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Assessment of Different Topographic Corrections
In Landsat-TM Data for Mapping
Vegetation Types

David Riafio, Emilio Chuvieco, Javier Salas, and Inmaculada Aguado

Abstract—Different methods for topographic correction of Solar light
Landsat Thematic Mapper images have been assessed in the con-
text of mapping vegetation types. The best results were obtained
with a variation of the C method, which takes into account the
overcorrection of low illuminated slopes by the original C method.
The performance of this method was tested using two criteria:
the changes in the spectral characteristics of the image and the
reduction in standard deviation of each vegetation type after the
correction.

Index Terms—Landsat Thematic Mapper (TM), topographic
correction, vegetation mapping.

|. RELEVANCE OF TOPOGRAPHICCORRECTION FOR

VEGETATION MAPPING Fig. 1. Effect of topography on reflectance [25].

HE ITEM topographic correction or topographic nor- L e . . : . .
malization, refers to the compensation of the differen} The main difficulty in applying topographic corrections is

‘elated to the lack of standard and generally accepted models.

solar illuminations due to the irregular shape of the terrain. ThASwide variety of methods have been proposed in the literature
effect causes a high variation in the reflectance response éfé

e ) ) Section II); however, there is no clear consensus on
similar vegetation type_s. shaded areas show Ies§ than expe .%‘gwds that may be universally applicable. Additionally, the
reflectance, whereas in sunny areas the effe(_:t Is the qpp(.)al\ygilability of digital terrain models has, until recently, been
(Fig. 1). Therefore, the process of topographic normalization

e i o restricted to highly developed countries, therefore precluding
may be critical in areas of rough terrain, as a preliminary st%[i)e general application of topographic normalization. The

to the muIt'lspectraI and.for mqutgmporaI digital Class'f'cat'o%rowing availability of global digital terrain datasets, such
of vegetation types. This correction has been acknowledgeZin

. - S those derived from the interferometric shuttle mission
the literature [2]-[4], although some authors have indirect ) . . .
. ttp://lwww.fas.org/irp/program/collect/ifsar.h)nwill help to
approached reflectance variations caused by topograp

: . - . . IrabPAl e this limitation.
effects by including digital terrain models as ancillary variables

in multiband classification [5]-[7]. |
Although this approach has yielded acceptable results, a moré :
refined topographic correction should reduce the internal vari-As it is well known, raw digital values (DVs) derived from
ability of each vegetation type, since the corrected reflectansatellite optical systems cannot confidently be used for geophys-
is more related to the geometrical or biological properties of theal measurements and multitemporal studies, since they include
plant than the original reflectance even when considering its teffects derived from sensor calibration, as well as atmospheric
rain location. and topographic interferences. Calibration values to transform
DV to sensor radiance are typically provided in the image meta-
data, and therefore the user needs only to compensate for atmo-
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radiance scattered at the sensor for the same bandand

Tr,: are the path atmospheric transmittances of the upwelli

(ground surface—sensor path) and downwelling (sun—grou

surface path) flows, respectiveliz, . is the solar irradiance at
the top of the atmosphere; is the sun zenith angle; arfd, ;,
the diffuse irradiance at the surface.

Topographic correction should affect the denominator paral i
eters, since changing illumination conditions affect the actu :
solar irradiance received at a single pixel. Some authors recc 1
mend applying atmospheric correction prior to the topograpt ;
normalization [8], [9], while others recommend that they be a| .
plied concurrently [10], [11]. Here, we will distinguish betweet ]
the two steps, focusing on the topographic correction. :

Methods for correcting the topographic effect may b :
grouped into two categories: those based on band ratios, !

