studies, disaster and environmental 12 
monitoring. 13 
 14 
The joint US-Japan ASTER GDEM validation team (2011) has 15 
demonstrated an overall improvement in the production quality 16 
for GDEM2 by comparison with that of the ASTER GDEM 17 
version 1 released in June 29, 2009. It is reported that GDEM2 18 
benefits from the refinements to the production algorithms, 19 
including elevation offset adjustment of -5m observed in the 20 
GDEM1, improved water masking to detect lakes with 1km2 21 
and a smaller correlation kernel size of 5×5 pixels to yield 22 
higher spatial resolution, as well as new observed ASTER data 23 
(260,000 scenes) after September 2008 (Carabajal 2011, Gesch 24 
et al. 2011, Tachikawa et al. 2011a, 2011b).   25 

 26 
Many published studies concerning the quality of SRTM and 27 
ASTER elevation data have focused largely on their preliminary 28 
or other releases, covering miscellaneous areas but not 29 
exclusively referring to China (Welch et al. 1998, Lang and 30 
Welch 1999, Hirano et al. 2003, Carabajal and Harding 2006, 31 
Gorokhovich and Voustianiouk 2006, Guth 2006, Hofton et al. 32 
2006, Nikolakopoulos et al. 2006, Rodriguez et al. 2006, 33 
Hayakawa et al. 2008, Oliveira and Paradelia 2009, Slater et al. 34 
2009, Tadono et al. 2009, Abrams et al. 2010, Guth 2010, Hirt 35 
et al. 2010, Mouratidis et al. 2010, Sertel 2010, Chrysoulakis et 36 
al. 2011, Miliaresis and Paraschou 2011). As with the validation 37 
of GDEM1 in China (Li et al. 2012), the accuracy of GDEM2 is 38 
evaluated over five study areas in China against GPS survey 39 
benchmarks/Ground Control Points (GCPs) in addition to a 40 
pixel-to-pixel comparison with the CGIAR-CSI SRTM Version 41 
4.1 (Jarvis et al. 2008) in this paper. 42 
 43 
 44 

2. METHODS AND REFERENCE DATA 45 

The GPS dataset (1739 points) used for the absolute vertical 46 
accuracy validation of the ASTER GDEM2 in the five study 47 
areas are derived from Continuous GPS networks and static 48 
observation benchmarks carried out in the last five years except 49 
for those in Tibetan Plateau in Figures 1~2 (Li et al. 2012). It is 50 
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shown in Figure 1 that the five areas are separately located in 51 
different geographical locations, spatial independent and 52 
comprised of diverse topographies. The GPS points 53 
demonstrated in the left column of Figure 2 (a, c, e, g, i) have 54 
centimetre-level accuracies in their horizontal and vertical 55 
coordinates (Wang et al. 2001, Li et al. 2012). Therefore, the 56 
uncertainties in the GPS datasets can be neglected, and RMSE 57 
values can be used to represent the DEM errors, in addition to 58 
mean error. 59 
 60 
Another reference data used for raster-based comparison is the 61 
freely available SRTM version 4.1 which is the updated post- 62 
processed SRTM release after using sophisticated interpolation 63 
and hole-patching methods and being also called the 64 
Consultative Group for International Agriculture Research 65 
Consortium for Spatial Information (CGIAR-CSI) SRTM 66 
(Jarvis et al. 2008, Hirt et al. 2010). The SRTM v4.1 is 67 
distributed in 5°×5° tiles containing 6001×6001 pixels with 3 68 
arc-second spatial resolution and the absolute height error of 69 
better than 10m (Rodriguez et al. 2006, Gorokhovich and 70 
Voustianiouk 2006). 71 
 72 
As the first global 1 arc-second elevation dataset free of charge, 73 
the ASTER GDEM is packaged in 1°×1° tiles in GeoTIFF 74 
format with geographic coordinates. The overall accuracy of the 75 
GDEM1 is around 20m at the 95% confidence level, while 17m 76 
for that of the GDEM2 evaluated by the ASTER GDEM 77 
validation team (2009, 2011).  78 
 79 
Before comparing with elevation values of the ASTER GDEM 80 
and SRTM, GPS data should be converted from ellipsoidal 81 
elevations regarding to World Geodetic System (WGS84) to 82 
orthometric elevations with the EGM96 geopotential model. A 83 
resampled ASTER GDEM with a spatial resolution of 3 arc- 84 
seconds was generated by directly reading the elevation each 85 
three columns and rows to derive height differences with SRTM 86 
v4.1 (Hayakawa et al. 2008). Note that only one resampled 87 
ASTER GDEM tile was used to compare with SRTM v4.1 in 88 
each test site.  89 

