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Abstract 

ASTER  is a Japanese sensor which is one of the five equipments that are on board of the Terra satellite launched by 

NASA in 1999. The sensor has been collecting satellite imagery since 2000. The ASTER GDEM was released to the 

public after a joint operation between NASA and METI (Japan's Ministry of Economy, Trade and Industry). It is the 

most complete DEM of the earth ever made, covering 99% of its surface in 1 arc second resolution. The previous most 

comprehensive DEM, Shuttle Radar Topography Mission (SRTM) DEM, covered approximately 80% of the Earth's 

surface, with a resolution of 3 arc seconds, and 1 arc seconds. The GDEM covers the earth from 83 degrees North to 83 

degrees South (SRTM's coverage is from 56°S to 60°N), becoming the first DEM that covers the Polar Regions. 

Nowadays the second version is in use, which is corrected and enhanced in terms of several artifacts. In spite of these 

corrections it is reported that there are still some artifacts such as wells and spikes in the data. In this study ASTER 

DEM and SRTM DEM are analyzed against local height data. The ground truth data is local DEMs created by using 

25K national topographic maps. We will do an area based comparison between ASTER DEM, SRTM DEM and local 

DEMs. For this purpose we selected 37 25K map sheets randomly distributed over the country. Furthermore we create 

3D visualizations and compare them in terms of detail richness of the topography. Finally it is concluded that SRTM 

DEM seems to be superior to ASTER DEM over the Turkish territory.  

Keywords: ASTER, SRTM, validation, 25K topographic maps, Turkish territory. 

1 INTRODUCTION 

Global Digital Elevation Models (GDEM) which cover large parts of Earth’s physical surface was produced from the 

remote sensing methods or existing topographic maps by digitizing, and then it is presented to the end users 

commercially or non-commercially. In this context, SRTM (Shuttle Radar Topography Mission) and ASTER 

(Advanced Spaceborne Thermal Emission and Reflection Radiometer) that are performed in the last decade are the 

projects at the non-commercial category, which are jointly realized by NASA, German and Italian space agencies, and 

Japan's Ministry of Economy, Trade and Industry (METI), respectively (ASTER, 2016; SRTM, 2016).  

In the SRTM project, a radar system mounted on a space craft collected data on the land masses of the earth surfaces 

between approximately ±60° latitudes. The two radars which are termed X and C bands belong to NASA and German-

Italian space agencies, respectively, whereas C band radar collected data continuously, X band radar produced gappy 

stripe data on the physical surface. NASA freely presented the SRTM Digital Elevation Model (DEM) for United States 

(US) within one arc-second resolution for the other parts of the earth within three arc-seconds resolution. A Global 

SRTM DEM version within one arc-second resolution has been released lately.  

ASTER GDEM which is completed after SRTM is the second global DEM. ASTER (Advanced Spaceborne Thermal 

Emission and Reflection Radiometer) is a satellite project which is jointly produced by Japanese Economy-Commerce-

Industry Ministry, NASA and both country’s scientific and industrial institutions. ASTER has a more sophisticated 

remote sensing capability than the previous satellite missions. ASTER collects high resolution spatial data within 

wavelengths of visible, thermal and infrared which are collected in 14 bands, totally. Because ASTER has a stereo 
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vision, the collected data can be converted to a DEM by a photogrammetric method so as ASTER GDEM was produced 

by such a method.  

Compared to the SRTM DEM, ASTER GDEM has more comprehensive (between ±83° latitudes) and high resolution. 

However, in a variety of references it is stated that ASTER is not good as SRTM DEM in terms of accuracy since 

ASTER has been formed by photogrammetric technique (Team, 2009; Bubenzer and Bolten, 2008, Luanac et al 2015; 

Pipaud et al 2015; White et al 2015). 