:
'«

Normal

those requiring digital elevation models (DEMs). The forme
are much simpler and do not require additional input data. T
reflectance is assumed to increase or decrease proportionall
the two ratio bands. Therefore, the quotient between them w
compensate for topographic effects [12], [13]. This assumpti
is valid for the incident angles, which are wavelength indepen-
dent, but not for the diffuse irradiance, which changes in eaEl§- 2. Angles involved in the computation of the IL.
spectral band [3], [14]. An additional problem is the loss of
spectral resolution when ratios are used, which is a drawbagksion has been proposed by Civco [15], which considers the
in multispectral classification. average IL conditions

The second group of topographic correction methods based
on modeling illumination (IL) conditions and require a DEM of IL,, —IL
the same resolution as the image to be corrected. The DEM is P = pr+ [PT (ﬁ)} )
required to compute the incident angig)( defined as the angle
between the normal to the ground and the sun rays [15] (Fig. @here IL,,, is the average IL value of the study area.
The IL parameter varies from1 (minimum) to+1 (maximum These models are wavelength independent, since the correc-
illumination) and may be computed as follows: tion is based on the same factor for all the bands. As said before,

this assumption is not appropriate as far as diffuse irradiance
IL = cos~y; = cosf,cosf. +sinb,sinf. cos (¢, — ¢,) (2) concerns. Therefore, it should be more appropriate to propose
band-dependent factors of correction.

whered,, is the slope angld]. is the solar zenith anglej, is
the solar azimuth angle; anf], is the aspect angle. Once IL iSB. Non-Lambertian Methods
computed for the whole image, the flat-normalized reflectance
of each pixel is estimated using different methods. They can
grouped into two categories: Lambertian and non-Lamberti
depending on whether they assume that reflectance is inde
dent of observation and incident angles or not.

The Lambertian assumption is very convenient to simplify
focedures but unrealistic, since most covers are rugged, having
non-Lambertian behavior. The bidirectional reflectance dis-
R¥Bution function (BRDF) describes how reflectance varies in
each cover considering the angles of incidence and observation
_ [3], [17]. The determination of BRDF is rather complex, since
A. Lambertian Methods it describes the reflectance behavior at all possible angles of in-
From the proposed Lambertian methods, the most widadidence, combined with all possible angles of reflection [18].
used is the cosine method, proposed by Tedfeal. [1], and Therefore, sometimes it is more convenient to assume a Lam-

later modified by Civco [15]. It is computed as bertian surface than introducing a model that does not comply
with the non-Lambertian properties of the surface.
. cosf. 3 The main methods are based on the ideas of Minnaert [19],
PH = Pr ) . . L .
IL who first proposed a semiempirical equation to assess the rough-

) ] ) ness of the moon’s surface
wherepy is the reflectance of a horizontal surfagg; is the

reflectance of an inclined surface. The method assumes that the cosf,\ X+

lower the IL, the higher is the corrected reflectance. Addition- PH = PT ( IL )

ally, the sun zenith angle is used to take into account nonverti-

cality of sun rays. where K, is the Minnaert constant for band The termK
Several authors have shown that this method overcorrects thedels the non-Lambertian behaviorHf= 1, the surface be-

image, mainly in areas of low IL [2], [9], [16]. An improved haves as a perfect Lambertian reflector. It is necessary to calcu-

®)
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late the value oK for each band before performing the correctberian—Mediterranean forest. The park’s main forest species,

tion, by linearization of the previous equation in order of importance and abundance, are holm Gakefcus
L ilex), cork oak Q. sube), and gall oak Q. fagineg. The dis-

In(pr) =In(py) + Ki In ( ) ) (6) tribution and density of trees varies greatly according to ter-

cos rain, temperature, and humidity. In the flat low areas, grass-

This can be done with an ordinary linear regression, whel@hds are mixed with scattered holm oaks. In the steeper more
K, andln(pg) are the regression coefficients. That ig; is mountainous areas, oak woods w@hfagineaandQ. pyrenaica

constant for the entire image. are found in colder damper climates at the mesomediterranean
This equation was further modified to include the slope of thégetation level. Degraded areas are dominated by heliophilae
terrain [12] species, mainly rock rose€istus ladanifey C. populifoliug
and heatherHrica australis E. umbellateandE. arboreg [20].
cosf, k
pi = pr o8ty (IL cos 6p> ' (") B. Dataset

