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Summary
This doecument—presents the longwave angular

‘radiation models that are réquired for analysis of

satellite measurements of Earth radiation, such as
those from the Earth Radiation Budget Experiment
(ERBE). The models contain limb-darkening char-

“acteristics and mean fluxes. Limb-darkening charac-

teristics are the longwave anisotropic factor and the
standard deviation of the longwave radiance. Deriva-
tion of these models from the Nimbus 7 ERB (Earth
Radiation Budget) data set is described. Tabulated
values and computer-generated plots are included for
the limb-darkening and mean-flux models. This-re=
port. is volume II.of a set-of two documents; volume I

(NASA RP-1184, 1988) describes shortwave angularv‘

models.

Introduction

Analysis of satellite measurements for determi-
nation of the Earth’s radiation budget requires
information about the angular characteristics of
radiation that is reflected (shortwave)! and emit-
ted (longwave)l from the Earth-atmosphere system
(Smith et al. 1986). For an imaginary surface element
at the top of the atmosphere, the angular character-
istics can be defined by models which express the
exiting radiance, for each direction out to space, as
a function of the total hemispheric flux leaving the
element. In principle, a radiance measurement at
a single angle can then be converted into an inferred
hemispheric flux. For application of the angular mod-
els, it is necessary to classify the Earth observations
into a set of scenes (e.g., ocean, land, snow, desert,
and clouds) such that each has a distinct angular
model. In addition, it is required to have a complete
set of angular models for each scene class.

To analyze the Nimbus 3 satellite measurements,
Raschke et al. (1973) used three scenes (ocean, snow,
and cloud-land combination) and empirical models
derived from a variety of sources including aircraft,
balloons, and early satellite data. The scene iden-
tification was a static process, since the scene type
for a given measurement location was determined a
priori. For the Nimbus 7 Earth Radiation Budget
(ERB) measurements, Jacobowitz et al. (1984) used
four scenes {ocean, land, snow-ice combination, and
clouds); a threshold method based on climatological

| values of reflected and emitted fluxes for cloud iden-

tification; and angular models for each scene.
The recent Earth Radiation Budget Experiment
(ERBE) described by Barkstrom and Smith (1986)

1 Reflected radiation occurs primarily in the shortwave spectral
region (0-5 pm), and emitted radiation occurs primarily in the
longwave region (> 5 pm).

has a complex system of inversion algorithms which
utilize angular radiation models. The ERBE in-
version algorithms (Smith et al. 1986) use a set
of 12 scenes, a Maximum Likelihood Estimation
(MLE) scene identification method (Wielicki and
Green 1989), and a comprehensive set of angular
models. Because of the special requirements of the
MLE method, statistical parameters (i.e., standard
deviation of radiances) are required as part of the
angular model data set.

The purpose of this report is to describe and

i present the top-of-the-atmosphere longwave angular
‘g models and associated statistical quantities that have

S, been developed for the ERBE inversion algorithms.

/ This report is volume II of a set of two documents;

volume I (Suttles et al. 1988) describes the shortwave
models developed for the ERBE analysis. The long-
wave models include limb-darkening characteristics
and mean fluxes and were derived from Nimbus 7
ERB satellite measurements by Taylor and Stowe
(1986). Limb-darkening characteristics used herein
consist of the longwave anisotropic factor and stan-
dard deviation of the longwave radiance. A brief de-
scription of the model characteristics and derivation
is presented. Tabulated values and plots of the mod-
els are also included.

Symbols
Cj coefficient in normalization equation
for anisotropic factors for angle bin

with jth viewing-zenith-angle range

ERB Earth Radiation Budget

ERBE Earth Radiation Budget Experiment

L radiance, W/(m?2-sr)

Ly;q average radiance for angle bin
having nth colatitude, jth viewing
zenith angle, and qth season,

W /(m?-sr)

M radiation flux, W/m?

MLE Maximum Likelihood Estimation

My, average radiation flux for nth
colatitude and gth season, W/m?

N number of observations

Nnjq number of observations for angle
bin having nth colatitude, jth
viewing zenith angle, and gth
season

R longwave anisotropic function

(defined by eq. (2))



Ryjq average longwave anisotropic factor
for angle bin having nth colatitude,
jth viewing zenith angle, and gth

season
t time of year
0 viewing zenith angle, deg (see fig. 1)
o standard deviation of radiance,
W /(m?-sr)
Q colatitude, deg
Subsecripts and superscripts:
J index for viewing-zenith-angle bin
L land scene type
lw longwave
m index for observations in a given
angle bin
mix value for mix of 50-percent ocean

and 50-percent land

n index for colatitude angle bin
0 ocean scene type
q index for seasons

A bar over a symbol denotes average value.

Scene Types and Angular Grid

The scene types selected for the ERBE data anal-
ysis (Smith et al. 1986) are used in this work. These
scene types were defined on the basis of broad cate-
gories of climatologically important surface and cloud
features and are given in table 1. The land and
desert scenes include vegetated and nonvegetated
types, and the snow scene includes snow and ice. In
this work, twelve scene types are used: nine basic
types and three mixed types. Data for the land-ocean
mixed scenes are derived from values for the basic
types as described in the section entitled “Mixed-
Scene Models.” Four levels of cloud coverage are in-
cluded: clear-sky (0 to 5 percent), partly cloudy (5
to 50 percent), mostly cloudy (50 to 95 percent), and
overcast (95 to 100 percent). At a given time and
location on the Earth, the surface type for a clear-
sky scene without snow cover can be determined by
reference to a geographic map or atlas. To deter-
mine snow-covered scenes, time-varying snow maps
are used (Fye 1978; Morse and Ropelewski 1983).
The presence of a cloudy scene must be determined
as part of the data processing using a scene identi-
fication technique that must be applied during both

2

the development and application stages for the angu-
lar models. Because of differences in measurements
available for cloud detection in these two stages, the
scene identification methods for development and ap-
plication, in general, are not the same. For example,
Wielicki and Green (1989) give a discussion of differ-
ences in cloud algorithms between the model develop-
ment described herein and the ERBE data processing
algorithms.

For derivation of angular models, it has been
assumed that longwave radiance changes primarily
with colatitude €2, time of year ¢, and viewing zenith
angle §. Azimuthal symmetry has been assumed
throughout this work. To describe radiance varia-
tions, the space, time, and angular coordinates are
divided into increments called “bins,” and the model
is represented by mean values for each bin. Table 2
gives the bin definitions for the colatitude and view-
ing zenith angle. Each colatitude bin subtends 18°
in latitude, so that there are 10 bins to cover 180°.
The first colatitude bin starts at the North Pole, and
the tenth bin ends at the South Pole. The viewing
zenith angles are based on the angular coordinate
system shown in figure 1. Following the approach of
Taylor and Stowe (1984), seven viewing-zenith-angle
bins are used with the first and last bin increments
spanning 15° and the remaining bin increments span-
ning 12°. For time variations, the four seasons (based
on the Northern Hemisphere) are winter (Dec., Jan.,
and Feb.), spring (Mar., Apr., and May), summer
(June, July, and Aug.), and fall (Sept., Oct., and
Nov.).

Longwave Model Parameters

Longwave models required for scene identification
and radiance-to-flux conversion of satellite radiance
measurements include limb-darkening and flux char-
acteristics. The model characteristics are based on
the following relation between radiance L and flux
M assuming azimuthal symmetry:

/2

M(L,t) = 27r/ db L(Q,0,t) cos® sinf (1)

0

An anisotropic function R is defined as

wL(Q,8,1)
R(},0,t) = ———— 2
which is the ratio of the equivalent Lambertian
flux to the actual flux. Thus, if the radiance is
Lambertian, that is, independent of viewing zenith
angle, then R = 1. By substituting equation (2) into
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| equation (1), a normalization condition for R can be
‘written as
£

/2
2 / dOR(Q,0,8)cosf sinf=1  (3)
0

For the finite angular bins which are used to
represent the models, the integrals in equations (1)
and (3) can be written as the following summations:

] 7
? Mg =7 Lpj(sin®6j41 —sin®0;) (4
j=1
) and
! LA
> Ryjg(sin® 041 —sin®;) = 1 (5)
=1

J
Equation (5) can be further simplified to

)

7
Z Cjanq =1 (6)
j=1

fwhere

C; = (sin® 0,41 — sin6;) (7)

and values for C; are given in table 3.

In equations (4) to (6) the barred quantities are
values that have been averaged over the observations
for the angular bin defined by the indices n, j, and
g. Index n refers to colatitude €2, index j refers
\to viewing zenith angle #, and index g refers to
time of year with seasonal resolution. The discrete
approximation of R, R,j,, is called the anisotropic
factor.

To use the angular models with the MLE scene
identification method, other statistical parameters
are also needed. These parameters include the stan-
dard deviation of the longwave radiances for each an-
gle bin,

L My 1/2
= 2

Injg = | N Z (Lnjqm — Lnjq) (8)

) Hnjg 5y

In equation (8), Ny jq represents the number of ob-
servations for the njqth bin, and m is the index for
the observations. As previously noted, the bar indi-
cates bin-averaged values. In subsequent equations,
the bar is omitted and all quantities with subscripts
njq are understood to be bin-averaged values.

In summary, the limb-darkening characteristics
for the longwave angular models presented here are

OF POOR QUALITY

the anisotropic factor Ryj, and the standard devia-
tion of the radiance o,j4. The normalization condi-
tion for Ryjg, which is given by equation (6), is an
important constraint to ensure that radiation energy
is neither created nor destroyed by use of the angular
models. The flux parameters for the longwave angu-
lar models are the zonal-seasonal mean fluxes Mpg.

Nimbus 7 ERB Data Processing

Ideally, longwave angular radiation models would
be based on broadband satellite measurements with
unbiased sampling over all viewing angles, over the
entire Earth, and over time. Also, it is desirable
to use high-resolution measurements for cloud detec-
tion to ensure accurate sorting by scene type. Un-
fortunately, no single satellite platform can satisfy
all these requirements, primarily because of the in-
evitable orbit-dependent sampling biases. The Nim-
bus 7 ERB experiment was designed specifically to
provide extensive viewing-angle coverage and has
provided a prime resource for constructing the re-
quired longwave models.

The Nimbus 7 satellite was launched into orbit
in October 1978. The orbit is nearly circular and
Sun-synchronous with a period of 104 min, an av-
erage altitude of about 950 km, an orbital inclina-
tion of 99.3°, and equatorial-crossing times near lo-
cal noon and midnight (Kyle, Ardanuy, and Hurley
1985). In addition to other experiments, this satellite
contained instruments for the ERB experiment. The
ERB measurement package included three separate
instrument groups for solar observations, wide-field-
of-view Earth observations, and narrow-field-of-view
scanner observations of the Earth. The longwave an-
gular radiation models in this publication were de-
rived from Nimbus 7 ERB scanner measurements.

The ERB scanner instrument is described in de-
tail by Jacobowitz et al. (1984), so only a general
description is necessary here. The ERB scanner con-
sists of four optical telescopes, each of which has a
broadband shortwave (0.2- to 4-um) and longwave
(5- to 50-um) channel. This instrument has a multi-
axis scanning capability. It can scan from horizon to
horizon along the orbital track and scan to a viewing
zenith angle of 72° in the cross-track direction. At
the nadir, spatial resolution is about 90 km x 90 km,
and it increases to as much as 250 km x 250 km at
the maximum scan angle.

