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THE CONTRIBUTION OF THE DIFFUSE LIGHT COMPONENT
TO THE TOPOGRAPHIC EFFECT ON REMOTELY SENSED DATA

Chris Justice

Brent Holben

ABSTRACT

The topographic effect is measured by the difference between the global radiance from inclined

surfaces as a tunction of their orientation relative to the sensor position and light source, The short-
wave radiant energy incident on a surface is composed of direct sunlight, scattered skylight and light
reflected from surrounding terrain, The latter two components are commonly known as the diffuse
component. The objective of this study was to examine the contribution of the diffuse light com-
ponent to the topographic effect and to assess the significance of this diffuse component with re-

spect to two direct radiance models, to spectral band ratioing and to simulated Landsat data,

Diffuse and global spectral radiances were measured for a series of slopes and aspects of a uni-
form sand surface in the red and photographic infrared parts of the spectrum, using a nadir pointing
two-channel handheld radiometer, The diffuse light was found to produce a topographic effect which

varied from the topographic effect for direct light, The topographic effect caused by diffuse light was

found to increase slightly with solar elevation and wavelength for the channels examined. The correla-

V]

tions between data derived from two simple direct radiance simulation models and the field data were
wot significantly affected when the diffuse component was removed from the radiances, Diffuse rad-
iances contributed largely to the variation in ratioed data, Subtraction of the diffuse radiance prior

to ratioing resulted in a SO percent average decrease in the standard deviation of the ratioed data,

In an extreme case of radiances from a 60 percent reflective surface, assuming no atmospheric
path radiance, the diffuse light topographic effect contributed a maximum range of 3 pixel values
in simulated Landsat data from all aspects with slopes up to 30 degrees, Such a variation is suffi-
ciently small compared with other variations which are likely to occur in the data, to indicate tha

the diffuse component does not warrant modeling prior to cover classification analysis,




THE CONTRIBUTION OF THE DIFFUSE LIGHT COMPONENT
TO THF TOPOGRAPHIC EFFECT ON REMOTELY SENSED DATA

1. INTRODUCTION

The shortwave radiant energy incident on a horizontal portion of the earth’s surface is composed

of direct sunlight, scattered skylight and light reflected from surrounding terrain, The Jatter two
components are in common usage termed the diffuse component (Lui and Jordan, 1960; Stanhill
1966; Kondratyev, 1977), It is imiportant te note that certain studies have used the term diffuse
light to refer strictly to unpolarized light (Shureliff, 1962), Throughout this study the common
usage was adopted,

In modeling the sensor response from inclined surfaces, Holben and Justice (1979), Justice and
Holben (1979), and Holben and Justice (1980) showed that there was a need to examine the contri-
bution of the diffuse light radiarice to the topographic effect, The topographic effect is defined here
as the variation in global radiance from inclined surfaces as a function of their orientation relative to
the sensor position and light sources. The term *“topographic effect™ is used because in the context
of satellite remotely sensed data e.g., Landsat data, the light source and sensor geometv are essenti-
ally constant for a specific data set and the principal variation is in the surface geometry, i.c, topog-
aphy, The degree of topographic effect can be measured by comparing the radiance from a hori-
zontal surface to the radiance from a sloping surface of the same cover type, The objective of this
paper was to quantify the contribution of the diffuse light component to the topographic effect
through field measurement and to assess the significance of the diffuse light contribution both for

two selected theoretical models and simulated Landsat data.

2, BACKGROUND
The irradiance received at a surface is the sum of the direct and diffuse components and is often
termed the global irradiance. The diffuse skylight component impinging a surface is caused by the

atmospheric Rayleigh and Mie scattering of the solar beam and varies in proportion to the dircct
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component as a tunction of wavelength, optical path length, composition of the atmosphere (Bull-
rich 1904, and Fraser 1975) and the orientation of the surface. Measurements of the intensity of
diffuse radiation incident on a horizontal plane at the Farth’s surface and the proportional relation«
ship to the global flux have been presented both for clear skies (qgbal 1979 and b) and cloudy con-
ditions (Stanhill 1965), Measurement of the diffuse skylight is usually takea by obscurring the solar
dise, although the effectiveness of this method is questioned by Heywood (1966), Measurements of
the spectral distribution of both direct and diffuse components at varying times of year are presented
by Boer (1977), Hourly, daily, and monthly totals of diffuse radiation caleulated from surface
measurements were described by Lui and Jordan (19693, Norris (1966) and Goldberg et al (1979),
Diffuse and direet irradiance measurement have also been made for sloping surfaces by using hemi-
sphericai pyronometers tilted at various angles and aspects (Keadratyev and Manolova, 1960: Hey-
wood, 1965 Temps and Coulson 1977: Klucher 1979), By definiiion, the diffuse skylight incident
on a surfice is multidirectional, The path length of atmospheric scatterers such as acrosols and air
molecules changes with viewing direction and theretore the spectral distribution of skylight intensity
would not be expected to be equal around the celestial hemisphere, ‘This anisotropic distribution

