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Abstract

Most commonly used atmospheric correction methods for remotely sensed data take absorption and scattering by gases and
aerosols into account (ACORNTM [1], HATCHTM [11]). However when retrieving reflectances for a remotely sensed image the
atmospheric and surface adjacency effect must be considered. Only a few atmospheric correction methods also correct for the
atmospheric adjacency (FLAASH [2], ATCORTM [21]) and perform a terrain correction for the illumination (ATCOR).

The atmospheric adjacency effect is due to scattering of light from bright neighboring surfaces into the line of sight, thus,
it tends to somewhat blur the image and mix spectra from other surfaces. It has been modeled successfully using Monte Carlo
calculations. We present an update to a conceptually simpler numerical technique based on the radiosity method and show how
it depends on the aerosol scattering phase function, height distribution, and surface BRDF.

It is very difficult to correct for the surface adjacency effect where light is incident on a surface not only by direct illumination
of the sun but also from nearby objects such as trees, buildings, and mountain slopes. Reflections between adjacent objects can
change the apparent reflectance of a pixel significantly and thus make classification more difficult. We present several simulations
based on radiosity calculations to illustrate the surface adjacency effect.

I. INTRODUCTION

The adjacency-blurring-effect is observed at the boundary between a dark and a bright surface. Near the edge over a dark
surface, photons from the nearby bright surface may be scattered within the atmosphere into the field of view (FOV) of an
airborne or satellite sensor. Conversely, near the edge over a bright surface, fewer photons reach the sensor’s FOV. At a sharp
discontinuity in the surface reflectance, the intensity transect appears as a sigmoid instead of a step function. Figure 1 shows the
paths the photons take from nearby surfaces to scatter into the line of sight. The adjacency-blurring-effect may introduce errors
in the detection and classification of small bright targets surrounded by a dark region or dark targets on a bright background.
One can model the blurring due to the adjacency effect with a point spread function (PSF). This PSF is a filter function that is
convolved with the unperturbed (no atmosphere) reflectance image of a surface. Some papers discussing the adjacency effect
are in references [24], [23], [14], [10], [3], [20], [19], [4], [17], [9]. Most PSF’s are generated by Monte Carlo based methods
and are assumed to be rotationally symmetric, thus, they are not valid for off-nadir views. In the situation of an oblique viewing
sensor, it is necessary to compute off-nadir PSF’s, which are generally asymmetric.

The spatial adjacency effect occurs when the total irradiance Etotal has significant contributions from neighboring surfaces,
i.e. Etotal ≤ Edirect, where Edirect is the direct irradiance. Thus, the reflection coefficient ρsurface of a surface can no longer
be estimated as:

ρsurface =
Lmeasured − Lpath

Edirectτ
, (1)

where Lmeasured is the measured surface radiance, Lpath is the path radiance, and τ is the transmission from the sun through
the atmosphere to the ground and back to the sensor. In Figure 2 the total irradiance components are shown and their scattering
paths.

In [17] the total irradiance Etotal is given as:

Etotal = Edirect + Ediffuse + Ecoupling + Edirect−reflected + Ediffuse−reflected, (2)

where direct irradiance at a point P is given as:

Edirect = ETOA < n̂(P ) · n̂s > τsun−ground,
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Fig. 1. The adjacency effect occurs due to scattering of photons into the line of sight from surrounding brighter surfaces.

where ETOA is the top-of-atmosphere irradiance, n̂(P ) is the surface normal vector, and n̂s is the vector to the sun. Most
atmospheric correction codes assume the surface normal is aligned with the zenith direction, and others require a digital
elevation model to be registered with the sensor data, which is often a difficult task. For shaded areas where Edirect = 0, the
irradiance is dependent on all the other terms in (2), thus making it important to model the additional irradiance terms that
are usually an order of magnitude smaller than the direct term.

The diffuse irradiance, Ediffuse, is due to diffuse radiance coming from the sky Esky . A very simple approximation
(Esky = const is given in [26] as:

Ediffuse = Esky
1+ < n̂(P ) · n̂s >

2
.

