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Digital Elevation Models (DEMs) defined as digital representation of the ground surface are widely used 
by many disciplines for various purposes. In parallel with technological developments, DEMs are 
generated from different sources such as direct surveys, digitization of digital contour maps, aerial 
photographs, remote sensing images, laser scanning systems, interferometric SAR data etc. Many 
researches have been conducted on the factors affecting the accuracy of the DEMs and they are still 
ongoing. In this study, effect of land slope on the accuracy of DEM has been researched. Therefore, 
land cross-sections have been determined in the diverse land slope groups on the area of study. Land 
surveys have been made on these cross-sections by electronic tachometer. Three dimensional 
coordinates (x, y, z) of the points surveyed on the cross-sections have been calculated. Later, maps 
with 1/5000 scale 5 m contour intervals and 1/25000 scale from 10 m contour intervals were digitized. 
DEM was derived from digital orthophoto map with 1/1000 scale. Also, DEMs of the area of the 
investigation were generated using IKONOS satellite image with 1 m resolution and SRTM (Shutle Radar 
Topography Mission) data. Differences were acquired by determining elevations on the DEMs generated 
using five different maps and images pertaining to the same point, based on the points of which 
surveys and elevations were determined. Elevation accuracy of the DEMs derived from different 
sources was assessed for each cross-section by means of the differences acquired and comparisons 
were carried out.  
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INTRODUCTION  
 
Terrain has a three dimensional surface which can not be 
identified precisely. In order to define this surface 
mathematically, infinite points are required. Since this is 
not possible, a certain number of point sets are selected 
and thereby it tried to express the terrain mathematically 
by means of such points. In real earth, points are identi-
fied with tree dimensional coordinates including x, y, and 
z. While, x and y coordinates represent horizontal posi-
tions of a point, point heights are identified by z as being 
the three dimension.  

The heights on the printed maps are commonly 
expressed with contours. It is difficult to make three 
dimensional analyses on the contour maps. Studies on 
three dimension modeling of the terrain have accelerated 
with the software and hardware advancing in parallel with 
technological developments. Nowadays, DEM is used  for 

various disciplines for diverse purposes. The most 
common fields of use thereof are urban planning, earth 
sciences, viewshed analyses, volume calculations, pre-
parations of the relief maps, three dimensional modeling, 
logistic planning, risk analysis, slope and aspect 
calculation, flight simulations etc.  

The most significant data source for the three dimen-
sional modeling of the terrain is Digital Elevation Models 
(DEM). DEM is differently defined in the literature. 
According to the United States Geological Survey, DEM 
is a digital cartographic representation method for the 
elevation of the terrain at regularly spaced intervals x and 
y directions using z (elevation) values referenced to com-
mon vertical datum (Yastıklı and Jacobsen, 2003). As for 
another definition; DEM is digital representation 
generated with elevation values at the equal grid intervals  



 
 
 
 
of the terrain (Yakar, 2009).  

Various data sources are utilized within the DEM gene-
ration. These sources are direct surveys (total station, 
RTK_GPS), digitization of existing contour maps, stereo 
aerial photographs, evaluation of remote sensing images, 
laser scanning data, interferometric SAR data and digital 
databases prepared for Geographic Informa-tion Systems 
(GIS).  

The accuracy of the DEM is highly important for the 
applications based on the three dimensional model of the 
land. Accuracy of the DEM varies according to position 
accuracy, frequency, distribution of the source data used, 
land structure, and DEM generating (interpolation) 
methods.  

Numerous researches have been carried out regarding 
to DEM acquired from different sources. Soycan and 
Soycan (2009) generated DEM using a diverse number 
of sampling points at the various grid intervals though 
utilizing scanned topographic maps with 1/1000 scale in 
order to research comparatively the accuracy of DEM. 
Clarke and Burrnet (2003) declared the deficiency of the 
resolutions of 30 m DEMs generated by USGS (U.S. 
Geological Survey) and commonly used for the aquatic 
system analyses. Erdogan (2010) conducted an empirical 
study regarding to the research on effects of land 
characteristic points and different-density data on the 
DEM generation.  

