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ABSTRACT
The Shuttle Radar Topographic Mission (SRTM) Digital Elevation Model (DEM) and the
Advanced Spaceborne Thermal Emission and Reflection (ASTER) Global DEM (GDEM) are
continuously valuable dated topographical data. The reported Root Mean Square Error (RMSE)
ranges of 3.97m to 6.14m for the SRTM DEM and 7.29m to 8.08m for the GDEM limit their use in
environmental phenomena analyses and modelling. The errors of the SRTM and ASTER DEMs
have been shown to be dependent on terrain specific factors that correspond to the nature of the
continuous surface model, including the land surface parameters and land cover types with their
associated surface gentleness and roughness characteristics. In this study, error values of the
SRTM and ASTER DEMs of Owerri South East Nigeria were determined at 77 Global Positioning
Systems (GPS) survey points. The datasets were refined by applying an average error value for
each DEM and also by a correction matrix which was created by interpolating for the DEM errors
over the project area. The RMSE of the SRTM DEM improved in terms of percentage of error
values less than absolute 3m from 10% to 76% and 86% with correction implemented by the error
adjustment matrix and by the average error value respectively. The ASTER GDEM also improved
as the percentage of error values below absolute 4.6m increased from 47% to 56% and 60% for
GDEM corrected by the error adjustment matrix and that by error average value respectively. Thus
the method of correcting the DEM using the average error value achieved a better result.
Keywords: Digital Elevation Model (DEM), Root Mean Square Error (RMSE), SRTM, ASTER

1. INTRODUCTION
The mission of the Endeavour spacecraft well known as SRTM (Shuttle Radar Topography
Mission) which ended in the year 2000 acquired radar dataset for 11 days (February 11 - 22, 2000)
from which a DEM coverage approximately between latitude 60° north and latitude 56° south,
about 80 percent of Earth's land surface, was generated. The mission of SRTM was conducted in
cooperation between the National Aeronautics and Space Administration (NASA), German
Aerospace Centre (DLR), Italian Space Agency (ASI), and National Geospatial Intelligence Agency
(NGA) (Smith and Sandwell (2008), Hensley et al (2005)). In quantitative terms, the cartographic
products derived from the SRTM data were to be sampled over a grid of 1 x 1 arc-second or
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approximately 30m by 30m, with linear vertical absolute height error of less than 16m, linear
vertical relative height error of less than 10m, circular absolute geolocation error of less than 20m.
A number of 1,514,360 scenes (Level-1A products) that were acquired from March 2000 to
August 2008 were used to generate the Advanced Spaceborne Thermal Emission and Reflection
Radiometer Global DEM (ASTER GDEM) version 1.0, released in 2009. Improvements to GDEM
1 came from acquiring 260,000 additional scenes to improve coverage, and improvement in the data
processing which involved using a smaller correlation kernel to yield higher spatial resolution to
produce the ASTER GDEM (GDEM2), which was released by NASA and METI in mid-October,
2011 (ASTER GDEM Validation Team, 2011), Tachikawa et al, 2011).
It is important that results of environmental phenomena analyses using DEMs accurately
represent real life conditions which they model or analyse. The accuracies of the SRTM DEM and
ASTER DEM data have been known to be dependent on such environmental factors as whether the
terrain is open or forested or whether it is rough or gentle (Czubski et al, 2013). Gupta et al (2014)
reports vertical error ranges of over 73m and horizontal error ranges of 75m for SRTM X-band in
the Himalayan mountain areas. Sefercik et al, (2007) reported that for SRTM C-band standard
deviations of 3.97m for open and 4.49m for forest areas have been achieved and standard deviations
of 4.25m for open and 6.14m for forest areas for SRTM X-band and 7.29m for open and 8.08m for
forest areas have been achieved for ASTER DEM. Athmania and Achour (2014) reports that in the
smooth landscape of Anaguid Saharan, southern Tunisia the RMSE of 3.6m and 5.3 m for the
SRTM DEM, ASTER GDEM2 respectively were achieved. While in Tebessa basin in north eastern
Algeria, which is a high Atlas environment with rugged terrain, steep slopes and high elevation
differences the RMSE achieved were 8.3m and 9.8m for SRTM, ASTER GDEM2 respectively.
The accuracy levels show that DEM based analyses results sometimes may not match reality due
to horizontal or vertical errors in the DEM. For example, Walker and Willgoose (1999) has noted
the negative effect of DEM accuracy on hydrology and geomorphology modelling. It has been
found that catchment sizes and stream networks from published global DEMs have in most
instances been significantly different from those obtained from ground truthing. Additionally, the
width functions and cumulative area relationships determined from the published DEMs were found
to fall consistently outside the 90% confidence limits determined from the ground truth for more
than 60% of the relationships, suggesting that these hydrologic properties are poorly estimated from
published DEMs while slope-area relationships from the same data source were found to be less
sensitive.
The Consultative Group for International Agricultural Research (CGIAR) provides postprocessed 3-arc second DEM data for the globe. The original SRTM data has been subjected to a
number of processing steps to provide seamless and complete elevation surfaces for the globe. A
hole-filling algorithm has been applied to these CGIAR-CSI SRTM data products to provide
continuous elevation surfaces. The data is published in a Geographic (Lat/Long) projection, with
the WGS84 horizontal datum and the EGM96 vertical datum (Jarvis et al, 2008); National
Geospatial-Intelligence Agency, 2005).
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American Society for Photogrammetry and Remote Sensing (2015) in the recently released
standard guides for geospatial data provides that vertical accuracy shall be tested by comparing the
elevations of the DEM with elevations determined from an independent source of higher accuracy.
This is done by comparing the elevations of the field measured checkpoints with elevations at the
same points as extracted from each DEM subset. Kanoua and Merkel (2015) showed that the errors
in the SRTM DEM and ASTER GDEM reflect a general regional bias which average value for the
local area being studied can be calculated as a correction factor for the DEM. The implication of the
results from Shortridge and Messina (2011) and Castel and Oettli (2008) points out the significant
continuous surface nature of the errors of the SRTM DEM and ASTER GDEM. Since the errors are
influenced by the landcover/land use types and the roughness or smoothness of the terrain, which
themselves are of continuous surface nature, implying that every single point in the terrain has a
value which values are spatially auto-correlated, so that missing values can be interpolated fairly
accurately from existing values.
The aim of this paper is to explore approaches to enhancing the qualities of the SRTM DEM and
ASTER GDEM for use in the local levels. Once a locality is specified, error characteristics from
which the average error value of the regional bias of the dataset may be calculated and thus used to
improve the absolute elevation values of the DEM. The second approach is to explore the
continuous surface spatially autocorrelated nature of the errors influenced by the nature of the
terrain. In this case correction values are interpolated for all the cells of the DEM in an error
correction matrix either directly through the gridding process or indirectly through the creation of a
contour-type error isoline. The third and fourth efforts are combinations of the two methods already
discussed in the two possible orders. The absolute point error used for these computations were
determined by comparing the elevation values from GNSS surveys with DEM values at the
corresponding points.