Computations using atmospheric transmission codes such as MODTRANTM [5] show the sky radiance is significant in the
visible but decreases in the near infrared.

The coupling irradiance is very difficult to model. Tanré [23] describes it as a second scattered flux that is due to successive
reflections and scattering between the surface and the atmosphere. The coupling irradiance [17] can be written using the the
spherical albedo of the atmosphere S as:

Ecoupling =
Edirectτdirect + Ediffuseτdiffuse

1− < ρ > S
,

where < ρ > is a spatial average of the reflectance near point P . Typical values for the scattering albedo range from 5%
to 10% in the visible, less than 3% in the near infrared, and less than 1% in the SWIR. The scattering albedo S is directly
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Fig. 2. Irradiance contributions for a point P on the ground.

computed in 6S and can be derived by a series of runs with different surface albedos using MODTRAN [16].
The next two terms in (2) result from either direct irradiance Edirect or diffuse irradiance Ediffuse reflected from an adjacent

slope point M to point P weighted by the attenuation due to scattering and absorption. The difficulty in computing this term
is to decide how far to go for the integration, one paper [17] suggests a couple of km.

We introduce now a method to compute the atmospheric and surface adjacency effect. The method is based on the extended
radiosity method [6]. The extended radiosity method (sometimes called the ”‘Zonal method”’) is a natural way to compute
the sensor radiance without having to resort to complex nomenclature such as in [17] to derive terms that, in the end, are not
really of interest. Thus, we will start with a summary of the extended radiosity method and then derive the adjacency point
spread function for any view direction and any layered atmosphere that includes scattering phase functions. We will then give
the equations for a simple wedge model, which is useful to understand the effect of multiple reflections on the spectral shape.

II. EXTENDED RADIOSITY METHOD

A. Equations

The extended radiosity method for illuminated surfaces Ai and volume elements Vk is based on the two following coupled
linear systems of equations for monochromatic radiation [13], [22]:

Bs
i Ai = Es

i Ai + ρi





Ns
∑

j=1

Bs
j Sj Si +

Nv
∑

k=1

Bv
k Vk Si



 , i = 1, . . . , Ns, (3)

4 κt,k Bv
k Vk = 4 κa,k Ev

k Vk + αk





Ns
∑

j=1

Bs
j Sj Vk +

Nv
∑

m=1

Bv
m Vm Vk



 , k = 1, . . . , Nv, (4)

where Bs
i is the surface radiosity in [W m−2], Es

i is the emission, and ρi is the reflectance of surface patch i with area Ai.
The flux density leaving a volume element k is given by 4 κt,k Bv

k Vk where κt,k is the sum of the absorption coefficient
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Fig. 3. Extended radiosity model or zonal method for radiative exchanges between volumes, volumes and surfaces and surfaces.

κa,k and the scattering coefficient κs,k, and Bv
k is the volume radiosity. The scattering albedo of the k-th volume element is

αk = κs,k/κt,k. The volume and surface radiosities are given by the sums of its emission and the scattered and reflected
radiosities from all other surfaces and volumes. The fraction of energy reaching a surface or volume from another surface or
volume through an absorbing medium is given by view factors. The view factor from a surface k to surface j is Sk Sj , the
view factor from volume k to surface i is Vk Si, the view factor from surface j to volume k is Sj Vk, and the view factor
from volume m to volume k is Vm Vk. The view factors depend on the geometry and attenuation of fluxes between elements
and are usually difficult to evaluate. Finally we note that there are Ns surface elements with indices i or j and Nv volume
elements with indices k and m. In Figure 3, we show the volume and surface elements and the viewfactors between them. Eqs.
(3) and (4) assume the surfaces are Lambertian reflectors so light is scattered equally into all directions. Three-dimensional
structures like clouds, fog, and smoke can be simulated by assigning absorption and scattering characteristics independently
for each volume element Vk.