Some authors suggest modeling the slope separately [10] td Nis study is base_d on a summer quarter Landsat-TM scene
reduce noise inherent to the topographic correction, reduciy ly21, _1_997)' T_he Image 1S CI_OUd free and has 9(_)0_d |_Ilum|na-
thereby its effectiveness [8]. tion conditions (high sun elevation angle), which minimizes the

Another method is the empiricalstatistical method of TeilldPPographic distortion. Winter images had a high topographic

[1] that assumes a linear correlation between the reflectance5itortion where steep areas are fully shaded. Additionally, a
each band and IL vegetation map produced by the forest guards of Cabafieros Na-

tional Park using aerial photography and extensive fieldwork
pr = pu +my IL (8) Wwas available. The map has 107 vegetation classes. Finally, the
DEM is generated from digitised contour lines from a 1:50.000
wherem, is the slope of the regression line for bandrhepr  scale map (contours every 20 m) as described below.
is considered constant for the entire image, being the intercept
in the regression equation. C. Geometric Correction
A variation of this empirical approach is named the C correc-

. . Th rter of Lan -T™M new rthorectifi in
tion [1], defined as e quarter of Landsat scene was orthorectified using a

set of 40 ground control points (GCPs) extracted from 1:50.000
cosf, + cp. scale maps and the DEM. The error of the model was under half
PH = PT <W) ©) a pixel ¢ = 0.43, y = 0.38). The nearest neighbor resampling
method was used.
wherecy, = by /my, for pr = by +my IL. Therefore, itis based

on the empirical—statistical approach [see (8)]. D. Atmospheric Correction

This model introduces a parametgrthatis the quotient be- Atmospheric correction was based on the default transmit-

tweeq the gradienth() and intercepts.,,) of the regression tance method proposed by Chavez [21], which recommends
equation,pr versus IL. . . tandard down-welling transmittance values. Values for bands

The main objective of this study was to test different methoﬁ.—'\/I1 to TM4 were taken from Chavez [213(; = 0.70, 0.78
ologie_s for topographi_c correctior_1 of Landsat Thematic Mapparfgs and 0.91, respectively). This author as;umeé fl.’l|| t.ran'smit—
(TM) images in mapping vegetation types. The performancet%ncé for TM5' and TM7 bands, but we preferred to be more

each method will be assessed by two ways: 1) how they Preseldiitious and took the values proposed by Gilakewl. [22]

the original spectral structure of the image and 2) how they iri- """ * . -
crease the statistical homogeneity of each target category, he%(fé = 0.95and 0.97, respecitively), whose study area had sim

reducing the reflectance changes caused by different illuming.. atmospheric conditions to our site. We used the original
tion con%litions 9 y method [21] for the other variables, i.&, , equal to the DV of

' the dark-object on each band,, equal to one; and itis ignored
IIl. M ETHODOLOGY Ea.
A. Study Area E. Generation of DEM

Cabafieros National Park is located about 200 km south ofA DEM of the area was generated by spatial interpolation of
Madrid on the western area of Spain’s southern plateau and digitised contour lines from a 1:50.000 scale map (contour lines
cupies an area of around 41000 ha. It forms a portion of tlegery 20 m), using the distance transform algorithm [23]. Eleva-
southern limit of theMontes de Toledowhich comprise a se- tion data was only produced within the park and the surrounding
ries of small mountain ranges or “sierras” trending in a NW-Sé&reas (Fig. 3).
direction. Elevations vary from around 900-1400 m along the The DEM was validated using an independent source: a dif-
sierra ridges, to about 500-700 m at the foot of the valleys. Tferential GPS with dual frequency (L1/L2). A total of 123 eleva-
park’s main features consist of a series of Paleozoic ranges inteyn points were measured in the study area covering the entire
mingled with plioquaternary conglomerates or “rafias,” whicNational Park. The mean squared error of the DEM, based on
are flat wide plains formed of eroded quartzite pebbles from tiigese independent, y, andz points, was 9.78 m, which is ap-
surrounding sierras. Cabarieros is one of the best examplegmipriate for correcting 30-m resolution TM images.
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Fig. 4. Smoothed slope to calculate IL.

