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Abstract

Interactions between remotely sensed data and Soil Vegetation Atmosphere Transport {(SVAT) models have included
inputs in the form of parameters such as albedo and Leaf Area Index as well as validation of outputs such as actual
Evapotranspiration (ET) and net radiation. Visible, near infrared and thermal region data can be effectively combined
and used in these ways. However, the radiative transfer models involved in the production of these inputs from remotely
sensed data or the derivation of outputs are often at least as complex as the SVAT. In many cases, the parameters input
to the SVAT represent only a fraction of the information content of the remotely sensed data. In altempts to bring these
systems fcgether, a number of people are studying how remotely sensed data and SVAT models can be integrated
directly to provide calibration of the models and validation of their performance. The validation is to the level of
information the remote sensing can provide which in the case of regional fluxes may be all that can be provided. The key
to this development is having a remote sensing “measurement model” that is consistent with the fevel of aggregation and
scale of the SVAT. This paper describes the directional radiance and emissivity effects which must be modelled to
interpret regional remolely sensed data and the effect they have on the derivation of consistent information from SVATs.

the velume effect, the occlusion (or hotspot) effect, and
1. SCENE BRIGHTNESS VARIATIONS the specular or glint effect:
& ENERGY BALANCE PARAMETERS

i Yolume Effect: Because of the changes in path
Optical, shortwave and thermal image data from lengths and extinction in complex surfaces as
airborne and satellite platforms have varying degrees of the relative incidence {sun) and exitence (look)
angle dependent brighiness variation which change angles change, there is a volume BRDF which
with the sun position, atmospheric conditions, land has some similarity (o the atmospheric phase
surface type and sensor characteristics. This brightness function induced variations. Tt will depend on
variation must be taken into account when processing surface structure and in vegetation it depends on
and interpreting remotely sensed data. However, it is factors like leaf density variaticns and angle
also an observable indicator of a wider need to take distributions as well as lotal leaf area.
angular effects nto account in all energy balance & Occlusion Effect: The occlusion cffect is a

modeling. The surface effects will be referred to here
as the “BRDF" or Bi-directional Reflectance
Distribution Function. The BRDF is strictly a surface
property which uaderlies the variation being described
{Micodemus ef al., 1977 bt we will use the term
ioasely to describe variations that occur with varying
sun and view geometries.

more specific effect induced by the fact that the
shadows cast by the sun represent paris of the
surface that are not “seen’ by the sun. The areas
that are not ‘seen’” by the sensor which are also
not ‘seen’ by the sun are the common areas
between shadow cast by the sun if it were in the
two positions.
In the shortwave region the atmosphere contributes to
the total effect observed in remotely sensed data partly
due to the varying path length at different parts of the
scan and partly to the atmospheric scattering described
by the composite phase function of the atmospheric
constituents. The land surface contributes o the broad
tevel brightness vartations common to ail remotely
seased images. The base ‘colour” and brightness is a
function of the spectral properties of the material types
makzng up the seene .(e'g'_ leal’ reflectances and specularly reflective due to their waxy coating.
transmiitances or soil grain mineralogy) plus structural 0 tor. olint is probably the major component
effects which give rise to the angular variations. The o waleh & S provanty o i . pﬂ

i . . . _ of the BRDF and the hotspot effect does not
angular effects can be ascribed to three main factors -

= Specular (or Glint) Effect: The specular or
ghint effect is most pronounced on  water
surfaces. It refers to the surface ‘mirror’ {or
Fresnel) reflectance in which the radiation is
usually unaltered by the surface material from
which it is reflected. On land surfaces it is a
composite of reflections diffused from facets of
varying angular positions and specularity. In
Australia, eucalypt leaves arc especially

QCeur,

! Presented at MODSIM 97, Hobart Tasmania, 8-11 December 1997

240



The sum of these effects in remotely sensed data is an
image brightness variation that is a sum of the
atmospheric  brightness and the scene brightness
variations. The atmospheric and surface effects also
interact to provide a composite effect that varies with
sun, target and sensor geomeiry. The effects are more
obvious in aerial photography and video images where
the central perspective means that at high sun angles,
the hotspot and specular points are within the angular
radius of the frame. For airborne scanners and satellite
borne scanners it is possible to avoid the brightest
hotspot and glint points by careful consideration of the
scan geometry. However, the angular variations also
affect the net radiation in both short and long wave
regions in a way that cannot be avoided in modelling as
will be described below.