The view factor from surface i to surface j is defined as [13], [22]:

Si Sj =

∫

Ak

∫

Aj

dAi cos θi dAj cos θj τ(r)

π r2
. (5)

The view factor from volume k to surface i is defined as [13], [22]:

Vk Si =

∫

Vk

∫

Ai

κt,k dVk dAi cos θi τ(r)

π r2
. (6)

The view factor between volume m and volume k is defined as [13], [22] :

Vm Vk =

∫

Vk

∫

Vm

κt,m dVmκt,k dVk τ(r)

π r2
. (7)
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The transmittance τ is given by :

τ(r) = exp

[

−

∫ r

0

κt(χ) dχ

]

(8)

for a medium with variable κt along the line-of-sight path of length r.

B. Solution of the radiosity equations

The solution of eqs. (3,4) using eqs. (5-7) can be obtained using the Gauss-Seidel iteration scheme [18]. The following two
eqs. show the mechanism:

Bs,l+1
i = Es

i +
ρi

Ai

Nv
∑

k=1

Bv,n
k Vk Si

−
ρi

Ai





i−1
∑

j=1

Bs,l+1
j Sj Si +

Ns
∑

j=i+1

Bs,l
j Sj Si



 , i = 1, . . . , Ns (9)

Bv,n+1
k =

κa,k

κt,k
Ev

k +
αk

4 κt,k Vk

Ns
∑

j=1

Bs,l+1
j Sj Vk

−
αk

4 κt,k Vk





k−1
∑

j=1

Bv,n+1
j Vj Vk +

Nv
∑

j=k+1

Bv,n
j Vj Vk



 , k = 1, . . . , Nv (10)

The superscripts l and n denote the iteration. The iteration ends when the absolute errors for the surface and volume
radiosities fulfill the following criteria:

| Bs,l+1
i − Bs,l

i |

Bs,l
i

< ε for all i = 1, . . . , Ns (11)

and

| Bv,n+1
k − Bv,n

k |

Bv,n
k

< ε for all k = 1, . . . , Nv. (12)

The number of required iterations varies between 10 and 30 for most cases with an error limit of ε = 10−9.

C. Rendering a scene

The computed radiosities using eqs. (9) and (10) must be processed further to produce an image of the scene. The quantity
a sensor measures is the radiance I that has units of Watts per area per unit solid angle (e.g., W m−2 sr−1). One can show
for Lambertian surfaces, the radiance is equal to the radiosity divided by π (e.g., [6]). The radiance from a surface behind a
participating medium is attenuated by the transmission τ . The participating medium contributes additional radiance into the
line of sight, with closer volume elements contributing more than more distant volume elements. The intensity of the light
reaching the observer from a certain direction or along a ray is given by [22]:

I(L) = τ(L)
Bs

i

π
+

∫ L

0

τ(l)
Bv(l)

π
κt(l) dl, (13)

I(L) is the intensity on the outside of the imaged parallelepiped, L is the distance between the entrance point of a ray to
the exit point at the detector location. If the exit point lies on the surface, the attenuated radiosity Bs

i must be added to the
integral. The volume radiosity Bv(l) along a ray from 0 to L can be approximated by a trilinear interpolation of the discrete
volume radiosities. In the next sections we derive a point spread function using the radiosity view factors as a way to compute
the scattering between the surface into the line of sight.
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Fig. 4. Geometry for computing the point spread function.

III. COMPUTING THE POINT SPREAD FUNCTION FOR LAMBERTIAN SURFACES

In an optical system, the point spread function PSF (x, y, z;x0, y0, z0; θs, φs; θr, φr) can be defined as the scattering
contribution of a surface element dA = dx dy illuminated from direction (θs, φs) located at (x, y, z = z0) into the line-of-sight
direction of the observer (θr, φr) looking at point (x0, y0, z0). Figure 4 shows the geometry for the ground to atmosphere
scattering. One can show (see [7]) the unitless PSF is given by:

PSF (x, y) =
κs ∆l

4 π

K
∑

k=1

τ(rk) cos θr,k f(θp,k) dx dy

π r2
k

· exp(−κt (K − k) ∆l), (14)

where κs is the scattering coefficient in [m−1], ∆l = Lz/(K cos θr), Lz is the height of the scattering atmosphere, K is the
number of layers in the atmosphere, τ(rk) = exp(−κtrk), κt is the total scattering coefficient in [m−1], rk is the distance
between surface point ~P and a point ~Pk on the line-of-sight in the k-th layer, θr,k is the view zenith angle to dA, f(θp,k) is
the scattering phase function of the k-th layer, and θp,k is the scattering phase angle. Note this method takes height dependent
scattering and absorption coefficients and even height dependent scattering phase functions into account. The method can even
be extended to include terrain effects when the PSF is computed for each pixel in the scene. For the Lambertian surface the
PSF for nadir view is rotationally symmetric and asymmetric for all non-nadir views.

According to [7], the measured radiance Imeasured(x, y, z;x0, y0, z0; θs, φs; θr, φr) in [W m−2] at the sensor for a Lambertian
surface, is given by:

Imeasured(x, y) =
E0

π
τs

[

τrρ(x0, y0) + ρ(x, y) ⊗ PSF (x, y)

]

+ Ipath (15)

where E0 is the direct energy incident from the sun in [W m−2], τs = exp(−κtLz/ cos θs), τr = exp(−κtLz/ cos θr), ρ(x, y)

is the reflectance at point (x, y), ⊗ denotes the convolution, and Ipath is the path radiance or radiance due to scattering in
the atmosphere. Equation 15 only takes single scattering events from a surface element into the line of sight into account and
“lumps” all multiple reflected terms into the path radiance. This approximation is necessary since it is not possible to solve
the volume rendering radiosity equation 13 for this case since the scattering phase function is not uniform.

IV. THE POINT SPREAD FUNCTION FOR NON-LAMBERTIAN SURFACES

In practical situations, the imaged ground surface is non-Lambertian, and thus, the above-described method may lead to
inaccurate simulated images. We attempt now to include the bidirectional reflectance distribution function (BRDF) in the
computation of the PSF. First, let us assume the entire surface has the BRDF :

f(x, y, z; θs, φs; θr, φr) = f(θs, φs; θr, φr).
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Second, the contributions from indirect skylight are negligible on the radiance in direction (θr,k, φr,k) or the upwelling
radiance Iground at the ground level is proportional to f(θs, φs; θr, φr). This second assumption clearly is not valid for
turbid atmospheres and for highly specular surfaces like water. Under these two assumptions, we can replace ρ(x, y) in eq.(14)
with πf(θs, φs; θr, φr). Note BRDF’s for natural surfaces are usually asymmetric and cause the PSF to be asymmetric for all
view directions, including nadir. The PSF for non-Lambertian surfaces is then given by:

PSF (x, y) =
κs ∆l

4 π

K
∑

k=1

τ(rk) f(θs, φs; θr,k, φr,k) cos θr,k f(θp,k) dx dy

r2
k

exp(−κt(K − k)∆l), (16)

where φr,k is the view azimuth angle of surface dA from point ~Pk.

V. SIMULATION OF SCENES WITH HETEROGENEOUS SURFACE COVER

The Earth’s, surface is composed of a mosaic of various surface types such as vegetation, bare soil, and water, each with
distinct BRDF’s. To simulate an oblique view over a heterogeneous surface, the following algorithm was used:

1) For each surface BRDF fi(θs, φs; θr, φr), i = 1, 2, . . . , N compute the point spread function PSFi(x, y) using eq (16).
2) Generate a binary image Qi(x, y) for each surface type i, where Qi(x, y) = 1 if the point (x, y) has surface cover type

i and 0 otherwise.
3) Convolve each image Qi(x, y) with its point spread function PSFi(x, y).

The measured radiance image is then given by:

Imeasured(x, y) =
E0

π
τs

N
∑

i=1

[

τrQi(x0, y0)fi(θs, φs; θr, φr) + Qi(x, y) ⊗ PSFi(x, y)

]

+ Ipath. (17)

Equation (17) shows the adjacency blurring effect is the superposition of ground cover type images convolved with their
corresponding point spread functions.

