Journal of Soil Science and Environmental Management Vol. 3(5), pp. 104-109, May 2012

Available online at http://www.academicjournals.org/JSSEM
DOI: 10.5897/JSSEM11.136
ISSN 2141-2391 ©2012 Academic Journals

Full Length Research Paper

Digital elevation models obtained by contour lines and

SRTM/Topodata, for digital soil mapping

Marina R. Bilich Neumann'*, Henrique L. Roig? and André Luiz F. de Souza®

lFaculty of Agronomy and Veterinary Medicine, University of Brasilia, Brasilia, Brazil.
’Institute of Geosciences, University of Brasilia, Brasilia, Brazil.
®National Company of Food Supply, Brasilia, Brazil.

Accepted 27 March, 2012

In the last decade, the quantitative models for digital mapping of soils have experienced rapid
development of new methods, more efficient and economic. One reason is due, mainly, to the increase
of auxiliary information of physical environment, especially, the images from remote sensing and
terrain attributes derived from digital elevation models. Thus, this study aimed to evaluate the quality of
digital elevation models obtained by contour lines and from SRTM/Topodata resample to 30 m for
digital soil mapping. Both digital elevation models were assessed for vertical quality and the potential
to derive terrain attributes which captured the main processes that occurred in the area. To enable
comparison, all digital elevation models were generated with a 30 m spatial resolution. The
SRTM/Topodata and Digital Elevation Models (DEM) tends to underestimate elevation in peaks and
ridges, and at this fine scale, the 1:10,000 cartography contour lines produce a more accurate and more
detailed DEM. However, due to the size of Brazil in a lack of soils maps with good scale, the availability

and spatial coverage of the SRTM/Topodata make it a desirable option.
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INTRODUCTION

The soils distribution in the landscape, according to
Birkeland (1984), reflects the influence of various
formation factors and is a combination of microclimatic
conditions, pedogenesis, relief and geological processes.
The relief forms control this distribution, because of their
influence on water flow, energy and material
redistribution processes on slopes. Also, Gobin et al.
(2001) argued that the water movement in landscapes is
the main process responsible for soil development. Thus,
understanding the relief forms, it allows making
inferences and predictions about the soil attributes in
different landscape segments. In the last decade, the
guantitative modeling on digital soil mapping has
experienced a rapid development with new and more
economical methods, due mainly to the increase
availability of physical environment auxiliary information,
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especially, those from remote sensing images and
elevation attributes, derived from digital elevation models
(DEMs) (Dobos et al., 2000; McBratney et al., 2000,
2003; Hengl, 2003).

The use of Digital Elevation Models (DEMs) for
understanding the soils distribution, contributes as an
important tool to delineate preliminary soils mapping units
used to support the soil surveys work in the field phase
and also support pedological cartography (Nanni and
Rocha, 1997; Hengl, 2003). The digital relief modeling is
one of the best quantitative techniques developed for
predicting soil classes and attributes (McKenzie and
Ryan, 1999). Different attributes can be derived from a
DEM (Wilson and Gallant, 2000) and among these
attributes, elevation, slope and orientation, have been
recognized as the most effective for surveying soil in
medium scale (Chagas, 2006; Campling et al., 2002;
Debella-Gilo et al., 2007; Bailey et al., 2003; Figueiredo,
2006). Odeh et al. (1991) found that the slope and
curvature explained much of the soil variability.

The DEMs can be obtained in several ways: as a
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Figure 1. Location map of the Gama river basin.

restorer devices from digital video plotter (DVP) that can
extract data directly from the three-dimensional aerial
photos, optical sensors, image sensors such as ERS and
RADARSAT radar, laser altimetry by using airborne
sensors (LIDAR) and interpolation of topographic
information (Valeriano, 2004).

The SRTM project (shuttle radar topographic mission)
provided three-dimensional models with two quality and
spatial resolution of 1 arc-s (~30 m) and 3 arc-s (~ 90 m)
with horizontal datum WGS84 and vertical datum
WGS84/EGM96 with relative vertical accuracy on the
order of 5 m (Smith and Sandwell, 2003). The Topodata
products offers free access to Brazilian local
geomorphometric variables derived from SRTM (shuttle
radar topographic mission) for the entire national territory.
These data were refined from the original spatial
resolution of 3 arc-s (~ 90 m) to 1 arc-s (~ 30 m) by
kriging. Then, geomorphometric algorithms analyses
were applied on the refined data to calculate the
variables as slope, orientation of slopes, horizontal
curvature and vertical curvature (Valeriano, 2008).