 90 
Figure 1. Locations of the study areas over China, plotted on a 91 
shaded relief map from GTOPO30 data (copyright by USGS: 92 
www1.gsi.go.jp/geowww/globalmap-gsi/gtopo30/gtopo30.html). 93 
A=Three Gorges area; B=Xi’an area; C=Nanning area; D= 94 
Guangdong area; E=Tibetan plateau. 95 
 96 
 97 

 98 
 99 
Figure 2. The shaded relief maps in the left column (a, c, e, g, i) 100 
respectively stand for the five study areas (Three Gorges, Xi’an, 101 
Nanning, Guangdong and Tibetan plateau) with the locations of 102 
static GPS points plotted on the topography data (ASTER 103 
GDEM, SRTM and SRTM30). Red circles indicate GCPs. (b) 104 
Scatterplots of ASTER GDEM2 vs. static GPS heights are 105 
plotted in the right column (b, d, f, h, j) corresponding to the left 106 
locations. The number of GPS points and the values of 107 
correlation, RMS and mean errors are provided in each 108 
scatterplot. The red dashed line stands for the line of perfect fit. 109 
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3. RESULTS 110 

3.1   Comparison against GPS points 111 

3.1.1 Three Gorges Area: The longest river in China, that is 112 
Yangtze River, flows through the world famous Three Gorges 113 
Reservoir Region where it is full of steep mountains and forests. 114 
The GPS measurements (121 GCPs) conducted for landslide 115 
deformation monitoring in Badong and Zigui city were located 116 
on banks along the rivers in Figure 2a.  117 
 118 
3.1.2 Xi’an Area: With a great variation of heights, Xi’an 119 
city is located in the Guanzhong Plain in central China. It 120 
borders the northern foot-hills of the Qinling Mountain to the 121 
south, and the banks of the Wei River to the north. Most of the 122 
130 GCPs are located on the flood plain and others on the 123 
rugged relief (Figure 2c). 124 
 125 
3.1.3 Nanning Area: 195 GCPs are evenly distributed in a 126 
hilly basin in the Nanning area with elevations between 70 and 127 
500 m above the mean sea-level on the north bank of the Yong 128 
River in southern China (Figure 2e). The landscapes are 129 
composed of river plain, low hills, rocky mountains, undulating 130 
terrain and bench terraces.  131 
 132 
3.1.4 Guangdong Area: Guangdong Province is close to the 133 
South China Sea and geographically separated from the north 134 
by a few mountain ranges, namely the Southern Mountain 135 
Range, where the Leizhou Peninsula is located in the southwest 136 
and the convergence of three upstream rivers forms the Pearl 137 
River Delta. Although there are four landscapes (rocky 138 
mountains, undulating terrain, bench terraces and coastal plains), 139 
the relief is more complex than that of Nanning area apparently. 140 
It is shown that the densest GCPs (1238 points) are filled in the 141 
Guangdong area in Figure 2g. 142 
 143 
3.1.5 Tibetan Plateau Area: The Tibetan Plateau between 144 
the Himalayan range to the south and the Tarim Basin to the 145 
north is the largest and highest plateau in the world, with respect 146 
to averaging elevations more than 5000 m and 3500 km by 1500 147 
km in size in Figure 2(i). A total of 55 high accuracy GCPs 148 
were spread in and around the plateau. 149 

Table 1. Statistics of absolute vertical accuracies for ASTER 150 
GDEM v1, v2 and CSI SRTM by comparison with GPS 151 

benchmarks. The study region names are abbreviated in the first 152 
column, which stand for Three Gorges, Xi’an, Nanning, 153 