The ERB measurements were processed at the
NOAA National Environmental Satellite, Data, and
Information Service using methods described by Tay-
lor and Stowe (1984, 1986). Using the archived Nim-
bus 7 ERB scanner data tapes, measurements were
sorted into the colatitude bins, angular bins, and
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scene types described previously. Scene identification
was performed with an improved Nimbus 7 cloud-
detection algorithm described by Stowe et al. (1988).
The improved cloud-detection scheme, called the
new cloud-ERB (NCLE) algorithm, uses measure-
ments from the Temperature and Humidity Infrared
Radiometer (THIR) and the Total Ozone Mapping
Spectrometer (TOMS), both of which are on the
Nimbus 7 spacecraft with the ERB instrument. The
NCLE algorithm is based on a surface temperature
analysis from 3-hourly, Air Force 3-D nephanalysis
data (Fye 1978); on reflectance data from the ultra-
violet channel of the TOMS; and on infrared window
channel emission from the THIR. To derive angular
models, simultaneous data from the ERB scanner,
TOMS. THIR, and the surface temperature analysis
were available for 205 days of the period from April 1,
1979, to June 22, 1980.

For each angular bin where sufficient data were
available, results were determined for the mean long-
wave radiances, the standard deviation of the radi-
ances. and the anisotropic factors. The anisotropic
factor was determined by first integrating the mean
radiance over all viewing-angle bins to obtain the
flux (eq. (4)) and then applying the definition of R
(eq. (2)).

After obtaining values for all angle bins, the mod-
els were checked using the normalization criterion
(eq. (6)), and, if necessary, the anisotropic factors
were adjusted to satisfy the criterion. Final model
values satisfy the normalization condition to within
+0.0001.

Model Development

Limb-Darkening and Flux Models

Measurements from the Nimbus 7 ERB scan-
ner provided the data source for deriving the limb-
darkening and flux models for the nine basic scene
types (i.e., all but the land-ocean mix scenes). Unfor-
tunately, values for some viewing-angle, colatitude,
season, and scene-type combinations were not avail-
able from the ERB processing results. Some of the
bin-mean values were either missing or were of ques-
tionable accuracy because of small sample popula-
tions. When fewer than eight samples were available
for a bin, the mean values for that bin were treated
as missing. In some cases, anomalous spikes or dips
occurred in the limb-darkening variations with view-
ing zenith angle and in the flux variations with co-
latitude. The anomalous values were discarded and
considered to be missing also. Methods for filling in
missing data are discussed in this section.

4

Most of the missing data typically occurred fc
an entire season or colatitude bin. For these case
bin-mean values for all viewing-angle bins were repl
cated from other seasons or colatitude bins. In som
cases, bin-mean values were missing for occasion:
and isolated viewing-angle bins. In those cases, va
ues were determined by interpolation, extrapolatio
or averaging using surrounding viewing-angle bin va
ues. Depending on appropriateness, missing dat
were filled in using one of the following methods:

1. Replication of data from appropriate se:
son of opposite hemisphere (e.g., Souther
Hemisphere winter for Northern Hemisphe:
winter)

2. Replication of data from contiguous season ¢
same hemisphere

3. Replication of data from adjacent colatituc
bin

4. Replication of data from a similar scene typ

5. Replication of data from daytime to nighttin
or vice versa

6. Interpolation, extrapolation, or averaging u
ing values in surrounding bins

Because of the requirements of some satellite dat
processing systems (e.g., inversion of ERBE data
some model values for anisotropic factors were fille
in even for conditions which never occur (e.g., dese:
at polar colatitudes and snow in the tropics). Th
ERBE data processing system evaluates the long
wave anisotropic factor by interpolating in viewin
zenith angle and colatitude. Thus, conditions whic
never occur have been included so that the inte:
polation algorithm will work correctly. These va
ues are usually replications of adjacent colatitude bi
values. For most scene types and conditions that ac
tually exist, less than 10 percent of the model value
had to be filled in. Exceptions where filling in can t
as high as 50 percent are as follows: the midlatitud
land and mostly cloudy over land for the winter an
spring seasons, for which intermittent snow cover ca
cause a loss of sampling; the midlatitude snow moc
els for the spring, summer, and fall seasons, for whic
snow coverage is intermittent or sparse; and deser
models in the winter and spring. In all cases, con
ments are provided in table 4 to indicate the sourc
of the data or method used to fill in missing values

For the flux values reported in this publicatior
a constant correction of 3 W/m? was added to th
values derived from the archived ERB data tape
in accordance with the recommendation of Kyl
et al. (1985). The need for this correction resulte
from a slight error in the ERB longwave calibratio
equation.

ORIGINAL PAGE IS
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Mixed-Scene Models

Since the Nimbus 7 ERB data were not sorted
for the mixed-scene types (i.e., clear over land-ocean
mix, partly cloudy over land-ocean mix, and mostly
cloudy over land-ocean mix), models for these scenes
were determined by computations. The computa-
jtions were performed using equations developed un-
der the assumption that observations of a mixed
kcene are either ocean or land with equal (i.e.,

0-percent) probability of being one or the other.

Equations for computation of the mixed-scene
!parameters are developed in detail in the appendix
jand are summarized below:

| Mean flux:
. MO 4+ ML
Mpg* = —5— 9)
Anisotropic factor:
L pL O RO
Rmix — anR"jq + M"anjq (10)
njq 2MTILI(}IX
] Standard deviation:
2 2
L 0}
mix _ [(O"jq) + (U"jq)
Onjg = 9
1/2
1 L pL 0 po \?
+ 5 (M, RY, - MGRY;,) (11)

Overcast Cloud Models

The Nimbus 7 ERB data were sorted into mod-
els for overcast clouds separately over ocean and
land, but the ERBE scene classifications include
only a general overcast type. Therefore, all pa-
rameters for the overcast model were computed us-
ing a weighted average of the overcast-over-ocean
and overcast-over-land values. Since little differ-
ence existed between these two models, approximate
frequency-of-occurrence weights of 0.75 for ocean and
0.25 for land were used. The averaging was per-
formed after the overcast-over-ocean and overcast-
over-land models were completely filled in using the
lmethods outlined previously.

Combining Daytime and Nighttime Data

The ERB measurements were made from a satel-
lite in a Sun-synchronous orbit with equatorial
crossing times near local noon and local midnight.

Therefore, data were analyzed to produce separate
“daytime” and “nighttime” longwave models. Day-
time results are more reliable than nighttime results,
because the daytime scene identification uses both
the THIR infrared (IR) and TOMS solar ultra-violet
(UV) data; the nighttime scene selection can only use
the THIR IR data.

If both daytime and nighttime limb-darkening
and longwave flux models were used to analyze satel-
lite data, an interpolation or temporal modeling
scheme would be required to predict values for times
between local noon and local midnight. Because of
the small day-night variations of anisotropic factors
for most scenes and because of the necessity to min-
imize the large data set that is required, the ERBE
analysis was designed to use day-night average mod-
els for limb-darkening parameters. For mean long-
wave fluxes, daytime values are used along with a
temporal model to adjust for time of day.

Therefore, the models presented here consist of
simple day-night average models for the anisotropic
factors and radiance standard deviations. For fluxes,
results consist of daytime mean values and day-
night flux differences for use in establishing temporal
corrections.

Results

Results for the longwave angular radiation models
are presented in figures which contain tables of the
bin-averaged values and plots of these values.

Limb-Darkening Models

Day-night average limb-darkening parameters
(i.e., anisotropic factors and standard deviations of
radiance) are given in figures 2 to 13. The day,
night, and day-night limb-darkening parameters have
been examined for all seasons, colatitudes, and scene
types. Little variation was found in the anisotropic
factors; maximum and minimum values are summa-
rized in table 5. The measure of significance for
anisotropic factors is the departure from the isotropic
value, R = 1.0. The largest departures from isotropy
occur at the lowest and highest viewing zenith angles.
The largest anisotropic factors occurred for viewing
zenith bin 1, where the values ranged from 1.090 to
1.019 over the entire set of models. The mean value
is 1.044, and the standard deviation is £0.0106. The
smallest anisotropic factors and largest variability are
found at the highest viewing zenith angles. Because
of uncertainties associated with measurements at the
higher viewing zenith angles (primarily uncertainties
due to larger natural variability and errors in scene
identification and instrument pointing angle), it is
common practice not to analyze measurements at
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the higher angles. However, the measurements at
the higher angles do slightly affect the entire model,
since they must be used in determining the flux for
calculating anisotropic factors. For ERBE, scanner
data are analyzed only up to a viewing zenith an-
gle of 70°, which occurs in bin 6. Over all models
for both day and night, anisotropic factors for bin 6
range from 0.976 to 0.896 with a mean of 0.946 and
a standard deviation of £0.0128.

To characterize the standard deviation of the ra-
diances, the dispersion (standard deviation divided
by mean) has been determined and evaluated for
variation over viewing zenith angle, colatitude, and
season. The major variations were with colatitude
and with seasonal changes in the polar regions. Only
small variations were found with viewing zenith an-
gle. Therefore, the dispersions have been averaged
over viewing zenith angle and plotted versus co-
latitude for the seasonal extremes—winter and sum-
mer. These results are given in figure 14 for ocean
scenes, in figure 15 for land scenes, and in figure 16
for snow and desert scenes. The systematically larger
dispersion for overcast clouds in the tropics is be-
lieved to be due to the use of one category for all
cloud types. In the tropics, there are very high con-
vective clouds and low-level boundary-layer clouds.
Combining, into one scene type, clouds with such
large differences in radiating temperature causes a
large variance of outgoing longwave radiance in the
tropics. On the other hand, clouds in the polar re-
gions are confined to a much smaller altitude range
and, therefore, a smaller variance of outgoing radi-
ance. It may be possible to reduce the large variabil-
ity in the models by developing techniques for accu-
rately identifying different cloud types, particularly
in terms of altitude and optical depth, and to rederive
models by using additional cloud scene types.

Flux Models

Mean daytime longwave fluxes are presented in
figures 17 to 28. All scenes except the overcast
cloud show large variations of longwave flux with co-
latitude. The largest flux occurs in the tropics where
temperatures are the highest. Overcast cloud scenes
show little variation of flux with colatitude or sea-
son. The other scenes show considerable differences
in their seasonal variations; the highest variations oc-
cur from the middle to the high latitudes. Ocean
scenes exhibit small seasonal variations, land and
snow scenes have moderate variations, and high-
latitude deserts have large seasonal variations. Near
the equator, even the desert scenes show very little
seasonal change.

Table 6 gives day-night longwave flux differences
based on Nimbus 7 ERB data. These values are

6

useful for constructing diurnal models of longwa
flux. As expected, the day-night differences s
largest for the desert and land scenes and smalle
for the ocean and overcast cloud scenes.

Concluding Remarks

The primary purposes of this report are to prese
longwave angular radiation models for satellite da
analysis and to describe the data and methods us
in deriving the models. This report is volume II of
set of two documents; volume I (Suttles et al. 198
describes shortwave angular models. The longwa
models include limb-darkening and flux characte
istics and have been developed for Earth radiatis
budget (ERB) measurement and simulation applic
tions. These models describe the mean variation
top-of-the-atmosphere outgoing longwave radiatic
with viewing zenith angle, colatitude, and season f
12 scene categories. They have been derived prime
ily from radiances measured by the Nimbus 7 ER
scanner satellite instrument, which operated betwe:
late 1978 and mid-1980. Missing and sparsely sar
pled observed quantities have been replaced by se
eral estimation techniques.

Results show that the mean anisotropic facto
vary from 1.067 to 0.837 over viewing zenith ang
but have little variation with either scene type, c
latitude, or season. Standard deviations of radian
are largest for mostly cloudy and overcast scenc
these standard deviations indicate a need to classi
clouds by cloud type. Fluxes have large variatio
with colatitude for all scenes except overcast clot
and large variations with season for the desert, lan
and snow scenes. Day-night flux differences we
large for desert and land scene types.

The models presented herein have been archive
as part of the Earth Radiation Budget Experime
(ERBE) results? and are available from the Nation
Space Sciences Data Center, Goddard Space Flig]
Center, Greenbelt, Maryland 20771.

NASA Langley Research Center
Hampton, VA 23665-5225
January 27, 1989

2 The archived model data include a +5 W/m? adjustmer
relative to values given in this report, to all flux values ¢
the basis of comparisons between initial ERBE and Nimbus
ERB measurements. This adjustment is contained in the ERB
Science Team minutes, December 3—4, 1985.