2. MODELLING BRIGHTNESS
VARIATIONS

2.1 Measurement Model Approach

2.1.1 Atmospheric Correction of remotely sensed
data

Assuming the data are accurately calibrated to
radiances, there are different ways to describe the
process of correction. An equation relating the recorded
radiance sensed at altitude h above the target to the
target reflectance factor is:

Lt A= BV B (P4 Do 4 Lyl 1)

[ Ly bttt 2]

where:

L,y hA) s the radiance observed by
the instrument from altitude h, with look {or
view) direction u, and sun direction (4, at
wavelength A;

E; is the effective irradiance at the target, of
t{i,, b, A} is the beam transmittance through
the iayer between the surface and altitude h in
direction L

p, is the target directional reflectance factor;
O 18 the environmental reflectance due to
the background albedo g,

T{u,, h A) is the diffuse transmittance for a
tayer of thickness h and for initial beam
direction p,,

L, (L, fi,, b A) is the path radiance of light
which did not interact with the surface; and
Lg(#‘,,uy,h,l) is the glint term that is most
significantly present over water covered
targets and is sometimes present over land
targets.
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If the atmosphere is well characterised it is possible to
retrieve the directional reflectance factor {p,) for each
pixel. This term needs careful definition as there are
many different types of ‘reflectance’ used. The
directional reflectance factor (p,) as used here is
defined as:

7t L{g,, A)

Pty i A = —————
‘ ¢ Er(u,. f A)

in which the irradiance (E;) is the sum of diffuse and
direct terms and the fraction of diffuse () is included
as a parameter. The value of using this form of
reflectance is that it corresponds to what is measured in
the field using an irradiance radiometer or a reference
standard.

This reflectance factor, or equivalent factors, are the
properties underlying the term in the short wave net
radiation expression called the “albede”. The Albedo
{(e0) is the ratio of all wave solar generated outward
radiation to incoming. It defines the net amount of
shortwave radiation available at the surface for the
energy balance:

EN
o=t
Ey

£y =[ Erlu f1.3) dA
E, =j:”&“(p,r, F A En(ity, £ Ay dA

_ 1 om pri2 .
&y, fp = J 2,10ty f1n A) 0SB, 5in 8, d8,dep
0 HO

The term (i, f;.A) is called the “spectral albedo”

and it and the all-band albedo (o) depend on both the
sun angle and the level of diffuse radiation as well as
the properties of the surface. To interpret remotely
sensed data and also to use the information in an energy
balance model it seems necessary to model the BRDF
effect.

2.1.2 Analytic BRDF Models

Assuming the atmospheric correction can be made, the
surface BRDF can sometimes be defined by an analytic
model. Among the many models for the volume effect
are the Suits and Sail models as well as many more
sophisticated ones such as the hotspot based model
described (a$ an example) in Qin and Jupp (1993). The
literature is vast and Myneni and Ross, (1990) provides
a good review.

The hotspot effect is a geometric or occlusion effect.
There are many models for this effect now available. A
simple model for the remote sensing of a canopy is the
Geometric Optical (GO} model summarised recently in
Fapp and Walker (1996) as follows.



The simple GO (or hotspot) model for scenes which
describe open forest or woodland areas is based on the
one described in Fupp et al. (1986), Li and Strahler
(1580), Strahler and Jupp (19%1) and Li and Strabler
(1992). In this model, there are four kinds of ground
cover ‘visible’ from a given direction. These are
referred to as scene components and consist of sunlit
canopy (symbol s¢), shaded canopy (shc), sunlit
background (s%), and shaded background (shb). Each
component is assumed o have a characteristic radiance
and the radiance of a pixel is modelled as the area
weighted combination (or linear mixiure) of the
characteristic component radiances. That is, the
observed radiance of a single pixel (r) is modelled as:

R

fs = k.s‘c Rj'c +k she + k.s‘b R.\‘h + k.\‘hb Rxhh

she
where the subscripts se, she, sb, and shb indicate the
radiances of the four components as named above, Rj

represents the (mean) radiance of component j° and &
indicates the sensed proportion of each component
within the pixel from the given view direction.

The mean radiance over the scene (Rj), assuming the

view and sun directions are constant, can be written as:
R,\' = K.\'f:R,\'(‘ + K\'hr: R\‘fxr: +K A'bR.\'IJ +E shh R.\‘kb

where, capital KJ, represents the mean or expected value
of the varying proportions k; over the scene for j as the
components s¢, she, sb or shh, The mean value (R,), as

a lunction of sun and observer position, defines the
BRDF of the scene.

In order for the scene BRDF model to be computed, a
description of the size and shapes of the objects, their
density and how they are distributed over the
background is needed and the geometrical relationships
between the objects and the expected values of the four
components must be established. Jupp er al. (1986),
Strahier and Jupp (1991} and Li and Swahler (1992)
describe such a model for spheroidal crown (not
necessartly opaque} volumes which is valid for any
view or illumination angles using the *Boolean’ model
of Serra (1982). These basic scene BRDF models are
quite simple and are casily implemented in various
forms such as mathematical packages or spreadsheets.