Guangdong and Tibetan Plateau respectively. The correlation, 154 
minimum, maximum, mean and RMS values of DEMs-GPS 155 

errors are computed. Unit is metres. 156 

 157 
Figure 3. Histograms of the elevation differences among 158 
GDEM1, GDEM2 and CSI SRTM against overall GPS points 159 
(a, c, e) and raster-based comparisons between GDEM and 160 
SRTM over all of the five study areas (g, h). Elevation 161 
differences distribution of GDEM-GPS and SRTM-GPS over 162 
all of the five study areas (b, d, f). Corresponding GPS elevation 163 
is shown in the horizontal axis. 164 
 165 
3.1.6 Absolute Vertical Accuracy: The results of the 166 
elevation differences between ASTER GDEM and GPS points 167 
in each of the five test areas are shown in the right column of 168 
Figure 2. The statistics of absolute vertical accuracies of 169 
GDEM2, as well as that of GDEM1 and SRTM v4.1 are listed 170 
in Table 1.  171 
 172 
Note that the strategy of gross error elimination was employed 173 
in the previous accuracy validation of GDEM1 and SRTM-v4.1 174 
(Li et al. 2012) and improved the RMS values by 1.1m and 175 
2.4m respectively, while not for GDEM2 in order to statistically 176 
derive its original error characteristics. Compared to the 177 
GDEM1-GPS after gross error removal, RMS values of 178 
GDEM2-GPS in the four study areas reduce 1~9m, except for a 179 
1.9m rise in Tibet. Therefore, there is a great improvement (7m) 180 
in the overall RMS value from 26.3m to 19.3m (Table 1 and 181 
Figure 3a). 182 
 183 
As far as the mean error is concerned, it is near zero (0.8m) in 184 
Three Gorges area and Tibetan Plateau area (Table 1). However, 185 

Name DEM 
vs. GPS Corr Min Max Mean RMS 

GDEM1 0.97 -32.3 24.7 -5.9 12.1 
GDEM2 0.98 -29.5 20.7 0.8 8.6 3G 
SRTM 0.92 -51.4 37.5 -10.5 24.5 

GDEM1 0.99 -58.2 10.5 -18.9 21.6 
GDEM2 0.99 -50.9 13.9 -14.0 17.2 XA 
SRTM 0.99 -50.6  0.2 -12.8 16.9 

GDEM1 0.94 -56.8 36.6 -14.9 20.0 
GDEM2 0.91 -71.1 57.1 -8.4 19.1 NN 
SRTM 0.98 -21.1 15.5  -2.4  7.6 

GDEM1 0.99 -86.3 43.9 -24.9 29.0 
GDEM2 0.99 -104 23.8 -15.8 20.4 GD 
SRTM 0.99 -73.3 34.2 -20.8 25.0 

GDEM1 0.99 -42.3 25.7 -5.9 14.1 
GDEM2 0.99 -45.3 61.2 0.8 16.2 TP 
SRTM 0.99 -22.0 13.4  0.9  8.6 

GDEM1 0.99 -86.3 43.9 -21.4 26.3 
GDEM2 0.99 -104 61.2 -13.1 19.3 Overall 
SRTM 0.99 -73.3 37.5 -16.8 22.8 
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there are still large negative mean values in Xi’an area (-14.0m), 186 
Nanning area (-8.4m) and Guangdong area (-15.8m). It is stated 187 
by the ASTER GDEM validation team (2011) that an elevation 188 
bias (-5m) observed in the GDEM1 was removed in the 189 
GDEM2. So it has a great impact on the overall mean error 190 
which decreased by 8.3m to -13.1m (Table 1 and Figure 3a).  191 
 192 
As with GDEM1 and GDEM2 against GPS height, strong 193 
correlations (>0.9) also existed between SRTM v4.1 and GPS. 194 
It should be noted that the mean errors and RMS values of 195 
SRTM-GPS in Xi’an, Naning and Tibet areas were lower than 196 
those of both GDEM1-GPS and GDEM2-GPS. It is clearly 197 
indicated that the overall RMS value (22.8m) of SRTM is a bit 198 
larger compared with that of GDEM2, whereas it is better than 199 
GDEM1 (Table 1 and Figure 3a, 3c, 3e).  200 
 201 
On the whole, it is shown that there is a general underestimation 202 
of terrain elevation by the GDEM2, GDEM1 and SRTM from 203 
the negative mean error by comparing GCPs (Figure 3a, 3c and 204 
3e). Slater et al. (2009) and Hirt et al. (2010) also reported that 205 
there was a clear negative bias (-5.2m and -8.2m) for GDEM1- 206 
GCPs, however, a positive bias (1.3m) for SRTM found by Hirt 207 
et al. (2010) in Australia. In the report of Gesch et al. (2011) the 208 
negative mean error of GDEM2-GPS decreased from -3.7m to - 209 
0.2m compared to GDEM1-GPS, which was also smaller than 210 
that in this study.  211 
 212 
Figures 3b, 3d and 3f show a density distribution of the 213 
elevation differences derived from GDEM2-GPS, GDEM1-GPS 214 
and SRTM-GPS respectively over the overall GPS points. There 215 
is an evident negative bias between the elevation differences for 216 
them, while it gets somewhat convergent within ±50 metres for 217 
GDEM2 versus GPS.  218 