is important when considering the proportion of the diffuse component relative to the global ir-

radiance impinging inclined surfaces,

The general distribution of the intensity of sky radiation has been presented by Bullrich (1964),
Bullrich et al, (1968), Coulson (1971) and Temps and Coulson (1977) and shows an anisotropic dis-
tribution around the celestial hemisphere with a maximum around the solar aurcole, caused by strong
forward scattering and a minimum, normal to the sofar beam in the principal plane, There is also a
marked increase in brightness towards the horizon, due to limb brightening of the Earth, Temps
and Coulson (1977) observed that for a 34° solar elevation that the intensity of skylight was 40 per-

cent greater at the horizon that at the zenith,

Fedorova (1965) (referred to in Kondratyev 1977) showed that 80 percrat of the total scat-

tered flux incident on a horizontal surface will come from the circumsolar nalf of a clear sky. The
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intensity of diftuse light reaches i peak between 4 and JSum due to molecular Rayleigh seattering
(Gates 1905, Dave etal, 1975 and the ratio of the irradiances of direct sunlight and global flux decrease
with decreasing wavelength (Dave ot al, 1975), The diffuse component of irradiance incident on a hori-
zontal surface is greater than the diveet component for wavelengths shorter than .375um. The intensity
and distribution of skylight around the celestial hemisphere is shown to vary both with solar elevation

and wavelength (Voltz and Bulleich, 1961, Dave 1978, Bullrich et al, 1978),

Bullrich et al. (1908) show that the skylight minimum becomes angulirly more distant from the
sun with increasing solar elevation and wavelength, They reported that the skylight radianee differ-

ential between the solar zenith and the horizon inereases with wavelength,

The relative proportion of diffuse to global irradiances increases directly with solar zenith angle
(Frazer 1975), this increase being a maximum at large incidence angles (Coulson 1971), Temps and
Coulson (1977) showed that under midlatitude, contenental summer, clear sky conditions, the sky-
light contributed 16 pereent to the total flux on a horizontal surtace, for a solar elevation of 37 de-
grees, Heywoord (1966) states that the diffuse component on a clear sky midsummer day wiil rise
from 16 percent of the total radiation at noon to 25 percent at 5 hours before or after noon, ave
et ab, (1975) stated that the diffuse component on a horizontal surface is about one seventh of thy
direct component for the sun overhead but 1.2 times as much as the direct component for a solar

zenith angle of 80°, under average midlatitude summer conditions,

Most studies of diffuse radiation are undertaken under clear sky conditions with no apparent
visible haze. A change in acrosol content, water vapor and/or cloud cover will however cause a
change in spectral intensity and spectral distribution of the skylight and a change in the relative pro-
portions of direct and diffuse light, Detailed discussions of the intensity distribution of the skylight

under different atmospheric conditions are given by Coulson (1971), Dave (1978) and Dave (1979,

The component of the diffuse light scattered from adjacent terrain contribuates to the global
flux incident on a surface but has received little attention in the literature due to the complexity of

isolating this component for measurement, Light reflected from adjacent surfaces either onto the
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measured surtace, or into the sensor field of view will be dependent on a number of factors, such as
directional reflectasee characteristieos, albedo and orientation of the adjacent surfaces, Heywood
(1960) stated that terrain retlection and reradiation is negligibie on surfaces of less than 60° slope,

but can attain about 8 percent of the global radiation on a vertical surface in the summer,

Boer (1977) gave a general estimate of the contribution to the total sunlight by reflectance
from adjacent surtaces of between 4 and 7 pereent for surfiaces normal to the solar beam, assuming
a 20 pereent surfuce albedo, Kondratyey (1977) stated that for steep slopes with high albedo values,
the reflected radintion from surrounding terrain may constitute a considerable proportion of the
global flux and that this proportion will be highest at low solar elevations for slopes facing away from
the sun. In an example for a surface with i 20 percent albedo and in an extreme case (.e., low solar
clevation for slopes away from the sun), he reports that the terrain reflectance can constitute 69

pereent of the global flux for a 90° slope and 9.8 percent for a 30° slope,

Modeling the radiation incident on surfaces has been undertaken for a number of applications,
Recent developments in modeling the radiation from surtaces have been made for remote sensing
applications (e.g., Oliver and Smith, 1974, Marks and Dozier, 1979, Kimes and Kirchner 1980),
whereas previous insolation modeling had predominantly meteorological and solar energy applica-
tions, Several of the early models assumed an isotropic distribution for diffuse light under clear sky
conditions, Lui and Jordan (1963) developed an insolation model to predict the global radiation
on inclined surfaces assuming an isotropic diffuse sky distribution. Holben (1975) developed a
direet and isotropic sky diffuse insolation model which incorporated first order effects due to slope
orientation and shading from adjacent topography, However, several studies have shown the adverse
effects of applying the isotropic diffuse sky assumption (e.g.. Temps and Coulson 1977; Klucher
1979; Dave 1979), Kondratyev (1977) shows convincingly that the isotropic assumption is

accurate for slopes facing perpendicular to the principal plane and for slopes of less than 45°,

