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PREFACE

Thig document reports the preliminary processing and analysis
efforts on one phase of a project designed to improve the classi-
fication of forest inventories. The work focused on the differen-
tiation of forest type signatures in hilly and mountainous
terrain where the effects of low Sun angle cenduced a wide
variotion in like signature response.

The authors wish to acknowledge the assistance of Dr. B. F.
Edwards of Lockheed Electronics Company, Inc. for his editorial
comments and recommendations pertaining to the illumination
model.

This type III document has been approved by the Supervisor of
the Forestry Applications Section for distribution to persons
directly assoc.ated with the Nationwide Forestry Applications

Program.
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L. INTRODUCTION

This paper describes the procedures andg results of a very briet
study o1 the relationship between torest refloectance, terrain
slope and o low Hun angle and its efiect on Landsat spectral data,
To expedite the stuady, simplitied technigues and approximations
woere employed and which are deseribed tully in appendix R,  The
study was staimalated by previous work conducted during the Ten-
Ecosystem Study (T'EB) tor Washington dounty, Missouri. During
the photoyraphic analysis phase ot this project, it was observed
that both fhe high altitude photography and Landsat imagery dis-
played an unusual amount of shadow caused by the hilly terrain.
This ettect was 2ecentuated by the intensity of che Sun's irradi-
ance on the slope tacing the southeast. (direction of the Sun's
ravs) and the opposite slope where the irradiance just grazed the
surtace. The relative brightacess ot the two surfaces gave rise
to the initial assumption ol shadows heing projected by the
terrain.  This phenoamenon was ospecially noticeable in the north-
western portion ot the couniy where the terrain was well discctoed
by nume: ous headward working stroams giving a topoygraphic exproes-
sion in the torm ot narrow ridgyes and poorly defined valleys. A
later analysis ot the topographic data showed that the average
slope was not steep cnough to cast a *true shadow and that the
observed phoenomenon was caused by a combination of slope, Sun
clevation, and bidirectional reflectance of thn surface features
(fig. 1).

2. OBJVECTLVYHS

The objectives of this study are two-fold:
a. To determine the cffefts of the low Sun angle and slope on

spectral/environmental signatures obtaned from Landsat imagery

*

A shadow cast by an opagque body as comparced to an apparont shadow
(pseudoshadow) which may be attributed to tbe bidirectional charac-
teristics of the surface or angle of illumination.

1
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L. To tind a4 means of redueang the eiftects of this phenomenon
80 as to inerease the acoaracy of future computer
classifications

3. STUDY ARLA

The study area g centoered in the northwestern quadrant of
wWashingion County, Missomri (ti1q. D). The topoyraphy of the area
can boest be desceribed as consisting of moderately steep ridges
with a mean aradient of approxianately 20 dogrees and a maximum
gradient ot 30 dewivees, The axial trend of the slopes is
northbwest ‘southeasd ; however, this is subject to local variations.,
The retiet is approximately 77.2 meters (250 feet) while the
highest elevation in the arca is Plint Hill, with an elevation of
402.3 meters (1320 Peety above mean soa Toved,

-~

The vegetation con dsts of mixed hardwoods principally oak and
oak=hickory, with minor stands of pine and cedar., The pine and
codar plantations ocevr in isolated stands and are usually
confined to the npper slopes. Due to the hilly terrain and

thick forest canopy, urasslands are invariably located in the
narrow valleys and, tor the most part, consist of well developed
pastures., In this (quadrant of the county, approximately 85 ner-
cent of the area is hardwood, 10 peroent grassland, and 5 percent

sof twoad.
4. MATERTAL AND BQUIPMENT

The General Electric Image 100 Interactive Computer was utilized
extensively for the image display capabilities of the system,
signature acquisition, and classification. Landsat data from
scene 1845-1559 dated November 15, 19741, was utilized during the

This Landsat scene was utilized during the TES when the
phenomenon was first observed.