In this sense, this work aimed to analyze the quality of
digital elevation models obtained by contour lines and the
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SRTM/Topodata, in order to make possible its use as an
auxiliary tool in soil surveys.

MATERIALS AND METHODS
Description of the study area

The Gama river basin has an area of 141.20 km? located between
coordinates UTM Zone 23 S, 191664 m and 179621 m South and
8245203 m and 8231473 m West, inserted in the Cerrado Biome
(Figure 1). The climate in the study area, according to Kdppen
classification, fits between "tropical savanna" and "mild rainy winter
dry", with a concentration of rainfall in summer (Martins and
Baptista, 1998). The geology of the Gama river basin comprises the
Paranoa group with age Meso/Neoproterozoic (1300 to 1100 million
years), and is characterized by slate and sandy metarrythmites
(Freitas-Silva and Campos, 1998).

The geomorphology of the study specific area has been studied
for several years and there is a significant body of studies such as
Codeplan (1984), Novaes (1986, 1987, 1994a, 1994b), Novaes and
Carneiro (1984) and Martins and Baptista (1998). In the basin under
study, according to Codeplan (1984) proposed geomorphological
compartmentation to two smoothing residual surface in higher
altitudes, depressions and plains. The main source of soil
information for study area is the soil survey conducted by Embrapa
(1978), with development of pedological map scale 1:100,000.
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Table 1. Descriptive statistics of DEM obtained by contours lines and DEM SRTM/Topodata.

Contours lines SRTM/Topodata
DEM Altitude (m) Slope (degree) Altitude (m) Slope (degree)
Minimun 1002.22 0.01 1003.00 0.00
Maximum 1248.12 31.97 1248.00 43.00
Average 1097.25 5.18 1099.70 5.54
Standard deviation 48.23 5.64 47.33 4.08

Gama river basin is present mainly in the following classes: Red
Oxisols  (Latosols), Yellow-Red Oxisols, Cambisol, and
Indiscriminate Hydromorfic soils and Plinthosols.

Assessment of digital elevation models

This study evaluated a DEM generated from contour lines and a
DEM obtained from SRTM/Topodata project (Valeriano, 2008) that
provides free access to Brazilian local geomorphometric variables.
The SRTM/Topodata was refined from the original spatial resolution
to 1 arc-s (~30 m) through the kriging interpolation process. Both
DEMs were assessed for vertical quality and the potential to derive
terrain attributes that capture the main processes that occur in the
area, like pedogenetic processes as hydromorphism, which occurs
in places with water accumulation, in places where mineral
transformation occurs and where there is an accumulation of
organic matter, due to water presence. To enable comparison, all
DEMs were generated with a 30 m spatial resolution. The DEM
derived from contour lines was prepared using data such as
elevation points, contours line, sand and hydrography from
topographic maps (Codeplan, 1984) generated from aerial
photographs restitution on a scale of 1: 10,000 with equidistance of
10 m between the contour lines. It used a method based on surface
adjustment Topo to Raster module® from ArcGIS 9.2®, which is an
interpolation method specifically designed for the creation of
hydrologically correct digital elevation models. It is based on the
ANUDEM program developed by Hutchinson (1989).

The SRTM/Topodata used in this study was obtained from the
Topodata Project that aimed at the construction of a national
database with elevation and geomorphometric variables calculated
from the available SRTM data for Brazil. Data processing was
designed to perform interpolation of the original SRTM-90m data by
kriging (to 17 or nearly 30 m resolution), followed by
geomorphometric analyses of the produced digital elevation model,
through GIS-based algorithms (Landim, 2003). This database
included digital maps (images) of the basic local variables as height
and slope angle. This development was based on two research
components concerning DEM processing, namely; resampling and
derivation. In the first component, the selection of a geostatistical
set for a uniform interpolation to perform kriging on diverse
topographic conditions was conducted among regionally pre-
selected sets. Derivation procedures were adapted from previously
developed algorithms designed to perform the basic derivations of
DEM through geometrical approach, digitally simulating the
measurement of the topographic variables according to their
theoretical concepts (Shary et al., 2002).

