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APPLICATION OF DIGITAL TERRAIN DATA TO QUANTIFY AND
REDUCE THE TOPCGGRAPHIC EFFECT ON LANDSAT DATA

1. Introduction

The topographic effect is defined as the variation in radiances from inclined surfaces compared
to radiance from 2 horizonta! surface as a function of the orientation of the surfaces relative to the
light source and sensor position (Holben and Justice 1980). On Landsat images of rugged terrain,
this effect is manifested by the visual impression of relief (figure 1). Holben and Justice (1979)
measured the topographic effect on remotely sensed data and showed the effect to be most ex-
treme at low solar clevations and greatest for slopes in the principal plane of the sun. They also
showed by a Landsat simulation study that the topographic effect can produce a considerable
variation in radiances associated with a given cover type and may lead to poor cover-classification
results. Sadowski and Malila (1977) demonstrated that reflectances vary as a function of slope
and aspect and that such terrain variations complicate the tash of dis:riminating woodland cate-
gones with remotely sensed data. Several other studies have dens.astrated the need to consider
tonographic vanations when undertaking Landsat cover classification for areas of mountainous
terrain (Hoffer and Staff 1975, Anuta 1976, Miller ¢f al. 1978, Strahler er al. 1978, Hoffer et al.

1979, Strahler er al. 1979, Williams and Miller 1979).

The above studies incorporated elevation data with Landsat data to improve cover classifi-
cation accuracies. Removal or reduction of the topographic effect before classification will reduce
*he vaniation associated wich the radiance for a given cover type and thereby increase the likeli-
hood of class separability. Sadowski and Malila (1977) showed that changes in reflectance resulting
from different topographic location resulted in spectral overlap of forested and nonforested sites.
Williams ez al. (1979) demonstrated that the utility of Landsat data for mapping gypsy moth
defoliation of forest canopies in the mountains of central Pennsylvania was severely restricted by
topographic variations, This restriction was most pronounced in separating levels of defoliation on

slopes of different onentations.



The objective of this study is to quantify and reduce ihe topographic effect found in Landest
data for an area adjacent to that cxamined by Williams e7 of. (1979) in central Pennsylvania. The
next se-tion of the paper describes the field area selected for this study and the methods and data
base used in the analysis. The third section discusses four techniques for reducing the topographic
effoci. The fourth section examines the strength of topographic effect in the data and the effective-
ness of the four techniques for reducing the effect. The fifth section summarnizes the results of the

analysis and discusses the implications of the results.

*

2. Descnption of study arca. data base, and methods

The study area 1s located in Perry County. north of Harmisburg. in central Pennsylvania and is
contained within the 7.5-minute Reward quadrangle (figure 1). The ndge and valley topography
of the area. formed from a senes of croded anticlines and synclines. is composed of Ordovician
limestones. sandstones. and shales. running northeast to southwest across the area. Buffalo Moun-
tain. the ridge examined in this study. runs lincarly northeast to southwest, wiith a2 maximum height
of 409 m. [he ndge was chosen for its constant slopes and aspects and uniform forest cover.
Block diagrams created from the digital terran data show the topography of the study arca (figures
Y and 3). Buffalo Mountain has three magor sfope units. moderate (ca 9°) and steep (ca 22°)
rectilinear slepes of northwest aspect and moderate (¢. 15%) slopes of southeast aspect. The ridge
is covered by a mixed decaidous oak woodland consisting predominantly of white oak. red oak.
chesinut oak. and ®iack oak. A field visit to the study area revealed complete crown closure
throughout the study area and minimum differences in the cover type, distribution. and density

between the two predominant aspects.

Two types of data were integrated to provide the data base used in this study. namely, Landsat
multispe-tral scanner (MSS) data and digital terrain data. The image-processing system used for
this study was the IDIMS (Interactive Digital Image Manipulation System) produced by E.S.L.

(Electromagnetic System Laboratory) Inc. the particular installation is at NASA/Goddard Space
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Flight Center (GSFQ). Greenbelt. MD. USA. 1t is comprised of a Hewlett-Packard 3000 mini-
computer with a programmable armay processor and specific software for image analysis. The

vanous data planes used in the study were created as image files on the IDIMS system.