The general anisotropic *all-sky” model presented by Klucher (1979) provides a good model

for the solar radiatior on tilted surfaces, The model was developed from horizontal surface measure-
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ments and was shown to have g systematic error of Jess than 2. 8mw/em=, This model showed im-
provements over the models presented by Lui and Jordon (1961) and Temps and Coulson (1977).
Inclusion of the seattered terrain radiance in insolation wodeks ou inclined surfaces has been under-
taken by Kondratyev (1977) Dozier (1978) and Kimes and Kirehner (1980) but these models are
substantially more complex. Dozier (1978) developed a comprehensive solar radiation model tor
snow surfaces in mountainous terrmm and in a sample of’ the model output of a typical mountainous
situation, showed the following results: tor the ultraviolet and visible spectrum 78 pereent of the
incoming radiation was direet, 15 percent diffuse and 10 percent from terrain reflectance: for the
infrared 91 percent was direet, 2 percent diffuse, and 7 percent terrain reflectance, Kimes and
Kirchner (1980) demonstrated that exclusion of adjacent terrain reflectance when modeling
Lambertian target reflectance under extrene conditions, i.e. adjacent slopes of 30°: sun angle cor-
rected albedo of § percent: infrared wavelength, could lead to a 9 percent error. The error teem was

considerably less for slopes undar 30°,

For remote sensing sidies and in particular examination of the topographic effect we are
concerned with radizace emanating from the surface and not solely the insolation or irradiance im-
pinging the surface and thus we need to consider the reflection of both the direct and diffuse com-
ponents, The radiance measured from a surface is a function of the reflectance properties of the
surface, the atmosphere between the ground and the sensor, the sensor geometry, and the incident
radiation. Examination of the diffuse radiance component in the context of remote sensing will
help us to model the topographic effect more accurately and to assess its significance in models ap-
plied to satellite remotely sensed data, For non-Lambertian surfaces, the radiances will be determined
by the directional scattering properties of the surface, the intensity and direction of radiation
sources, and the exitance angle and therefore radiance modeling will undoubtedly be more complex

than for Lambertian surfaces.
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3 GROUND DATA COLLECTION
The approach adopted for quantifying the diffuse light component to the topographic effeet
wits to measure diffuse and global radianees from surtiaces tilted at i range of slopes and aspeets.

" Tnees were megsured consecutively trom a non-Lambertian coarse sand surface and a BaSQO,
reference serfiice, The BaSOy surface approximates a Lambertian surface and has a reflectance of
approximately 98, for the wavelengths and view angles examined in this study. At ste2per view
angles i BaSO, surtace approximates a Lambertinn surface far less (Schutt 1976, Hsia and Richmond
1976). The Lambertian reference plate provides a measure of the irradiance on the surface and can
be used to caleulute the surfiuee reflectances, The reflectances valeulated for different light source
and sensor geametries are termed refiectance factors Judd, 1967), The term bidirectional reflectance
factor is more commonly used (Kriebel, 1977, Nicodemus et al.. 1977) and for a specified wave-
length gives a measure of the amount of light reflected into the sensor, relative to the total amount
of light impinging the surtace, More detailed discussions of the bidirectional reflectance factors from
natural surtaces are given hy Coulson ot al., (1965), Coulson (1900), Kricbel (1976, 1977, 1978),

and Robinson and Biehl (1979),

Radiance measarements were obtained for both surfaces, inclined at all combinations of slope
angles, ranging from 0-00 degrees in 10° increments and aspects for the 16 compass points, in 22.5°
increments, The surface aspect was measured in degrees clockwise from the sun’s azimuth, This
angle is termed the “azpeet™ of the surface (Holben and Justice, 1979), Red and photographic in-
frared radiance data pairs were collected in data subsets called *azpecet strings,” that is slopes be-
tween 0 - 60° in 10° increments for cach azpeet, The measurements, in 7 radiances, were tuken using
a two-channel nadir pointing handheld radiometer, similar to that deseribed by Pearson et al, (1979),
filtered for the red (0,03 - 0,69 um) and photographic infrared (0,76 - 0.90 um) bands, These chan-
nels are equivalent to the proposed Themittic Mapper bands 3 aud 4 of Landsat D (Tucker ot al.,
1980). Although 7 radiances were measured using the handheld radiometer, the term radiance is

used to describe these mousurenwn,,g throughout the text.