In this study, the accuracies of ASTER GDEM (1 arc-second resolution) and SRTM DEM (3 arc-second resolution) in 

Turkey were tested. The SRTM DEM used here is the void filled data which is produced in a previous national project 

of the authors (Bildirici et. al., 2008; Bildirici et al 2009). As ground truth data, a DEM derived by digitizing 1:25 K 

topographic map sheets has been used. Results shows that despite the lower resolution and smaller coverage, SRTM 

provides better results in terms of accuracy over the Turkish territory. 

2 MATERIAL AND METHOD 

This section starts with brief views of  SRTM and ASTER DEMs as input data. For the control data, a regional DEM 

digitized from 1:25 K topographic maps will be explained. Finally comparison method will be explained. 

2.1 SRTM DEM  

The space shuttle Endeavour orbited the earth in 2000 within the Shuttle Radar Topography Mission (SRTM). The 

National Aeronautics and Space Administration (NASA) and the National Geospatial-Intelligence Agency (NGA) 

participated in an international project to collect radar data which were used to create the first global digital elevation 

model which covers 80% of the earth land masses between 60° north and 56° south. Endeavour orbited the earth 16 

times each day during the 11-day mission (USGS, 2016). 

In SRTM single-pass interferometry was used, which acquired two signals at the same time by using two different radar 

antennas. An antenna located on board the space shuttle collected one data set and the other data set was collected by an 

antenna located at the end of a 60-meter mast that extended from the shuttle. Differences between the two signals 

allowed for the calculation of surface elevation. SRTM successfully collected radar data over with data points posted 

every 1 arc-second (approximately 30 meters). SRTM Data Products are distributed in three different form. 

SRTM non-void filled elevation data was produced from raw C-band radar signals spaced at intervals of 1 arc-second 

(approximately 30 meters) at NASA’s Jet Propulsion Laboratory (JPL). This version was then edited or finished by the 

NGA to delineate and flatten water bodies, better define coastlines, remove spikes and wells, and fill small voids. The 

resolution for this data set is 1 arc-second for the US and 3 arc-seconds for global coverage. 

SRTM void filled elevation data are the result of additional processing to address areas of missing data or voids in the 

SRTM non-void filled collection. The voids still occur in areas where the initial processing did not meet quality 

specifications. The resolution for this data set is 1 arc-second for the US and 3 arc-seconds for global coverage.  

SRTM 1 arc-second global elevation data offer worldwide coverage of void filled data at a resolution of 1 arc-second 

(30 meters) and provide open distribution of this high-resolution global data set. Some tiles still contain voids.  

In a previous project of the authors the second version of the non-void filled data from NASA JPL was evaluated within 

Turkish territory. One of the outcomes of this project is the void-filled SRTM data for Turkey, where the voids are 

filled by using the local height data taken from 25K topographic map sheets (Bildirici et al, 2009). In this study this data 

set is used.  

Table 1. Characteristics of the DEMs used in the study 

 SRTM ASTER 

Projection Geographic  Geographic 

Horizontal Datum WGS84  WGS84 

Vertical Datum EGM96 (Earth Gravitational Model 1996) 

ellipsoid  

EGM96 (Earth Gravitational Model 

1996) ellipsoid  
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Vertical Units Meters  Meters 

Spatial Resolution  1 arc-second for global coverage (~30 meters) 

3 arc-second for global coverage (~90 meters) 

1 arc-second for global coverage (~30 

meters) 

Raster Size  1 degree tiles 1 degree tiles 

File format hgt, bil geotiff 

2.2 ASTER GDEM  

METI and NASA announced the release of the ASTER GDEM Version 2 (GDEM V2) on October 17, 2011, which is 

used in this study. The first version of the ASTER GDEM, released in June 2009, was produced by using stereo-pair 

images collected by the ASTER instrument. ASTER GDEM coverage spans from 83 degrees north latitude to 83 

degrees south, which makes 99 percent of Earth's land areas. The improved GDEM V2 adds 260,000 additional stereo-

pairs, improving coverage and minimizing the artifacts and anomalies. The refined production algorithm provides 

improved spatial resolution, increased horizontal and vertical accuracy, and superior water body coverage and detection. 