2.2 Semi-empirical or “Kernel” Methods

Semi-empirical models have also been developed
(Roujean er al., 1992, Wanner and Strahler, 1995)
which are empirical but are based on physical models
and often contain parameters that relate to surface
parameters. They offer the means of using the mosaic
approach and ‘empirical’ model fitting but also enable
surface parameters to be extracted. The methods are
called ‘semi-empirical’ because they generally assume
atmospheric correction can be done and also often have
forms that involve earth surface parameters. The main
class of these models is that of the ‘kernel” models.

A complete kernel-driven semiempirical model is
formulated as a linear combination of kernels. Most
suitably it has the form

R= fiso % fgeokgeo * holkvol

which is derived from adding appropriate choices of
geometric-optical  surface-scatiering and radiative-
transfer volume-scatiering kernels, each multiplied by a
proportion that weights the contribution of each model.
These propertions may be regarded as the areal
proportions of land cover types exhibiting each type of
scattering (neglecting multiple scattering between the
twp components), or a3 mixing proportions for land
cover types that display both a volume-scattering and a
geometric-optical  contribution to the BRDF. The
guantities k., and k,,, are the respective kernels; the
tactors fo.., and f,,; are their respective weights; and the
term fi, 1s the isotropic contribution

In the inversion and fitting of a semiempirical model to
data, estimates of the weights f are retrieved from
bidirectional reflectances and specification of viewing
and illumination positions. Although this objective
satisfies many of the goals of a BRDE/Albedo product
(Strahler et al., 1995), the existence ol formulae for the
weights fin terms of physical parameters could provide
for direct inference of physical parameters from the
weight values fitted. This possibility is being explored
by a number of researchers at the present time. Kernel
models provide a means to paramelerise the albedo in a
way which, unfil recently, has been neglected as too
hard.

2.3 Estimation of surface albedo

Estimates of spectral albedo {and consequently total
albedo) are conveniently made by considering two
special cases of irradiance. One is for pure beam
irradiance and the other is for uniformly diffuse
irradiance. Without going into detail of the derivation
from the BRDF, the approximation to the directional
reflectance factor wiil have the form:

pr == f) Pl ) [y Pt 270)

from which the albedo can be derived as above if the
fanctional forms can be integrated or by numerical
integration if not. The term p{y,, it,) is called the
“hack sky albedo” and the term p(y,, 27} is called the
“white sky albedo” and both can be estimated if the
underlying BRDF has been modelled or approximated
by a semi-empirical kernel function.

The introduction of the spectral ailbede also allows the
traditional shortwave radiation to be broken down into
more wavebands - such as visible and near infra-red.
There are significant advantages in doing this for the
estimation of radiative transfer in canopies.



3. DIRECTIONAL EFFECTS IN
TEMPERATURE

3.1 Directional effective Emissivity

The radiance (L) observed in any of the thermal
channels of a thermal sensor on (for example) a
Baedalus Scanner, TIMS, Landsat TM, AVHRR or
[AJATSR has a directional component which is a
function of w,. Tt is possible to invert the Planck
function B;[¥] and represent this radiance as an

equivalent brightness temperature (T,) which is the
temperature of a black body radiator that would
produce the observed radiance;

T, ()= B L))

In generaf, this brightness temperature will be a
directional function due in part to the directional nature
of the atmospheric transmittance and airmass
temperature effects and in part to the directional effects
intreduced by the land surface. It is these second group
that are of primary concern here. One primary purpose
of such estimation is to compuie the net longwave
radiation at the surface. This can be written:

S

L.net = WS.\‘GE:’t + (1 - E.\‘)EGGS!:‘

Suppose the data can be accurately atmospherically
corrected so that the radiance observed is the surface
leaving radiance distribution. A significant issue is
what degree of directionality exists and what is the
source of it and how this affects the definitions of the
surface  temperature and  emissivity?  Observed
directionality has been ascribed to a directional
emissivity {or reflectance) but below we will see that
this is only one source of the directionality.

3.2 The Volume Effects

The volume effect is due to the interactions between
materials and radiation in the complex land surface. If
the surface is covered by vegetation this can be
discussed and illustrated in terms of the well known
SAIL model (Verhoel, 1984). There, the upwelling and
downwelling thermal radiation are modelled with a
‘Kubelka-Munk® approximate two-flow model as
described in Dong and Li (1992). The equations wil
nor be repeated here but generally model the upwelling
(£, and down welling {E,) irradiances in the thermal
region.