To illustrate the method on an example, we used scattering phase function and BRDF’s found in the literature.
To approximate a “hazy” atmosphere, we used the Henyey-Greenstein phase function with the asymmetry factor Θ = 0.75

[15]. The Henyey-Greenstein phase function is defined as:

f(θp) =
1 − Θ2

(1 + Θ2 − 2Θ cos θp)3/2
. (18)

We selected a κt = 0.8, κa = 0.05 for an aerosol laden atmosphere of 1000 m height with 20 layers and a surface of 3000 m

by 3000 m horizontal extent with 30 by 30 pixels.
The BRDF of bare ground was taken from [12]:

f(θs, φs; θr, φr) =
ω

4π

1

µs + µr

[

{1 + B(g)}P (g) + H(µs)H(µr) − 1

]

, (19)

where ω is the average single scattering albedo, µs = cos θs, µr = cos θr, cos g = µsµr + sin θs sin θr cos(φr −φs), B(g) =

B0/[1+h−1 tan(g/2)], B0 = S(0)/(ωP (0)), P (g) = 1+b cos g+c[(3 cos2 g−1)/2], and H(x) = (1+2x)/(1+2[1−ω]1/2 x).
The BRDF parameters chosen were: ω = 0.57, S(0) = 0.48, h = 0.21, b = 0.86 and c = 0.7. The BRDF of the vegetated
surface was taken from a parametric model [25] with the same notation as above where not listed:

f(θs, φs; θr, φr) =
ω

4π

νs

νsµs + νrµr

[

Pv(g) P (g) + H

(

µs

νs

)

H

(

µr

νr

)

− 1

]

, (20)

where νs and νr describe the leaf orientation distribution for the illumination and observation angles that depend on a parameter
χl with range: (−0.4 < χl < 0.6), P (g) is the leaf scattering phase function that is the Henyey-Greenstein function in eq (18),
the function Pv(g) depends on the variable G = [tan2 θs + tan2 θr − 2 tan θs tan θr cos(φs − φr)]

1/2, the radius of sun flecks
r in [m] and Λ the leaf area density in [m2m−3]. We selected the following canopy parameters: ω = 0.8, Θ = −0.4, Λ =

0.01, r = 1., χl = 0.2.
For the water surface, we assumed the BRDF to be a Henyey-Greenstein phase function f(θs, φs; θr, φr) = ρwaterP (g) with

the forward peak aligned with the specular reflectance direction (θs, φs+π) or g = cos−1[µsµr +sin θs sin θr cos(φs−φr−π)].
We selected a reflectance ρwater of 2.55 % and an asymmetry factor of Θ = 0.95. Figure 5 shows the point spread functions
for (a) bare soil, (b) vegetation, and (c) water. Note the PSF’s are asymmetric, and the PSF for water has a ridge in the specular
reflection direction (left side) of the sun, which has a zenith angle of 300.
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Fig. 5. Point spread functions of (a) bare soil, (b) vegetation and (c) water with the z-axis in logarithmic scale and the y-axis points into the paper.

Fig. 6. Simulated scene from (a) above and (b) viewed through atmosphere from the below at 60
0 view zenith angle and illuminated from above at 30

0

sun zenith angle.

In Figure 6, we show a simulated scene containing some rectangular vegetated surfaces (light gray) surrounded by bare soil
(dark gray) and a lake (black) in the middle. The simulated scene measures 3 km by 3 km and is viewed from below with a
zenith angle of 600. The sun light is incident from above with a zenith angle of 300. To make faint radiance changes more
visible, we show the histogram equalized radiance image. One can see the effect of the specular reflection of the sunlight into
the atmosphere on the radiance in the field at the top of image (b). The edges of the fields closer to the observer appear darker
than the edges away from the observer. Near the lower edge of the lake, the radiance decreases while it increases at the upper
edge due to the increased scattering above the water surface.

