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The importance of clouds in the radiative energy balanceis
well known. Since broken cloud fields are prevalent, both
the geometry and optical properties of clouds are important
parameters. The flat black plate approximation, used by
general circulation models for clouds in the longwave,
neglects both cloud geometry and optical properties. The
error in neglecting geometry has been shown in many
works (Ellingson 1982; Harshvardhan and Weinman 1982;
Killen and Ellingson 1994).

The single scattering albedo (@, of clouds in the
shortwave is 0.99 or higher (Hu and Stamnes 1993).
Therefore, most of the previous works on the effects of
cloud scattering have been in the shortwave (Welch and
Wielicke 1984; Evans 1993; Breon 1992). But the
longwave (@,) can be as high as 0.75 (Hu and Stamnes
1993), so longwave scattering effects can be significant.
In this work, the fluxes above and below a single cloud
layer are presented, along with the errors in assuming flat
black plate clouds or black clouds.

The predicted fluxes are the averaged results of analyses of
several fields with the same cloud amount. Each analysis
is in two parts: generating a cloud field and then
calculating the fluxes. The cloud size distribution of
Cahalan and Joseph (1989) was adapted:
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The exponent, -1.5, was changed from the original -1.6 in
order to simplify the calculation. The clouds were in five
cloud size groups (1, 4, 9, 16, and 25 times a, non-over-
lapping and randomly distributed in space. Figure 1 shows
the top/bottom view of a cuboidal field; N = 0.15. The
fluxes were computed using the Monte Carlo method. To
simulate an infinite cloud field, cyclical/specular
horizontal boundaries were assumed.
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Figure 1. Random cloud field with 15% cloud cover.

Four assumptions were made in order to emphasize the
effect of scattering in the atmospheric window as well as
simplifying the calculation. First, the gaseous absorption
is neglected. Second, the cloud optical properties are
constant over the 800 cm ™ to 1200 cm ™ window region.
Third, the cloud field is a single layer with clouds of the
same base height, aspect ratio, and either cuboidal or
cylindrical. Last, the optical properties and temperature
were assumed to be constant over all cloudsin the field.
The cloud temperatures were set at 15°C, -10°C, and
-50°C, corresponding to low, middle, and high clouds at
0, 4, and 10 km, respectively. Another measure of cloud
height is to normalize the integral, over the window
region, of the Planck function at the cloud temperature
with the same integral at the surface temperature (27°C).
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At the cloud temperatures considered, the & are 0.822,
0.516, and 0.200.

The above cloud upward flux and the below cloud down-
ward flux were computed for cuboidal and cylindrical
cloud fields of various aspect ratio («), base cloud fraction
(N), smallest cloud horizontal optical thickness (L), and
single scattering albedo (@,). For agiven N, results were
averaged until the deviation in the cloud absorption ratio
was under 2% for a minimum of five fields. Figure 2
illustrates the geometry and relevant variables.

The upward and downward fluxes for cuboidal and
cylindrical fields are shown in Figures 3ab,c,d and
4a,b,c,d. The fluxes at N=1 were computed using the
independent pixel approximation. The fluxes for black
clouds are not shown because the fluxes for absorbing
clouds (@, = 0) with L=100 are nearly identical. Thereis
little variation between the fluxes for L=100 and L=10, or
between cylindrical and cuboidal cloud fields. The
similarity between cylindrical and cuboidal clouds is not
too surprising. Both have constant vertical cross section
and are indistinguishable when seen from large horizontal
distances.

In general, the fluxes are grouped by aspect ratio o for
small cloud amounts N. As cloud amounts increase,
individual clouds become indistinct. So, at large N, the
fluxes are grouped by @,. The variation in the above
cloud upward flux with @, for large N decreases with
elevation. The below cloud flux variation increases

]

Figure 2. Cloud field parameters and vertical
geometry.
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Figure 3a,b. Fluxes (W/m?) for cuboidal clouds;
L=100.
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Figure 3c,d. Fluxes (W/m? for cuboidal clouds;
L=10.




I P 1 vy T Tm1T 179

Figure 4a,b.
clouds; L=100.

Fluxes (W/m? for cylindrical
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Figure 4c.d.
clouds; L=10.

Fluxes (W/m? for cylindrical
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magnitude of the variation is about the same; but on a per-
centage basis, highest for high cloud ¥ .-

In the flat black cloud approximation, the cloud field is
replaced by afield of black plates with the same N. In the
geometric black cloud approximation, the cloud field
geometry remains the same, but the individual clouds
become black. Fluxes computed using the flat black plate
and geometric black cloud approximations were compared
with the computed fluxes. The absolute and percentage
flux errors are
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The flat black plate maximum absolute and percentage
errors for upward and downward fluxes are shown in Fig-
ure 5ab,c,d. The absolute and percentage errors in the
upward flux are largest for high clouds. These errors are
solely due to neglecting geometry, scattering does not have
a significant effect on high cloud upward flux. The error
peaks at water vapor, reduces the scattering effects N =
0.3, and then decreases. This peak is characteristic of flat
plate approximations. Note that the error for the tall
clouds (« =2) may not be important since high clouds tend
to have low aspectratio. The downward flux absolute
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Figure 5a,b. Maximum absolute flux error
(W/m?) for the flat black plate approximation.
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Figure 5c,d. Maximum percentage flux error for Figure 6a,b. Maximum absolute flux error
the flat black plate approximation. (W/m?) for the geometric black cloud
approximation.
error is largest for low clouds and decreases with
elevation. The range of the percentage error for the 20 -
downward fluxes is relatively constant (-80%) for all cloud a=05— %F " for high clouds

elevations, high clouds were chosen because they show the 151
most variation with @,.

The geometric black cloud maximum absolute and percen- F!
tage errors for upward and downward fluxes are shown in
Figure 6ab,c,d. The absolute error in the upward flux is
much smaller than the flat black error and has more linear
behavior, steadily increasing to amaximum at N = 1. The ]
upward flux percentage error has roughly the same range
for all cloud heights and is much less than the percentage
error from the flat black plate approximation. The
maximum downward flux errors are for high clouds; thisis
where scattering is most important. While the error is
large, it is still smaller than the error from the flat black
plate approximation.

The results show that scattering can have a significant
effect on the fluxes. Thisis seen inlow cloud upward flux
and high cloud downward flux. To attain high percentage e
accuracy, scattering must not be neglected. The addition w0l 20-- %F ilfor high clm:ds
of absorbing gases, especially water vapor, will reduce the 0.2 04 0§ 0.8
scattering  effects presented, with the additional
complication that water vapor amounts are dependent on
latitude.

Figure 6¢,d. Maximum percentage flux error
for the geometric black cloud approximation.
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