Zhou and Liu 2004; Yilmaz, (2007); Luo et al. (2008); 
researched the effects of interpolation method on surface 
determination. Xie et al. (2003) and Ardiansyah and 
Yokoyama (2002), investigated DEM generation from 
contours, and researched comparable errors in DEM 
generated from contours at upslope lands. Rayburg et al. 
(2009) analyzed the capacity of DEMs formed by point 
elevations generated from LIDAR, DGPS and maps with 
1/100000 scale, morphological variation at the wetlands, 
dimension and shape of such variation. It is emphasized 
how to elect the accurate DEM in deter-mining water 
source management. Bildirici et al. (2008); SRTM data 
was used so as to generate a complete DEM with 3’’ × 3’’ 

resolution for Turkey. Deficiencies in DEM generated 
were made up by means of the DEM gene-rated by 
utilizing maps with 1/25000 scale and analyses were 
carried out in respect of elevation accuracy of SRTM 
data. Luedeling et al. (2007) made up deficiencies in 
DEM generated from SRTM data and made com-
parisons regarding to elevations generated at the diverse 
land slopes. Effects of interpolation methods used, grid 
intervals, land structure or data source resolution on the 
accuracy of DEM are commonly investigated in DEM 
generation within the studies carried out.  

In this experimental study; different slope groups at the 
selected area of the study were extracted cross-sections 
in order to determine the effects of land slope on the 
elevation accuracy of DEM. Elevations of same points on 
DEMs generated from diverse sources based on the point 
elevations determined by surveys were compared on the 
profiles extracted. For  the  comparison;  digitalization   of  
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maps with 1/25000 and 1/5000 scale, digital photogram-
metric map 1/1000 with scale, stereo IKONOS satellite 
image and DEMs derived from SRTM were used. Ana-
lyses of accuracy of DEM compared were carried out and 
results were evaluated.  
 
 
MATERIALS AND METHODS  
 
Area of study 
 
An area of study was determined in the north of Campus of Selcuk 
University and the north east of Konya. The area of study has a 
structure with a bare mountainous area with different land slopes in 
order to compare DEMs derived from various sources. There are no 
buildings and vegetation cover on the area of the study and land 
elevations vary between 1000 and 1400 m. The area of the study is 

located at the =Aϕ 38° 02’ 27”, =Aλ 32° 29’ 43”; =Bϕ  37° 59’ 

31”, =Bλ  32° 33’ 02” coordinates (Figure 1).  
 
 
Data, software and hardware used on the area of the study 
 
Following data was utilized in order to compare DEMs acquired 
from different sources:  
 
1. Digital contour map with 1/1000 scale generated from aerial 
photographs of 2007 by Konya Metropolitan Municipality.  
2. Topographic map with 1/5000 scale generated from aerial 
photographs of 1999 by Konya Metropolitan Municipality.  
3. Topographic map with 1/25000 generated by General Command 
of Mapping in 1991. 
4. Stereo IKONOS satellite image with 1m resolution in 30 October 
2004.  
5. SRTM (Shuttle Radar Topography Mission). 
 
For the assessment of the data, ERDAS IMAGINE, ArcGIS and 
NetCAD software were used, for GPS tracking process, Leica SKI 
was used.  

For land works; Leice SR9500 dual frequency GPS receiver and 
TOPCON GTS-701 electronic tachometer were utilized.  
 
 
Land works 
 
In the beginning, grounds with diverse slope groups (0 - 5°, 5 - 15°, 
15 - 30°, > 30°) were determined in the area of the study. Coord-
inates of longitudinal profile points were calculated using TOPCON 
GTS-701 electronic tachometer with 1cc angle measuring accuracy 
and length measuring accuracy md = ± (2 mm + 2 ppm.D). Ground 
Control Points (GCP) required for orthophoto from stereo IKONOs 
satellite image and DEM generation were determined by GPS 
(Global Positioning System) surveys (Yakar and Mutluoglu, 2003).  
 
 
DEMs generation 
 
DEM generation from contour maps  
 
Contour maps are one the data sources most commonly used for 
DEM generation. Elevation information is expressed with contours 
on these maps (Walker and Willgoose, 2006; Sindayihebura et al., 
2005; Bonın and Rousseaux, 2005). In this study, 2 contour maps 
with 1/25000 scale and 4 contour map with 1/5000 scale were 
utilized pertaining to the area of the study. Maps with 1/25000 scale 
comprises10 m intervals and maps with 1/5000 scale  comprises  of  
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Figure 1. Area of the study and cross—sections.  