TABLE |
MEAN AND SD DIFFERENCE IN PERCENT REFLECTANCE, BETWEEN THE
ATMOSPHERICALLY CORRECTEDDATA AND EACH TOPOGRAPHIC
CORRECTION FOREACH TM BAND AND ALSO FOR THE
TOTAL SuM OF ALL BANDS

Total
TM1 TM2 TM3 [TM4 [TMS5 TM7 change
IL weigh. Mean | 0.02 0.04 006 ] 004|016 014 047
SD 004 006 009 [-009[030 023 064
Minnaert Mean [-0.15 -0.17 -021]0.13 [-0.67 -0.69 -176
SD -0.04 -0.03 -0.01]0.08]|0.17 008 025
C-correction [Mean [-0.08 -0.13 -0.17 |-0.12 [-0.45 -0.39 -1.34
SD -0.03 -0.08 -008[000]0.17 010 008
C-correction-3[Mean [-0.02 -0.04 -0.04 |-0.07 [-0.16 -0.12 -046
SD 0.00 0.00 0.00]0.02]010 005 017
C-correction-5[Mean [-0.02 -0.03 -0.04 |-0.09 [-0.16 -0.13 -048
SD -0.01 -0.01 -002]003]007 002 008
C-correction-7[Mean [-0.03 -0.04 -0.05 |-0.10 [-0.1% -0.15 -0.56
SD -0.01 002 -003{002]005 001 002

Fig. 3. DEM generated from contour lines.

The DEM was used to generate the slope and IL map. The
slope computed at each pixel is the plane formed by the vector TABLE Il
connecting the left and right neighbors versus the vector con- pescripTion oF THEVEGETATION CLASSES USED TO ANALYZE THE

necting the upper and lower neighbors of the pixel. The IL of REsuLTs OFEACH TOPOGRAPHICCORRECTION
each pixel was computed considering the solar zenith and az-— - -
. . . Class [Vegetation Density Main species
imuth angles when the Landsat-TM image was acquired, as well ] Shrab Fiigh Evica anstralis, Cistus ladanifer
as the slope and the aspect of each pixel. 2 IShrub High Crercus pyrenaica and Q. ilex
3 Herbaceous  [Low Ditterent crops
F. Topographic Corrections Tested 4 Fogest High Q. pyrenaica
5 IShrub High . ladanifer . Rosmarinus
The performance of the following algorithms for topographic 7 [Farest Low 0. pyrenarca and Q. broteror
corrections were tested: the IL weighted by the,I[(4)], the 7 [Forest High 0. suber
Minnaert method [including the slope: (7)], the C-correction 8§ Forest High Pinus pinaster
[(9)] and a variation of this method, based on a smoothed IL ?___Dehesa - 30(0. rlex
value. 10 [Shrub Low R. officmallis, E. umbellata

Most methods produce an overcorrection in those pixels

where IL is low. '_I'herefore, a varlatl_on n the_ C.aICUIat'OEB], [9]. pr changes for different values of IL, but after the to-
of the IL was carried out, by smoothing the original slope, . S : .
Considering average slopes in roughest sections of the st pgpgraphlc correction is carried oy should remain constant
area. a smgoothin gfactofof 3 5 zgnd 7 was tested (Fi j different values of IL. Third, the standard deviation (SD) for
o 9 T 9- @hich class should be reduced [12], [15], [24], meaning a greater
Initially we have . . . )
intraclass homogeneity has been achieved. Finally, the accuracy
b of a nonsupervised classification [9], [14], [24] may be used to
6, = arctan (—) (10) check the improvements in class discrimination.

which is then transformed into IV. RESULTS
b A. Spectral Coherence After Changes
[
0, = arctan <X * a) (1) Table | summarizes the changes in spectral characteristics of

