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ABSTRACT:

In this research, the influence of stack number (STKN) on the accuracy of Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) Global DEM (GDEM) has been investigated. For this purpose, two data sets of ASTER and Reference DEMs
from two study areas with various topography (Bomehen and Tazehabad) were used. The Results show that in both study areas,
STKN of 19 results in minimum error so that this minimum error has small difference with other STKN. The analysis of slope,
STKN, and error values shows that there is no strong correlation between these parameters in both study areas. For example, the
value of mean absolute error increase by changing the topography and the increase of slope values and height on cells but, the
changes in STKN has no important effect on error values. Furthermore, according to high values of STKN, effect of slope on
elevation accuracy has practically decreased. Also, there is no great correlation between the residual and STKN in ASTER GDEM.

1. INTRODUCTION

Nowadays, Digital Elevation Model (DEM) provides beneficial
information about the Earth surface elevations and play a major
role in many applications e.g., geophysics, hydrology, geology,
INSAR applications, and geomorphology (Hooper, Zebker et al.
2004, Callow, Van Niel et al. 2007, Stearns and Hamilton 2007,
Toutin 2008, Bolkas, Fotopoulos et al. 2016). Moreover, DEM
is one of the crucial information used in many different spatial
decisions of Geospatial Information System (GIS) (Zerger 2002,
Chang, Parvathinathan et al. 2008). Accordingly, the accuracy
of DEM influences on the accuracy of applications results.
Developing the new remote sensing technology and the increase
of the number of satellites increased DEM generation using the
optic and radar satellite images with different characteristics, in
addition to traditional surveying and using aerial photos. Also,
the availability of optical and radar images with different spatial
resolution has resulted in DEM generation with different spatial
resolution and accuracy in the local and global scales. In recent
years, Shuttle Radar Topography Mission (SRTM), Advanced
Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) and ALOS World 3D (AW3D) DEMs which are in
global scale and their spatial resolution is 30 meter, have been
used in several researches related to various fields (Breit,
Eineder et al. 2003, Hirano, Welch et al. 2003, Kato and
Yamaguchi 2005, Rivera, Casassa et al. 2005, Sheng and
Alsdorf 2005, Surazakov and Aizen 2006, Hubbard, Sheridan et
al. 2007, Renno, Nobre et al. 2008, Pareta and Pareta 2011,
Choi, Oh et al. 2012).

ASTER GDEM developed jointly by the ministry of Economy,
Trade and Industry (METI) of Japan and the NASA is available
to use by researchers in various fields. It cover the land surfaces
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between 83°N and 83°S, at 1 arc-second spatial resolution, with
geographic coordinates referenced to WGS84/EGM96 geoid.
The methodology used to produce the ASTER GDEM involved
automated processing of the entire 1.5-million-scene ASTER
archive which includes cloud masking, removing outliers and
averaging these selected data to create final grid values. ASTER
GDEM have two elements: 1) DEM data and 2) Stack Number
(STKN) which specify the reliability of DEM values. In fact, a
STKN file is supplied with each GDEM tile, so that the positive
STKN values represent a number of individual ASTER GDEM
scenes that contributed to determine the final GDEM elevation
value for that corresponding pixel in the DEM file.

Bolkas et al., 2016, focused on assessing the suite of parameters
that are important to consider in deriving a DEM error includes
data measurement schemes, information loss, land-cover type,
and terrain slope. Result illustrated the importance of selecting
ground-control points based on the region’s characteristics such
as slope and tree cover. Abrams et al., 2015, described the main
properties of ASTER satellite and its GDEM. Also, they probed
the six examples in different regions that are used by numerous
researchers. Miliaresis et al., 2011, investigated ASTER GDEM
of Nisiros Island to assess the accuracy of this GDEM. Results
shows that the vertical accuracy varies depending on the STKN
value. Actually, in this study area, it seems that the STKN value
is elevation and also slope dependent (Miliaresis and Paraschou
2011, Abrams, Tsu et al. 2015, Bolkas, Fotopoulos et al. 2016).
The expected elevation RMSE values for ASTER DEMs are in
the range of 7-30m whereas the corresponding mapping scale is
in the 1:100000-1:250000 range. The aim of this study effort is
to assess the vertical accuracy of GDEM product by a reference
DEM (RDEM) of higher accuracy and to examine in particular
the relationship between the STKN value, DEM accuracy, and
slope of study area.
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2. DATASETS AND STUDY AREAS
2.1 Study Areas

