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a  b  s  t  r  a  c  t

This study  applies  and  evaluates  topographic  correction  methods  to  reduce  radiometric  variation  due
to topography  characteristics  in  rugged  terrain.  The  aim  of  this  study  was  to improve  the  capability  of
satellite images  to generate  more  reliable  land  cover  mapping  using  object-based  classification.  Several
semi-empirical  correction  methods,  which  require  the  estimation  of  empirically  defined  parameters,
were  selected  for this  study.  Usually,  these  parameters  are  estimated  relying  on  a  previous  land  cover
map.  However,  in  this  work  the  correction  methods  were  applied  considering  the  unavailability  of  a pre-
vious land  cover  map  and  the  ease  for implementation,  so  the  main  land  cover  type  was  used  to estimate
correction  parameters  to  be  applied  to correct  all land  cover  type.  Landsat  5  TM  image  and  topographic
data  derived  from  SRTM  (Shuttle  Radar  Topography  Mission)  over  an area  located  in an  agricultural
region  of southeastern  Brazil  were  used.  Land cover  classification  was  carried  out  using an  object-based
approach,  which  includes  image  segmentation  and  decision  tree  classification.  The  evaluation  of  topo-
graphic  correction  methods  was  based  on:  spectral  characteristics  expressed  by  standard  deviation  and
mean values  of  spectral  data  within  land  cover  classes;  relationship  between  spectral  data  and  solar  illu-
mination  angle  on the  slope  (cos  i); object  (segment)  mean  size;  decision  tree  structure;  visual  analysis;
and  classification  accuracy.  Results  show  that  the  standard  deviation  of  spectral  data  and  the  correlation
between  spectral  values  and cos  i decreased  after data  correction,  but  not  for  all methods  for  some  of the
tested  TM  bands.  The  methods  herein  referred  as Cosine,  S1,  Ad2S  and  SCS  methods  showed  to increase
the  standard  deviation  and  the correlation  compared  to  the uncorrected  data,  mainly  for  bands  1,  2  and
3. Object  mean  size,  in  general,  decreased  after  correction,  except  for C method.  The  effect  on the  object
size  showed  to  be related  to a calculated  standard  deviation  of adjacent  pixels  values.  The  decision  tree
structure  given  by  the  number  of  leaves  also  decreased  after  correction.  The  C,  SCS  +  C  and  Minnaert
methods  showed  the  highest  performance,  followed  by  S2 and  E-Stat,  with  a  general  accuracy  increase
around  10%.  Land  cover  classification  from  uncorrected  and  corrected  data  differed  in a large portion  of
the  total studied  area,  with  values  around  29%  for  all correction  methods.

©  2014  Elsevier  B.V.  All  rights  reserved.

Introduction

The capability of Landsat images to provide information for
reliable and detailed land cover/use mapping is restricted by
radiometric effects caused by atmosphere and topography. The
topographic effect is evident in rugged terrain, and it is caused by
the differential spectral radiance due to surface slope angle and
aspect variations in combination with solar zenith and azimuth
angles (Holben and Justice, 1980). This effect imposes an additional
degree of variability on radiometric data within any particular land
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cover, despite that it does not correspond to true spectral response
variations. Consequently, errors may  be introduced during image
classification, decreasing classification accuracy.

The topographic correction methods can be grouped into three
main categories: band ratioing, empirical or semi-empirical and
physical based methods (Wen  et al., 2009; Zhang and Gao, 2011;
Balthazar et al., 2012). Except for the methods based on band ratio-
ing, the correction techniques depend on topographic data, which
relatively restricted their application in many regions until the
recent availability of digital elevation models (DEM) of broad cov-
erage, like SRTM (Rabus et al., 2003) and GDEM (ASTER GDEM
Validation Team, 2009).

Several studies had proposed the evaluation of topographic
correction methods, the majority reported improvements after
correction (Colby, 1991; Riaño et al., 2003; Cuo et al., 2010;
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Veraverbeke et al., 2010; Hantson and Chuvieco, 2011, for exam-
ple), but in some cases the correction was not satisfactory (Blesius
and Weirich, 2005; Zhang et al., 2011). Noteworthy in many of these
studies was the superior performance of semi-empirical correc-
tions, such as, C and the empiric-statistic corrections (Teillet et al.,
1982), and Minnaert correction (Smith et al., 1980). In addition, the
adapted SCS correction method is appropriated for forest canopies
areas (Soenen et al., 2005), while others are more appropriate for
non-forest cover types (Gu and Gillespie, 1998).