The DEMs were evaluated and comparisons between the DEM
generated by contour lines and obtained by the SRTM/Topodata
were made by analyzing qualitatively the overall shape of the
elevation profiles, like the differences between peaks and valley
sand also, comparing some descriptive data obtained from the
DEMs. This analysis is important for the study area, because the
soil distribution depends highly of the landscape shape.

According to Hutchinson and Gallant (2000), the contour lines
derived from a MDE provides a sensitive assessment on the soil
structure, which is quite useful, because of its high sensitivity to
errors in source data. Thus, took a visual comparison between level
curves derived from the DEMs with the original contour lines to
detect the presence of artifacts in the first. Moreover, as suggested
by Wise (1998) and Hutchinson and Gallant (2000), a visual
comparison between the drainage network mapped and derived
drainage network was carried out by the different DEMs as well as
a comparison between the original contours lines and the derived
contours lines.

The stream network derived from DEMSs represents the pattern of
flow accumulation and the potential location of river networks,
which are important for identifying places that have higher
probability of the occurrence of hydromorphism pedogenetics
processes. Through trial and error, the accumulated flow value was
obtained, using the Spatial Analyst® tool from ArcGis 9.2®
necessary to generate the numerical drainage network with
approximately the same level of detail of the drainage network
mapped.

RESULTS AND DISCUSSION

The results obtained in Table 1 showed similarity
between the values produced by DEM obtained by
contours lines of the DEM SRTM/Topodata. Chagas et al.
(2010) also observed similar values. The results obtained
for the SRTM DEM can be influenced by the
characteristics of the terrain. Results obtained by Kocak
et al. (2004) showed that the accuracy of DEMs derived
from remote sensing images is very dependent on the
slope, and the lower quality occurs in hilly areas that are
in the plain areas. Figure 2 shows the elevation profiles of
the evaluated DEMs. In the SRTM/Topodata profile, near
the stream, it is not clear that the valley breakdown is
probably due to the sensor type, which registers the tree
tops, and in these areas is usually large.

Jarvis et al. (2004) observed a similar trend in the
elevation data influenced by the slope orientation when
assessing an SRTM DEM to Honduras, but in this study,
the positive differences in relation to DEM from
topographic maps, were present on the North, Northeast
or East slopes, while the negative slopes were observed
in the South, East or West. These results, according to
the authors were attributed to the effect of viewing angle.

The creation of a DEM seeks to obtain a model that
contains topographical details, always preserving the
land characteristics. In this study, the best agreement
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Figure 2. Elevation profile from digital elevation model generated from contour lines (a)
and SRTM/Topodata (b) in the Gama river basin.

Figure 4. Contours lines restored from the DEM SRTM/Topodata.

with the digitalized contour lines was restored by DEM to this criterion. The DEM SRTM/Topodata showed little
created by contour lines as shown in Figure 3. The peaks agreement with the original contour lines (Figure 4);
were maintained and only minor variations were noted however, contour lines that intersect have not been
when compared to the original lines and the DEM verified.

obtained by the contour lines presented the best results Flow networks are critical for modeling run-off
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Figure 5. Flow direction generated from DEM obtained by contours lines and DEM SRTM/Topodata.

Legenda

I 4000 3,00
[ ]-299-300
Bl :01-2196

Figure 6. Difference between altitudes derived from DEM obtained by
contours lines and DEM SRTM/Topodata.

accumulation, stream flow, and flood response, and are
derived using a neighborhood operator over a DEM
represented as raster grids (O’Callaghan and Mark,
1984). The drainage network derived from DEM
SRTM/Topodata showed poor agreement with the
original map (Figure 5). The drainage network is
important for identifying places that have a higher
probability of the occurrence of hydromorphism
pedogenetics process.

According to Figure 6, it is possible that the DEM
SRTM/Topodata overestimated the altitude range
especially, at urbanized area (West portion) of Gama
river basin. In areas with native vegetation preserved

(East portion) this difference was about 3 m for more or
less. This differences were also observed by Jarvis et al.
(2004), a similar trend in the elevation data influenced by
the slope orientation, when assessing an SRTM DEM to
Honduras, but in this study, the positive differences in
relation to DEM from topographic maps were present on
the North, North-east or East slopes, while the negative
slopes were observed in the South, East or West; these
results, according to the authors were attributed to the
effect of the viewing angle. After examining the quality of
the DEMs, it was observed that the DEM obtained from
contour lines presented better quality as compared to the
DEM SRTM/Topodata.