The ASTER GDEM V2 maintains the GeoTIFF format and the same gridding and tile structure as V1, with 1 x 1 

degree tiles in 1 arc second resolution. ASTER GDEM V2 data are available free of charge to users worldwide from the 

Land Processes Distributed Active Archive Center (LP DAAC) and J-space systems. 

In GDEM V1, pixels of which heights are not determined due to the clouding were flagged by -9999  (i.e. void data). In 

GDEM V2, non-uniform data was tried to be eliminated by analyzing more rigorously. In this version, the voids were 

patched from SRTM DEM. Together with each DEM file, a quality file was yielded then patched pixels were marked 

on it. Thus, V2 does not contain any voids. Nevertheless, it is possible to identify the patched areas by using quality file 

if desired. 

2.3 Ground Truth Data  

Ground truth data consists of digitized contour lines of 25K topographic maps. In order to create a nation-wide DEM 

the contour lines of 25K maps were vectorized by General Command of Mapping Turkey (GCM). These data were 

distributed in CAD files, each sheet in an individual file. The authors obtained this data within a previous project 

(Bildirici et al 2008; Bildirici et al 2009), and used in this study. Today, GCM distributes today DTED files in 1 arc 

second resolution, which is generated from digitized contour lines of 25K maps. The data from GCM is not free of 

charge.  

Due to automatic vectorization the point density on contour line are very high. A line thinning process 05 be  necessary 

to use this data set properly. The coordinate system is UTM on European Datum 1950, the vertical datum is average sea 

level. In order to perform a comparison, point density on contour lines is reduced, and horizontal and vertical datum 

conversions are performed.  

2.4 Validation Strategy 

Our validation strategy is to interpolate the height of each point in the ground truth data from the GDEM (ASTER or 

SRTM) and compare the local height to GDEM height. For this purpose the ground truth data was prepared doing the 

following steps: 

 The CAD files (dxf format) were processed to obtain points in 30 horizontal distance in a contour lines (data 

thinning). 

 The coordinates of the selected points are converted to geographical coordinates in WGS84 datum. The initial 

coordinate system is UTM on European Datum (EDD50). For datum conversion global parameters of GCM 

are used (GCM, 2002). Doing so, for each 25K map file a point set with geographical coordinates in WGS84 

datum and local heights was formed, which is used as ground truth data thereafter. For this purpose a specific 

program in C programming language was developed.  

The evaluation of ASTER GDEM and SRTM DEM is carried out in the following steps.  

 ASTER GDEM tiles were downloaded in GeoTIFF format. By using GDAL programming package 

(http://www.gdal.org ) these files are converted to binary grid files, in which heights are recorded as 2 byte 

integer sequentially. Since SRTM data are distributed in grid file format (hgt format), no conversion was done.  
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 For each point within ground truth data neighboring 4 points in grid file (ASTER or SRTM) are found. By 

using IDW (Inverse Distance Weighting) interpolation method the height of the point is determined (Gruver, 

2016). For each 25K file, a file with geographical coordinates, local heights and interpolated heights are 

formed. By using this file a vertical datum conversion is performed and heights are compared. For this step 

another program again in C language is developed. 

 Finally the local DEM and Global DEMs were matched in terms of accuracy. In order to avoid systematic 

errors (e.g. datum shifts), two types of heights (Local DEM and ASTER/SRTM DEMs) were compared with 

four parameter corrector surface model.   

3 APPLICATION 

In this section validation of ASTER and SRTM and visual representations produced by ASTER GDEM will be 

discussed.  

3.1 Validation of ASTER GDEM and SRTM DEM 

For the validation 25K map sheets are selected. Total number of sheets is 37. The files are distributed randomly to the 

Turkish territory, mostly in rough areas in terms of topography. In Figure 1 and 2 spatial distribution of the selected 

sheets can be seen.  