 
 
 

    
                          a                                                   b                                                    c  
 
Figure 2. (a) Contour map, (b) digitalization, (c) DEM_25000.  

 
 
 
5 m intervals. Firstly, these maps were scanned at 400 dpi 
resolution and vectorized through affine transformation. Later, 
digitalization was applied on the contours using NetCAD software. 
This data was assessed using the ArcCIS software and DEM with 5 
m grid interval was generated. DEM derived from the contour maps 
with 1/25000 scale was named as DEM_25000, DEM derived from 
the contour map with 1/5000 scale was names as DEM_5000 
(Figures 2 and 3).  

Photogrammetric DEM generation  
 
DEM generation from Stereo Aerial Photographs is an important 
projedure in photogrammetry. DEMs thereof are individually single 
products and used in generating second products such as orto-
photo. Digital photogrammetry is an ideal method to automatically 
collect DEMs (Öztürk and Koçak, 2007; Erdo�an and Toz, 2009; 
�ahin  and  Yakar,  2008).  Digital  contour  maps  with1/1000 scale  
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Figure 3. (a) Contour map, (b)digitalization, (c) DEM_5000.  

 
 
 

     
                                 a                                                                              b  
 
Figure 4. (a) Contour map with 1/1000 scale, (b) DEM_1000. 

 
 
 
generated from stereo aerial photographs in 2007 by Konya 
Metropolitan Municipality were utilized to generate photogrammetric 
DEM. Elevation points generated in digital medium on these maps 
were assessed in ArcGIS medium and DEM with 5 m grid interval 
was generated. DEM generated was named as DEM_1000 (Figure 
4).  
 
 
DEM generation from stereo IKONOS satellite image 
 
High-resolution IKONOS satellite images are today utilized in 
production works of small and medium scale maps, agriculture, 
environmental monitoring, changes follow-up, determination of 3 
dimensional objects, determination of natural sources, military 
activities, DEM generation, GIS works etc. Stereo IKONOS satellite 
image used for the DEM generation is the satellite image dated 30 
October 2004. Primary data used in the study is stereo IKONOS 
satellite images, GCPs (Ground Control Points) and RPC (Rational 
Polynomial Coefficient) files. GCP was determined by GPS surveys 
in cm accuracy. RPC files provide camera model, orbital and orient-
tation data for assessment, DEM generation and orthorectification. 
Nine  (9)  GCPs  were  utilized  for   DEM   generation  with   proper 

distribution. Also, digital ortophoto image of the region was gene-
rated using DEM data (Figure 5). DEM generated was named as 
DEM_STEREO.  
 
 
DEM generation from SRTM (shuttle radar topography mission) 
data  
 
Shuttle Radar Topography Mission (SRTM) is a project carried out 
so as to acquire a complete and high resolution digital elevation 
model of all pieces of land located between the 60° south and north 
latitudes by American NASA agency. Space shuttle developed to 
this end was launched in February 2000 and data was collected for 
11 days by synthetic-aperture radar (SAR) method. Upon the 
process of the data collected, digital elevation model (DEM) with 1" 
interval for the region within the borders of USA and a digital ele-
vation model (DEM) with 3" intervals for all remaining pieces of land 
were generated (Rodríguez et al., 2006; Kobrick, 2006). SRTM data 
pertaining to the area of the study is of 90 m resolution. This data in 
grid format was transformed to ArcGIs medium and a DEM with 5 m 
grid interval was generated. DEM generated was named as 
DEM_SRTM (Figure 6).  
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Figure 5. (a)Ortophoto generated (b) DEM_Stereo. 

 
 
 

    
                                  a                                                                                          b 
                                 

 
 
Figure 6. (a)SRTM grid data, (b) DEM_SRTM. 