L

L[ References

¢

Barkstrom, Bruce R.; and Smith, G. Louis 1986: The Earth
[ Radiation Budget Experiment: Science and Implementa-
tion. Reviews Geophys., vol. 24, no. 2, May, pp. 379-390.
}Fye, Falko K. 1978: The AFGWC Automated Cloud Anal-
| ysis Model. AFGWC-TM-78-002, U.S. Air Force, June.

‘} (Available from DTIC as AD A057 176.)

iJacobowitz, Herbert; Soule, Harold V.; Kyle, H. Lee; House,

y  Frederick B.; and NIMBUS 7 ERB Experiment Team
1984: The Earth Radiation Budget (ERB) Experiment:
An Overview. J. Geophys. Res., vol. 89, no. D4, June 30,
pp. 5021-5038.

Kyle, H. Lee; Ardanuy, Philip E.; and Hurley, Edward J. 1985:
The Status of the Nimbus-7 Earth-Radiation-Budget Data

b Set. Bull. American Meteorol. Soc., vol. 66, no. 10, Oct.,

| pp. 1378-1388.

Morse, Burt J.; and Ropelewski, Chester F. 1983: Spatial
and Temporal Distribution of Northern Hemisphere Snow
Cover. NOAA Tech. Rep. NESDIS 6, U.S. Dep. of
Commerce, Oct. (Available from NTIS as PB84 118 348.)

Raschke, Ehrhard; Vonder Haar, Thomas H.; Bandeen,
William R.; and Pasternak, Musa 1973: The Annual Ra-
diation Balance of the Earth-Atmosphere System During
1969-70 From Nimbus 3 Measurements. J. Atmos. Sci.,
vol. 30, no. 3, Apr., pp. 341-364.

’

Smith, G. Louis; Green, Richard N.; Raschke, Ehrhard; Avis,
Lee M.; Suttles, John T.; Wielicki, Bruce A.; and Davies,
Roger 1986: Inversion Methods for Satellite Studies of the
Earth’s Radiation Budget: Development of Algorithms for
the ERBE Mission. Reviews Geophys., vol. 24, no. 2, May,
pp- 407-421.

Stowe, L. L.; Wellemeyer, C. G.; Eck, T. F.; Yeh,
H. Y. M.; and Nimbus-7 Cloud Data Processing Team
1988: Nimbus-7 Global Cloud Climatology. Part I: Al-
gorithms and Validation. J. Clim., vol. 1, no. 5, May,
pp. 445-470.

Suttles, J. T.; Green, R. N.; Minnis, P.; Smith, G. L;
Staylor, W. F.; Wielicki, B. A.; Walker, 1. J.; Young,
D. F.; Taylor, V. R.; and Stowe, L. L. 1988: Angular Radi-
ation Models for Earth-Atmosphere System. Volume [—
Shortwave Radiation. NASA RP-1184.

Taylor, V. Ray; and Stowe, Larry L. 1984: Reflectance Char-
acteristics of Uniform Earth and Cloud Surfaces Derived
From NIMBUS 7 ERB. J. Geophys. Res., vol. 89, no. D4,
June 30, pp. 4987-4996.

Taylor, V. Ray; and Stowe, Larry L. 1986: Revised Re-
flectance and Emission Models From Nimbus-7 ERB Data.
Sizth Conference on Atmospheric Radiation, American
Meteorological Soc., pp. J19-J22.

Wielicki, Bruce A.; and Green, Richard N. 1989: Cloud
Identification for ERBE Radiative Flux Retrieval. J.
Appl. Meteorol., accepted for publication.



Appendix

Equations for Mixed-Scene Properties

Along the coastlines of continents, scenes occur
that are a mix of two or more types. Since the
majority of these scenes are a mix of a land type
and an ocean type and are normally of about equal
proportions, all mixed scenes have been assumed
to be composed of 50-percent land and 50-percent
ocean. Furthermore, it is assumed that a collection
of observations for a coastal region consists of single
observations that are either land or ocean scenes
with half the observations looking like land and half
like ocean. With these assumptions, the statistical
properties of the mixed scenes can be calculated
using the properties for the corresponding land and
ocean scene types.

The relations for the mixed-scene properties are
based on the equations that define the desired sta-
tistical properties of the radiance observations as
follows:

Mean:
_ 1 N
L = —
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Standard deviation:

N 1/2 N 1/2
_ 1 =2 _ 1 2 =2
[pen] - |(vse)-
With the assumption that half of the observations

are ocean O and half are land L, equations (Al) and
(A2) can be written as follows:
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If the statistical properties of the ocean and lan
radiance observations for the coastal regions are a:
sumed to be equal to the statistical properties of th
observations for the rest of the Earth, equation {A4
can be simplified as follows:
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Using equations (A3) and (A5) with the defin
tions of anisotropic factor R (eq. (2)) and flux A
(eq. (4)), the mixed-scene equations have been de
rived as follows:
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where the statistical properties for land and ocea
scenes are those determined from the global data se



Table 1. Scene Types for Angular Models

Scene Cloud coverage, percent Figures
Clear over ocean 0tod 2, 17
Clear over land 3,18
Clear over snow 4, 19
Clear over desert 5, 20
Clear over land-ocean mix 6, 21
Partly cloudy over ocean 5 to 50 7,22
Partly cloudy over land or desert 5 to 50 8, 23
Partly cloudy over land-ocean mix 5 to 50 9, 24
Mostly cloudy over ocean 50 to 95 10, 25
Mostly cloudy over land or desert 50 to 95 11, 26
Mostly cloudy over land-ocean mix 50 to 95 12, 27
Overcast 95 to 100 13, 28

Table 2. Definitions for Angular Bins

(a) Colatitude

Colatitude Colatitude

bin angle 0, deg

%0 to 18
18 to 36
36 to 54
54 to 72
72 to 90
90 to 108
108 to 126
126 to 144
144 to 162
162 to 180

OO 00 ~JO U W=

—t

%North Pole is at 0° colatitude.

(b) Viewing zenith

Zenith-angle
bin

Viewing zenith
angle 8, deg

1

~N OO W

0to 15
15 to 27
27 to 39
39 to 51
51 to 63
63 to 75
75 to 90
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Table 3. Longwave Integration Coefficients (C;)

Viewing zenith
Bin angle 6, deg Cj
1 0to 15 0.06699
2 15 to 27 13912
3 27 to 39 18994
4 39 to 51 20790
3 51 to 63 .18994
6 63 to 75 13912
7 75 to 90 .06699




Table 4. Identification of Sources for Tabulated Data in
Figures 2 to 13 and 17 to 28

1—Average of daytime overcast land and overcast ocean.

2—Value estimated.

3—Value is 50-percent ocean and 50-percent land composite.

4—Daytime data from NOAA analysis using initial cloud algorithm (CLE).
5—Nighttime overcast model derived by averaging overcast ocean and overcast

land using weighting factors 0.75 and 0.25, respectively.
6—Daytime overcast model derived by averaging overcast ocean and overcast
land using weighting factors 0.75 and 0.25, respectively.

7—Data taken from partly cloudy over ocean in opposite hemisphere.
8—Nighttime data taken from NOAA ERB data tape.

9—Daytime data taken from NOAA ERB data tape.

10—Nighttime data taken from NOAA ERB data tape (increased sample size).
11—Data taken from appropriate season of opposite hemisphere.

12—Data taken from contiguous season.

13-—Data taken from adjacent colatitude bin.

14—Data taken from clear snow.

15—Data taken from partly cloudy over ocean.

16—Data taken from mostly cloudy over ocean.

17—Data taken from overcast over ocean.

18—Data taken from overcast over land.

19—Data taken from clear ocean.

20—Average of two adjacent colatitude bins.

21—Data calculated by interpolating between adjacent viewing zenith bins.
22—Data replicated from following viewing zenith bin.

23—Comment 8 with sample population size between 8 and 20.

24— Comment 8 with sample population size between 21 and 50.
25—Comment 8 with sample population size between 51 and 100.
26—Comment 8 with sample population size between 101 and 500.
27—Comment 8 with sample population size greater than 500.
28—Comment 9 with sample population size between 8 and 20.
29—Comment 9 with sample population size between 21 and 50.
30—Comment 9 with sample population size between 51 and 100.
31—Comment 9 with sample population size between 101 and 500.
32—Comment 9 with sample population size greater than 500.

33— Comment 10 with sample population size between 8 and 20.
34—Comment 10 with sample population size between 21 and 50.
35—Comment 10 with sample population size between 51 and 100.
36—Comment 10 with sample population size between 101 and 500.
37—Comment 10 with sample population size greater than 500.
38—Average of night and day with day comment 11 and night comment 11.
39—Average of night and day with day comment 11 and night comment 12.
40— Average of night and day with day comment 11 and night comment 13.
41—Average of night and day with day comment 11 and night comment 14.
42— Average of night and day with day comment 11 and night comment 15.
43— Average of night and day with day comment 11 and night comment 16.
44— Average of night and day with day comment 11 and night comment 17.
45— Average of night and day with day comment 11 and night comment 18.
46—Average of night and day with day comment 11 and night comment 19.
47— Average of night and day with day comment 11 and night comment 20.
48— Average of night and day with day comment 11 and night comment 21.
49— Average of night and day with day comment 11 and night comment 22.
50—Average of night and day with day comment 11 and night comment 33.

11



Table 4. Continued

51—Average of night and day with day comment 11 and night comment 34.
52—Average of night and day with day comment 11 and night comment 35.
53— Average of night and day with day comment 11 and night comment 36.
54— Average of night and day with day comment 11 and night comment 37.
55— Average of night and day with day comment 12 and night comment 11.
56— Average of night and day with day comment 12 and night comment 12.
57—Average of night and day with day comment 12 and night comment 13.
58—Average of night and day with day comment 12 and night comment 14.
59—Average of night and day with day comment 12 and night comment 15.
60— Average of night and day with day comment 12 and night comment 186.
61—Average of night and day with day comment 12 and night comment 17.
62— Average of night and day with day comment 12 and night comment 18.
63—Average of night and day with day comment 12 and night comment 19.
64— Average of night and day with day comment 12 and night comment 20.
65—Average of night and day with day comment 12 and night comment 21.
66— Average of night and day with day comment 12 and night comment 22.
67— Average of night and day with day comment 12 and night comment 33.
68— Average of night and day with day comment 12 and night comment 34.
69— Average of night and day with day comment 12 and night comment 35.
70—Average of night and day with day comment 12 and night comment 36.
71—Average of night and day with day comment 12 and night comment 37.
72— Average of night and day with day comment 13 and night comment 11.
73— Average of night and day with day comment 13 and night comment 12.
7T4—Average of night and day with day comment 13 and night comment 13.
75—Average of night and day with day comment 13 and night comment 14.
T6—Average of night and day with day comment 13 and night comment 15.
77— Average of night and day with day comment 13 and night comment 16.
78—Average of night and day with day comment 13 and night comment 17.
79—Average of night and day with day comment 13 and night comment 18.
80—Average of night and day with day comment 13 and night comment 19.
81—Average of night and day with day comment 13 and night comment 20.
82—Average of night and day with day comment 13 and night comment 21.
83—Average of night and day with day comment 13 and night comment 22.
84—Average of night and day with day comment 13 and night comment 33.
85—Average of night and day with day comment 13 and night comment 34.
86—Average of night and day with day comment 13 and night comment 35.
87— Average of night and day with day comment 13 and night comment 36.
88—Average of night and day with day comment 13 and night comment 37.
89—Average of night and day with day comment 14 and night comment 11.
90—Average of night and day with day comment 14 and night comment 12.
91—Average of night and day with day comment 14 and night comment 13.
92— Average of night and day with day comment 14 and night comment 14.
93— Average of night and day with day comment 14 and night comment 15.
94— Average of night and day with day comment 14 and night comment 16.
95—Average of night and day with day comment 14 and night comment 17.
96— Average of night and day with day comment 14 and night comment 18.
97— Average of night and day with day comment 14 and night comment 19.
98— Average of night and day with day comment 14 and night comment 20.
99— Average of night and day with day comment 14 and night comment 21.
100—Average of night and day with day comment 14 and night comment 22.
101—Average of night and day with day comment 14 and night comment 33.
102—Average of night and day with day comment 14 and night comment 34.
103—Average of night and day with day comment 14 and night comment 35.
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Table 4. Continued

104— Average of night and day with day comment 14 and night comment 36.
105—Average of night and day with day comment 14 and night comment 37.
106—Average of night and day with day comment 15 and night comment 11.
107—Average of night and day with day comment 15 and night comment 12.
108—Average of night and day with day comment 15 and night comment 13.
109—Average of night and day with day comment 15 and night comment 14.
110—Average of night and day with day comment 15 and night comment 15.