In this research, two different regions have been selected. First
region is Bomehen in North East of Tehran, in Iran that consists
of various landscapes such as mountainous and hilly regions, as
well as some flat urban regions. Second region, which is named
Tazehabad, is an area near west of Kermanshah, Iran that covers
flat, hilly, and mountainous areas.
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Figure 1. The REFDEM for a) Bomehen study area, b)
Tazehabad study area

2.2 Datasets

In this research, the two ASTER version 2 GDEM in 30-meter
spatial resolution and the REFDEM from two considered study
areas are used. The most updated and enhanced version of this
GDEM, ASTER GDEMZ2, was applied. In this version, 260000
additional stereo pairs have been used in order to improve the
spatial coverage and to reduce the artifacts occurrence. A more
accurate DEM was also generated from digitized 1:2000 maps
for both regions. These reference DEMs (REFDEM) have been
produced by a TIN (Triangulated irregular network) model from
3D points and contours. Then this model was converted into the
grid elevation data (Figure 1).

Figure 2. The Slope from REFDEM for a) Bomehen study area,
b) Tazehabad study area
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Also, the slope of REFDEM and STKN of ASTER GDEMs for
both study areas are shown in Figures 2 and 3.
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Figure 3. The STKN of ASTER GDEM in a) Bomehen study
area, b) Tazehabad study area

3. RESULTS AND DISCUSSION

In this section, the analysis results of several parameters e. g.,
STKN, slope, residual and standard deviation of residual will be
represented. To check the relationship among these parameters,
for each STKN value in both study areas, the mean slope of
cells, the number of cells, the mean absolute residual and the
standard deviation of residual were calculated. These values are
shown in Table 1 and 2.

According to the results of Tables 1 and 2, it is concluded that
STKN of 24 and 17 with 36% and 34% of cells number, have
the maximum frequency, respectively, in Bomehen and
Tazehabad study areas. In these tables, the minimum value of
mean absolute residual (7.2 and 5.72 m) happens in STKN of
19 in Bomehen and Tazehabad study areas, respectively. There
is no exact relationship between the increase or decrease of
STKN and the change of mean error values. For example, the
maximum value of mean error belong to different STKN value
(STKN of 15 in Bomehen and STKN of 14 in Tazehabad study
areas). Mostly, due to Bomehen topographic condition, this area
has more height error than that of Tazehabad. In Tazehabad, the
flat area is dominant and so, it has less mean error than
Bomehen. Also, the values of STKN in Bomehen (15-27) is
higher than Tazehabad (10-19) when the area of Bomehen is
less than (about 60%) the area of Tazehabad. So, to achieve
more accurate height data, more height data (STKN) are

expected, although the error values in Bomehen are higher than
their corresponding in Tazehabad. This analysis can be seen in
Tables 1 and 2.

Table 1. The calculated parameters for Bomehen study area

No. STD MEAN  No. of cells Mean of slope
15 1.91 11.56 36 7.54
16 8.05 9.27 121 10.76
17 8.35 9.01 305 21.32
18 10.10 9.84 737 24.55
19 7.36 7.21 1465 24.25
20 7.88 7.86 3233 23.43
21 7.03 7.56 5516 21.37
22 7.00 7.70 11589 18.62
23 6.33 7.33 22481 16.28
24 6.28 7.41 45606 15.15
25 6.40 7.55 26910 14.64
26 6.15 7.99 7941 16.08
27 3.48 791 518 7.69

Table 2. The calculated parameters for Tazehabad study area

No. STD MEAN  No. of cells Mean of slope
10 4.88 7.39 35 31.66
11 4.60 7.61 154 10.46
12 6.14 7.26 299 10.31
13 5.30 6.58 1106 8.42
14 5.89 7.64 2293 11.17
15 5.67 6.77 7654 14.49
16 5.30 7.10 39485 13.37
17 5.15 6.29 73165 15.73
18 4.50 6.75 64855 10.30
19 4.39 5.72 25216 10.34

Maximum value of mean slope in Bomehen and Tazehabad is
respectively related to STK of 18 and 10. Also, the minimum
value of it occurs in STKN of 15 and 13 for Bomehen and
Tazehabad, respectively. The correlation coefficient between
slope values and residuals are -0.08 and 0.16 in Bomehen and
Tazehabad respectively. The small coefficient values show that
the effect of slope on residuals, which has been proved in many
researches, decreases due to the use the suitable number of
STKN (at least 10 in this study). So, it is expected, the defined
relationship between residual and cell slope is observed in both
study areas.