The approach to apply the correction methods is one of the
factors that affect the correction performance, especially the strat-
egy to estimate the empirical parameters for the semi-empirical
methods, such as the constant k� for Minnaert correction and
the parameter c� for C correction (Reese and Olsson, 2011). Some
authors estimate the correction parameters in a generalized form,
i.e., based on a single set of samples comprising different land cover
types observed in the area (Teillet et al., 1982; Riaño et al., 2003;
Vanonckelen et al., 2013). Others use a land cover map  as a guide to
stratify the parameter estimation and for the correction of the data
(Smith et al., 1980; McDonald et al., 2000; Kobayashi and Sanga-
Ngoie, 2009). Some authors state that estimated parameters by land
cover classes generate better results and are more suitable than the
generalized form (Teillet et al., 1982; Riaño et al., 2003; Kobayashi
and Sanga-Ngoie, 2009). Since the parameters are estimated based
on functions (e.g., correlation) that include spectral values and solar
illumination angle on the slope (cos i), more than a single land cover
type is supposed to disturb them due to the specific backscattering
behavior of each land cover type (Goel, 1988).

To overcome the need of a previous land cover map  in the
above mentioned strategy, some authors choose stratifying the
data into groups or spectral classes, e.g., by thresholding the NDVI,
to estimate distinct correction parameters to apply the correc-
tion separately for each land cover type (Bishop and Colby, 2002;
Bishop et al., 2003; Hantson and Chuvieco, 2011). In relation to this
strategies, we state that the spectral classes defined prior to topo-
graphic correction are influenced by topographic effect and can be
a source of error for the estimation of the correction parameters
and thus for the topographic correction. As an another interme-
diate approach, which is based on the work of Civco (1989), a
single land cover type (called main cover type) is selected to
estimate the correction parameters to be applied in the correc-
tion of the whole image. This strategy has not yet been tested

with different methods, especially in areas with several land cover
classes.

The main land cover strategy does not require a land cover
map  when the parameters are estimated based on samples of the
main land cover type collected, e.g., through image interpretation
or fieldwork. The main task of this study was to evaluate selected
topographic correction methods where there is not a previous
land cover map. Considering this strategy, to apply the correction
method, it is reasonable to expect that some land cover classes may
have a less efficient correction compared to the main land cover, but
in many cases the main land cover occupies the larger proportion
of the area or is the only mapping objective (Rudorff et al., 2010;
Hansen and Loveland, 2012; Vibrans et al., 2013).

Vanonckelen et al. (2013) summarize several studies dealing
with the impact of the topographic correction on land cover classifi-
cation results. It can be observed that most land cover classifications
applied in these studies is based on maximum likelihood classifica-
tion algorithms, as a consequence of the state-of-art of classification
methods at the time of those developments. We  sought to evaluate
the impact of the correction method on object-based classification
that employs image segmentation and decision tree classification
(Benz et al., 2004; Strobl et al., 2009). This classification method
enables the evaluation of topographic correction methods by other
strategies, such as, the object (or region) feature and structure of
the decision tree.

These constraints led to the objective of this study, which is to
apply and evaluate semi-empirical topographic correction meth-
ods aiming to improve the capability of satellite images to generate
more reliable land cover mapping using object-based classification.
The strategy to estimate the topographic correction parameters
based on the main cover type is hypothesized to be appropriated
to reduce the topographic effect.

Materials and methods

Study area

The study site is an agricultural region of Brazil in the south
of Minas Gerais State, with undulating relief type, chosen for
its varied conditions of both illumination and land cover types
(Fig. 1). It is an area of 11.5 per 11.5 km located in the municipal-
ities of Alfenas and Machado and it is covered predominantly by

Fig. 1. Location of the test site in south of Minas Gerais State, Brazil. Landsat 5 TM 453 (RGB) composition with the identification of the land cover types.
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