111—Average of night and day with day comment 15 and night comment 16

112—Average of night and day with day comment 15 and night comment 17.
113—Average of night and day with day comment 15 and night comment 18.
114—Average of night and day with day comment 15 and night comment 19.
115—Average of night and day with day comment 15 and night comment 20.
116—Average of night and day with day comment 15 and night comment 21.
117—Average of night and day with day comment 15 and night comment 22.
118—Average of night and day with day comment 15 and night comment 33.
119—Average of night and day with day comment 15 and night comment 34.
120—Average of night and day with day comment 15 and night comment 35.
121—Average of night and day with day comment 15 and night comment 36.
122 Average of night and day with day comment 15 and night comment 37.
123—Average of night and day with day comment 16 and night comment 11.
124—Average of night and day with day comment 16 and night comment 12.
125—Average of night and day with day comment 16 and night comment 13.
126—Average of night and day with day comment 16 and night comment 14.
127—Average of night and day with day comment 16 and night comment 15.
128—Average of night and day with day comment 16 and night comment 16.
129—Average of night and day with day comment 16 and night comment 17.
130—Average of night and day with day comment 16 and night comment 18.
131—Average of night and day with day comment 16 and night comment 19.
132—Average of night and day with day comment 16 and night comment 20.
133—Average of night and day with day comment 16 and night comment 21.
134—Average of night and day with day comment 16 and night comment 22.
135—Average of night and day with day comment 16 and night comment 33.
136—Average of night and day with day comment 16 and night comment 34.
137—Average of night and day with day comment 16 and night comment 35.
138—Average of night and day with day comment 16 and night comment 36.
139—Average of night and day with day comment 16 and night comment 37.
140—Average of night and day with day comment 17 and night comment 11.
141—Average of night and day with day comment 17 and night comment 12.
142—Average of night and day with day comment 17 and night comment 13.
143—Average of night and day with day comment 17 and night comment 14.
144—Average of night and day with day comment 17 and night comment 15.
145—Average of night and day with day comment 17 and night comment 16.
146—Average of night and day with day comment 17 and night comment 17.
147—Average of night and day with day comment 17 and night comment 18.
148—Average of night and day with day comment 17 and night comment 19.
149—Average of night and day with day comment 17 and night comment 20.
150—Average of night and day with day comment 17 and night comment 21.
151-—Average of night and day with day comment 17 and night comment 22.
152—Average of night and day with day comment 17 and night comment 33.
153—Average of night and day with day comment 17 and night comment 34.
154—Average of night and day with day comment 17 and night comment 35.
155—Average of night and day with day comment 17 and night comment 36.
156—Average of night and day with day comment 17 and night comment 37.
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Table 4. Continued

157—Average of night and day with day comment 18 and night comment 11.
158—Average of night and day with day comment 18 and night comment 12.
159—Average of night and day with day comment 18 and night comment 13.
160—Average of night and day with day comment 18 and night comment 14.
161—Average of night and day with day comment 18 and night comment 15.
162—Average of night and day with day comment 18 and night comment 16.
163—Average of night and day with day comment 18 and night comment 17.
164—Average of night and day with day comment 18 and night comment 18.
165—Average of night and day with day comment 18 and night comment 19.
166—Average of night and day with day comment 18 and night comment 20.
167—Average of night and day with day comment 18 and night comment 21.
168—Average of night and day with day comment 18 and night comment 22.
169—Average of night and day with day comment 18 and night comment 33.
170—Average of night and day with day comment 18 and night comment 34.
171—Average of night and day with day comment 18 and night comment 35.
172—Average of night and day with day comment 18 and night comment 36.
173—Average of night and day with day comment 18 and night comment 37.
174-—Average of night and day with day comment 19 and night comment 11.
175—Average of night and day with day comment 19 and night comment 12.
176—Average of night and day with day comment 19 and night comment 13.
177—Average of night and day with day comment 19 and night comment 14.
178—Average of night and day with day comment 19 and night comment 15.
179—Average of night and day with day comment 19 and night comment 16.
180—Average of night and day with day comment 19 and night comment 17.
181—Average of night and day with day comment 19 and night comment 18.
182—Average of night and day with day comment 19 and night comment 19.
183—Average of night and day with day comment 19 and night comment 20.
184—Average of night and day with day comment 19 and night comment 21.
185—Average of night and day with day comment 19 and night comment 22.
186—Average of night and day with day comment 19 and night comment 33.
187—Average of night and day with day comment 19 and night comment 34.
188—Average of night and day with day comment 19 and night comment 35.
189—Average of night and day with day comment 19 and night comment 36.
190—Average of night and day with day comment 19 and night comment 37.
191—Average of night and day with day comment 20 and night comment 11.
192—Average of night and day with day comment 20 and night comment 12.
193—Average of night and day with day comment 20 and night comment 13.
194—Average of night and day with day comment 20 and night comment 14.
195—Average of night and day with day comment 20 and night comment 15.
196—Average of night and day with day comment 20 and night comment 16.
197—Average of night and day with day comment 20 and night comment 17.
198—Average of night and day with day comment 20 and night comment 18.
199—Average of night and day with day comment 20 and night comment 19.
200—Average of night and day with day comment 20 and night comment 20.
201—Average of night and day with day comment 20 and night comment 21.
202—Average of night and day with day comment 20 and night comment 22.
203—Average of night and day with day comment 20 and night comment 33.
204—Average of night and day with day comment 20 and night comment 34.
205—Average of night and day with day comment 20 and night comment 35.
206—Average of night and day with day comment 20 and night comment 36.
207—Average of night and day with day comment 20 and night comment 37.
208—Average of night and day with day comment 21 and night comment 11.
209—Average of night and day with day comment 21 and night comment 12.



Table 4..Continued

210—Average of night and day with day comment 21 and night comment 13.
211—Average of night and day with day comment 21 and night comment 14.
212—Average of night and day with day comment 21 and night comment 15.
213—Average of night and day with day comment 21 and night comment 16.
214—Average of night and day with day comment 21 and night comment 17.
215—Average of night and day with day comment 21 and night comment 18.
216—Average of night and day with day comment 21 and night comment 19.
217—Average of night and day with day comment 21 and night comment 20.
218—Average of night and day with day comment 21 and night comment 21.
219—Average of night and day with day comment 21 and night comment 22.
220—Average of night and day with day comment 21 and night comment 33.
221—Average of night and day with day comment 21 and night comment 34.
222—Average of night and day with day comment 21 and night comment 35.
223—Average of night and day with day comment 21 and night comment 36.
224— Average of night and day with day comment 21 and night comment 37.
225—Average of night and day with day comment 22 and night comment 11.
226—Average of night and day with day comment 22 and night comment 12.
227—Average of night and day with day comment 22 and night comment 13.
228— Average of night and day with day comment 22 and night comment 14.
229—Average of night and day with day comment 22 and night comment 15.
230—Average of night and day with day comment 22 and night comment 16.
231—Average of night and day with day comment 22 and night comment 17.
232—Average of night and day with day comment 22 and night comment 18.
233—Average of night and day with day comment 22 and night comment 19.
234—Average of night and day with day comment 22 and night comment 20.
235—Average of night and day with day comment 22 and night comment 21.
236—Average of night and day with day comment 22 and night comment 22.
237—Average of night and day with day comment 22 and night comment 33.
238—Average of night and day with day comment 22 and night comment 34.
239—Average of night and day with day comment 22 and night comment 35.
240—-Average of night and day with day comment 22 and night comment 36.
241—Average of night and day with day comment 22 and night comment 37.
242— Average of night and day with day comment 23 and night comment 11.
243—Average of night and day with day comment 23 and night comment 12.
244-—Average of night and day with day comment 23 and night comment 13.
245— Average of night and day with day comment 23 and night comment 14.
246—Average of night and day with day comment 23 and night comment 15.
247—Average of night and day with day comment 23 and night comment 16.
248—Average of night and day with day comment 23 and night comment 17.
249—Average of night and day with day comment 23 and night comment 18.
250—Average of night and day with day comment 23 and night comment 19.
251—Average of night and day with day comment 23 and night comment 20.
252—Average of night and day with day comment 23 and night comment 21.
253—Average of night and day with day comment 23 and night comment 22.
254—Average of night and day with day comment 23 and night comment 33.
255—Average of night and day with day comment 23 and night comment 34.
256—Average of night and day with day comment 23 and night comment 35.
257—Average of night and day with day comment 23 and night comment 36.
258—Average of night and day with day comment 23 and night comment 37.
259—~—Average of night and day with day comment 24 and night comment 11.
260—Average of night and day with day comment 24 and night comment 12.
261—Average of night and day with day comment 24 and night comment 13.
262—Average of night and day with day comment 24 and night comment 14.
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Table 4. Continued

263—Average of night and day with day comment 24 and night comment 15.
264—Average of night and day with day comment 24 and night comment 16.
265— Average of night and day with day comment 24 and night comment 17.
266— Average of night and day with day comment 24 and night comment 18.
267—Average of night and day with day comment 24 and night comment 19.
268— Average of night and day with day comment 24 and night comment 20.
269— Average of night and day with day comment 24 and night comment 21.
270-—Average of night and day with day comment 24 and night comment 22.
271—Average of night and day with day comment 24 and night comment 33.
272-—Average of night and day with day comment 24 and night comment 34.
273— Average of night and day with day comment 24 and night comment 35.
274—Average of night and day with day comment 24 and night comment 36.
275—Average of night and day with day comment 24 and night comment 37.
276— Average of night and day with day comment 25 and night comment 11.
277—Average of night and day with day comment 25 and night comment 12.
278 -- Average of night and day with day comment 25 and night comment 13.
279— Average of night and day with day comment 25 and night comment 14.
280—Average of night and day with day comment 25 and night comment 15.
281—Average of night and day with day comment 25 and night comment 16.
282—Average of night and day with day comment 25 and night comment 17.
283 - Average of night and day with day comment 25 and night comment 18.
284 -- Average of night and day with day comment 25 and night comment 19.
285—Average of night and day with day comment 25 and night comment 20.
286— Average of night and day with day comment 25 and night comment 21.
287-—Average of night and day with day comment 25 and night comment 22.
288—Average of night and day with day comment 25 and night comment 33.
289 — Average of night and day with day comment 25 and night comment 34.
290— Average of night and day with day comment 25 and night comment 35.
291—Average of night and day with day comment 25 and night comment 36.
292— Average of night and day with day comment 25 and night comment 37.
293— Average of night and day with day comment 26 and night comment 11.
294 -—Average of night and day with day comment 26 and night comment 12.
295---Average of night and day with day comment 26 and night comment 13.
296— Average of night and day with day comment 26 and night comment 14.
297— Average of night and day with day comment 26 and night comment 15.
298-—Average of night and day with day comment 26 and night comment 16.
299 - Average of night and day with day comment 26 and night comment 17.
300— Average of night and day with day comment 26 and night comment 18.
301—Average of night and day with day comment 26 and night comment 19.
302—Average of night and day with day comment 26 and night comment 20.
303—Average of night and day with day comment 26 and night comment 21.
304—Average of night and day with day comment 26 and night comment 22.
305—Average of night and day with day comment 26 and night comment 33.
306—Average of night and day with day comment 26 and night comment 34.
307—Average of night and day with day comment 26 and night comment 35.
308 —Average of night and day with day comment 26 and night comment 36.
309— Average of night and day with day comment 26 and night comment 37.
310--Average of night and day with day comment 27 and night comment 11.
311-—Average of night and day with day comment 27 and night comment 12.
312-—Average of night and day with day comment 27 and night comment 13.
313—Average of night and day with day comment 27 and night comment 14.
314- -Average of night and day with day comment 27 and night comment 15.
315—Average of night and day with day comment 27 and night comment 16.