In Tazehabad, STKN of 10, which has maximum value of mean
slope (about 31.6%), includes only 35 cells. Expect of this, the
mean slope of cells has a few changes for other STKN when the
mean error for STKN of 10 and other ones shows the small
changes in contrast to the change in the mean slope. In other
words, high values of STKN have been resulted in smaller
effect of slope on changing the value of mean absolute residual.
In Bomehen with the higher changes in topographic conditions,
this issue has been caused to increase the changes in standard
deviation of residual. These changes nearly follow up the mean
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slope of cells, when the mean absolute residuals of cells has no
well-defined relationship with slope. Even, in STKN of 19 with
minimum of mean absolute residual, there is one of maximum
of mean slope.

To investigate the relationship between slope and STKN, and
also relationship between residual and STKN, the pairwise
scatter plot of these parameters has been shown in Figures 4 and
5.
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Figure 4. The scatter plot of a) Slope vs STKN, and b) Residual
vs STKN in Bomehen study area

As seen in Figure 4, there are different slopes in all cells in both
study areas, which their height has been estimated with different
STKN. Of course, the range of slope values in various STKN is
different. For example, in STKN of 10 and 11 in Tazehabad and
in STKN of 15, 16, and 27 in Bomehen, the range of available
slope is less than other STKN. So, regardless of few STKN,
other STKN cover the range of slopes, which are very similar
together, whereas the mean of slope and the number of cells are
different for these STKN. Although this similarity in range of
slope and difference in the mean of slopes have influenced on
error values, it seems that availability of more observations of

STKN could somewhat control this issue. So, the chart of mean
absolute errors doesn’t undulate.
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Figure 5. The scatter plot of a) Slope vs STKN, and b) Residual
vs STKN in Tazehabad study area

The relationship between residual and STKN in both study
areas has shown that there is no strong correlation between
these two parameters. One of reasons about this issue is that the
number of STKN is started from at least 10, which is quite high
number, whereas previous researches show that at least 3 value
of STKN lead to significant degradation. In Tazehabad (Figure
5.a), with the increase of STKN, the error values are led to the
under-estimation, whereas in Bomehen (Figure 4.a), this causes
to over-estimation in estimating the error value. Although there
is no certain reason for this event, the overall behaviour of data
shows that the increase of STKN can change the error direction
to under-estimation or over-estimation. Based on difference in
number of cells for any STKN, it can be expected that there is
no specific relationship between error range and mean absolute
error. Figure 5 and results in Tables 1 and 2 confirm it.
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4. CONCLUSION

In this research, the relationship between three slope, STKN
and the elevation error parameters upon ASTER GDEM was
investigated in two study areas. Using the reference DEM gives
us this ability to do cell by cell investigation. Thus, the high
volume of information had be available for assessment.
According to this analysis, the important matters are represented
in the following:
Although the range of STKN is different in two study
areas, the STKN of 19 has the minimum value of mean
absolute error in both study areas. This minimum error
has small difference with other STKN.
The value of mean absolute error increase by changing
the topography and the increase of slope values and
height on cells. Changing in STKN has no important
effect on error values.
The effect of STKN has been applied, because in both
study areas, the minimum value of STKN is 10. Also,
higher value of STKN destroyed the robust correlation
between the slope, STKN and error values.
Tazehabad study area has slightly height. The increase
of STKN values in this region leads the error values to
under-estimation. In Bomehen, this issue is vice versa
so that, the over-estimation has happened. This subject
is stronger than when the STKN increases.
In general, it can be concluded that the availability of STKN as
an external data to estimate the height of cell in ASTER GDEM,
had be mandatory to receive the acceptable result. Of course, by
increasing STKN, the discipline of relationship between error
value, STKN, and slope has been destroyed, and no high
correlation coefficient between them are observed.
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