The surfaces surrounding the target were painted flat black to minimize terrain scattering. Glo-
bal and diffuse radianves were measured tor both surfaces at each slope/azpect combination. The
diffuse ohservations were abtained by shielding the solar dise with a smail opaque panel, Three data
sets were taken under clear sky conditions for solar elevations of 23°, 39°, and 39°, which correspond
to the Landsat sensing time for midlatitude solar elevations oceuring during late fall, winter and early
spring, or for high latitude solar elevations occuring during late spring, summer and early fall respec-
tively. Euch data set was collected in less than 45 minutes and each azpeet string in less than 3 min-
utes. The measurement apparatus was reoriented to the sun's azimuth after collection of radiance
measurements for each azpeet string subset, to reduce errors due to the apparent movement of the

sun,

4, ANALYSIS

The analysis of the datd is presented in four subsections, The first section (4.1) describes the
general characteristics of the diffuse light topographic effect, Section 4.2 shows how the diffuse
light topographic effect changes with solar elevation and wavelength, Section 4 :zsesses the sig-
nificance of the diffuse component with respect to two direct radiance models and to spectral band
ratioing. The final section (4.4) demonstrates by a simulation study, the contribution of tae diffuse

light topographic effect to Landsat MSS sensor response,

4.1 General Characteristics of the Diffuse Light Topographic Fffect,

A topographic effect is observable when a change in radiance oceurs due to a change in surface
orientation. This topographic effect can be quantified by subtracting the radiance measured from a
horizontal surface from the radiance measured from an inclined surface, Variations in diffuse radi-
ance from tie BaSQ4 surfirce were observed between slope angles and orientations (Figure 1) and
therefore by definition a topographic effect was apparent due to the diffuse component, The great-
est radiance range occurred in the principal plane of the sun and the smallest range for slopes perpen-

dicular to the principal plane, An increase in radiance with slope occurred for all azpects. This pat-
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tern strongly resembles the anisotropc distribution of diffuse light around the celestial hemisphere,
described in Section 2, The variation ia the diffuse radiance values is directly related to variations

in the sky brightness, The maximum sky radiance in the solar half of the celestial hemisphere ex-
plains the greater radiance values associated with a given slope angle, for those azpects close to solar
azimuth. The strong positive relationship between slope and radiance can be explained by the limb
brightening of the Earth and a possible contribution from terrain reflectance at the higher stope
angles, The close correspondence between the anisotropic sky distribution and radiance would be
expected from a Lambertian surface, as the radiances are directly related to the intensity of the im-

pinging radiation and are independent of the view angle,

All natural surfaces are non-Lambertian and to some degree have preferred orientations of
scattering, i.¢, angular anisotropy of reflection (Kriebel 1976), The radiances from non-Lambertian
surfaces are therefore dependent on view angle, The degree of departure from Lambertianess deter-
mines the magnitude with which radiances will he affected by view angle, The diffuse radiance values
for the coarse sand surface in the photo. raphic infrared (0.76 - 0,90 um) (Figure 2), revea! a similar
pattetn to that displayed by the Lambertian radiances (Figure 1), namely a marked increase in radi-
ance with slope, Examination of the radiances for the same slope angle with different azpects (i.e.,
the concentric circles in Figure 2) reveals little variation, indicating that the scattering from this non-
Lambertian surface is not particularly orientation dependent. This is most likely due to the random
distribution of the sand grains and their individual reflecting surfaces. The similarity between the
coarse sand and BaSOy surfaces indicates that the sand surface has no extreme preferred direction(s)
of scattering. This is confirmed by examination of the direct and diffuse light reflectances for each
slope and azpect combination (Figures 3a and b), The reflectance as shown in Figures 3a and b is
the ratio of the radiance from the non-Lambertian surface (coarse sand) to the radiance from the
Lambertian reference surface (BaSOy) for a given slope and azpect, The relatively constant reflec-
tance values for the same slope angle at different azpects (Figures 3a and b) show the lack of orien-

tation dependence of scattering from the sand surface. The difference between the reflectances in

e ehe bl 5
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Fipure 3 indicates that the isatropic assumption for the diftuse liglit will not accurately model the
padianee. Although in this case the natueal suefice examined did not show any sarhed divectional
seattering, it can be hypothesized that the vaviations in sky briphtness combined with the reflectance

prapertics of the surface will make diffuse radiances from natural surfaces complex to model.