2. Materials and Methods
The study area covered 186km2 over urban and suburban areas in Owerri capital city of Imo
State, South East Nigeria and its environs. Owerri, with a population of about 715,800 as at year
2015 (Population city, 2015), is located between 50 20'N, 60 55'E in the south-western corner and 50
34'N, 70 08'E in the north-eastern corner. The area has an elevation range from 30m to 120m above
the Mean Sea Level of the Lagos Datum. The old city of Owerri is bordered on its south by Otamiri
River and on its west by Nwaorie stream. However with the development of the New Owerri City
across Nwaorie stream, the two water bodies now transverse the town. Fig. 1 shows the location of
the project area. In the top inset map Imo State is shown in the map of Nigeria in red colour, while
in the lower inset map the project area is shown in the map of Imo State in light blue colour.
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Figure 1. Location of the project in Owerri South East Nigeria

2.1 Data Collection and Adjustment of Errors in the SRTM DEM and ASTER DEM
The SRTM data was downloaded from the official website. Each tile comes in GeoTIFF format
at 90-meter resolution (6000x6000 pixels). The files linked here in version 4.1 are by the efforts of
scientists at CIAT-CSI to improve the quality of the raw SRTM data released by NASA. The
ASTER DEM was downloaded in 10 by 10 DEM tiles. The project site is found in the N05E006 and
the N05E007 tiles.
Global Positioning System (GPS) Fast Static surveying was used to determine orthometric
heights of seventy seven (77) points spread out across the entire project area as presented in Fig. 2.
The orthormetric heights of the GPS points were referenced to the same EGM 96 geoid to match the
SRTM and ASTER reference datum. The elevations of the points in the SRTM and ASTER DEMs
corresponding to the positions of the ground control points were extracted. The GPS derived
orthometric heights were subtracted from the values of the SRTM DEM and ASTER DEM at the
corresponding positions.
The first method used to adjust the vertical bias in the two datasets was to subtract the average
error value obtained from subtracting the elevations of the GPS points from the elevations of the
corresponding DEM points. This correction was essentially the local bias removal based on the
argument that there is an average offset of the values of the SRTM DEM and ASTER DEM
elevations in given localities. The average error value in the original SRTM DEM in the project
area was -5.23m and RMSE was 5.22m. The average error value determined for the original
ASTER DEM in the project area was 3.16m and the RMSE was 5.55m.
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Fig. 2. The location and distribution of the ground control points shown in red dots
The second method used to adjust the errors in the datasets was based on the argument that errors
in both SRTM DEM and ASTER DEM were influenced by such continuous surface factors as the
roughness or smoothness and the forested nature or openness of the terrain as at the time of
obtaining the data used in constructing the DEM’s. In this case the error values at each spatial
position were plotted and used to create an error isoline. Error adjustment matrices that matched the
sampling rate of the SRTM DEM and the ASTER DEM respectively were created from the derived
data. The interpolation method used was kriging. The error isolines for SRTM is shown in Fig. 3
while the error isolines of ASTER DEM in the project area is shown Fig. 4. The two figures
demonstrate the continuous surface nature of the errors in the two datasets since the isolines appear
naturally suited and none crosses another. The error adjustment matrix is in a raster data format like
the DEM and thus is used to adjust the DEM by subtracting each error adjustment matrix from the
appropriate dataset.
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Fig. 3: Plot of SRTM DEM Error Isolines of Owerri, South East Nigeria