1
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study as 1t daigploayved o ted oot characterint e of a0 low Suy
andle (U8 deqgrees) . ilrgb aitatade oodor ot rared (CIR) photo-
graphy trom Mogsoon SN, Y lown feercmtee P74, was utilized ag oan
ard nowebeett iy the sewven frooeectn, bhostitication of vesjetation,
aned tor the e neebad s oy e Papengraphiy waith o contour data from
th M, b e biagieanl Yhrere sy feeil) Brehwessln o cidadrangle at el 504
soutle, Ir oareder e oy (R AL Pl wmenpetad 1ot cover obscearoed I)Y the
pscudowstigowss, thae o bow g o ety Daden during a period of
higher San ang b woes gt beecds Lanedsa swsane 1747206025, July 30,
1O, ared higbe bt rrwde 0y pde oy oo Mission 289, 1 lown

September (974,
!‘;. .&'i“‘.“!“‘ L,’v‘.”
The approach was sioailit totwad - gyeed gl measyroments of the

Laadsat tmarpiey wer e abbatued ot geboedtad areas which displayed

woell detyued apparent Shadowineg ot Doet ey, and simdlar, if not

identical, veagetabion oover coud aspest aethe, Correction tactors
were then obbainesd 2or each abope ad apgb vl 1o the initial
measuroement 5, chus eorpecting ol Jbda o a0 Sun o angle normal to
the surtw e, 11 was hypothesteed that the anpiication ot these
corraetions to the hardwood gignatuares would ~ovduce the variation
in spectral response of the sibnatures obtained trom the slopes
for 4ll angles. Asswwing this could he achiivved, with only
minor residaals, then means eoulid be dewedoped whereby thesc
corrected values could Lo applicd 10 1he Landsat data with Lhe
intoent of dwproving the data pricr 1o elassification., 14 should
be noted that the ctiocts of atmospheric factors, change of
spect, Hun azimubh, senuor leok angle (and a host of others)
have not been cousidoris as part of {his report. sinee the main
theme is «dircetod towards wmaintainiag o simplistic approach.

— R . — e P — v et M W add . e . L J



6. PRELIMINARY TECHNIG., .

For the purpose of assessing the effects ot the apparent shadows
or "psecudoshadows” as shown in figqure 1, seven potential studs
sites in the form of transcets were selected from the Landsat
imagery, bLach transect was characterized py certain features
which migiat intluence the spectral response, i.e., azimuthal
orientation ot the transect, vegetation cover types, slope and
aspect, and the pscudoshadow ctfects,  Care was exercised to
insure that the veqgetation cover along the transect was uniform
and that each transect was oriented aornal te the nean axial
trend of the ridges so that the Landsat radiometric measurcments
could be recorded along the direetion o1 maximum slope. Prior
to mensuration of the rad ance values, the transects were trans-
ferred to the aerial photugraphy so that the terrain slopes
could be accurately identified and correlated with the radiance
values., Once the slopes weire identified, the aspect angle was
then determined by transposing the trace of ithe transect to the
USGS map source and computing the degree of slope from the
contour information and base distance of the slope.

To implement the study, a spectral resvonse profile (fig. 3) was
made across Transect B (fig. 4) to provide preliminary data to
determine how the spectral response varied with the topography
and vegetation cover. The spectral measurements were obtained
from the fandsat imagery utilizing the Tmage 100 system. The
resolution (number of gray levels) wos set at 128 for bands 4,
5, and 6 while band 7 was scet at 64 so that the trace of the
profile would not overlap the other bands. The acyunisition of
the data was gencrated by driving the cursor along the transcct
and recording the radiance values of every other pixel (a soft-
ware design constraint) while in the profiling mode.
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Essentially, the data thus acquired should correspond with the
ridges and valleys along the transect, that is, ecach dip in
radiance values should correspond to a transition from a south-
east face to a northwest facing slope and, conversely, each rise
in value should indicate a transition from a northwest face to

a southeast facin¢ slope. To verify this observation, the
radiance values were then correlated with the topography as shown
on the USGS maps. Figure 3 dramatically illustrates the large
fluctuations of the radiance values with the terrain slopes and
the changing forest reflectance along Transect B.

The results of this preliminary step, besides demonstrating the
above correlation, revealed that the inclination of the majority
of the slopes was not great encugh to produce a true shadow and
that the observed phenomenon was indeed caused by a combination
of terrain slope, Sun elevation, and bidirectional reflectance of
surface features. To demonstrate how this phenomenon could
affect a spectral classification, an unsupervised classification
was made of the area containing Transect B. The classification
consisted of eight nonoverlapping classes with the spectral bounds
for each class selected at the option of the computer software.
The results are shown in fimure 5. The classes symbolized by !
and " reprecent the northwest facing slope while the southeast
slopes are represented by the sumbols &, #, %, and §. Grasses
and water were indicated by ( and ', respectively. The outlined
areas in figure 5 represent the pseudoshadows caused by the Sun's
low grazing angle. From this classification it is apparent that
approximately 35 percent of the trace of the transect is affected
by the terrain characteristics and low Sun angle.