Table 4. Continued

316—Average of night and day with day comment 27 and night comment 17.
317—Average of night and day with day comment 27 and night comment 18.
318—Average of night and day with day comment 27 and night comment 19.
319—Average of night and day with day comment 27 and night comment 20.
320—Average of night and day with day comment 27 and night comment 21.
321—Average of night and day with day comment 27 and night comment 22.
322—Average of night and day with day comment 27 and night comment 33.
323—Average of night and day with day comment 27 and night comment 34.
324—Average of night and day with day comment 27 and night comment 35.
325-—Average of night and day with day comment 27 and night comment 36.
326—Average of night and day with day comment 27 and night comment 37.
327—Average of night and day with day comment 28 and night comment 11.
328—Average of night and day with day comment 28 and night comment 12.
329—Average of night and day with day comment 28 and night comment 13.
330—Average of night and day with day comment 28 and night comment 14.
331—Average of night and day with day comment 28 and night comment 15.
332—Average of night and day with day comment 28 and night comment 16.
333—Average of night and day with day comment 28 and night comment 17.
334—Average of night and day with day comment 28 and night comment 18.
335—Average of night and day with day comment 28 and night comment 19.
336—Average of night and day with day comment 28 and night comment 20.
337—Average of night and day with day comment 28 and night comment 21.
338—Average of night and day with day comment 28 and night comment 22.
339—Average of night and day with day comment 28 and night comment 33.
340—Average of night and day with day comment 28 and night comment 34.
341—Average of night and day with day comment 28 and night comment 35.
342—Average of night and day with day comment 28 and night comment 36.
343—Average of night and day with day comment 28 and night comment 37.
344—Average of night and day with day comment 29 and night comment 11.
345—Average of night and day with day comment 29 and night comment 12.
346—Average of night and day with day comment 29 and night comment 13.
347—Average of night and day with day comment 29 and night comment 14.
348—Average of night and day with day comment 29 and night comment 15.
349—Average of night and day with day comment 29 and night comment 16.
350—Average of night and day with day comment 29 and night comment 17.
351—Average of night and day with day comment 29 and night comment 18.
352—Average of night and day with day comment 29 and night comment 19.
353—Average of night and day with day comment 29 and night comment 20.
354—Average of night and day with day comment 29 and night comment 21.
355—Average of night and day with day comment 29 and night comment 22.
356—Average of night and day with day comment 29 and night comment 33.
357—Average of night and day with day comment 29 and night comment 34.
358—Average of night and day with day comment 29 and night comment 35.
359—Average of night and day with day comment 29 and night comment 36.
360—Average of night and day with day comment 29 and night comment 37.
361—Average of night and day with day comment 30 and night comment 11.
362—Average of night and day with day comment 30 and night comment 12.
363—Average of night and day with day comment 30 and night comment 13.
364—Average of night and day with day comment 30 and night comment 14.
365—Average of night and day with day comment 30 and night comment 15.
366—Average of night and day with day comment 30 and night comment 16.
367—Average of night and day with day comment 30 and night comment 17.
368—Average of night and day with day comment 30 and night comment 18.
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Table 4. Concluded

369—Average of night and day with day comment 30 and night comment 19.
370--- Average of night and day with day comment 30 and night comment 20.
371-—Average of night and day with day comment 30 and night comment 21.
372— Average of night and day with day comment 30 and night comment 22.
373— Average of night and day with day comment 30 and night comment 33.
374— Average of night and day with day comment 30 and night comment 34.
375— Average of night and day with day comment 30 and night comment 35.
376---Average of night and day with day comment 30 and night comment 36.
377— Average of night and day with day comment 30 and night comment 37.
378—Average of night and day with day comment 31 and night comment 11.
379— Average of night and day with day comment 31 and night comment 12.
380—Average of night and day with day comment 31 and night comment 13.
381— Average of night and day with day comment 31 and night comment 14.
382—Average of night and day with day comment 31 and night comment 15.
383—Average of night and day with day comment 31 and night comment 16.
384—Average of night and day with day comment 31 and night comment 17.
385— Average of night and day with day comment 31 and night comment 18.
386-—Average of night and day with day comment 31 and night comment 19.
387— Average of night and day with day comment 31 and night comment 20.
388 - Average of night and day with day comment 31 and night comment 21.
389—-Average of night and day with day comment 31 and night comment 22.
390—-Average of night and day with day comment 31 and night comment 33.
391—Average of night and day with day comment 31 and night comment 34.
392— Average of night and day with day comment 31 and night comment 35.
393—Average of night and day with day comment 31 and night comment 36.
394 -—Average of night and day with day comment 31 and night comment 37.
395— Average of night and day with day comment 32 and night comment 11.
396—-Average of night and day with day comment 32 and night comment 12.
397—Average of night and day with day comment 32 and night comment 13.
398—Average of night and day with day comment 32 and night comment 14.
399— Average of night and day with day comment 32 and night comment 15.
400-—Average of night and day with day comment 32 and night comment 16.
401—Average of night and day with day comment 32 and night comment 17.
402—Average of night and day with day comment 32 and night comment 18.
403— Average of night and day with day comment 32 and night comment 19.
404— Average of night and day with day comment 32 and night comment 20.
405— Average of night and day with day comment 32 and night comment 21.
406— Average of night and day with day comment 32 and night comment 22.
407---Average of night and day with day comment 32 and night comment 33.
408— Average of night and day with day comment 32 and night comment 34.
409— Average of night and day with day comment 32 and night comment 35.
410—Average of night and day with day comment 32 and night comment 36.
411— Average of night and day with day comment 32 and night comment 37.
412—Daytime data used for both daytime and nighttime.

413—Nighttime data used for both daytime and nighttime.

414-—Average of night and day with day comment 12 and night comment 7.

415—Average of night and day with day comment 6 and night comment 5.



Table 5. Maximum and Minimum Longwave Anisotropic Factors
for All Scene Types, Colatitudes, and Seasons

Zenith angle Zenith angle Zenith angle
bin 1 bin 6 bin 7
(@ = 0° to 15°) (8 = 63° to 75°) (6 = 75° to 90°)
Max Min Max Min Max Min
Day 1.085 1.019 0.976 0.896 0.959 0.810
Night 1.090 1.023 0.973 0.914 0.946 0.833
Day-night
average 1.067 1.023 0.972 0.915 0.949 0.837
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Table 6. Day-Night Longwave Flux Differences

PC = Partly cloudy
MC = Mostly cloudy

Ovest = Overcast

Flux differences, W/m?, for bin—

]

2 |

3

[ 4 |

5

G

7

[

10

At colatitude, deg, of—

Scene 0to 18 |18 to 36 ]36 to 54 1 54 to 72 ] 72 to 90 ]90 to 108 108 to 126] 126 to 144 ]ﬁll to 162] 162 to 180
Winter (Northern Hemisphere)
Ocean @ @) 8.30 .71 ~0.53 | -1.27 0.41 1.30 1.10 (@
Land (a) (a) 19.88 28.73 35.88 21.27 42.81 (a) (a) (a)
Snow (a) 7.25 7.40 (a) (a) (a) (a) (a) -11.73 (a)
Desert (a) (a) (a) 39.61 42.71 (a) 58.20 (a) (a) (a)
PC over ocean (a) 5.12 2.94 2.25 —-.05 14 3.10 2.82 .67 (a)
PC over land (a) (a) 18.46 29.23 18.02 9.76 25.17 23.11 (a) (a)
MC over ocean (a) 3.00 2.40 -3.53 | —11.88 | —10.93 —1.99 2.69 1.68 {a)
MC over land (a) (a) 9.62 2.16 1.85 7.64 5.63 4.30 (a) (a)
Ovcst over ocean (a) -2.69 -1.39 —4.98 -21.50 —28.43 —18.50 -7.79 —3.83 (a)
Ovcst over land (a) (a) -3.02 —11.11 7.53 11.91 —1.42 (a) (a) (a)
Spring (Northern Hemisphere)
Ocean (a) (a) 5.75 —0.91 -0.92 0.39 0.63 8.14 (a) (a)
Land (a) 28.83 40.77 40.76 36.83 19.16 27.23 (a) (a) (a)
Snow 4.10 —1.69 (a) (a) (a) (a) (a) {a) 6.00 (a)
Desert (a) (a) 51.79 51.93 (a) (a) (a) (a) (a) (a)
PC over ocean (a) 1.30 3.24 2.22 1.17 1.52 2.19 2.72 2.37 (a)
PC over land (a) 18.57 27.67 39.01 12.74 2.85 8.76 (a) (a) (a)
MC over ocean (a) 2.57 2.18 -5.51 -13.17 -8.73 -.91 1.90 3N (a)
MC over land (a) 3.75 41 2.91 -1.63 | —11.25 -12.71 (a) (a) (a)
Ovcst over ocean 1.72 —-2.09 —-5.01 —16.52 —28.56 —-19.95 -9.70 —4.38 .46 (a)
Ovcst over land (a) 3.73 —-.80 3.37 7.04 | —15.04 | —41.67 (a) (a) (a)
Summer (Northern Hemisphere)
Ocean (@) 3.08 7.19 046 | —1.05 0.44 2.22 450 (@) (@)
Land (a) 23.08 | 37.08 34.55 21.16 28.86 38.38 (a) (a) (a)
Snow —2.82 (a) (a) (a) (a) (a) (a) (a) (a) (a)
Desert (a) (a) 53.78 47.57 36.47 28.21 42.52 (a) (a) (a)
PC over ocean 10.43 2.52 8.22 2.93 —.42 1.41 2.02 2.46 5.06 (a)
PC over land (a) 16.20 25.84 44.95 12.81 15.61 21.41 (a) (a) (a)
MC over ocean 9.18 6.03 8.60 -2.05 -11.18 —4.69 -.49 1.88 4.88 (a)
MC over land (a) 4.64 5.75 5.19 6.95 11.71 2.64 (a) (a) (a)
Ovcst over ocean 4.64 -2.97 —7.26 —24.13 —22.74 —12.67 —-3.55 ~1.23 —-.30 (a)
Ovcst over land (a) 1.59 .40 9.04 13.42 13.83 —27.61 (a) (a) (a)
Fall (Northern Hemisphere)
Ocean () @) 0.03 0.90 122 | —0.50 3.98 118 (@)
Land (a) 21.38 32.57 26.04 28.40 36.18 45.23 (a) (a) (a)
Snow 26.04 477 9.02 (a) (a) (a) (a) (a) 1.76 27.76
Desert (a) (a) 45.31 42.55 42.96 (a) 60.04 (a) (a) (a)
PC over ocean 5.07 2.61 3.60 1.29 -.74 2.27 2.57 1.65 2.89 (a)
PC over land (a) 11.98 23.25 35.88 13.57 17.54 27.58 (a) (a) (a)
MC over ocean 8.19 4.54 3.48 —-4.71 —-12.29 —6.13 -1.08 1.83 3.69 (a)
MC over land (a) 4.24 5.23 3.83 5.98 11.88 9.62 7.12 (a) (a)
Ovcst over ocean 7.48 1.75 -3.67 —13.76 —28.55 —20.87 -12.01 —6.70 ~2.50 (a)
Ovecst over land (a) 1.63 | —3.49 —6.36 11.05 18.27 -2.12 (a) (a) (a)