Table 2. Statistics of DEM inter-comparisons with CSI SRTM 219 
for ASTER GDEM v1 and v2. In each study area, there are two 220 
ASTER GDEM tiles used for comparison with SRTM. In each 221 

GDEM tile, the first row is GDEM1-SRTM and the second 222 
bolded row is GDEM2-SRTM. Unit is metres. 223 

3.2 Comparison between GDEM2 vs. SRTM v4.1 224 

Perfect positive correlations (>0.98) in the comparisons 225 
between ASTER GDEM and SRTM can be observed in Table 2, 226 
indicating the extent that they correlate with each other in the 227 
specified areas. In the Three Gorges area, the RMS value 228 
(26.2m) of GDEM2-SRTM was a little lower than that of 229 
GDEM1-SRTM, whereas a larger positive mean error (7.4m). It 230 
should be noted that dense trees and steep slope dominate in this 231 
area, which is consistent with the explanation that ASTER is 232 
measuring elevations at or near the top of the forest canopy 233 
while SRTM is recording elevations penetrating into the canopy 234 
(Gesch et al. 2011). Nanning, Guangdong and Tibet areas had a 235 
bit larger RMS values, while it decreased drastically in Xi’an 236 

area. The negative mean errors in Xi’an (-6.1m) and Nanning (- 237 
7.4m) areas become smaller than previous ones, while they 238 
changed to be positive in Guangdong (3.2m) and Tibetan 239 
Plateau (3.9m) areas. It is obvious that the overall mean error of 240 
GDEM2 versus SRTM approached to zero (0.2m) and the RMS 241 
value fall off from 22.0m to 20.6m  (Table 2, Figures 3g and 242 
3h). 243 
 244 
3.3 Land Cover Analysis 245 

GlobCover land cover product v2.2 is derived from a time series 246 
(December 2004 - June 2006) of full resolution MERIS mosaics, 247 
including 22 land cover global classes which are defined using 248 
the UN Land Cover Classification System (LCCS) (Bicheron et 249 
al. 2008). Figure 4 presents the five study areas over China 250 
covered by the 22 global classes. 251 
 252 
For simplicity to analysis, 22 land cover global classes of the 253 
GlobCover v2.2 were aggregated into 9 generalized LCCS land 254 
cover classes in Figure 5c. Each land cover class was resampled 255 
to accord with the 30m or 90m DEM by using a nearest 256 
neighbour scheme.  257 

 258 
Figure 4. Land cover map with geographical distribution of the 259 
22 classes over the five test areas (a, b, c, d, e) and China (f) 260 
plotted on GlobCover v2.2 product (copyright by ESA 261 
GlobCover Project). The GlobCover global legend on the right 262 
of Figure 4(e) contains 22 classes extracted from Table 2 263 
reported by Bicheron et al. 2008.  264 

It is demonstrated that negative mean biases of GDEM2-GPS 265 
dominate in vegetation-covered (cultivated lands, artificial 266 
surfaces and terrestrial vegetation areas with trees, shrubs and 267 
herbaceous) areas, while the RMS values are no less than 10 268 
metres in Figure 5a and Table 3. It indicates that ASTER 269 
GDEM appears to underestimate heights independent of 270 
vegetation cover partly because the ‘first return’ ASTER data is 271 
being over corrected for vegetation. As a result of no GPS 272 
points lying in areas with terrestrial vegetation and flooded 273 
vegetation, two landcover classes (ID=5 and 6) are not 274 
delineated in Figure 5a. Also note that only one GCP locating in 275 
bare areas (ID=8) brings large uncertainty. Inland waterbodies 276 

Name 
GDEM(1,
2) tiles vs. 