The leaves are assumed to have a temperature 7, and
emissivity £, and the soil background to have a
temperature 7, and emissivity &, The Kirchhoff Law is
used to relate reflectance (p) and emissivity.

E=1-p

The radiation leaving the top of the canopy (in Dong &
Li notation £, (k) arises from two scurces:
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1. the thermal emission from soil and leaves (Ef)}
and

2. the reflection of incident sky radiation (Elfz))

Assuming the sky to be radiating as a black body they

show how there is an effective canopy emissivity and

reflectance such that;

Eyﬁz) = pc Erlqy :pc BA[?:M]:(}‘_EC) BE[T»LRJ’}

The emission {erm comprises two components. One is a
‘line of sight’ term which effectively depends on the
visible fractions of the different components from the
surface and the other arises when the emissivities are
less than 1.0 due to multiple reflections in the canopy
volume.

‘When the emissivities of the soil and vegetation are 1.0
the effective canopy reflectance will be zero, the
effective canopy emissivity wiil be 1.0 and the only
term leaving the canopy is the emission term which is:

Eﬁl) :fv BA{YL}+(] _fv) Bl[j;.’]

where f, = f,(27} is a ‘hemispherical’ vegetation
fraction.

When the emissivities of the vegetation and soil are not
1.0 but are stiil large (as they are in practice in the
thermal region) it is clear that the radiation leaving the
canopy will have a dominant ‘line of sight’ emission
term and smaller volume reflectances of emitted
radiation and reflected sky radiation terms. For the
canopy source generated by the emission, the multiple
reflectances can be taken into account by replacing the
leaf emissivity (g£,) by the infinite depth canopy
emissivity as defined in Dong and Li which will be
denoted £, .

That is:

EW=E"+E]
=1, & BITI+(-1)e, BT I+(-2) BT, ]
=&, BT 1+(1-£,) BIT,,]

In this expression, the emission term defines the
effective canopy temperature T, once the emissivity is
defined. There are many ways to define such a
temperature but this one is consistent with radiative
transfer.

3.3 Directional Effects

There is a directional effect in the effective reflectance
{and hence emissivity} which may not be very strong as
the incident sky radiation is generally quite diffuse. It
will depend on the leaf angle distribution of the canopy.
There will be a similar angular variation in the volume
multiple reflectances of the canopy radiation. The line
of sight variation, however, will have an especially



clearly defined angular variation of the approximate
form:

IO, = £,y €, BT+ (- f (1) €, ByT,]

where the fraction of vegetation generally increases
with oblique views and the general behaviour depends
on the leaf angle distribution as well as (obviously) the
temperature difference between the components.

By analogy with the hemispherical case, an effective
anguiar canopy lemperature could be defined by using
the effective angular reflectance to fix the effective
emissivity. The most significant aspect at this point,
however, is that the angular effect in the emissivity (ie
reflectance) is only one component of the directional
variation in the brightness temperature. There is both
an angular emissivity and an angular temperature which
hetween them explain the data as:

Lu{“v} = LS) +L5z2)
= gc(#v) B)L[?::(fuv}]-i-(]_gc(luu)) B}i.["r:.k»}

where it is assumed the sky radiation is uniformly
diffuse. If the Planck functions are expanded aboul
{say) air temperature to a first order and emissivities
are high then to a reasonable approximation:

T A= f ()T, +0=fuNT,
£ ()= flu) e, +=- Al e,

However, if the emissivities drop significantly below
1.0 these simple expressions will be in error.

The simple volume effect described above docs lead to
directional effects. These will be greatest when the
vegetation and scil temperatures are different and the
cover not too sparse and nof too dense. However, they
will not depend on the sun position at the time of the
overpass - only on the view angle. A hotspot effect will,
however, be present in the line of sight component
since the field of view of an instrurnent will ‘see’ both
sunlit and shaded vegetation and soil components. The
preportions of each will change as the relative sun and
observer positions change. If the temperatures of the
sunlit and shaded components are markedly different
then there will be a strong hotspot component.

"The visible region hotspot effect is only one component
of the BRDF in that case. In the thermal it is more a
component of the volume effect than the emissivity (ie
reflectance). That is, the hotspot and volume emission
effect (the BEDF) are due to the temperature generated
emission of radiation from different components in a
structured sueface and the canopy reflectance (ie
emissivity) will not show a hotspot effect. It will,
however, have a DRDF depending on the view angle.
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4. CONCLUSIONS

In both the short and long wave regions, remote sensing
has to {ake full account of the directional surface
properties. These have significant impact on the sun-
angle dependent albedo and lengwave energy balance
components. It seems that in order to bring remote
sensing and energy balance modelling together there
must be changes in the way the radiation balance is
handled in current models.
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