This study showed that the SRTM DEM tends to
underestimate elevation in peaks and ridges, and at this
fine scale, the 1:10,000 -cartography contour lines
produced a more accurate and more detailed DEM.
However, due to the size of Brazil and the lack of soil
maps with good scale, it should be considered that the
current availability of digital elevation models like the
SRTM/Topodata, which is now freely accessible, covers
the entire national territory, which can assist in soil
mapping in other regions of Brazil.

Conclusion

This study showed that the SRTM DEM tends to
underestimate elevation in peaks and ridges, and at this
fine scale, the 1:10,000 -cartography contour lines
produced a more accurate and more detailed DEM.
However, due to the size of Brazil in a lack of soils maps
with good scale, the availability and spatial coverage of
the SRTM/Topodata makes it a desirable option.

REFERENCES

Bailey N, Clements T, Lee JT, Thompson S (2003). Modelling soil
series data to facilitate targeted habitat restoration: a polytomous
logistic regression approach. J. Environ. Manage. Amsterdan.
67:395-407.

Birkeland PW (1984). Soils and geomorphology. New York: Oxford
University Press, New York, p. 430.

Campling P, Gobin A, Feyer J (2002). Logistic Modeling to Spatially
Predict the Probability of Soil Drainage Classes. Soil Sci. Soc.
America J. Madison, 66:1390-1401.

Chagas CS (2006). Mapeamento digital de solos por correlacéo
ambiental e redes neurais em uma bacia hidrografica no dominio de
mar de morros. Vigosa: UFV, Doctor Degree Thesys, Brazil, p. 223.

Chagas CS,Fernandes FilhoEl, Rocha MF, Carvalho Janior W, Souza
Neto NC (2010). Avaliacdo de modelos digitais de elevacdo para
aplicacdo em um mapeamento digital de solos. Revista Brasileira de
Engenharia Agricola e Ambiental, Brazil, 14(2): 218-226.

Codeplan (1984). Atlas do Distrito Federal. 1.ed., Brasilia: GDF, Brazil,
p.124.

Debella-Gilo M, Etzelmuller B, Klakegg O (2007). Digital soil mapping
using digital terrain analysis and statistical modeling integrated into
GIS: Examples from Vestfold county of Norway. Scandinavian
Research Conference on Geographical Information Sciences,
Norway, Proceedings Norway: ScanGIS’ pp. 237-253.

Dobos E, Micheli E, Baumgardner, MF, Biehl L, Helt T (2000). Use of
combined digital elevation model and satellite data for regional soil
mapping. Geoderma, Amsterdam, 97:367-391.

Embrapa (1978). Levantamento de reconhecimento dos solos do
Distrito Federal. Rio de Janeiro: Embrapa Solos, Brazil, p. 455.

Figueiredo SR (2006). Mapeamento supervisionado de solos através do
uso de regressdes logisticas mulltiplas e sistema de informagdes
geogréficas. Rio Grande do Sul: UFRS, Dissertacdo de Mestrado,
Brazil, p. 93.

Freitas-Silva FH, Campos JEG, (1998). Geologia do Distrito Federal.
Inventério Hidrogeoldgico e dos Recursos Hidricos Superficiais do
Distrito Federal. Brasilia: [IEMA/SEMATEC/UnB. Brazil, 1: 86.

Gobin A, Campling P, Feyen J (2001). Soil-landscape modelling to
quantify spatial variability of soil texture. Physics and Chemistry of
the Earth, 26: 41-45.

Hengl T (2003). Pedometric mapping: bringing the gaps between
conventional and pedometric approachs. Enschede: International
Institute for Geo-Information Science and Earth Observation (ITC), p.
214,

Neumann et al. 109

Hutchinson MF (1989). A new method for gridding elevation and
streamline data with automatic removal of pits. J. Hydrol., 106: 211-
232.

Hutchinson MF, Gallant JC (2000). Digital elevation models and
representation of terrain shape. In: Wilson, JP, Gallant, JC. (ed.).
Terrain analysis: Principles and applications. New York: John Wiley
and Sons, pp. 29-50.