As we mentioned in previous section the points in the 25K sheet files are thinned in terms of number, by omitting points 

on the contour lines, of which distance to the next point is less than 30m.  Thereafter geographical coordinates in 

WGS84 datum are obtained for each map sheet as an individual file.  In these files geographical coordinates and local 

heights are listed. Then for each point ASTER heights and SRTM heights are interpolated with IDW method by using 

four surrounding points.   

In geodetic literature, height data in different datum are non-suitable for the comparison. Thus a corrector surface model 

can be used before detailed discussion. From a linear model to more sophisticated similarity transformation model can 

be available (Kotsakis and Sideris, 1999; Abbak, 2014).  

Such a comparison is based on as follows, 

 AxHH MODELLOCAL      (1) 

where A is a design matrix, x is a vector of unknown parameters,   is the random noise term. The parametric model is 

assumed to absorb all systematic errors.   

In this study, four parameter model was used because it gives more reasonable results for our study. Four parameter 

model, 
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Where  and  are geodetic coordinates of check points. This a vector is extended for each check point, then A design 

matrix is attained. Afterwards, unknown parameters are solved by Least Squares (LS) approach. Finally, the Root Mean 

Square Errors (RMSE) is calculated that are supposed to be the accuracy of global DEM. However, the RMSE values 

contain errors of local DEM.      

Table 2 shows results that are obtained from four parameter corrector surface model. According to table, SRTM is 

better than ASTER, but in some rough topographies, ASTER is superior to SRTM DEM. In map sheet m34a3, accuracy 

of SRTM is approximately 49 m whereas accuracy of ASTER is about 65 m. In figure 1 and 2 the map sheets are 

depicted according to RMS values. Here we see the locations of the local height data together with the RMS levels.  
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3.2 Visualization 

In order to evaluate the 3D visualization capabilities we created 3 different topographic maps of the same area (a 25K 

map’s area) by using ASTER GDEM, SRTM DEM and the ground truth data. Mercator projection on WGS 84 datum is 

used, contour line interval 100m. A 25K sheet (M34a3) with rough terrain with the highest RMS value is selected. In 

Figure 3 to 6 the maps based on local data, ASTER GDEM and SRTM DEM are shown, which are prepared by using 

Generic Mapping Tools (http://gmt.soest.hawaii.edu) software package.  

In the figures there are differences between the contour line representations. Lines from SRTM seem to be more smooth 

because of 3 arc second resolution. In south west part of the map of ASTER GDEM some irregularities are visible 

(Figure 4). The RMS value is possible so high due to these irregularities (65m see table 1). Considering the RMS values 

the SRTM data is better in this area. This can be the reason why the contours of SRTM DEM seem more consistent in 

comparison to local data.  

http://gmt.soest.hawaii.edu/
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Table 2. Evaluation of ASTER and SRTM DEMs by means of local DEM. 