 
 
 
Comparison between reference data and DEM data generated 
from different sources  
 
At the area of the study, 9 longitudinal sections with diverse slopes 
on natural land surface were extracted. For the study, slope groups 
were selected between 0 - 5°, 5 - 15°, 15 - 30°, > 30° intervals. 
Surveys were carried out on the 9 longitudinal sections determined 
at these selected slope intervals with an electronic tachometer. 
Surveys were assessed and horizontal coordinates (x, y) and 
heights (z) of each point were calculated. This data calculated upon 
the direct surveys was taken as reference. Later on, elevations of 
points along the cross-sections surveyed were determined on the 
DEMs acquired from diverse sources. Therefore, models for each 
cross-section were generated in the ArcToolbox module used for 3 
dimensional analyses via ArcGIS software though utilizing different 
DEMs. Point elevations on the different DEMs were automatically 
derived from the model for each cross-section (Figure 7).  

Reference data was transferred to excel. Elevation information in 
the file where elevation information acquired from the model was 
recorded, copied and imported to excel files for each cross-section. 
Reference Data within the excel program and data derived from 
DEMs were compared. The following equations were utilized for the 
comparison:  
 
 �hi = HDEM – HREFERENCE                  (1) 
       
   
HDEM is point elevations obtained from DEMs, HREFERENCE is point 
elevations obtained from surveys. 
 

 �
=
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1

21                  (2) 
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Figure 7. Elevation determination from model.  

 
 
 

Table 1. Root Mean Square Errors (RMSE) found upon the comparison 
 

Cross-
Sections 

(C_S) 

Point 
Number of 

C_S 

C_S 
Length 

(m) 

Slope 
(%) 

Data sources 

DEM_1000 DEM_5000 DEM_25000 DEM_STEREO DEM_SRTM 

RMSE (m) 
1 21 188.62 4 0.12 1.96 1.74 0.75 0.77 
2 21 236.42 5 0.07 1.10 0.76 0.54 1.17 
3 21 226.87 7 0.18 1.84 0.71 0.67 1.79 
4 18 195.28 16 0.22 0.64 2.83 0.54 2.27 
5 15 234.44 17 0.26 1.27 1.96 0.98 1.98 
6 15 138.83 20 0.35 1.79 2.19 0.77 3.46 
7 26 249.66 21 0.22 1.14 0.52 5.36 1.62 
8 21 225.44 34 0.28 1.35 10.05 2.29 4.25 
9 23 209.87 44 0.55 1.74 9.95 8.41 5.46 

 
 
 
COMPARISON RESULTS  
 
Cross-sections were extracted at different slope groups via direct 
surveys, and coordinates and elevations of the points surveyed at 
each cross-section were calculated. Elevations of the points along 
the same cross-sections were determined on the DEMs obtained 
from different sources. Data calculated upon the direct surveys was 
taken as reference and data derived from different DEMs was 
compared using (1) and (2) equations. Comparison results were 
provided in the Table 1.  

Also RMSE graphic calculated from different DEMs was 
generated for each cross-section (Figure 8). 
 
 
RESULTS AND DISCUSSION 
 
There is no criterion established in respect of the 
accuracy of elevation in DEM generation. Just for the 
DEMs to be obtained upon the digitalization of contour 
maps, it is proposed so as for contour interval not to be 
more than 1/3 in case that elevation accuracy of DEM is 
selected as good sampling points (Li, 1994; Walker and 
Willgoose, 2006; Soycan and Soycan, 2009).  

In this study, land slope effect on the accuracy of DEM 
derived from various sources has been researched. The 
following results can be deducted when results acquired 
upon the comparison are assessed (9 cross-sections 
were made for the assessments) for DEM:  
 
1. Values found for DEM_1000 generated from 1/1000 
digital orthophoto maps with 1 m contour interval and 
vary between ±0.07 and ±0.55 m. In their study, Soycan 
and Soycan (2009) analyzed DEM generation on 
scanned topographic maps with 1/1000 scale and found 
that the average elevation error ratio within the 5 different 
data sets is between ±0.09 and ±0.66 m.  
2. Values found for DEM_5000 generated from 1/5000 
contour maps with 5 m interval vary between ±0.64 and 
±1.96 m. Erdogan and Toz (2009) conducted a research 
regarding to DEM generation from aerial photographs 
with 1/16000 scale and accuracy modeling. Errors around 
± 1 m were realized within the DEMs generated with 
contour assessment upon comparison of the DEM gene-
rated and automatic image matching and  from   contours 
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Figure 8. RMSE values calculated for each cross-section and different DEMs on cross-
sections.  