The Landsat data chosen for this study were for July 19, 1976, with a solar clevation of $5°.
This high-sun-angle image was selected because it depicts the period of maximum foliage. which
enables optimum dissnmmation (Wiltiams 7 al. 1979). Furthermore. 1t depicts a time close to
the summer solstice. when the topographic effect is at a minimum (Holben and Justice 1979), and
i most hikely. therefore. te . . chosen tor analysis of cover types. From the raw Landsat data the
MSS " S and 6 S band-ratio images were created. Fo- ease of integration the Landsat data were

resampled 1o 50 m and 1egistered to the 1:24.000 topographic sheet.

The digital terrain data used in this study were the 30-m Degital Flevation Model (DEM)
data obtamed from the U.S. Geological Survey (USGS) Digital Applications Team, Reston. Virgimia
tfigure 4). The DEM data should be distinguished from the 200-feot Desense Mapping Agency data.
also available trom the USGS. The coarser resolution of the latter has been criticized with reference
1o the usefulness of the honzontal resolution and the height accuracy (Stow and Estes 1979,
The DEM data are denved trom orthophotos and are available tor selected 7. 5-minute quadrangles

within the USA (McF wen and Elassal 1978).

The heght accuracy of the DEM data was evaluated by comparning 91 elevation control points
on the topographic map with the corresponding height values tor the same locations tfrom the
terrain data before the data resampling. The average deviation of the DEM height values from the
corresponding topographic map values was 5.92 m. Further examination of the best matching
point within a2 3 X 3 window of the DEM data reduced the average vaniation to 2.79 m. The
DEM data were well within the 7-m  height accuracy claimed by the USGS (Elassal 1980). From
the SO-m resampled DEM elevation data, both slope (figure 5a) and aspect (figure Sb) were cal-

culated for each elevation point. by use of a four-cell elevation matrix. by applying a modification



of an algorithm developed by Sharpnack and Akin (1969). Software was developed to usc slope.
aspect, solar elevation. and azimuth to cakulate the incidence angle for each pixel (figure Sc).
The Landsat data were registered to the ~.S-minute topographa map for the Reward Quadrangle
and the cight surtounding map quadrangles. Fighty-four evenly dispersed contiol points were
chosen for the map sheets and the | andsat data. The root mean square (rms) error was 0.79 pixels,
and tae maximum error was 1.75 pixels. The five control points located within the Reward Quad-

rangle had a rms of 0.73 pixels. with a maximum error of 1.03 pixcels.

3. Techniques .xamincd for reducing the topographic etfect

Four techniques for reducing the topographic effect are examined in this study. namely.
spectral-band ratioing and application of a Lambertian model. a modified Lambertian model. and

a non-Lambertian model.

Spectral-band ratioing in its simplest form consists of dividing the radiance values in one
channel by the corresponding radiance values in a second channel. Ratioing has been proposed
as a way of reduciag mult olicative effects within multispectral data. e.g.. by Kriegler er al. (1969).
Crane (197 1), and Vincent (1973). The topographic effect of direct light is one such multipli-
cative effect. A detailed account of band rativing as 2 technique tor reducing the topographic
effect on ground-based radiometer data is presented by Holben and Justice (1980). who showed
that ratioing reduced the topographic effect on their data by an average ot 83 per cent. However.,
a study by Williams er /. (1979) on Landsat data of central Pennsylvania showed the spectral-

band raticing did not remove slope- and aspect-induced variations to enaole improved classification.

The second technique examined was the application of a Lambertian reflectance model. This
model is described by Justice and Holben (1979) and is based on the assumption that the surface
being sensed is Lambertian. A Lambertian surface is one that scatters light equally in all directions.
The radiance from the surface can therefore be modelled by the cosine of the incidence angle,

where the incidence angle is the angle between the surface normal and the solar beam (Robinson

1965).



Lambertian Model: L=Ln(cosi),
where.  L=radiance.
Ln=normalized radiance,
mincidence angie.