VI. THE WEDGE MODEL

In [8], we describe a wedge model in the context of nonlinear mixing models. It is quite simple to expand the model to
include arbitrary illumination and viewing angles. Using Hottel’s crossed string method, it is possible to compute view factors
between the illuminated and shaded parts of the wedge and to write the radiosity equations. After the radiosities are computed
using an iterative scheme, we compute the visibility of the facets from a given view direction and compute the bidirectional
reflectance factor (BRF) that is given by the sum of the products of the radiosities times the visibility divided by the incident
energy. The model is quite simple, but enables us to rapidly compute the effects of multiple scattering within a rough surface
as a function of illumination and view direction. To keep the notation simple we restrict the illumination angle that is measured
from the x axis to angles between 0 and π

2 .

A. Wedge Geometry

The geometry of a wedge is shown in Figure 7. We note the points on the wedge are given by: ~A = (−w cos θ, w sin θ),
~B = (0, 0), ~C = (w cos θ, w sin θ), and the shadow point ~S is given by : ~S = ( ~A − ~B)fp where :

fp =

{

sin θ cos θ0−cos θ sin θ0

sin θ 0 < θ0 < θ

0 θ < θ0 < π
2

.
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Fig. 7. Geometry of a wedge.

Thus, we are only considering illumination angles from 0 < θ0 < π
2 so shadows can only occur on facet 1. The slope angle

is θ, and the illumination angle θ0 is measured from the horizon.
The distances between points or “string lengths” are given by:

AB = | ~A − ~B| = w,

BC = | ~B − ~C| = w,

AC = | ~A − ~C| = 2w cos θ,

AS = | ~A − ~S| = (1 − fp)w,

BS = | ~B − ~S| = fpw,

CS = | ~C − ~S|.

B. View Factors

The view factors can be computed using Hottel’s crossed string method [13]. An example of the method is shown in Figure
8. The view factor between two infinite strips with areas S1 and S2 is given by :

S1F12 =
AD + BC − AC − BD

2
,

where AD is the length between the points A and D, etc.
We list now the view factors between all facets (1a, 1b, 2, and 3). Note view factors from and to facet 1b exist only if

there is a shadow point ~S:

F1a2 =
AB + CS − AC − BS

2w(1 − fp)
,

F1b2 =
BS + BC − CS

2wfp
, if ~S exists,

F21a =
AB + CS − AC − BS

2w
,

F21b =
BC + BS − CS

2w
, if ~S exists,

F1a3 =
AS + AC − CS

2w(1 − fp)
,
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Fig. 8. Crossed string method to compute view factors.

F1b3 =
AB + CS − AS − BC

2wfp
, if ~S exists,

F31a =
AS + AC − CS

4w cos θ
,

F31b =
AB + CS − AS − BC

4w cos θ
, if ~S exists,

F23 =
BC + AC − AB

2w
,

and

F32 =
BC + AC − AB

4w cos θ
.

C. Radiosity Equations for a Wedge

Facets 1a and 2 are illuminated and have initial emission terms:

E1a = ρ1E0 cos(
π

2
− θ0 + θ), if |

π

2
− θ0 + θ| <

π

2

E2 = ρ2E0 cos(
π

2
− θ0 + θ), if |

π

2
− θ0 + θ| <

π

2

where ρ1 is the reflectance of slope 1, and ρ2 is the reflectance of slope 2. E0 is the total incident solar power per unit area
in [Wm−2].

The radiosity equations for the three facets can then be written as:

B1a = E1a + ρ1[F1a2B2 + F1a3Bsky],

B1b = ρ1[F1a2B2 + F1b3Bsky],

and
B2 = E2 + ρ2[F21aB1a + F21bB1b + F23Bsky].