SFlux for day, night, or both were unavailable.
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Figure 1. Viewing geometry between satellite and target area at top of atmosphere.
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SCENE TYPE t CLEAR OCEAN
DATA 1 =~ LONGWAVE (LW) ANISOTROPIC FACTOR
2 ~ STANDARD DEVIATION OF LW RADIANCES(W/M*%2/SR)
( ) - DATA SOURCE

SEASON ¢ WINTER( DECsJAN,FEB )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 ] 7 8 9 10
ANGLE(DEG) 0-18 lu=-36 36=54 54=72 72-90 90~108 108-126 126-144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)

1 0-15 1.04(261) 1.04(273) 1,05(3706) 1.04{411) 1.06(411) 1.04(241) 1,04(377) 1,04(241) 1.03(240) 1.03( 74)
441(261) 4.1(273) 4.0{376) 3.6(411) 2.5(411) 2.4(241) 2.8(377) 4.3(241) 2.6(240) 2.6( 74)

2 15-27 1.,04(295) 1.04(308) 1,04(394) 1.24(411) 1.04(411) 1.04(411) 1,04(411) 1.03(411) 1.,03(394) 1,03( 74)
4¢3(295) 4430308} 4.3(394) 3.0(611) 2,71411}) 2.6(411) 3.3(411) 4,4(411) 2,7(394) 2.7( 74)

3 27-39 1.03(278) 1,03(291) 1.,03(393) 1.03(411) 1.03(411) 1.,03(411) 1.03(411) 1,03(411) 1.02(394) 1.02( 74)
3.8(278) 3.8(291) 4.3(393) 3.6(411) 2.6(411) 2.6(411) 3,1(411) 4.,2(411) 2,9(39¢) 2,90 74)

4 39-51 1.,01(295) 1,01(308) 1,01(394) 1,01(411) 1.01(411) 1,01(411) 1.01(411) 1,01(411) 1.01(394) 1,01( 74)
4440295) 944(308) 4.2(394) 3.6(411) 2.6(411) 2.4(411) 2.9(411) 4,2(411) 2.6(394) 2.6( 74)

5 51-63 +99(295)  .99(308) .99(376) +99(41l) .99(4l1l) .99(411) .99(411) .99(411) .99(394) ,99( 74)
3.,9(295) 3,9(308) 4,2(376) 3.60411) 2,7(411) 2.70(411) 3.1{(411) 4,0(411) 2.5(394) 2.5( 74)

6 63-75 «95(295)  +495(308) +94(394) 94(411) ,94(411) .94(411) .94(411) ,95(411) .96(394) ,L96( 74)
443(295) 4.3(308) 4.2(394) 3.8(411) 3.3(411) 3.3(411) 3.3(411) 4,1(411) 2,8(394) 2.8( 74)

7 75=90 «90(278) +90(290) ,90(359) .90(411) .89(411) ,89(41ll) .90(394) L,91(411) ,91(3%9) .91( 74)
4¢3(278) 943(290) 4.3(359) 3.4(411) 3.2(411) 3.3(411) 2.9(394) 3,7(411) 2.7(359) 2.7( 74)
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Figure 2. Day-night average limb-darkening model for clear over ocean. (See table 4 for explanation of data
| sources.)

\
|
\
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\ (a) Winter (Northern Hemisphere).
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SCENE TYPE s CLEAR OCEAN

10
162-180

1.05(295)
3,41295)

1.04(312)
3.5(312)

1.03(295)
3.8(295)

1.014(312)
3.6(312)

«99(295)
3.9(295)

¢95(312)
3.6(312)

+90(295)
3.41295)

DATA 1 -~ LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M¥%2/SR)
( ) - DATA SOURCE
SEASON ¢ SPRING( MAR»APR,MAY )
COLATITUDE
NORTH
POLE
8IN NO. 1 2 3 4 5 6 7 8 9
ANGLE (DEG) 0-18 18-36 36-54 54=-72 72-90 90-108 108-126 126-144 144=162
VIEWING ZENITH
BIN ANGLE
NO« (DEG)
1 0=15 1.04(278) 1.04(290) 1.04(240) 1.04(241) 1,04(241) 1,05(394) 1,04(241) 1,04(241) 1.,05(308)
3,00278)  3,00(290) 4,4(240) 445(241) 343(241) 2.,41394) 3,5(241) 4,3(241) 3.4(308)
2 15-27 1.03(295) 1,03(308) 1.03(394) 1,04(394) 1,04(394) 1.,04(411) 1.,04(411) 1.04(394) 1.04(326)
248{295) 2.8(308) 4.5(394) 4,8(394) 3,3(394) 3,0(411) 4,0(411) 4,1(394) 3,5(326)
3 27-39 1.03(295) 1.03(308) 1,03(39%4) 1.03(394) 1,03(394) 1,03(411) 1.,03(394) 1,03(394) 1.03(308)
3.4(295) 3.4(308) 4.2(394) 4.7(394) 3.41394) 2.6(411) 4.0(394) 4,3(394) 3,8(308)
4 39-51 1,01(295) 1.,01{308) 1.,01(394) 1.01(411) 1,01(411) 1,01(411) 1,01(411) 1.01(394) 1,01{326)
249(295) 2,9(308) 443(394) 4,2(411) 3,4(411) 2.50411) 4,0(411) 4.3(394) 3,6(326)
5 51-63 «99(295)  +99(308) .99(394) .99(394) .99{(394) .99(411) ,99(394) .99(394) ,99(3C9)
3.2(295) 3.2(308) 4.4(394) 443(394) 3,4(394) 2,7(411) 3,3(394) 4,0(394) 3,9(309)
6 6375 095{295)  +95(308) +95(394) ,94(411) ,94(411) ,94(411) ,94(411) ,95(394) ,.95(326)
3.1(295) 3.1(308) 4.1(394) 4.0(411) 4.,0(411) 3,4(411) 3.B(411) 4.4(394) 3,6(326)
7 75-90 291(278)  491(291) .90{394) .90(394) .B9(394) .89(411) .90(394) .90(394) .90(308)
3.2(278)  3.20291) 4.1(394) 4.6(394) 3,8(394) 3,4(411) 3,2(394) 3,9(394) 3,4(308)
1.10 F" 1.10 F‘"
1.08
[0 4
(= S
= — 1.00
éf 8}
s b
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o o
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Q o
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(b) Spring (Northern Hemisphere).

Figure 2. Continued.
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SCENE TYPE 3 CLEAR OCEAN
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M*%2/SR)
( ) - DATA SOURCE

SEASON t SUMMER( JUN,JUL,AUG )

COLATITUDE
NORTH
POLE
8IN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(ue6G) 0-18 18-36 36-54 54=~72 72-90 90-108 108-126 126-144 144-162 162~180
VIEwING ZENITH
BIN ANGLE
NO. (DEG)
1 J=15 1.040 74) 1.04(393) 1.04(394) 1,04(394) 1.04(241) 1.04(411) 1,04(411) 1.04(394) 1.04{326) 1,04(312)

3,90 76)  345(393) 6.5(394) 3,3(394) 2.,4{241) 2.7{411) 3.8(411) 4.3(394) 4.3(326) 4.3(312)

2 12-27 1.04( 76) 1.040394) 1.040(411) 14041411) 1.04(411) 1.041411) 1.04(411) 1.04(411) 1.,04(326) 1.04(312)
3.30 74)  3.3(394) 4.60411) 3,5(411) 2.5(411) 2.81(411) 3.8{411) 4.3(411) 4,3(326) 4.3{312)

3 27=39 1.02( 74) 1.02(394) 1.,03(394) 1.03(411) 1.03(411) 1.03(411) 1.03(411) 1.03(394) 1.02(326) 1.02(312)
3.3( 74) 3.3(394) 4.61394) 3.6(411) 2.6(411) 2.8(411) 3.8(411) 4.1(394) 4.4(326) 4.4(312)

4 39-51 1.010 74) 1.01(394) 1,01(411) 1.01(411) 1.01(411) 1.01(411) 1,01(411) 1.,01(411) 1,01(326) 1.01(312)
3430 74)  3.3(394) 4,40411) 3.1(411) 2.6(411) 2.8(411) 3.7(411) 4.1(611) 4,3(326) 4.3(312)

5 Sl-63 WG90 T4} 499(3934)  .99(394)  .I9(411) .99(411) .99(4l1) 499(411) .99(394) 1.00(326) 1,00(312)
3410 74)  3.1{394) 4,6(364) 3.1(411) 2.,6(411) 2.8(411) 3,6(411) 4.1(394) 3,9(326) 3.,9(312)

6 03=75 960 74)  .96(394) L.95(411) 494(411) .94(411) .94(411) 495(411) .95(394) .95(326) .95(312)
2.90 74)  ¢,9(394) 4,3(411) 3.4(411) 3.2(411) 3.2(411) 3.8(411) 4.0(394) 4,1(326) 4.1(312)

7 75-90 QL0 74)  J9L(376) «90(394) .39(394) (89(411) ,90(411) .90(4l1l) .90(394) ,90(309) .90(295)
2e30 T4)  2.90376) 4,110394) 3.,3(394) 3,4(411) 2.,9(411) 3,4(411) 4.0(394) 3,8(309) 3,8(295)
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(¢) Summer (Northern Hemisphere).

Figure 2. Continued.
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SCENE TYPE
DATA 1
2

()

CLEAR OCEAN
LONGWAVE (LW) ANISOTROPIC FACTOR
STANDARD DEVIATION OF LW RADIANCES (W/M¥*2/SR)
DATA SOURCE

SEASGON s FALL( SEPT,OCT,NOV )

COLATITUDE

6
90-108

1405(411) 1,040394)

NORTH
POLE
BIN N« 1 2 3 4 5
ANGLE(DEG) 0-18 18-36 36=54 54=72 72-90
VIEWING ZENITH
N ANGLE
« (DEG)
0=-15 1404(291) 1,04(308) 1.05(394) 1,04(411)
3,0(291) 4.0(308) 4,5(394) 3.,1(411) 2.6(41l)
15=27 1.,03(308) 1.,03(308) 1,04(411) 1.,04{411) 1.,04(411)
3,10308) 4.10308) 4.,5(411) 3.2{411) 2.7(411)
27-39 1.03(291) 1.,02(308) 1.03(394) 1.93(411) 1.03(411)
3,4(291)  443(308) 4,4(394) 3,2(411} 2.6(411)
39-51 1.01(308) 1,01{(308) 1.,01(411) 1.0l{411) 1.01(6411)
2.6(308) 3.5(308) 4,4(411) 3.1(411) 2.6(41l1)
51=-03 «66(308) «99(308) .99(394) «39(411) «99(411)
3,1(308) 4.1(300) 4.2(394) 3.3(411) 2.8(&11)
63-75 «941308) «95(309) +94(411) 0 J4(411)  .94(411)
3,0(308) 4.20309) 4.3(411) 3.6(411) 3.640411)
75=90 290 (291) L91(308) ,90(394) «30(411)  .89(411)
3.4(291) 3.0(308) 4.1(394) 3.4(411) 3.2(411)
10— 1.10
1.05
&
1.00 S
Q
@
L
Q
.95 o
o
o
—
[en]
0 N = .50
) COLATITUDE BIN N z
1
————————— 2
85— E— 85
S
el L [ [ [ { | [ | | 80
0 10 20 30 4 50 60 70 8 90

VIEWING ZENITH ANGLE (DEG)

1

1

1

2.8(394)

«04(411)
2.90411)

203(411)
2.8(411)

«01(411)
2.8(411)

«39(411)
3.,0(411)

2« 94(411)
3.4(411)

«89(411)
3.3(411)

7
108-126

8
126~144

9
144-~162

14041(241) 1.04(411) 1.03(241)

3.8(241)

1.041411)
3.8(411)

1.03(411)
3.8(411)

1.01(411)
3.7(411)

«99(411)
3.8(411)

«95(411)
3.8(411)

«900411)
3.6(411)

3.70411)

1.04(411)
3.9(411)

1.,03(411)
3.8(411)

1,01(411)
3,70411)

+99(411)
3.6(411)

«95(411)
3.81411)

«90(411)
3.70411)

3.40241)

1.03(394)
3.3(394)

1.02(394)
3.3(394)

1.014394)
3.1(394)

«99(394)
3.,2(394)

+95(394)
3.,2(394)

«91(377)
3.0(377)

10

162-180

74)
T4)

74)
T4)

T74)
74)

74)
74)

74)
74)

74)
74)

74)
T4)
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(d) Fall (Northern Hemisphere).