The third and fourth methods involved combining the application of the average error value and
the error adjustment matrix in adjusting the errors in the datasets. In the third approach the average
value was applied first and then the determination of a new error adjustment matrix and its
application to further adjust the error. In the fourth case the order of the double layered corrections
in the third approach was reversed.
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Fig. 4: Plot of ASTER DEM Error Isolines of Owerri, South East Nigeria
After the adjustments were carried out another set of ground control points presented in Fig. 5,
were used to check the quality of the DEMs so derived. The elevations of the points in the SRTM
and ASTER DEMs corresponding to the positions of the GPS check points were extracted. Each
GPS derived orthometric height was subtracted from the corresponding SRTM DEM and ASTER
DEM elevation. The statistics of the spatial data error especially indicating what percentage of the
points had errors of a certain magnitude are displayed for SRTM in Table 1 and for ASTER in
Table 2.
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Figure 5. Ground Control Points Used in Checking the Errors in the Refined SRTM and ASTER
DEMs
Other statistics of the spatial data error including the range of the errors and the root mean square
error were determined as presented in Table 1 for SRTM DEM and Table 2 for ASTER DEM
respectively.
Table 1: Comparison of Errors in the original SRTM DEM and SRTM DEM Adjusted by the
Diverse Methods
Error Magnitude

Below the ±1m
Below the ±2m
Below the ±2.5m
Below the ±3m
Below the ±5m
Below the ±7m
Below the ±9m
Above the ±10m
Error Range
Average
RMSE

Statistics of
Errors in the
Original
Unadjusted
SRTM DEM
0.00%
2.60%
3.90%
9.09%
50.65%
87.01%
94.81%
5.19%
-13.69 - (-1.76)
-5.23
5.22

Statistics of
Errors in SRTM
DEM Adjusted
by Method 1

Statistics of
Errors in SRTM
DEM Adjusted
by Method 2

Statistics of
Errors in SRTM
DEM Adjusted
by Method 3

44.44%
76.20%
88.89%
92.06%
100.00%
Above 6m = 0%
0%
0%
-4.98 - 4.02
0.330
1.714

31.75%
53.97%
61.90%
73.02%
88.89%
Above 6m =
93.65%
98.41%
-9.63 - 10.92
0.881
3.409

33.33%
50.79%
63.49%
74.60%
96.83%
Above 6m =
0%
0%
0.097 - 8.77
0.770
3.192
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Statistics of Errors
in SRTM DEM
Adjusted by
Method 4
30.16%
52.38%
66.67%
74.60%
88.89%
Above 6m = 7.90%
98.41%
0.00%
-9.90 - 8.94
0.290
2.756
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Table 2. Comparison of Errors in the original ASTER DEM and ASTER DEM Adjusted by the Diverse
Methods
Error Magnitude

Below the ±1m
Below the ±2m
Below the ±3m
Below the ±4.6m
Below the ±5m
Below the ±7m
Below the ±9m
Above ±10m
Error Range
Average
RMSE

Statistics of
Errors in the
Original
Unadjusted
ASTER DEM
11.11%
22.22%
34.92%
57.14%
63.49%
74.60%
88.89%
4.76%
±0.052m to
3.16m
5.55m

Statistics of Errors in
ASTER DEM
Adjusted by Method
1

Statistics of
Errors in ASTER
DEM Adjusted by
Method 2

Statistics of
Errors in ASTER
DEM Adjusted by
Method 3

Statistics of
Errors in ASTER
DEM Adjusted
by Method 4

22.22%
34.92%
46.03%
60.32%
63.49%
88.89%
Above ±7m = 9.09%

15.87%
26.94%
39.68%
55.56%
55.56%
76.60%
Above ±7m =

±0.112m to
-0.459
5.06m

±0.062m to
0.924m
6.393m

14.29%
26.98%
41.27%
50.79%
57.14%
76.40%
Above ±7m =
9.52%
±0.283m to
1.310
6.53m