The Lambertian model rssumes the reflected light io be directly proportional to the incident
light. The relationship between data derived with the Lambertian model and radiances rece:ved by
ground-based sensors was examined by Holben and Justice (1979), there was a strong statistical
relationship bet seen the data scts. The Lambertian model has been examined for correcting sun
angle and topographic effects in Landsat data (Cicone ef al. 1977, Justice 1978, Hoffer ef al.
1979, Tom er al. 1979, Smith er al. 1980. Strahler er al. 1979). Hoffer er al. (1979) applied the
Lambertian model to Landsat data and found that this correction slightly decreased classification
accuracy for a range of {orest cover types. Smith er al. (1980) found that the Lambertian assump-
tion was only valid over a small range of incidence angles for pine-forest cover types. Cicone
etal (1977) found high statistical correlations vetween Landsat radiances and incidence angle. but
found that the Lambertial mode! overcorrected the data. To compensate for this overcorrection,
Cicone ¢ral (1977) modified the Lambertian assumption by multiplying the slope angle by the
solar zenith angle and then caiculating the incidence angle. This modification was determined

empirically with data for two solar elevations. and 1t led to improvements over the L=mbertian

model.

All natural surfaces have preferred orientations of scattering (Krichel 1976, 1978), and thus
they are more satistactorily modelled by a non-Lambertian model. Smith er al. (1980) applied
a non-Lambertian model to Landsat data. using a function developed by Minnaert (1941, 196 1),
The model takes into consideration the incidence angle and the exitance angle made with the

surface. as a function of K. a constant value.



Non-Lambertian Model:  L=Ln (cos®i) (cos* ' ¢).
where: L=radiance,
Lr=radiance when i=e=0,
i=mcidence,
c=exitamee,
K=Minnacrt constant.
Tiwe K value is demnved from the data and s cquevalent to the slope ot the regression line formed by
plotting log ¢t ccos ¢ against log (ccos thcos ¢V The K value gives a measure of the Lambertianess
of gsurtace. a N of T agmitios a Lambertian surface. Most natural surtaces have values betweca
Qand 1 Snuth er al (1980 showed that the non-1 ambertian model performed signiticantly better
chan the Lambertian modet in reducing torran-anduced vanations on pine woodland.  Justice and
Holben 1979 examuncd the Mmnacrt function wath relerence to ground-based data and found a
similar improvement over the Lambertian model tor reducing the topographic ctfect. However, sub-
sequent theoreticadl cxvannniition of the K vadue by the authors has shown that the modet is inappro-

priate tor Kovalues ot greater than ooe an cases in winch there is a high spectual component.

1o Amabon

Fhe analsyais of the data s subdivaded into tour magor sections. The tirst section describes
the measurement of the topographic etiedt 1or the | andsat data taken at 55 solar elevation by
cvanunation o tandomiy selecrad test ates The second section presents o detaited analysis of the
toporraphic Citect tor siv sample tramedts Lekent doross the mountam rudge. The thard section
examnes the vanabihinny ot the Fandsat radignce data tor the siv transecis. atter the appheation of
spectral-band ratiome and the Lambertian and non-Lambertian normatzanon models 1o reduce

the topograpine ettect The tinal section includes apphication of the opiimum normahzation pro-

ceduare to the Landsat duta and g companson o tie corrected and the uncorrected radiance data.

¢



4.1. The topographic effect on selected test sites

The Landsat data of the Reward Quandrangle for MSS 7 (0.8-1.1 um) (figure 6) show the
topographic effect on Buffalo Mountain ridge. which runs northeast-southwest across the image.
The deciduous woodland canopy has a high reflectance in the infrared for both dominant aspects,
but the northwest slope of the ridge facing away from the sun is visibly darker than the southeast
slope. The MSS 4 and 5 (figure 7)(0.5-0.6 um and 0.6-0.7 um) show no visible topographic effect,
because of the low reflectivity of the woodland canopy in these two channels. allowing the
atmospheric path radiance to dominate. The major variation that can be seen on the mountain
ricze in channels 4 and § is caused by sensor banding. This is probably because at low reflectances
the topographic effect. although present, is obscured by the quantization of the MSS sensor system

(Holben and Justice. 1980). The MSS 6 (0.7-0.8 um) image was visually similar to that of MSS 7.

F or demonstration of the topographic effect on the Landsat data. three type sites were chosen
to represent the major slope-aspect combinations on Buffalo Mountain, namely. southeast aspect
and moderate slope. northwest aspect and moderate slope. and northwest aspect and steep slope.