4.2 Variations in the Ditfuse 1 ipht Popogpraphic Fiteet with Wavelenpth and Sole Flevation.

he diffuse lipht topopzaphic effeet for the BaSO  surface in the red part of the spectrum
(.03 - 0,00 unn) itlustrates the same peneral pattern in the radiances (Figare ) as for the infrared
(Fipure 1Y portion of the spectrum. Both the diftuse radianee values and the ranpe for each azpect
were lower for the red than the photopraphic infrared, the wider photographic infrared bandwidu

examined in this study, resulted in higher overall sadinnee values, The deerease in the radianee values

tor 0-20" slopes Tacing away from the solar azimuth, is caused by the dominanee of the skyvlipght
minimum radianee in the exposed portion of the celestial hemisphere, relitive fo the contribution

from the horizon mnd surrounding surface reflectancee,

Variations in the BasO, diftuse lipht radianees were present for all data sets collected, ' amples
for 23% and 397 solir elevations in the red and infrared wavelengths are presented in Figures 5a, b,
¢oand d, tnogeneral, higher solar elevation data sets had higher diffuse radiances and slightly preater
ranges in the radiances associated with an azpect string, particularly in the photopraphic infrared
Clable 1), Fable 1 shows a stipht increase in the diftuse light topographic effect, The increase in
the radianee with solar clevation is due to the smaller angde of incidence made with the surface

and the resulting increase in the global flux through a decrease in atmospherice path lenpth, Tt should
|

be noted that although the diffuse radiances increase with solar elevation, the proportion of the

diffuse component relative to the direet decreases,

Cateulated differences in the topographic effect for three solar elevation data sets, as measured
by the range in radianees associated with cach azpect, showed that the preatest variation in the radi-

ance ranges between data sets, occurred for those stopes facing into solar azimuth (Table 1. The

10
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topopraphic effect was essentially the same for those azpects Semg away trom solae azimuth and
varied Jess tor the red channel.

4.3 The Relative Proportion of the Ditfuse ight Component to the Global Radianee

Reveived by the Sensor,

In the previous two sections, the analvsis dealt with the magnitude and vasiability of the Jit-
fuse light topopraphic effect but to undeestand the contribution of this component to the topogriaphic
effect, it is necessary to consider the magnitude of the diftuse tadianee relative o the plobal radianee,
Phe amount of diffuse lipght received by the sensor relative to the plobal rulianee from the BaSQ,
surlice was ealeuited as a perventage and is plotted by slope and azpect for two solar elevations, 39
and 237 (Fipures oaand ob respectively), Little ehange was obseeved in the proportion of ditTuse
lipght reaching the surtace for those azpects facing into solar azimuth, atthouph a marked inerease in
the proportion of the diffuse component occurred with slope, tor those azpects perpendicular to
away from solar azimuth (Figure o and ob). A marked inerease occurs as incidence angles of 00
are approached Gue, at prazing angles), Forazpeets Tacing into sun there is o peneeal decrease in
pereentape ditfuse Hpht with inereasing stope, This is counteracted by terrain retlectance at high
slopes, Lo, greater than 0%, The sime peneral pattern can be seen tor the two solar elevations (Fip-
ures i ind oby, but it should be noted that more stopes are in shadow for the 237 data set. The data
for Tower sun elevations showed a smatler pereent diffuse component tor slopes facing into sun and a
faeper pereent for those facing away from solar azimuth, ‘The proportion of diftuse light tor the hovi-
contal surtace is similar for both data sets (hew o 13 pereent), The variation in radianees with azpect
for the horizontal surface is caused by slight chanpes o solar elevation during the measurement pro-
cedure, The topographic effecet caused by the ditfuse component was more pronounced at low sun
angles, than at high sun angles (Fipures oaand obY, Although the absolute diffuse radianees are
smater at tow sun angles, the proportion of the total incoming diftuse eadiation is generally higher,
Fhe contribution of the diftuse component to the topogeaphic effect varies considerably with azpect

(Fipures oa and ob), Althouph the diffuse vadiances vary relatively little compared to the direct

;
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radianves, the relative proportions of each component vy considerably, indiciting that an isotropic
assumption for diffuse light would fit the tield data with differing degiees of suceess, depending on
slope and azpect configuration and solar elovation,

b Assessing the Sipnificance of the Diftuse Component for T'wo Direct Radiance Models

and Speeteal Band Ratioing,

Ihe sipnificance of the difTuse compor vat cas ondy be assessed with reference to o given applica-
tion of the radianee data, In this study, we e caneerned with the signiticance of the diffuse compo-
nent in modeling radiance data to eliminate the topographic effect, One way to evaluate this signifi-
canee is to examine the effeet of the ditfuse component on fwo previousty used direet radiance mod-
els Qustice and Holben, 1979, by correlating theoretical radianees from the radiance maodels to the
measured global cadianees and the caleulated direct radiances, A second assessment of the sipniticance
of ditfuse radiation is undertaken by examining the effect of the diffuse component on spectral band