Figure 2. Concluded.
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SCENE TYPE ¢ CLEAR LAND
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M#%2/SR)
( ) - DATA SOURCE

SEASON ¢ WINTER( DECs»JAN,FEB )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0O-18 18=-36 36-54 54-72 T2-90 90~108 108-126 126-144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)

1 0-15 1.03( 75) 1.03( 75) 1.03(364) 1.03(413) 1,05(411) 1,06(363) 1.,06(393) 1.05( 40) 1.04( 40) 1.04( %0)
4e80 T5) 5450 75) 5.3(364) 6.7(413) 4.8(411) 6.0(363) 644(393) 6.4 40) 4.1( 40) 4,1{ 40)

2 15-27 1.03( 75) 1.03( 75) 1.,03(381) 1,03(413) 1.05(411) 1.,05(380) 1,05(411) 1.04( 40) 1.04( 40) 1.04( 40)
4e8( 75) 5,50 75) 5,1(381) 6.7(413) 4.7(411) 6.2(380) 6,2(411) 6.40 40) 4o4l 40) 4.4( 40)

3 27=39 1.03( 75) 1.02( 75) 1,03(364) 1.02(%13) 1.,03(411) 1.,03(380) 1.04(411) 1,03( 40) 1.,03( 40) 1.03( 40)
4e4l T5) 5440 75) 5.,01364) 647(413) 4,7(421) 5,6(380) 5.,9(411) 6.00 40) 4.1( 40) 4.1( 40)

4 39=51 1.01( 75) 1.01( 75) 1.01(381) 1.01(413) 1.,01(411) 1.02(380) 1,01(411) 1.01( 40) 1.01( 40) 1.01( 40)
4460 75) 5440 75) 5.0(381) 6.,2(413) 4.7(411) 5.5(380) 6.0(411) 5.9( 40) 3.9( 40) 3.9( 40)

5 51-63 e 990 75) 990 75) +99(364) «39(413) .99(411) L99(3B0) .99(411) .99( 40) ,99( 40) .99( 40)
4e30 75) 5,00 75) 4.8(364) 6.0(413) 4.6(411) 543(380) 5.8(411) 5,8( 40) 4&o1{ 40) 4.1{ 40)

[] 63-75 960 75)  .96( 75) .96(381) .96(413) .93(411) .93(380) ,93(411) .94l 40) .95( 40) .95( 40)
4¢3( 75) 5.00 75) 4.8(381) 5.,60413) 4.8(411) 5.8(380) 5.9(411) 5.7( 40) &.2( 40) 4.2{ 40)

7 75-90 #9200 75) L9201 75) +92(364) 492(413) .87(411) .87(363) .87(394) +B9( 40) ,90( 40) .90( 40)
400 75) 4470 75) 4.4(364) 4.8(413) 4.8(411) 5.3(363) 5.4(394) 5.3( 40) 3,8( 40) 3.8( 40)
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(a) Winter (Northern Hemisphere).

Figure 3. Day-night average limb-darkening model for clear over land. (See table 4 for explanation of data
sources. )
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ORIGINAL PAGE 1S
OF POOR QUALITY

~ LONGWAVE (LW) ANISOTROPIC FACTOR

SCENE TYPE 3 CLEAR LAND
DATA 1
2

(G}

=~ STANDARD DEVIATION OF LW RADIANCES(W/M*%2/SR)
- DATA SOURCE

SEASON t SPRING( MAR,APR,MAY )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-18 18-36 36-54 54-72 72-90 90-108  108-126  126-144 144=162 162-180
VIEWING ZENITH
BIN ANGLE
NO.  (DEG)
1 0-15 1.04( 74) 1.04(372) 1.05(389) 1,06(393) 1.06(393) 1,05(240) 1,04(389) 1.04( 38) 1,03( 38) 1.03( 38)
408( T4)  4.8(372) 5,6(389) 7.9(393) 5.8(393) 3.7(240) 5.1(389) 6.9( 38) 4.1( 38) 4.1( 38)
2 15-27 1.04( 74) 1.04(393) 1,05(411) 1.05(411) 1.06(411) 1.04(410) 1.03(411) 1.04( 38) 1.03( 38) 1,03( 38)
5.0( 74) 5.0(393) 5.5(411) 7.6(411) 6.1(411) 3.9(410) 5.,2(411) 6.8( 38) 4,20 38) 4.2( 38)
3. 27-39 1.03( 74) 1.03(218) 1.03(394) 1.04(394) 1,04(393) 1.03(393) 1.03(393) 1.03( 38) 1.03( 38) 1,03( 38)
5.3( 74) 5.3(218) 5.1(394) 7.6(394) 6,2{393) 3.8(393) 5.1(393) 6.6( 38) 3.8( 38) 3.8( 38)
4 "9-51 1.01( 74) 1.01(393) 1.01(411) 1,01(411) 1.02(411) 1.01(393) 1,01(411) 1.01( 38) 1,01( 38) 1,01( 38)
4,50 74)  4.5(393) 5,3(411} 7.3(411) 6.3(411) 4.7(393) 5.,1(411) 6.,5( 38) 3.6( 38) 3.6( 38)
5 51-63  .99( 74) .99(376) .99(394) .98(394) .98(393) .99(393) .99(393)} .99( 38) ,99( 38} .99( 38)
4040 T4)  4.40376) 5.4(394) 6.7(394) 5.6(393) 3.9(393) 5,9(393) 6,00 38) 3,9( 38) 3.9( 38)
6 63=75  .95( 74) .95(393) .94(411) .93(411) .92(411) .94(394) ,95(411) .95( 38) .96( 38) .96( 38)
4,90 74) 4.9(393) 4.8(411) 6.3(411) 6.8(411) 4.3(394) 4.9(411) 5.8( 38) 3,90 38) 3.9 38)
T 75590 900 74)  .90(376) .B9(394) .8B(393) ,85(393) .89(393) .89(393) .90( 38) .92( 38) ,92( 38)
4030 74)° 4.30376) 5.00394) 5.20393) 6.5(393) 7.7(393) 4.9(393) 5.3( 38) 3.4( 38) 3,4( 38)
1107 110
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(b) Spring (Northern Hemisphere).

Figure 3. Continued.
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ORIGINAL PAGE 13

SCENE TYPE ¢ CLEAR LAND
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION DF LW RADIANCES(W/M*#$2/SR)
( ) - DATA SOURCE
SEASON : SUMMER( JUN,JULsAUG )
COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 (] 7 8 9 10
ANGLe (DeG) 0-18 18-36 36-54 54~72 72-90 90-108 108~126 126-144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO, (DEG)

1 0-15 1.,04(412) 1.,04(411) 1.05(411) 1.06(393) 1,06(393) 1,05(411) 1.04(411) 1,04(413) 1.,05( 63) 1,04( 58)
4,00412) 3.8(411) 647(411) 7.1(393) 5.0(393) 3.8(411) 5.7(411) 5.6(413) 4.6( 63) 4.6( 58)

2 15-27 1.,04(412) 1.04(411) 1.04(411) 1405(411) 1.05(411) 1.04(411) 1.04(411) 1.04(413) 1.04( 63) 1.,04( 58)
4.40412) 4,11411) 6.6(411) 7.2(411) 4.9(411) 3.9(411) 5,5(411) 5,5(413) 4.7( 63) 4.9( 58)

3 27-39 1.03(412) 1.,03(411) 1.03(411) 1.94(394) 1,04(393) 1,03(411) 1.03(411) 1.02(413) 1.03( 63) 1.02( 58)
4¢3(412) 4,10411) 6.3(411) 7,2(394) 5.0(393) 3.7(411) 5.5(411) 5.70413) 5.2( 63) 5.2( 58)

4 39-51 1.01(412) 1.01(411) 1,01(411) 1.01(411) 1.02(411) 1.01(411) 1.01(411) 1.01{413) 1,01( 63) 1.,01( 58)
4.10412) 3.9(411) 642(411) 6,8(411) 4.7(411) 3.,6(411) 5.1(411) 5.1(413) 4.b( 63) 4.4( 58)

5 51-63 «99(412)  .99(411) .99(411) .98(394) ,99(393}) .99(411) .99(411) .99(413) .99( 63) ,99( 58)
443(412) 3.8{411) 6.00411) 645(394) 4,4(393) 3,6(411) 5.0(411) 4.9(413) 3,90 63) &.,0( 58)

] 63=~75 «96(412)  ,L,95(411) +94(411) .94(394) ,92(411) .94(411) .95(411) 95(413) .94( 63) ,95( 58)
4e3(412) 3.9(411) 5.9(411) 6.4(394) 4.8(411) 3.9(411) 4.8(411) 5.0(413) 4&4.,7( 63) 4&.5( 58)

7 75=90 «89(412) .91(411) +89(411) ,B88(393) .85(393) ,89(411) ,90(411) .91(413) ,89( 63) ,90( 58)
3.60412) 3.,60411) 54,5(411) 5.9(393) 4.6(393) 3.9(411) 4¢3(411) 4.6(413) &.3( 63) 4.,2( 58)
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(c) Summer (Northern Hemisphere).

Figure 3. Continued.
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BIN NO.
ANGLE (DEG)

VIEWING ZENITH

BIN
NG .

1

ANISOTROPIC FACTOR

ANGLE
(0EG)
0=15 1

15-27 1

27-39 1

39~51 1
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74}
T4)
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74)

74)
74)

|

2
18-36

1.03{39¢)
441{394)

1.03(411)
4.21411)

1.03(394)
3.8(394)

1.,01(411)
3.6(411)

«99(394)
3.9(39¢4)

«96(411)
3.9(411}

«92(394)
3.4(394)

COLATITUDE BIN

L |

3
36=54

1.0410413)
6.,5(413)

1,04(413)
648(413)

1.03(413)
6.46(413)

1,01(413)
6.5(413)

«99(413)
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5.8(413}

«30(413)
5.3(413)

||

4
54=-72

1404(236)
6.8(236)

1.24(411)
6.8(411)

1.03(411)
6.5(411)

1,01(411)
6.3(411)

+39(411)
6.0(411)

«95(411)
5.6(411)

«90(411)
5.0(411)

| |

ORIGINAL PAGE |
OF POOR QUALITY

SCENE TYPE
DAT A 1 -
2 -

()

CLEAR LAND

LONGWAVE {(LW)

ANISOTROPIC FACTOR

STANDARD DEVIATION OF LW RADIANCES (W/M#*#2/SR)
DATA SOURCE

SEASON ¢ FALL( SEPT,OCT,NOV )

5
72-90

1.05(411) 1
5.4(411)

1.05(411) 1
S5¢4(411)

1.03(411) 1
5¢3(411)

1.02(411) 1
5.2(411)

«99(411)
5.1(411)

«93(411)
5.5(411)

«870(411)
5.71411)

1.05

.95

-90

ANISOTROPIC FACTOR

.85

| 80

20

30 40

50 60

70 80

VIERING ZENITH ANGLE {DEG)

30

COLATITUDE
6 7 8

90-108 108~126 126-144
206(394) 1.05(411) 1.05( 38)
5450394) 6.7(411) 5.6( 38)
<05(411) 1.04(411) 1.05( 38)
5¢9(411) 6.60611) 5.,5( 38)
«04(411) 1.04(411) 1.03( 38)
5.,6(411) 6.6(411) 5.1( 38)
«01(411) 1.,01(411) 1,01( 38)
5.4(411) 6.4(411) 5.3( 38)
«99(411)  .99(411) .99( 38)
5.,2(411) 6.0(411) 5.4( 38)
#93(411)  .94(411) .94( 38)
5.5(411) 5.7(411) 4.8( 38}
«87(394) .88(411) .89( 38)
5.0{394) 5.3(411) 5.0( 38)

9
144-162

1.064¢(
4.68¢(

1.04(
5.0(

1.,03¢
53¢

1.01¢(
4a5¢

+99(
4,41

951
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« 901
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3g)
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38)
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3e)
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ae)
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38}

38}
38)

10
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1.041
5.0(

1.03¢
5.3¢

1.01¢(
4e51

.99
Py
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4. 9¢

290 1(
4,31
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(d) Fall (Northern Hemisphere).