T st sites were randoinly selected for each of the three locations along the mountain ridge. Four
sites totaling 767 pixels were selected for the southeast aspect location. Four sites totalirg 660
pivels and five sites totaling 213 pixels were selected for the northwest aspect moderate- and
steep-slope sites, respectively. The number of pixels in the latter class was restricted by the extent
of the slope class. Mean solar incidence angles of 44.5°.61.7°. and 73.5° were calculated for the
southeast-aspect moderate slopes, northwest-aspect moderate slopes. and northwest-aspect steep
slopes. Calculation of mean pixel values for each test site revealed distinct grouping in MSS 6 cnd ?

with respect to aspect (figure 8).

Field checking of the sites before the analysis had shown no observable differences in *he
woodland cover for the three locations. The differences in the mean pixel values were therefor
associated prmarily with the topographic variation. The highest mean pixel values associated with

the oak woodland cover were in MSS ¢ for the southeast aspect. However. the highest individual



radiances werz for MSS 7. which was quantized to 64 levels, half the quantization level of the other
three channels. The northwest-aspect moderate-slope radiances for MSS 6 and MSS 7 were higher
than the steep-stope radiances tor the same aspect. Three distinct ranges of mean pixel values were
obtained tor the three slope-aspect classes for MSS 6 and 7. For MSS 6 a difference of | 7 pixel
values separated the mean values for the sites associated with the southeast and northwest aspects.
Such a large range indicates that selection of training sites for cover classification from one slope-
aspect location may not adequately describe the radiances from the same cover from other loca-
tions. The degree to which this mey affect the classification results depends largely on the location

and distribution of other cover-class radiances within the classification-feature space.

4.2 Analysis of sample transects

Six sample transects of Landsat data across the mountain ridge were takzn to examine the
topographiv etfect m detail and to assess the statistical relationship between the Landsat radiances
and the data denved with the proposed models. Fach transect contained 20 pixels of Landsat
dawa The mean pivel salue, standard deviation. and range were calculated tor each transect (table
. Exanunation of these values shows the unitormaty of Landsat radiances between the different
transects In MSS o, Fransect 3 had the greatest range. 21 pixel values, and in MSS 7. Transect o
had the greatest range. 14 pivel values. Flevation, pixel values. and incidence angles tor a sample
transect are presented in tigure 9. There is a negative relhitionship between pixel value and inci-
dence angle: the lowest pinet values were associated with the highest incaidence angles and vice

vensa.

The statistical relationship between the radiances and the data denved from the models was
assessed tor cach transect with Pearson’s product-moment correlation coetticient (table 2). The
correlation coetticrent gives an indication ot the strength of the linear relationship between two
variables. Correlation coethicients (1) were insigniticant at the 0.05 level tor MSS 4 and £ tor all
three models. Strong poutine relattonships (r 2 0.84) were found for data derived with the Lam-

bertian and non-Lambertan models, and a strong negative relationship was found tor data derived



with the modified Lambertian model for all transccts. There was no substantial difference in the

size of the r values among the three models.

4.3 Evaluation of topographic effsct reduction techniques

Spectral-band ratioing and the three models were assessed for reducing the topographic effect

on Pennsylvania Landsat data.

Coetficients of variation (CVs) were calculated for the ratios of MSS 6/5 and MSS 7/35 tor
each transect and are presented for comparison with CVs for the raw data (table 3). The CV
is the standard deviation divided by the mean value, and it is used to compare variations within
data sets. In this study a decrease in topographic effect is signified by a decrease in the CVY. The
CVs indicated a greater variation in the MSS 7/5 ratio *han in the MSS 6/5 ratio, because of the
higher variation in MSS 7. The CVs for MSS 6/S and 7/$ ratios decreased slightly from the CVs
for the raw MSS data for three out of six transects. The poor reduction in the topographic effect
by the MSS 6/5 and 7/5 ratios is due to the negligible vaniation in MSS 5. The relatively constant
radiance in MSS 4 and MSS § is associated with the high absorpiion by the green leaves of ‘he
deciduous woodland and means that ratioing is effectively dividing MSS 7 and MSS _. oy a con-

stant value.