ratioing,

The signiticance of the diffuse component on the correfation between the field measured data
and simulated data dervived from sunlipht models proposed by Justice and Holben (1979) was as-
sessed, Data derived from the simple Lambertian model (Cos 1) was correlated with the global vadi-
ance for the BaSQ, surface, fora sun elevation of 397, The diveet radiance was caleulated by sub-
tracting the diftfuse radiance from the global radiance, A small improvement in the coetticients of
determination (¢7) of up (o 0 percent was obtained for the radiances with the diffuse component
subtracted,  The improvenment was particularly marked for those azpects perpendicular to solar
azimuth, Correlation coefficients for the data derived using a non=Lambertian model, Coshi+ Cosk e
(ustice and Holben 1979, Smith ot al, 1980), were caleulated with the plobal and direct radianee,
Anaverage improvement of 2o pereent in the coefficient of determination tor the radiances with
the diftuse component subtracted over the coefficients for the global radiance was observed tor those
azpects perpendicular to the solar azimuth, but g minimal improvement (.o, less than | percent)

was observed for all other azpects.




Phe results from the correlation analy sis indicated that subtraction of the ditffuse component
teads (o very little improvement in the simulation of the radianee by the two direct models eximined,
with the notable exception of those iizpects perpendicubir to the solir azimuth, In this case, the
correlation analysis provides only a coarse measure of the depree of assocition between the direct
maodels and the radianee data. For an explanation of correlation results, it is necessary (o examine
detailed plots of the diffuse and diveet data (Figure 7). For the 237 and 397 solar elevation data
sets, it can be seen that both the diffuse and diveet radiances inerease with slope for those azpects
facing solar azimuth, For slopes Gacing away from solie azimuth the direet radianees deerease while
the JitTuse radianees inerease,  Uhe negative relationship between the diffuse and direet radianees and
the high proportion of the dittuse radiance relative to the direct radianee at 907 azpect, accounts
for the marked inerease in the coefficient of determination for the direet radianee models when the

ditfuse component is extracted from the global radiance,

Fhe second assessiment of the significance of the diftuse component is with reference to band
ratioing to remove the topographic etfect. Baund ratioing has been shown to provide a means of
reducing the topographic effect on remotely sensed data (Vineent, 1973). As the diffuse component
of the radiance has been shown to vary with wavelength, band ratioing of two spectral channels G,
Channel i/Channed §) will not kad to complete elimination of the topographic induced variations

{Holben and Justice 1980,

To assess the effeet of the diftuse light component on band ratioing of the two channels, the
ratios were caleulated for both the global and direct radiances for all slopes and azpeets (Figure 8),
Subtraction of the diffuse component from the radiance data, fed toa S0 percent average decrense
in the standard deviation in the ratioed values for all azpeet classes, The degree of reduction was
preatest, approximately 75 pereent, for azpects perpendicular to the principal plane and least, ap-

proximately 20 pereent, for azpeet classes paradle! to the principal plane,
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Phe Larpe deerease in the standard deviations of the direet Tipht ratio values trom the plobal
radianee ratios, is due o ditfuse sky lipht, ahich cimnot be removed by simple band ratioing, The
restlts from this anatysis show that the diftuse companent contributes sipniticantly to the variation
i spectral band ratioing and prevents ratioing from completely remaving the topopraphic effect

the tield data.

4.5 Assessing the DitTuse Dight Contribution (o Simukited Fandsat MSS Radianees.,

Fhe fiekd measurements examined in this study represent an ideal controlled data set which
may help o predict the topographic effect on other sensors of multispectral data. Fandsat MSS
data are perhaps the most widely used type of remotely sensed multispecteal data in earth resourees
analysis and have been shown to exhibit markesd topopraphic eftects in the preas ol rupped terrin
(Hotben amd Justice, 1979 Toan effort (o assess the importance of the diffuse component on
Fandsat radiance data, the field measured radiances collected in this study were converted to Fand-
st LOMSS S and 7Y pinel value equivatents, The simulated pisel villues were obtained by converting,
the hand-held radiometer radiances to radiaree values that wonld be reccived by the Tandsat sensor,
piven specificd atmospheric conditions and then quantising the radiances aevording to the linear re-
sponse of the Fandsat 3 analogue-to-digital converter. Fhe method used tor this simulation study
is detaifed in the appendiy and was used ina andsat simulation study by Fucker (1979), The ob-
jeet of this simubation study was to demonsteate the range of pisel values (ie., Landsat quantization
levels), that could be expected from the diffuse cotmponent and thereby assess the impartanee to
cover classitication and modeling the topopraphic effect on Landsat data, Radianees derived from
botly the BaSO and the coarse sand surfiee were used for this study. The BaSO | surface had ¢, 98
pereent retlectance which was far higher than the reflectance from most natural surfaces and in cors
tain cases led to saturation of the simulated satellite sensors, Phe coarse sand surface had approxi-
mately 00 percent retlectance. These two surfaces represented some of the hiphest tadiancees from
matural surfaces that would be obtained by the satellite tor the solar elevations in question and would