Jarvis A, Rubiano J, Nelson A, Farrow A, Mulligan M (2004). Practical
use of SRTM data in the tropics: comparisons with digital elevation
models generated from cartographic data. Cali: Centro Internacional
de Agricultura Tropical (CIAT), Working document, 198: 32.

Kocak G, Buyuksalih G, Jacobsen K (2004). Analysis of digital elevation
models determined by high resolution space images. International
Archives of Photogrammetry and Remote Sensing, 35: 636-641.

Landim PMB (2003). Andlise estatistica de dados geologicos. 2a.
edicao revista e ampliada. 2. ed. Sao Paulo/SP: Fundacao Editora da
UNESP/FEU, p. 253.

Martins ES, Baptista GMM (1998). Compartimentagdo Geomorfologica
e Sistemas Morfodindmicos do Distrito Federal. Inventario
Hidrogeoldgico e dos Recursos Hidricos Superficiais do Distrito
Federal. Brasilia: [EMA/SEMATEC/UnB, Brazil, 1(86).

McBratney AB, Odeh IOA, Bishop TFA, Dunbar MS, Shatar TM (2000).
An overview of pedometric techniques for use in soil survey.
Geoderma, Amsterdam, 97(3-4): 293-327.

McBratney AB, Santos MLM, Minasny B (2003). On digital soil mapping.
Geoderma, Amsterdam, 117: 3-52.

McKenzie NJ, Ryan PJ (1999). Spatial prediction of soil properties using
environmental correlation. Geoderma, Amsterdam, 89:67-94.

Nanni MR, Rocha HO (1997).Integration of GIS technology, remote
sensing and multivariate analysis in the delimitation of physiographic
units for pedological mapping. Boletim do Instituto de Geociéncias —
Série Cientifica, 28:129-143.

Novaes PM (1986). Unidades geomorfolégicas do Distrito Federal.
Geografia, Brazil, 11: 97-109.

Novaes PM (1987). Superficies de aplainamento do Distrito Federal.
Revista Brasileira de Geografia, Brazil, 49(2):9-26.

Novaes PM (1994a). Caracterizagdo geomorfoldgica do Distrito
Federal. Cerrado: caracterizacdo, ocupagdo e perspectivas, 2° ed.
Brasilia: Editora UnB,Brazil, pp. 285-320.

Novaes PM (1994b). Paisagens do cerrado no Distrito Federal.
Cerrado: caracterizag@o, ocupagédo e perspectivas. 2° ed. Brasilia:
Editora UnB, Brazil, pp. 511-542.

Novaes PM, Carneiro PJR (1984). Andlise preliminar das feigcdes
geomorfolégicas do Distrito Federal. IV Congresso Brasileiro de
Geografos, Sado Paulo, Brazil, pp. 190-213.

O’Callaghan JF, Mark DM (1984). The Extraction of Drainage Networks
From Digital Elevation Data. Comput. Vis. Graph. Image Process, 28:
328-344.

Odeh I0A, Chittleborough DJ, McBratney AB (1991). Elucidation of
soillandform interrelationships by canonical ordination analysis.
Geoderma, Amsterdam, 49:1-32.

Shary PA, Rukhovich OV, Sharaya LS, Mitusov AV (2002). Soils and
topography: accumulation zones and non-local approaches. In:
Transactions of 17-th World Congress of Soil Science, Bangkok,
Thailand, August 14-21, p. 4.

Smith B, Sandwell D (2003). Accuracy and resolution of shuttle radar
topography mission data. Geophys Res. Lett., 30(9): 1467-1470.

Valeriano MM (2004). Modelo digital de elevagdo com dados SRTM
disponiveis para a América do Sul, Sdo José dos Campos, INPE-
10550-RPQ/756.Brazil, pp. 1-72.

Valeriano MM (2008). Topodata: guia de utilizacdo de dados
geomorfométricos locais - Sdo José dos Campos: INPE, Brazil, pp.
1-72.

Wilson JP, Gallant JC (2000). Terrain Analysis: Principles and
Applications. John Wiley and Sons, New York, USA. pp. 1-483.

Wise S (1998). The effect of GIS interpolation errors on the use of
digital elevation models in geomorphology. In: Lane SN, Richards
KS, Chandler JH. (ed.) Landform monitoring, modelling and Analysis.
John Wiley and Sons, New York. pp. 1-466.