Application of the Lambertian model to the data to reduce the topographic effect (i.e.. di-
vision of each pixel by cos i) led to a large increase in the CV tor each transect over the variation
for the raw data (table 3). Dividing the radiance from a Lambertian surface by cos 1 normahizes
the radiance to the equivalent radiance trom a flat surface with the sun overhead. This increase in
the CVs is presumably due to the inapplicability of the Lambertian assumption for the woodland
cover type in question. The largest CV was found for normalized MSS 4 and § data, probably
because of the verv small proportion of the MSS 4 and § radiance that was directly related to the

variation in the incidence angle. i.c.. direct light reflectance. Over the majority of slopes. the



dittuse-light componznt appears essentially constant (Justice and Holben, 198M. The modified
Lambertian model developed by Cicone o7 al. (1977) was a considerable improvement over the
Lambertiar model in reducing the topographic effect (table 3), but for all transects, it increased the

topography -induced vartion above that found in the raw Landsat data.

\pphication of the nen-Lambertian model to the transect data involved calculation of the
Minnaert K alues for cach transect (tuble 4). The regression lines used to calculate the K values
for MSS 4 and 5 had r¥ values of less than 0.50 and were deemed invalid for any correction ot
the data. The low 1= values were a direct result of the negligible variation ia the MSS 4 and §
radiances. The regression dines used to derive the K values tor MSS 6 und ™ had r* 32 0.74, with K
values ranging trom 0.26 to 0.37 tor MSS 7 and 0.20100.32 tor MSS 6. The r° values for these
data wore tigher than those reported by Smith ¢r al. (1980) and were less variable within the
cover type. The values were then substituted o the non-Lambertian model [(cos®i) (cos* le)] for
cach transect, and the CVs were calculated tor the corrected data (table ). The CVs for the non-
Lambertian model were markedly smalier than the CVs tor raw MSS 6 and ~ data. The maximum

reduction in the CVewas trom 103 1o 3.9 10r MSS o and trom 15.0 10 4.0 tor MSS ~.

44 Apphoation and Assessiment ot the son-Lambertion model to correct the Landsat data

Fhe sor Lamtertoa modebwas shown 1o be the bea cortection procedure tor reducing the
topographic cttect ¢table 3y Betore appivine the non-Lamibertian model to the Landsat aata tor
Buttalo Mountm 1 was necessany to deacide which K value to substitute mto the model. Use of
the model waith multiple K values would be too complen tor any ope tional study. Theretore a
Sensinv Y test aas undertahen tooassess how application ot a v:agle K value to all the transects
tor MSS 6 would ettect the CVovalues Coetficients of vanation were calculated for each tran-
sect with data dernved from the non-Lambertan model and K values from O to | (table 3). Table

S shows consderable vanation in CV tor each transect over a range ot K values. A mean K value of

0.209 was selected trom the transect study and apphied te the data. This mean K value led to a

X¥]



negligible change in the CV value from those derived with individual K values from each transect.
The non-Lamberiian model with a K value of 0.269 was applied to the MSS 6 data to prcduce a
rnormalized image (figure 10). The effectiveness of the non-Lambertian model in reducing the
topographic effect was determined by comparing the separability of radiance data for the three
dominant slope-aspect classes before and after normalization. Landsat data for three slope-aspect
sites were extracted: 1125 pixels for the northwest moderate slope, 231 pixels tor northwest
steep slope. and 1480 pixels for the southwest moderate slope. The mean values and standard
deviations are presented in table 6 and show that the difference in pixel values between the three
sites was considerably reduced by the non-Lambertian model. The difference between the mean
values for the northwest steep slope and the southeast moderate slope was reduced from 13.9 to
1.9 (86 per cent) in MSS 6 #nd from 9.7 to 1.2 (87 per cent) in MSS 7. The variation within the
s.tes as measured by the standard deviation increased shghtly in the corrected data by an average
of 0.5. The results show that the topographic effect was substantial.y reduced with the non-

Lambertian model.

5. Summary of results and conclusion

It is commonly suggested that Landsat cover-classification studies should be undertaken on
imagery obtained at high solar elevation to reduce variations in spectral resnonse because of the
topographic effect. Results from this study show that ¢ven high-sun-angle data have an apparent
topographic effect that may confound cove- _iassification. Examination ot the June 1976 Land-
sat imagery shcwed a marked cifference between the radiances associated with the three dominant
slope-aspect combinations found in the study area. The topographic effect was evident for MSS 7
and MSS 6 with a pixel-value range of 21 among randomly chosen transects across the study ridge.
No topographic effect was apparent in MSS 4 and 5 because of a combination of high absorption

in those spectral channels by healthly deciduous vegetation and the Landsat quantization procedure.