 
 
 
generated from the photogrammetric assessment using 
aerial photographs with 1/16000 scale contours in two 
different region, and errors around ±3 m were realized 
within the DEMs generated by automatic image 
matching. Alkanalka et al. (2002) generated DEM from 
1/5000 contour maps with 5 and 20 m grid intervals. 
Elevation errors of DEMs found upon the researches 
carried out vary between ±2.92 and ±3.70 m. In their 
study, �ahin and Yakar (2008) found the elevation 
accuracy of the DEM acquired from 1/5000 maps as 
±1.75 m.  
3. Values found for DEM_25000 generated upon the 
digitalization of 1/25000 contour maps with 10 m interval 
vary between ±0.71 and ±10.52 m. Results found on the 
Cross-Section_7, 8, 9 are very high. As for high results, it 
is thought that there is an operator error within the 
contours generated on the part where these cross-
sections are located. Alkanalka et al. (2002) generated 
DEM from 1/25000 contour maps with 5 and 20 m grid 
intervals. Elevation errors of DEMs founded upon the 
researches carried out vary between ±4.42 and ±4.48 m. 
Sefercik (2007) found the elevation accuracy of the DEM 
acquired from 1/25000 maps as ±5.5 m in open areas 
and as ±6.5m in forestlands. In their study, Sahin and 
Yakar (2008) found the elevation accuracy of the DEM 
acquired from 1/25000 maps as ±2.22 m.  
4. Results found for DEM_STEREO generated from (1 m 
resolution) Stereo IKONOS satellite image using high-
accuracy GCP vary between ±0.54 and ±8.41 m. Results 
found on the Cross-Section_7, and 9 are very high. 
Elevation differences on the points along these cross-
sections near the stream bed have been observed as 
high. Koç and Turker (2005) revealed that a DEM can be 
generated from IKONOS panchromatic satellite images 
collecting high-accuracy GCP with average elevation 
error varying between ±0.5 and ±0.7 m. In their study, 
�ahin and Yakar  (2008)  generated  DEM  with  ±2.24  m 

accuracy from stereo IKONOS satellite image. Poon et al. 
(2005) generated DEM with ±0.9 m accuracy from stereo 
IKONOS satellite image.  
5. Comparison results for DEM_SRTM derived from 
SRTM with 90 m resolution vary between ±0.77 and 
±5.46 m. Sefercik (2007) found the elevation accuracy of 
the DEM acquired from SRTM as less than ± 4 m in open 
areas and as less than ±4.5 m in forestlands. �ahin and 
Yakar (2008) detected ±2.87 elevation error within the 
DEM generated from SRTM data. Bildirici et al. (2008), 
used DGPS data and data obtained from standard 
topographic maps with 1/25000 scale for the purpose of 
testing the elevation accuracy of DEM derived from 
SRTM data. Comparison results from the studies carried 
out in 8 different region of Turkey are around ± 6 m for 
DGPS and ± 8 m for standard topographic maps with 
1/25000 scale.  
 
Different results of comparison were obtained in order to 
investigate the effects of land slope on the DEMs from 
various sources. It is generally considered for elevation 
accuracy of DEM to decrease when land slope increases. 
Land slope affects the elevation accuracy of DEM but 
increase/decrease of this accuracy is not uniform. It 
demonstrates that there is a weak correlation between 
the elevation accuracy and land slope. It has been 
observed that elevation differences between reference 
point data and point data generated from DEMs acquired 
from different sources are higher on the grounds near 
stream beds and ridges. That there are no points 
adequate and proper distribution to identify the land on 
crossings such stream beds and ridges, causing errors to 
be high. On such areas, data which will constitute source 
for DEM generation should be supplied with higher 
resolution data than itself. Such studies naturally have 
disadvantages like time, effort and high cost. For DEM 
users, it is beneficial to set standard through  determining  



 
 
 
 
that for which studies and accuracy DEM is required.  
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