Based on the results of the above classification and a need to
acquire more precise data, a series of slopes containing a near
uniform canopy of mixed hardwood was selected along the trace of
Transect B for mensuration of the radiance values. The Image 100
system was used again to acquire the data while employing the
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cursor in a target acquisition mode in order to insure optimum
positioning of the carsor. Due to the size of the cursor

(2 by 2 pixels) the apparent shadows had to be large enough to
accommodate the cursor so that it could be positioned totally

within the targeted area.

Figure 6 illustrates the spectral response from the selected
targets representing the northwest and southeast slopes. As
indicated by the response in Landsat bands 6 and 7, there is
sufficient separation to form at least two major spectral groups
or classes based on the slope and asnect angle. Of major
significance is the wide variance in radiance within the two
groups. This is especially pronounced in band 7 and to a much
lesser extent in bands 5 and 6, while band 4 is the least
affected. These variances are not necessarily attributed to
only the terrain, slope and aspect, and Sun angle, but may be
attributed to a certain amount of inconsistencies within the
vegetation cover, such as stage of growth, tree height, density,
and specie mix.

7. COMPUTATIONS

The second objective of this study focused on the development of
a means for reducing the effects of terrain slope and Sun angle
on Landsat radiance values. A simplified approach was desirable
considering the time allocated for the task and the additional
expense required of a more sophisticated effort which may or may

not prove effective.

The model, herein discussed, reduces the variance in spectral
response cause by the terrain slope and Sun angle. This was
achieved by normalizing all measured slopes along the transect
to an incident angle of zero degrees, thus reducing the varia-
tion caused by the slope. Figure 7 illustrates the pertinent
illumination conditions. From this simplified geometry, it can
be determined that the radiance (C), represented by the relative

11
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Figure 6.- Landsat spectral signatures representing mixed oak
class and showing signature variation due to aspect angle.
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radiance counts for each pixel is

C=kcos 6 + n

where k and n are constants and U can be determined from the
knowr values of Sun elevation (a) and terrain slope (s) by

0 = 90° - o - 8

where the southeast slopes are positive in sign and the north-
west slopes negative.

This procedure assumes that all radiance values are a linear

function of cosine theta and that small inconsistencies may be
attributed to inaccuracies in mensuration and/or the spectral
inconsistencies of like vegetation. These small variations can
be reduced to a minimum by linear regression and the constants
k and n estimated (see appendix A).

Utilizing the constants k and n, as derived for the linear
regression of Landsat band 7 and an estimated cosine 0, a set of
corrected radiance values can be calculated which is independent
of slope from the following relationship:

C;j = Cij + ki (1 - cos ei)

where i and j refer to the sensor bands and pixels, respectively.
For the complete derivation of the above formulae refer to
appendix B.

Table 2 represents the preprocessing of the Landsat data by an
empirical transformation having the form of the above equation
and where the constants k and n (appendix A) were derived from

a linear regression based on related spectral values and terrain
slopes.

14
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8. DISCUSSION

The classification of forest types, as compared to croplands,

i# by no means a simple process, especially since forests are
indigenous to hilly and mountainous terrain where the slopes

and aspect angle may cause phenological changes to the vegetation.
whis effect of steep terrain is compounded in the winter months
when the Sun is low on the horizon. The resulting low light-
level, coupled with sloping terrain has a tendency to increase
the relative contrast between the illuminated slope and the
opposite slope to the obvious detriment of the classification.
In an attempt to solve this problem, initial thoughts may coun-
sider a simple clustering algorithm where one cluster may define
the illuminated slope and the other cluster the opposite slope.
However, all slopes exist, not just two, as there is a continuum

of values.

In the method presented here, an attempt is made to increase the
acturacy of classifying forest areas by reducing the variation
in spectral response due to terrain slope and Sun angle. 1In
other words, by reducing the original Landsat signatures to a
surface normal to the Sun's elevation, the large variation
between the Sun-lit slope and the opposite slope to the Sun
would be minimized. This effect is diagrammatically illustrated
in figure 8, where the mean values of the corrected data for
Transect B were plotted in addition to the minimum/maximum
radiance values of the targets. The reduction in variance can
easily be seen when compared to the uncorrected data in figure Y.