Map sheet ASTER SRTM 

 Min Max Mean RMS Min Max Mean RMS 

e31c4 -36.02 53.97 -0.01 8.14 -38.36 37.06 0.01 7.05 

e31d2 -36.97 45.65 -0.02 7.81 -40.78 31.14 -0.04 6.72 

e31d3 -38.28 60.03 -0.01 7.51 -28.32 30.12 0.01 6.34 

f18a2 -23.26 20.89 0.03 4.00 -14.85 14.99 0.00 3.09 

f18a3 -25.58 19.76 -0.00 3.72 -15.38 13.93 -0.00 2.58 

f18b1 -19.28 26.89 -0.00 3.80 -16.71 14.42 0.00 3.08 

f46c4 -148.85 109.28 0.02 15.97 -368.41 192.35 -0.01 40.63 

f47b3 -146.73 137.06 -0.01 15.35 -292.77 177.88 0.00 22.28 

f47c4 -215.63 217.23 0.01 18.71 -246.39 159.54 0.01 20.49 

g46a1 -198.62 103.82 -0.00 17.26 -214.16 188.93 0.01 21.37 

g46a3 -215.48 124.22 -0.00 18.84 -228.75 213.59 0.00 25.39 

g46b1 -168.99 109.54 -0.01 23.47 -319.76 162.25 0.01 32.65 

i35b3 -41.33 38.81 -0.00 7.58 -34.33 32.45 0.01 7.11 

i35c2 -43.85 54.24 0.00 8.28 -35.17 36.98 0.03 7.81 

i36d1 -43.07 74.40 -0.00 9.03 -34.19 36.98 0.01 8.02 

i48c3 -42.27 34.74 -0.00 6.82 -42.01 29.12 0.00 6.39 

i48c4 -29.95 43.86 -0.00 6.62 -32.45 30.61 -0.01 5.92 

j20d1 -42.42 55.70 0.02 8.00 -41.54 42.02 -0.00 8.98 

j20d3 -42.41 78.33 -0.00 6.71 -40.86 51.84 -0.00 7.56 

j20d4 -78.92 121.50 0.01 9.32 -50.94 65.23 -0.00 8.76 

j48b1 -35.67 41.28 -0.01 7.08 -35.82 36.21 0.00 6.78 

j48b2 -33.21 43.94 -0.00 6.35 -32.64 31.92 -0.00 5.90 

l29d4 -135.24 228.32 0.01 41.62 -129.97 200.66 0.02 40.69 

m34a3 -496.22 409.43 -0.02 64.91 -451.21 315.73 0.01 49.05 

m34b3 -204.69 217.68 -0.01 23.36 -195.83 334.40 -0.07 36.68 

m44d3 -58.35 27.14 0.01 4.70 -21.60 20.02 0.00 4.31 

m44d4 -16.10 20.14 -0.01 3.59 -19.06 18.45 0.00 2.99 

m49b4 -175.29 226.22 0.02 17.66 -379.81 474.24 0.01 39.23 

n26a2 -230.14 211.00 -0.00 15.64 -162.50 595.43 0.02 37.17 

n33a4 -225.38 180.66 -0.00 27.78 -395.97 445.95 0.02 47.48 

n36b2 -257.09 175.50 -0.00 19.87 -361.39 458.85 0.01 34.63 

n44a1 -93.93 29.56 -0.00 5.64 -98.04 24.77 -0.01 5.35 

n44a2 -35.10 62.95 0.00 7.77 -31.64 39.32 -0.00 7.20 

o30c3 -53.39 46.89 -0.01 9.27 -54.43 39.55 -0.01 7.86 

o31d4 -61.84 69.27 -0.00 10.83 -63.90 56.65 -0.00 9.17 

p30b2 -57.39 64.37 -0.00 10.93 -53.62 67.61 0.00 8.40 

p31a1 -53.37 62.14 -0.01 8.29 -47.01 45.98 0.00 8.31 
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Figure 1: The results of the ASTER GDEM validation in 25K map sheets 

 

Figure 2: The results of the SRTM DEM validation in 25K map sheets 

4 CONCLUSIONS AND REMARKS 

In this study, SRTM DEM and ASTER GDEM were compared in terms of local height data which are produced from 

1:25K topographic map sheets over the Turkish territory. For this purpose, 37 map sheets which are covers different 

characteristic structures were selected. According to our numerical results, ASTER GDEM is better than SRTM in 

some rough areas (in 13 map sheets) whereas SRTM gives more reasonable results in other test areas. Considering 

overall statistics, SRTM DEM is superior to ASTER GDEM from the point of view of height accuracy. Maximum RMS 

for ASTER is about 65 m, for SRTM about 49 m. On the other hand, from the point of terrain visualization ASTER 

GDEM contains irregularities, and SRTM DEM delivers better results in terms of morphology even if SRTM DEM has 

lower resolution.    
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Figure 3. Contour lines created with the local height data (ground truths) (Map Sheet M34a3) 
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Figure 4: Contour lines created with the ASTER GDEM 1 arc seconds (Map Sheet M34a3) 
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Figure 5. Contour lines created with the SRTM DEM 3 arc seconds (Map Sheet M34a3) 
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