SRTM 
Corr. Min Max Mean RMS 

0.997 -514 581 1.7 27.5 3G N31E110  0.997 -523 545 7.4 26.2 
0.991 -256 -202 -9.4 22.6 XA N34E108 0.997 -225 156 -6.1 14.2 
0.984 -200 1003 -13.4 17.1 NN N22E108 0.965 -220 214 -7.4 18.1 
0.982 -163 329 -2.2 8.9 GD N23E113 0.980 -154 321 3.2 9.1 
0.995 -357 161 -0.68 15.6 TP N35E093 0.994 -248 157 3.9 17.3 
0.99 -514 1003  -4.8 22.0 Overall 5 tiles 0.99 -523 545 0.2 20.6 
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areas have the smallest RMSE value (5.8m) and near zero mean 277 
bias (0.1m), which benefits a lot from the improved water body 278 
masking. It has been noted that errors are low close to water 279 
bodies (presumably not on the water bodies as they are 280 
masked). Perhaps this is due to good matching wherever there is 281 
either a water body with very distinct and monotone feature or 282 
its mask. As a result of the identified issues in GlobCover v2.2, 283 
including inconsistencies due the lack of data, forest estimation, 284 
lakes and rivers, thematic errors etc., this analysis depends 285 
largely on how homogeneous the land cover is at the 30~300m 286 
scale in China with intensive agriculture (Li et al. 2012, 287 
Bicheron et al.  2008). 288 
 289 
In Figure 5b and Table 4, the results of ASTER GDEM2-SRTM 290 
were separated into GlobCover land cover classes. There were 291 
positive mean biases (<4m) in all of the land cover classes 292 
except for the cultivated lands (-3.2m), and larger RMSE values 293 
in terrestrial vegetation areas with trees, shrubs and herbaceous 294 
areas, which reflects the fact that ASTER is a “first return” 295 
system, while SRTM gave the elevations within the vegetation 296 
canopy rather than at the top (Carabajal and Harding 2006, 297 
Hofton et al. 2006, Gesch et al. 2011).  298 

 299 
Figure 5. a and b show the landcover class assessment for the 300 
elevation differences (GDEM-GPS and GDEM-SRTM, 301 
respectively) over the five study areas. (c) The UN Land Cover 302 
Classification System (LCCS) landcover classes used as a mask 303 
for elevation comparison and ID corresponding to the value of 304 
horizontal axis in (a) and (b). 305 

 306 

 307 
 308 
 309 
 310 
 311 
 312 
 313 
 314 

Table 3. Statistics of the elevation difference between ASTER 315 
GDEM2 and GPS/GCPs separating into GlobCover land cover 316 

classes. Unit is metres. 317 

318 

 318 

 319 

Table 4. Statistics of the elevation difference between ASTER 320 
GDEM2 and CSI SRTM separating into Globcover land cover 321 

classes. Unit is metres. 322 

 323 
 324 

4. CONCLUSIONS 325 

By comparing with precise GPS measurements, the overall 326 
absolute vertical accuracy (19m) of ASTER GDEM2 was 327 
evaluated in five study areas in China, which was better than 328 
that of the GDEM1 due to the elevation bias removal of -5 329 
metres. At the same time, pixel-to-pixel comparison between 330 
GDEM2 and SRTM was investigated and then separated into 331 
ESA GlobCover land cover to analyse the relationship between 332 
error and land cover type. It is indicated that GDEM2 still 333 
exhibits negative elevation bias of about 10m through the land 334 
cover analysis. It is of great help to employ the improved water 335 
body detection for the quality of GDEM2. However, it is also 336 
reported that a smaller stereo correlation kernel has improved 337 
horizontal resolution at the expense of the increased high 338 
frequency noise (Tachikawa et al 2011b), which is not covered 339 
in this paper and  needs to be further tested. 340 
 341 
 342 
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