It should be noted that the data for band 7 were used to calculate

the new estimated cosine of theta; hence, all previous values
have been reduced to one common value of a zero variance. Band
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Figure 8.— Mean corrected signature showing reduced variation
in spectral response.
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7 was selected to derive the values for theta because of the
sensitive response to the angle of slope and the fact that it is
least affected by haze.

9. CONCLUSIONS AND RECOMMENDATIONS

The work which has been accomplished thus far indicates that the
model has definite promise. During the study several approxima=-
tions were deliberately made in order to provide a quick assess~-
ment as to the potential of the method. The authors are in

full agreement that the method could nc doubt be improved by
considering all significant factors. However, this experiment
provided preliminary indications of success by reducing signature
variance which in effect is « contributary cause of misclassifi-
cation. Additional data and testing are required to confirm

the applicability of this method under various conditions. Based
upon the foregoing study concerning the effects of terrain slope
and low Sun angle on forest albedo, the following tenative
conclusions can be made:

e The Landsat spectral response varies considerably in
areas of steep slopes and low Sun anales

e The large variation of spectral response influences
discrimination accuracies to the detriment of the
overall classification

e The spectral variation can be reduced by employing
a simplistic illumination model to minimize the
influence of topographic nlope and low Sun angle

It is recommended that future work should be organized as follows:

a. Phase 1 — The plans for the immediate future should center
on completing the remaining six transects so that the
variable factors of vegetation types, aspect, and slope
can be correlated to the mensurated radiance values.

19




This phase wil)l also contribute to the development of
improved techniques for mensuration of radiance values
and determination of terrain slope and aspect angle.

Phase 2 - This phase will utilize the data and expertise
acquired in Phase 1 to develop a cost effective working
model applicable to forest inventory needs. It is
recommended that Washington County, Misscouri, be desig~-
nated u«s the initial test site due to availability of
both imagery and ground data for analysis and assessment
of the working model.
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APPENDIX A

TRANSECT B TARGET GRAPHS
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APPENDIX B

A METHOD OF REDUCING CLASSIFICATION
ERROR DUE TO SLOPE AND LOW SUN ANGLE

The physical quantity that corresponds to the pixel radiance of a
given band of Landsat data is the radiant power detected by the
sensor. From theoretical considerations the pixel radiance C is
linearly proportional to the cosine of the angle of incidence (6)
of the Sun onto the area represented by the pixel. A simple
formula for the radiance of a pixel area is

C=kcos 6 +n (1)

where k and n are constants. For the ith sensor band and the
jth pixel

Cij = k, cos Gj + ny (2)
By employing the linear statistical model with error term Aij' i.e.,
Cij = k; cos ej +n, 4+ Aij (3)

and an adequate sample of pixel measurements cij and ej (Oj is
deduced from slope and aspect measurements), the constrants ki
and n; can be estimated by linear regression. This enables
subsequent estimation of the regression line radiance values
cij for any Sun angle ej, i.e.,

Cij = ki cos ej +n, (4)

Assuming that surface feature information is superimposed onto
the 6 dependent regression line, the basis for the radiance modi-
fication is to replace the pixel radiance value Cij with the
expected value at normal incidence (6 = 0°), plus the deviation

A at ej (see fig. B-1) to obtain:

-

A5

ij




Radiance values

1.0 . 5{0
Cosine oj
éij expected reflectance at slope ﬂj based upon regression
c1J measured reflectance at slope “j
c:j reflectance at slope Oj corrected to vertical Sun
k constant derived from rearesiion intercepts
k1 + n, slope and intercept of regression line
A1J deviation of measured radiaice from expected radiance
i band index
j target (pixel index)

Figure B-l.— Line of regression for cij versus cosine Oj'




b

(5)

C .

i3 = (ki + ni) + A

i)

where Ci; is the modified pixel radiance and

~

Aij B Cij - Cij (6)
Substituting for Aij in equation (4) gives
Cig = Cij + ki (1 - cos Oj) (7)

In order to circumvent the necessity for computing each Oj from
slope and aspect measurements, cos Oj can be estimated from
equation (4) using the radiance data from one of the bands
(band 7 is chosen in this study). An estimate of cos ej is
given by

(cos Oj) = (C7j - n7)/k7 (8)
Substitution into equation (6) given

* = - }
Cij Cij + ki (1 (cos vi)l (9)
This procedure enables pixel radiance modification in three bands
at the expense of one band. Three band classification can be
performed on this modified data which is essentially independent
of any slope effects other than true shadow.
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