Application of tour r;ethods for reducing the topographic effect to the sample transects across

the test ridge gave the following results:



Spectral-band ratioing (MSS 7 5, MSS 6/5) slightly decreased the variation of the Landsat
data tor 50 per cent of the transects. Because of the small variation in MSS $. ratioing could not
eliminate the direct-light topographic eftect, as the denominator of the ratio was virtually constant.
This reasoning also may explain the poor results obtained by Williams er al. (1979) with band-
ratioing technigues.

When applicd to the Landsat data, the Lambertian model increased the topographic
effect. This degradation of the radiance is due to the inapplicability of the Lambertian assumption
to model the bidirectional retlectance characteristics ot the woodland surtace.

The moditied Lambertian model developed by Cizone ef af. (1977) decreased the variation
produced by appiving the Lambertiin model but gave even higher variances thae those found in
the raw Landsat data.

The non-Lambertint model developed by Smith ef af. ¢ 1980) markedly decreased (86
per cent) the variation of the Landsat data. and, theretore, reduced the tepographic etfect

Although the non-Fambertiin modei did not completely ehiminate the topographic effect,
it considerably reduced the vanation. Phe difterence Fetween the mean pixel values assocuated
with the two extrenie slope-aspect sites was reduced from 13,9 1o 1.9 ¢86 per cent) in MSS 6 and
D710 1287 pereenthyim MSS T The masimum varaion between the mean corrected pixel

values trom the three slepe-aspect contiguratic s vas 19 for MSS 6 and 1.2 for MSS ©.

In conclusion. this study has demonstrated that high—quahty Jdigital terrnn data such as the
USGS DEM data can be used via modelling to enhance the utility of multispectral satellite data.
Digital terramn data can be used to develop and test improved radiative transfer models, which. in

turn. may lead tounproved cover clasitication of Landsat data.

Although this study has demonstrated the success of a non-Lambertian model for reducing
the topographic cttect and the potential for preprocessing Land o data, further development of
the cxisting model s required tor apphication of the technique to more complex surtace-cover

conditions.
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Table 1

Mean, standard deviation, and range of Landsat pixel values for six sample transects
across Buffalo Mountain, PA.

Pixel Value
Multispectral Standard
Transect scanner Mean deviation Range N
| 4 16.1 0.64 2 20
5 12.6 0.68 2
6 60.0 49 16
7 34.2 32 9
2 4 16.0 0.83 3 20
5 126 0.60 2
6 59.0 4.8 15
7 335 37 13
3 4 16.2 0.64 2 20
5 123 0.73 2
6 60.9 6.0 21
7 345 3.7 13
4 4 159 0.72 2 20
5 125 0.60 2
6 59.3 4.6 t5
7 337 25 8
S 4 158 0.87 3 20
s 12,6 0.74 2
6 595 44 14
7 34.0 3.1 12
6 4 159 08?2 3 20
S 12.7 .73 3
6 6l.6 6.5 18
7 35.0 5.3 14
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Table 2
Pearson’s product-moment correlation coefficients (ry for Landsat radiances and
data derived from the radiance models for six transects.

Transect Multispectreal Modelt
no. scanner N I 2 3

1 4 20 —0.39* -0.27* 0.20*
5 0.13* -0.08* 0.01*
6 0.88 -0.84 —0.85
7 0.89 -0.88 0.88

2 4 20 —0.07* -0.02* 0.30*
5 0.26* —0.11* Q.11
6 0.90 -0.93 0.89
7 0.89 -0.87 0.87

3 4 20 0.57* —0.57* 0.40*
S 0.54* -0.49* 0.40*
6 0.93 —-0.84 0.91
7 091 -0.79 0.90

4 4 20 -0.20* 0.28* 0.24+
s 0.57* -0.52* 0.44*
6 0.96 -0.90 0.96
7 0.97 -0.94 0.96

) 4 20 024 -0.29* 0.43*
N - 28* —0.28* 0.08*
6 0.84 -0.66 0.85
7 0.89 —).78 0.89

o 4 20 0.27* —.32* 0.24*
s 0.27* -Q.39* 0.27*
6 0.94 -1 043 0.94
7 0.9~ —().98 0.96

TModel 1 Cosinen
2 Moditied cosine
3 Non-Lambertian model

* Insignificant at the 0.05 level of probability.
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Table 4
Minnaert K values and coerficients of determination (r?) for the six sample trancects.