TM bands after the application of the different algorithms. It

whereX = 3,5, or7. is observed that the IL weighted by the,JLand the smoothed

There are several possible methods to assess the result€-gbrrections maintain better the mean of the original (after at-
the topographic corrections. First, the analysis of changes in thespheric correction) TM bands, whereas the Minnaert correc-
spectral characteristics of the image after correction [15]. Id#en provides the worst results. In terms of the SD, the single C
ally these changes should be low; otherwise it would imply as well as the smoothed C-corrections performed the best ren-
under- or overcorrection. A second criteria would be based dering the least change, whereas the IL weighted by the IL
the graphical analysis ofr andpg versus IL for each cover provided the worst results.
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TABLE I
REDUCTION IN SD, MEASURED IN PERCENT REFLECTANCE, FOR THE
DIFFERENT VEGETATION CLASSESAFTER ATMOSPHERICCORRECTION
FOR EACH TM BAND AND ALSO FOR THETOTAL SUM OF ALL BANDS.

NEGATIVE VALUES APPEAR INBOLD, WHICH ARE THOSE VEGETATION

CLASSESWHERE THE SD INCREASESAFTER THE TOPOGRAPHIC
CORRECTION VEGETATION CLASSESREFER TOTABLE Il

IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING, VOL. 41, NO. 5, MAY 2003

Total
Class TMI |TM2  TM3 |TM4  TMS [TM7  fanprovement Cortection

1 018 027 031) 048 085] 076 1.89 |IL weigh

1| -016| 016  016| 063 -0.60| -0.87 -1.32 |Minnaert

1 0.09 0.00 0.05 020  0.21 0.13 0.76 |C-correction
1 020] 032 037 036 100] 081 3.06 |C-correction3
1 0.21 0.33 038 0.37 1.04 083 3.16 |C-corrections
1 0.21 0.31 0.37 0.36 1.04 0.82 3.11 |C-correction”
2 012 0.20 0.23| -0.86 071 0.51 (.91 |IL weigh

2| -046| -0.50 -049| 082 -1.90| -2.35 -4.88 [Minnaert

2 0101 046 0.62 021 049 -0.79 -2.25 [C-correction
2 012 0.19 0.23 041 083 0.44 2.24 |C-correction3
21 012 0.22 0.24 044 094 049 2 43 |C-corrections
2 Q121 021 0.24 0.44 0.94 047 2,42 |C-comrection?
3] 019] 026 035] 040 077 067 2.64 |IL weigh

3] 011 016 023] 015 050| 039 1.534 [Minnaert

3 012 018 0.24 .13 048 042 1.56 {C-comrection
30 008] 0)4 017 015 037 031 1.22 |C-cotrection
3 0071 009 0.12 013 031 0.24 0.96 |C-corrections
3 0.06 0.07 0.09 0.12 0.26 0.18 0.79 |C-comrection?
4] -0.01 003 004] -1.58 078] 021 -0.60 |IL weigh

4] -1.08| 116 -1.48| 047 -2.79| -3.88 -9.91 |Minnaert

41 061 225 242 002 103 -199 -8.32 |C-correction
4 0.01] 001 -0.08 0.08 102] 030 1.30 |C-comrection3
4 0.06 0.07 001 2.06 1.19 043 1.84 |C-corrections
4 0.06 0.08 0.03 0.03 122 0.46 1.90 |C-correction?
S 0.10 0.16 0.21 017 049 0.41 134 |IL weigh.

5 0.03 0.08 9.10 0.19 0.061 -0.06 0.40 |Minnaert

5 0.06 0.10 013 0.11 0.25 023 0.88 |C-correction
3 0.04 0.08 0.11 0.15 033 0.26 0.97 |C-correction3
51 002 006 009] 016 - 030] 022 0.84 |C-comrections
5 0.01 0.04 9.06 0.14 0.27 019 0.71 [C-correction?
6| -0.04| -0.03 -0.08]| -1.50 032 -0.0% -2.02 |IL weigh.