7.94%
15.87%
26.98%
34.92%
34.92%
52.38%
Above ±7m =
25.40%
±0.325m to
-2.110
9.34m

3. Results Presentation and Discussion
This project successfully improved the quality of the SRTM DEM and ASTER GDEM over
Owerri South East Nigeria. The methods included determining the local area data bias for datasets.
The second method of construction of topographical error adjustment matrices for the DEMs based
on the continuous land use / land cover and land form continuous surface argument produced quite
some interesting results.
For the SRTM DEM while before the adjustment 91% of all the sample points were of an
absolute error value between 3m to 10m, after the vertical error bias removal by the average error
value 92% of all sample points were in error by up to the absolute magnitude between 0m to 3m.
The unadjusted SRTM DEM error data could have been described as a 5m error data given that
50.65% of all the points had an error of below ±5m. After adjustment however the SRTM DEM
data may be described as a 2.5m error data given that from the different methods of adjustment used
percentage of points that recorded errors within ±2.5m were between 62% to 89% of all the points.
Indeed the adjustment by the average value resulted in the best values for the SRTM with 89% of
all the points were of the value ±2.5m. Surprisingly the use of the methods of adjusting with
average value plus the error adjustment matrix in whatever combination did not improve the result
(see Table 1). The RMSE in the case of the SRTM DEM data showed marked improvement when
the average value was used, moving from 5.22m to 1.71m. The mean error showed a shift from
5.23m to 0.330m. It is to be noted that an average error value tending towards zero is an indicator of
the removal of a good fraction of the vertical bias in the normalization of the dataset. Generally
speaking, in the case of adjustment by the average value, the SRTM DEM is seen as having been
improved 23 times since in the raw data an error of ±2.5m or below constituted 3.90% but now was
improved to 89%.
The ASTER DEM data may be seen as generally not to have improved. This is because the
dataset was refined by a 1.05 factor. The error values of ±4.6m and below in the adjusted ASTER
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DEM improved to 60% from the 57% in the raw ASTER DEM data when the average value was
used to adjust the DEM. Table 2 compares the statistics of the yet to be refined ASTER DEM with
those refined by the different methods over the project area. While the adjustment of the ASTER
data showed slight improvement when the average error value was used, the use of the error
adjustment matrix in the adjustment and even the combination of the two processes even
deteriorated the quality in the fourth method.
It is important to note however, that particularly where only the vertical bias was removed by the
determined average error value of the dataset that the errors in the datasets began to tend towards
normalizing. The mean errors moved to 0.33m from -5.23m and to -0.46m from 3.16m in the
SRTM DEM and ASTER GDEM respectively. It is always desirable that the average error value
which statistically is the most probable value (MPV) of the error is near zero.

4. Conclusion and Recommendations
4.1 Conclusion
This research report has demonstrated the usefulness of the average error value or vertical
bias and the error adjustment matrices constructed by interpolating the error values determined at
random sample points across the project area. All statistics of the errors of the yet to be refined
SRTM and ASTER DEMs improved upon the application of the average error value more than
when the error adjustment matrices were applied.
With the application of the average error value the resulting SRTM DEM was 23 times error
refined being that in the refined SRTM DEM 67% (single standard deviation percentage), of the
sample points reporting vertical accuracies occur in the class where the vertical error is below or
equal to ±2.5m. The actual estimate of the percentage of sample points with errors of equal to or
below the ±2.5m absolute value is 89%. The percentage of sample points with absolute error
magnitudes equal to or below the ±2.5m in the not yet refined SRTM DEM is 3.90%, implying a
23 times improvement factor as a result of the refinement of the SRTM DEM.
The ASTER DEM data was hardly improved on. 67% (the single standard deviation) of all
errors of the data sample points occur within the class in which the absolute error values is below
4.6m in the refined ASTER DEM data. However the vertical accuracy in the ASTER DEM case
was degraded when error adjustment matrix or a combination of the two processes were used.
4.2 Recommendations
The SRTM DEM and ASTER GDEM are fundamental datasets of the epochs in which the
data were captured. The high error levels however make them deficient given such analysis that
involve overlaying these datasets with other DEM sets of other sources and epochs. The necessity
therefore to develop other processes that reduce the error levels will be very advantageous and are
recommended.
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The processes used in this research involved determining elevation errors of the SRTM
DEM and ASTER GDEM at Global Positioning Systems (GPS) survey points spread out over the
face of the project area. It is recommended that further research be carried out to find out if
regularly spaced points would result in better estimated error systems of these two Digital Elevation
Model (DEM) datasets.
Considering the forbidding costs of ground surveys in large areas, research needs to find out
what is a proper balance between cost of establishing ground survey points and the optimum
distances between ground survey points required to model errors in the SRTM DEM and ASTER
DEM across project areas to serve different land use land cover and land forms of the terrains.
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