in turn result in the greatest possible topographiv effect. Similarily the range of slopes examined
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0 -00", represented a far greater range than is commonly found even in areas of rugged terrain

and therefore exaggerated the degree of topographic effect that could be vopected. To provide

a more realistic representation of the diffuse light topographic effect on Landsat data, the range of
simulated pisel values was caleulated for 0« 30° slopes tor cach azpect, as well as for the complete
azpect string (Table D, The greatest range in simulated pisel values for the sand surface for the

0 - 00° slopes was 9, for the 07 azpect in MSS 7, whereas the maximum range for the 0+ 30° slopes

wis 3 pinel values,

A maximum range of 3 pixel values for the ditfuse light from a 60 pereent reflecting surfiace
for all azpeets at slopes of 0 - 30% leads to the question of whether consideration of the diffuse
componant should be iseluded in analysis of Landsat data, The reflectances associated with most
natural surfaces tall well below 00 pereent and as such the diffuse topographic effect would be
even smaller, Given the range of pixel values associated with any cover type it is unlikely that the
diffuse topographic effect would be significant for cover type diserimination, However, where
adjacent surface reflectances and slopes are high the diffuse component may need to be

considered,

S, DISCUSSION OF RESULTS AND CONCLUSIONS

The diffuse light contribution to the topographic effect was described as 2 function of solar
clevation, atmospheric conditions, surface geometry, surface reflectance properties: and surround-
ing terrain reflectance, The results presented in this study, although specific for the particular
conditions and surfaces examined, detail a number of general trends and implications common for
a range of solar elevations that can be extrapolated to other studies, Additionally this study

evaluated the importance of the diffuse light component for three normalization techniques.

Quantification of the diffuse radiances showed a marked topographic effect, the greatest
variation being in the principal plane, Radiances from the BaSOQy and sand surface were found to

increase with slope and for the range of surface orientations examined, were strongly influenced

-
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by the anisotropice sky light distribution, Radiances from high angle slopes were slightly increased
by light reflected from surrounding terrain, The sand surface used in this study was found to
exhibit no preterred orientation of scattering, The diffuse radiances exhibited the same pattern

in both the channels examined, although the Jdiffuse radiances were Larger and the topographic
effect was higher for the photographic infrared channel than for the red channel, The higher
radiances were due to the wider bandwidth of the infrared channel, Although ihe diffuse radiances
varied refatively little compared to the direet radiances, the proportion, of the diffuse light relative

to the diveet light varied considerably, particularly for slopes facing away from solar azimuth,

Both the diffuse radiances and the diffuse topographic effeet were found to inercase with solar
clevation, The difTuse light component under clear sky conditions tor the horizontal surface ranged
from between 10 and 14 percent of the global radiance solar for elevations for 23 to 39°, How-
ever, radiances recorded at low solar elevations were found to have a smaller percentage diffuse
component for slopes into solar azimuth and greater percentage diffuse component for slopes away

from solar azimuth than at higher solar clevations,

The contribution of the diffuse light topographic effect to the overall topographic effect within
global radiances, varies with azpect: the diffuse radiances generally increasing with slope for azpects
facing into sun and deereasing with slope for azpecets perpendicular and away tfrom sun, These
results indicate than an isotropic sky assumption cannot be used to adequately deseribe the diffuse

component,

Assessment of the significance of the diffuse component was undertaken first by examining
the effect on two direct radiance models. Only slight improvements were found in the correlation
between the radiance and the theoretical data derived using the Lambertian Model, whereas an
average improvement of 26 percent in the correlation coefficient was calculated for data derived

using the non-Lambertian model when the diffuse component was subtracted,
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Phe sipniticance of the diffuse component to band ratioing was also assessed.  Subtraction
of the diffuse component led to a 50 percent average decreiase in the standard deviation of
the ratios associned with the uniform surface, over the range of slopes and azpects examined,
The greatest reduction in the standard devaitions was found for slopes perpendicular to solar
azimuth,