6 -2.04| 215 -2.68 067 -6.17| -7.81 -20.18 [Minnaert

6] -1.47) 548 -683| 0.10 -3.56| -5.00 -22.24 |C-comrection
6] -0.19] 039 047] 023 -020] -037 -1.38 |C-correction3
6 -040] 021 028 023 017 -0.02 -0.19 |C-correction
6| -0.08| -0.19 024 027 023] 0.04 0.04 |C-comrection?
Tl 008 018  022) 044 121] 063 248 |IL weigh

T 0271 002 001 0373 003 -0.78 -0.31 |Minnaert

Tl 006 -0.06 -020] 050 063 001 0.82 [C-correction
TL 006] 017 019] 066 097 050 2.35 |C-comrection3
1 006] 016 018 068 093} 048 249 {C-corrections
Tl 006] 016 017] 069 091] 046 244 |C-correction?
8 0.03 0.06 0.07 0.22 0.16 0.13 0.68 |IL weigh.

8] -0.08] -0.08 -011] 050 -021]| -031 -0.30 [Minnaert

8] -0.03| -0.03 -0.06 026 -0.08| -0.13 -0.08 [C-correction
8 0.01 9.01 0.00 .39 0041 -0.02 0.43 |C-correction3
8 0.00 0.01 0.00 041 003] -0.03 044 |C-comection
8 0.00 0.00  -0.01 042 0.03] -0.03 0.41 |C-correction?
9 0.16 0.20 0.29 040 046 043 1.94 |IL weigh

9] 015] 019 027 010 030 0335 1.33 [Minnaert

9] 012] 018 025] 009 023] 029 1.18 |C-comrection
9 0.06 0.13 013 0.13 018 0.18 0.85 |C-correction3
9 0.04 0.06 0.07 0.05 006 0.07 0.33 |C-corrections
9 0.01 0.04 0.07 Q.05 0.07 0.08 0.32 |C-comection?
(0] 022] 030  037] 080 075) 069 3.14 |IL weigh
10| 023 031 037] 032 062] 072 2.60 |Minnaert
10| 021] 032 039] 024 056( 061 233 |C-correction
10 0.18 027 230 232 042 044 1.93 |C-correction3
0] 015 023 022] 028 031 034 1.53 |C-corrections
10 0.18 0.18 0.21 0.26 031 0.33 1.47 |C-cotrection?

B. Class Homogeneity

(@) (b)

Fig. 5. Northern Cabafieros National Park (a) before and (b) after carrying
out the topographic correction. Arrows mark examples of areas were the
topographic correction was efficient. False color composite (TM4-5-3) in

grayscale, July 21st, 1997.

Minnaert correction showed the worst results, which could
be due to the implementation of the slope in the model. The
smoothed C-correction 3, 5, and 7 and the IL weighted were
the methods that better reduced the variability within each
vegetation class. The C-correction was in between, failing
mainly for classes 4 and 6, where IL conditions are very low,
increasing the g excessively and consequently the SD.

The smoothed C-corrections showed a better result as the
smoothing factor was increased for classes were IL was very
low (classes 4 and 6), but is was the other way around for the
other classes.

V. CONCLUSION

Out of the different topographic corrections tested, the
smoothed C-corrections retained best the spectral charac-
teristics of each band and provided the highest reduction in
class variability. The use of a smoothing factor of five (Fig. 5)
allowed globally better results for all classes tested.

Further research should be done to test the different methods
with other images of the same study area under worse illumina-
tion conditions (lower sun elevation angle) and on other study
areas. All topographic correction methods tested assumgzthe
is constant; that is to say, it has only one spectral class for homo-
geneous images. But there is a mixture of different vegetation
classes in Mediterranean ecosystems. Some authors even say
thatit is impossible to perform a topographic correction without
knowing the vegetation classes in advance [7], since the topo-
graphic effect is vegetation dependent [3]. It would be recom-
mendable to perform this correction in order to avoid this risk.
A smoothed correction does not alter reflectance values signif-
icantly, whereas a more extreme correction could introduce ad-
ditional errors.
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