Lecture 19

M ethods for solving the radiative transfer equation. Part 2: Effects of

sur face reflection on the atmospheric radiation field.

Objectives:
1. Surface reflection.
2. Incluson of the surface reflection into the rediative transfer.

Required reading;:
L80: 6.5;

1. Surface r eflection.

Surfaces can modify the amaospheric radiation field by
a) reflecting aportion of the incident radiation back into the atmosphere;
b) emitting the thermd radiation (see Lecture 3, Kirchhoff’s law);
c) absorbing a portion of incident radiation ((see Lecture 3, Kirchhoff’s law);
d) trangmitting some incident radiation.

Two extreme types of the surface reflection:
specular reflectance and diffuse r eflectance.

Specular reflectance isthe reflectance from a perfectly smooth surface (e.g., amirror):

Angle of incidence =Angle of reflectance

Reflection isgenerdly specular when the "roughness’ of the surfaceis smdler
than the wavelength used. In the solar spectrum (0.4 to 2 mm), reflection is
therefore specular on smooth surfaces such as polished metd, still water or

mirrors.

NOTE: Whileincoming solar light is unpolarized, reflected waves are generdly
polarized and Fresnd's laws can be used to determine polarization.



Practicaly al red surfaces are not smooth and the surface reflection depends on
the incident angle and the angle of reflection. Reflectance from such surfacesis

referred to as diffuse reflectance.

Bi-directional reflectance distribution function (BRDF), r (m)j ,- n§j ¢ isintroduced
to characterize the angular dependence in the surface reflection and defined astheratio of
the reflected intendity to the energy flux in the incident beam:

di"(t,,mj )
I (t,- N6} newe

r(mj ,-ntj 9= [19.1]

NOTE: Depending on asurface, BRDF has a specific spectral dependence. It playsa
central role in the remote sensing of planetary surfaces.

Reciprocity law. r (mj ,-m¢j § =r (- n€j ¢mj )

A surface cdled the Lambert surfaceif it obeysthe Lambert’s Law.

Lambert’sLaw of diffuse reflection: the diffusdly reflected light is isotropic and
unpolarized (i.e., naturd light) independently of the state of polarization and the angle of
the incidence light.

For the Lambert surface, BRDF isindependent on the directions of incident and
observed light beam.

r (m.l " rwj (9 = r.sur [192]

NOTE: rg, isoften caled surface albedo. In generd, it isafunction of the waveength.
Examples of the surface albedo at about 550 nm: fresh snow/ice =0.8-0.9; desert=0.3,
s0ils=0.1-0.25; ocean=0.05



Examples of the spectral surface reflectance.

Figure 19.1 Evolution of the spectrd reflectance of beech leaves during senescence
(from Kniplinh, 1969).
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Figure 19.2 Reflectance of snow composed of crystas of d=0.075 mm and d=0.5 mm.
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2. Inclusion of the surfacereflection into the radiative transfer.

Let' s include the contribution from the Lambert surface.

Lambert surface: | (t, M ) =1, =const [19.3]

Generdizing the definitions for the reflection and transmisson functions (i.e,
Eqs[18.1—[18.2]), we may expressthe reflected diffuseintensity |, (0, M,j ) and

trenamitted ciffuseintensty | (t1,- My ) as

2p 1
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Let’s consider the reflected diffuse intengty.
The reflected intengity at the top of the layer including the surface reflection may be
written as

2p 1
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NOTE: Second term on the right-hand side gives the contribution from the surface
reflected intengty which is diffusdy tranamitted to the top of the layer. Third term gives
the contribution from the surface reflected intengity which is the directly transmitted.
Further, we can re-write Eq.[19.6] as

1"(0,mj ) =mF,R(Mj ,my,j o)+ 1,9(m [19.7]

where

g(m =exp(-t, / m+t(m)



Now, let’'s consider the diffuse tranamitted intengity.

Isotropic intengity | o, propagating upward in the layer after being scattered by the
Lambertion surface, can be partidly reflected back to the surface and, hence, contribute
to the downward intengity in the additiona amount

p 1
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Thus, the tranamitted intensity including the surface contribution is
Ut-mj ) =1 - mj )+ g r(m) = mFeT(mj ,my,j o)+ 1 g,r(m)
[198]

Both Egs.[19.7] and [19.8] have | «r. Thus, we need to find | g.
pl, = (Surface albedo) x(Downward flux)

The downward flux has three components:
(1) Transmitted direct flux = PMyF, exp(-t , / m,)

(2) Trangmitted diffuse flux=
2p 1 p 1
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(3) Fraction of | reflected by the atmosphere back to the surface =

2p 1
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Therefore, we obtain that

Play = o (PMF, exp(-t, / my) + pmyFot(m) +pl o, F)
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Therefore, the diffuse reflected and transmitted intensities, accounting for the surface

contribution are

Fmj)=1 (Omj )+

sur

= MFd (M)g(m)

I(yrm)-lm,mn+l nwwmwum
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Integrating Eq.[19.9a, b] over the solid angle, we find diffuse fluxes
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NOTE: t and rwere defined in Lecture 18 (see Eq.[18.8] and [18.9]).

[19.94]

[19.9b]

NOTE: For non-Lambert surface, the incluson of the surface reflection is a complex

boundary problem.