The Landsat simulation study showed that for clear sky conditions over a ranpe of solar eleva-
tions assoeiated with typical mid-latitude Landsat passes, that the diffuse light radiances in cases
of extreme retlectince and slope viviation woulkd constitute only a maximmm 3 pixel variation in
the Fandsat measured global radiances, In this event, it is unlikely that such a maximum variation
could be taken into consideration to improve cover classification aceuracivs, by reducing the diffuse
light topographie effect. Tt should be understood that arcas of shadow will have 100 pereent diffuse
radianee and the higher Landsat quantization values associated with these shadowed arcas are essen-
tially due to atmospheric path radiance. The effect of varying atmospherie path radiance between

the target and sensor were not examined in this study,

One method used to eliminate the diffuse component and incoming path radiance effects from
Landsat radiance data is dark object subtraction (Bentley ot al,, 1976), For this method the lowest
adiance within the scene is subtracted from all the radiances prior to ratioing, ‘This method assumes
an isotropic sky distribution and a Lambertian surface and, depending on the range of diffuse radi-
ance values in the seene, will fead to an over or underestimation of the radiances and subsequent dis-

tortion of the resulting ratios,

Diffuse light causes a topographic effect on remotely sensed data which will vary in significance
with the application in question, The ground hased study showed that the diffuse component
caused a deteetable variation in the ratioed spectral data which potentially could be modeled and
henee the effect eliminated from the data, For Landsat studies a maximum possible variation of

3 pixel values for the conditions specified does not at present warrant further detailed modeling
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and in most eases the vaiat.on due o the diftuse component will be substantially less,
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APPENDIN,  CONVERSION OF"RADIANCES TO TANDSAT QUANTIZATION 1EVIELS
The diffuse radiances measured by the hand-held radiometer were converted mathematically to

radianees that would be received by the Landsat multispectral scanner (MSS) sensors, These radi-

ances were then quantized according to the linear response o the Fandsat 3 analog to digital con-

verter,

The two speetral channels of the hand-held radiometer were filtered to represent the proposed
Thematic Mapper CI'M) bands 3 and < of Landsat D (0,63-0.09 g suid 0.70-0.90 g, These two
channels are sufticiently similar to the MSS channels S and 7 (0.6-0.7 g and Q.81 1 um) ef Land-

saf 3, to enable the following simulations,

The Landsat 3 MSS sensors are calibrated in mw/em” -sr, To convert the hand-held radiometer
radiances from W/m< in the T™M bandwidth to the MSS calibration, the radiances were divided by
1O (W/m > mw/em ), divided by 1o convert to a steradian measure and multiplied by (he ratio
of the appropriate MSS bandwidth to the T™M bandwidth, This procedure assumes no atmospheric
degradation or contribution to the observed signal. For this simulation study we chose the estreme
example of the maximum MSS response to the diffuse eadiance emanating from the surface, from o

tavpet of uniform cover and infinite extent,

+ . £y 1 . B
Once the radiances were caleulated, they were quantized from 0-127 levels (27 bite). Table
A provides the maximum/mizimum MSS radiances necessary to form the linear regression for

quantizing the radiance data.

e I . . 3 . . .
Fable A, Minimum and maximum radiances (mw/eny - sr) corresponding to gquantization levels 0-1.7,

MSS Quandization Tevel
Channel 0 127
+4 Od 2.50
) 03 2.0
O 03 .08
7 03 4,50

Source: Grebonwshy, 1980, Persanal Communteation, NASA/GS1C,
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Repression equations were cileudated for each hand and the sfopes (o) and mtercepts (b) are
presented moFable B, Fhe repression equation takes the form of:

uantization Leve! - ms Radianee t b

Fable B, The slopes amd intercepts ot the linear quantization regression presented for eich MSS

channel,
Ransd Slape (m) Intereept ()
4 51020203 - 2006504
5 (e od 7453 1,934 24
O BB AT SURRIER!
E R RRRA -(L.RS300

Ihe calenlated quantization fevel for cach radianee was rounded 1o the nearest whole number

which tunctionally corresponds to the MSS analog to digital converter on board Tandsat 3,

k
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Table 1. The dittuse light topographic effect for three solar elevations, showing the range in radi-

ance (W, m- =sey associated with each azpeet for the barivm sulphate surface.

RN A RO
Rued Photo IR Rad Photo IR Red Photo IR
Aspect O 17 0.7 20 7.8 20 8.3
45013 0.1 2.2 0.4 24 8.0
DIV 0.2 N 58 1.1 0.7
135 8 0.5 N 0.8 S 0.5
180 .7 5.0 ! 0.4 . 70
RRARTEEN 03 1.0 0.8 R oM
270 8 49 1.9 0.1 ) e
35 1.3 5. 22 "1 AN 8.1

Table 2, Simulated Landsat piset ranges tor diffuse light by azpeet,

MSS 3 MSS 7 MSS 5 MSS 7

Azpect Slope Range ¢ Sand BaSQ),
(degrees) (degrees) SR e o
0 30 2 3 5 5
()0 S () l 0 l 5
45 30 2 » 3 | )
o0 | S N 13
90 30 0 h | 3
135 30 0 1 0 2
180 30 | I l 3
228 30 0 i 0 3
315 30 3 2 5 5
00 N 8 8 14
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