Multispectral
scanner
Transect channel N K r?
1 4 20 —0.04 0.07
5 0.03 0.03
6 0.26 0.76
7 0.30 0.80
2 [} 20 0.01 0.00
5 0.07 0.16
6 0.22 0.83
7 0.32 0.82
3 3 20 0.09 0.34
S 0.13 0.34
6 0.32 0.85
7 0.35 0.84
4 4 20 0.01 0.01
s 0.14 0.50
6 0.27 0.94
N 0.27 098§
s 4 20 0.05 0.10
\ —.02 0.01
6 0.20 0.74
7 0.26 0.82
6 4 20 0.05 0.13
N 0.08 0.10
o .28 0.89
? 0.37 0.94




Coefficients of variation (C'V) for the non-
substituting a range of Mj

Lamberti

an model applied to the sam
nneart K vajues.

ple transects,

Ccv
Multispectral . L of
Transect Scanner CV (per cent) with indicated K valyes raw
no, channel 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 data

1 6 85 6.2 456 4.4 5.9 8.3 10.9 13.8 16.8 19.8 22,9 8.1

7 9.7 7.3 54 456 5.5 7.5 10.0 12.8 15.7 18.7 21.7 9.5

2 6 8.8 5.8 39 4.7 7.7 11.3 15.2 19.3 23.5 28.0 326 8.2

7 12.2 94 6.9 5.6 6.3 8.7 11.9 15.5 19.4 23.5 27.2 1.1

3 6 10.3 7.8 5.6 4.3 4.9 7.0 9.8 12.8 16.0 19.3 22.7 9.8

7 1.3 88 6.6 5.1 5.2 6.8 9.2 12.1 5.1 18.3 21.6 10.7

4 6 89 59 3.2 2.5 4.9 82 11.7 15.3 19.0 277 26.6 7.7

7 8.8 5.8 3.0 2.3 4.9 8.} 1.6 15.1 18.8 22.5 26.3 7.5

S 6 7.7 5.1 40 s 8.5 12.0 15.7 19.7 23.8 28.1 32.6 7.5

7 9.6 6.8 4.7 44 6.5 9.7 13.2 17.0 21.0 25.1 29.4 9.1

6 6 10.8 72 44 45 7.6 116 15.9 20.4 250 297 34.4 10.§

7 15.4 11.8 8.2 5.1 4.} 6.6 10.4 14.6 19.0 23.5 28.1 15.0

1 J.

1y v

Va2

1Y i»
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(W

Mcan pixel values and standard deviations calculated for uncorrected data and data corrected with the
non-Lambertian model for three slope-aspect sites.

Table 6

Mcoun
Slope-aspect site incidence
angle
Northwest (moderate slope) 62°
Northwest (steep slope) 40°
Southeast (moderate slope) 72°

Maximum range in means

Pixei vaiue

Uncorrected data Corrected
N MSS 6 MSS 7 MSS 6 MSS 7
X SD x SD X SD X SD
1125 56.3 3.3 1.9 2.1 68.4 4.1 40.0 2.6
231 50.7 RN 27.8 1.3 67.0 29 39.7 1.8
1480 64.6 26 376 1.7 689 2.9 40.9 1.8
139 9.7 1.9 1.2
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Slope aspect map of the Reward Quadrangie created from digital elevation data.
(lightest tone = 0°. darkest tone = 359°).
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ALI'TVO Y00d A0
ST 39V TYNIDINO

QNG |

!

!

1

MIVCOAPRIS S e

PR

NIRYEN N (RN AT

R




ATA REWARD Odg
H
)

roro

A
1
!
1

A
!
6
M

Figure 2. Block diagram of the Reward Quadrangle from the southeast, constructed with di
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Figure Sb. Slope aspeco map ot the Reward Quadranele created trom duital elevation data.
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Fandsat MSS S of the Reward Quadrangie.
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