We have included the contributions from sky light (Bsky) in these formulas, but we have set the term to zero for our
calculations. The above equations can be solved iteratively, and the convergence criterion is met when the root mean square
error ∆ of successive iterations (i + 1) and (i) reaches a lower limit ε:
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∆(i+1) =

√

1

3
[(B

(i+1)
1a − B

(i)
1a )2 + (B

(i+1)
1b − B

(i)
1b )2 + (B

(i+1)
2 − B

(i)
2 )2],

for i = 1, 2, 3, ....
Note that the following weighted sums of view factors add up to unity :

F1a2(1 − fp) + F1b2fp + F1a3(1 − fp) + F1b3fp = 1,

F21a + F21b + F23 = 1,

and

F31a + F31b + F32 = 1.

D. BRF of a Wedge

To compute the BRF from the radiosities, we need to compute the visibility of each facet from a given view direction θv

that is defined as the counter clockwise angle measured from the x axis. The BRF is then given in general by [8]:

ρradiosity(θ0; θv) =
P1aB1a + P1bB1b + P2B2

E0
.

The visibilities Pi for each facet depend on the slope and viewing angle and can be written as:

P1a =



















1 0 < θv < θc
1−fp

1−fv
θc < θv < θ

1−fp

2 [1 + tan θ
tan θv

] θ < θv < π − θ

0 π − θ < θv < π

,

P1b =



















0 0 < θv < θc
fp−fv

1−fv
θc < θv < θ

fp

2 [1 + tan θ
tan θv

] θ < θv < π − θ

0 π − θ < θv < π

,

and

P2 =











0 0 < θv < θ
1
2 [[1 − tan θ

tan θv
] θ < θv < π − θ

1 π − θ < θv < π

.

The angle θc is given by:

θc = tan−1[
Cy − Sy

Cx − Sx
].

The variable fv is given by :

fv =

{

sin θ cos θv−cos θsinθv

sin θ 0 < θv < θ

1 − − sin θ cos θv−cos θsinθv

sin θ π − θ < θv < π
.

The projection of the ray from the observer onto the wedge is the:

~V =

{

( ~A − ~B)fv 0 < θv < θ

( ~C − ~B)fv π − θ < θv < π
.

The sum of the visibilities is equal to unity for all view angles from 0 to π.
The BRF of a wedge, neglecting multiple reflections between the facets, is given by:

ρsingle(θ0; θv) =
P1aE1a + P1bE1b + P2E2

E0
.
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Fig. 9. BRF of a wedge with a slope angle θ = 50
0 and a sun angle of θ0 = 40

0

E. Results

The simple wedge model yields some interesting results that seem at first not correct but can be explained. For example if
we compute the BRF for a wedge with a slope angle θ = 500 and a sun angle of θ0 = 400, we get the BRF shown in Figure
9. The radiosity computed BRF for viewing zenith angles greater than 500 is larger than unity. How can this be? First, we note
that the light is perpendicularly incident on facet 1, thus, the reflectance in the single scattering case must be equal to unity.
Second, we note the shaded facet 2 when viewed at angles less than −400 is completely dark for the single scattering case but
has a BRF of 0.2744 for a 100 % reflecting surface. Third, we note the view factor from facet 1a to facet 2 is F1a2 = 0.3064.
Fourth, the amount of light facet 1b receives from facet 2 is given by F1a2B2 = 0.3064 · 0.2744 = 0.0840, which must be
added to the single scattering term. Thus, we have shown that the BRF for this case can indeed be larger than unity.

From Figure 9, one can see the effect of scattering of light from the adjacent facet is greatest in the shadowed region
(θv < −400), this is consistent with the results of other studies.

VII. CONCLUSIONS

The extended radiosity method has been used to compute point spread functions for a layered atmosphere above a
heterogeneous ground cover. The adjacency blurring effect was simulated for a scene containing vegetated surfaces, bare
soil, and water surfaces. The adjacency PSF is rotationally symmetric for Lambertian surfaces and a nadir view. For non-
Lambertian surfaces the PSF is not rotationally symmetric. We have simulated the adjacency effect using computationally
efficient filter functions rather than a time Monte Carlo simulation. To illustrate the surface adjacency effect we propose a
simple wedge model . The model describes how the reflectance changes as a function of view zenith angle. The model also
shows that the BRDF of a surface can change dramatically due to multiple reflections for certain illumination and observation
angles.
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