Figure 3. Concluded.
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SCENE TYPE : CLEAR SNOW
DATA 1 = LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M*%2/SR)
() - DATA SOURCE

SEASON ¢ WINTER( DEC,JAN,FEB )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 ] 7 8 9 10
ANGLE(DEG) 0-18 18-36 36-54 54-72 72-90 90-108 108-126 126-144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEw)

1 9=15 1,03(413) 1.02(411) 1.03(411) 1.03( 74) 1,030 74) 1,040 72) 1.04( 72) 1.,04( 72) 1.04(395) 1.02(412)
4.50413) &.10411) 5.8(411) 5.8( 74) 5.8( 74) 470 72} 4470 72) 4470 72) 4.7(395) 4.6(6412)

2 15-27 1.,02(413) 1,02(411) 1.02(411) 1,220 74) 1,02( 74) 1.03( 72) 1.03( 72) 1,03( 72} 1.03(395) 1,02(412}
4¢60413) 6410411) 5,7(411) 5,70 T4) 5.7( 74) 4.8( 72) 4480 72) 4Bl 72) 4.8(395) 4.6(412)

3 27-39 1.,02(413) 1.,01(411) 1.,02(411) 1.02( 74) 1.02( 76) 1.02( 72) 1.02( 72) 1.,02( 72) 1.02(395) 1.,02(412)
4¢40613)  6.1(411) 5.60(411) 5.6( 74) 5,60 T4) &.7( 72) 4,70 721 4,70 72) 4,70395) 4,4(412)

4 39-51 1.01(413) 1.,01(411) 1,01(411) 1.,01( 74) 1.01( 74) 1,00( 72) 1.00( 72) 1.00( 72) 1.,00(395) 1.01(412)
4.30413) 5.90411) 5.4(411) 5.4(0 74) S.40 74) 5,80 72) 5.8( 72) 5.8( 72) 5.8(395) 4,2(412)

5 51-63 «99(413) 1.,00(411) 1.00(411) 1.00( 74) 1.00( 74) 990 72) .99( 72) .99( 72) .99(395) ,99(412)
4.01(413) 5.6(411) 5.2(411) 5.20 74) 5.2( T4) 4.6 72) 4eb6l T72) 4,60 72) 4,6(395) 4,0(412)

[ 63-75 97(413)  J9T(411) »97(411) L97( T4) 97( 74) .97( 72) 97( 72) .97( 72) .,97(395) ,97{(412)
3.8(413) 543(411) 4.9(411) 4.90 74) 4,90 74) 420 72) 4.2( 72) 4,20 72) 4.2(395) 3,8(4612)

7 75-90 293(413)  .941411) +940411) o340 74) <940 T4) 493( 72) L93( 72) .93( 72) .93(395) ,.94(612)
3.60(413) 4,9(411) 4.50(411) 4,50 74) 4,50 74) 3.8( 72) 3,8( 72) 3.8{ 72) 3.8(395) 3,4{(412)
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(a) Winter (Northern Hemisphere).

Figure 4. Day-night average limb-darkening model for clear over snow. (See table 4 for explanation of data
sources. )
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8IN NO.

ANGL E(DEG)

VIEWING ZENITH
BIN
NO.

1

ANISOTROPIC FACTOR

1

-

ANGLE
(DEG})
0=1>

15-27

27~39

39-51

51=63

63-75

75=-90

.10

.05

ORIGiNAL FAL“. S

SCENE TYPE : CLEAR SNOW
DATA 1 - LONGWAVE (LW) ANISDTROPIC FACTOR
2 - STANDARD DEVIATION DF LW RADIANCES(W/M*%2/SR)
() - DATA SOURCE
SEASDON 3 SPRING( MAR,APR,MAY )
COLATITUDE
NORTH
POLE
1 2 3 4 5 6 7 8 9 10
0-18 18~36 36-54 54-72 72-90 90-108 108-126 126=144 144-162 162~-180
1.03(379) 1.02(412) 1.03( 83) 1.,02(412) 1.,02(412) 1.,02( 39) 1.02( 39) 1.02( 39) 1.02( 39) 1.04(412)
446(379) 543(412) 3.9( 83) 5.0(412) 5.0(412) 5.7( 39) 5.7( 39) 5.,7( 39) 6.1( 39) 4.6(412)
1.02€(396) 1.02(412) 1.03( 73) 1.02(412) 1.02(412) 1,020 39) 1.02( 39) 1.,02( 39) 1.02( 39) 1.03(412)
6,90396) 5.5(412) 4.2( 73) 5.1(412) 5.,11(412) 5.4( 39) 5.4( 39) 5.4( 39) 6,2( 39) 4.3(412)
1.02(379) 1.02(412) 1.02( 73) 1.02(412) 1.02(412) 1.02( 39) 1.,02( 39) 1.02( 39) 1.01{ 39) 1.02(412)
4.70379) 5.4(412) 4.1 73) 5.0(412) 5.00412) 5.9( 39) 5.9( 39) 5.9( 39) 6,20 39) 4.0(412)
1.,01(396) 1,01(412) 1,01( 73) 1.01(412) 1.,01(412) 1.,01( 39) 1.01( 39) 1.01{ 39) 1.01( 39) 1.01(412)
4,61396) 5.20412) 3,80 73) 4.,8(412) 4,8(412) 5440 39) 5.4( 39) 5.,4( 39) 6.0( 39) 4.2(412)
$99(396)  499(412) .99 73)  .99(412) .99(412) 990 39) L99( 39) .99( 39} .99( 39) .99(412)
445(396) 5.1(412) 3,90 73) 4.8(412) 4.8(412) 5.3( 39) 5.3( 39) 5.3( 39) 5.7( 39) 4,1(412)
+96(396)  96(0412) (960 T3)  437(412) 97(412) 970 39) 97( 39) L97( 39) ,97( 39) .96(412)
4,1(396) 4.8(412) 4.0( 73) 4.60612) 4.6(412) 5.20 39) 5.2( 39) 5.2( 39) 5.4( 39} 3.9(412)
«93(379)  .94(6412) .93( 73) ,34(412) 494(412) .94( 39) .94( 39) .94( 39) ,95( 39) .93(412)
3,9(379)  4450412) 3410 73)  443(412) 443(412) 541( 39) 5.1( 39) 5,1 39) 5.1{ 39) 3.8(412)
1.10T
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(b) Spring (Northern Hemisphere).

Figure 4. Continued.

31



ORIGINAL PAGE IS

SCENE TYPE 1 CLEAR SNOW
DATA 1 - LONGWAVE (LW) ANISOTRODPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M*%2/SR)
{ ) - DATA SOURCE
SEASON 3 SUMMER( JUN»JUL,AUG )
COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 [} 7 8 9 [+]
ANGLE(DEG) U-13 13-36 36-54 54=72 72-90 90-108 108-126 126-144 144-162 162~180
VIEWING ZENITH
BIN ANGLE
NO. (0eo)
1 v=l9 1,03(406) 1.C4( B8b) 1,064( 74) 1,340 74) 1.,04{ 74) 1.03( 38) 1.,03( 38) 1.03( 38) 1,02( 38) 1.03(413)
2.£(4056) 3420 86) 341( 74) 341 74) 341( 74) 5.8( 38) 5.,8( 38) 5.8( 38) 6.1( 38) 4,5(413)
2 15=-27 1.03(410) 1.03( 87) 1.03( 74) 1.03( 74) 1.03( 74) 1.02( 38) 1,02( 38) 1,02( 38) 1.02( 38) 1,02(413)
248€420) 3,30 87)  3,3( TA4)Y 3,30 T6) 3,3¢ T4) S5,T( 38) 5,70 38) 5,71 38) 6,11 38) 4,6(413)
3 27=39 1.,02(409) 1.02( 87) 1.02( 74) 1,220 74} 1.02( 74) 1.,02( 38) 1.,02( 38) 1.,02( 38) 1.,01( 38) 1,02(413)
2090409)  3.1C 87) 3.1 74) 3.10 74) 3,10 74) 5,60 38) 5.6( 38) 5.6( 3B} 6.1( 38) 4,4(413)
4 39=51 1,01(410) 1.01( 87) 1,01( 74) 1401( 74) 1.01( 74) 1,01( 38) 1,01( 38) 1,01( 38) 1,01( 38) 1,01(413)
2.60410) 4,60 A7) 4,60 74) 4.0 74) 64,60 74) 544( 38) 5.4( 38) S.4( 38) 5,9( 38) 4,3(e13)
5 51-03 «99(4lu} 990 A7) ,99( 74) 990 74)  .99( 74) 1.00( 38) 1.00( 38) 1.00( 38) 1.00( 38) .99(413)
2+70410) 3.1 87} 3,1( 74) 3,10 74) 3,1( 74) 5,2( 38) 5,2 38) 5.2( 38) 5,6( 38) 4,0(413)
] b3=17 «GB1410)  WG6L 87) L9601 T74) 460 T74) L9660 T4)  497( 38) L97( 38) L97( 38) L9T( 38) .97(413)
2.6{410) 2,90 87) 2.9(0 74) 2.9(0 74) 2,90 74) 4.9( 38) 4,9( 38) 4.,9({ 38) 5.3( 38) 3.8(413)
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SCENE TYPE ¢ CLEAR SNOW
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M**2/SR)

() DATA SOURCE

SEASON : FALL{ SEPT,OCT,NOV )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 [ 7 8 9 10
ANGLE(DEG) 0-18 18-36 36~54 54=72 72-9¢0 90~108 108-126 126-144 l44-162 162-180
VIEWING ZENITH
BIN ANGLE
ND. (DEG}

1 0=15 1.,03(412) 1.02(226) 1.02(379) 1,02( 73) 1,02( 73) 1.,02( 73) 1.02( 73) 1.,02( 73) 1.03( 88) 1.,03(396)
5¢4(412) 6.10220) 5.7(379) 5,70 73} 5.7( 73) B8.0( 73) 8.0( 73) 8.0( 73) B.6{ 88) 7.7(396)

2 15=¢7 1.03(412) 1.02(396) 1.02(396) 1.,02( 73) 1.02( 73) 1,02( 73) 1.02( 73) 1,02( 73) 1.02( 88) 1.02(396)
562{412) 6.2(390) 5.4(396) 5,40 73) 5,4 73) 8,0( 73) B8.0( 73) 8.,0( 73) B8.7( 88) 7T.7(396)

3 27-39 1,02(412) 1.01(390) 1.02(379) 1.32¢( 73) 1.02( 73) 1.01( 73) 1.01( 73) 1.,01( 73) 1.02( 88) 1.02(396)
5.0(412) 6.2(396) 5.9(379) 5.9( 73) 5,9( 73) 7.8( 73) 7.80 73) . 73) B.6( 88) 7.5(396)

-~
@

4 39-51 1,01(412) 1,01(396) 1,01¢396) 1491¢ 73) 1,01( 73) 1,01( 73) 1.,01( 73) 1.01( 73) 1.01( 88) 1.,01(396)
5,1(412) 6.,0(396) 5.4(396) 5.40 73) 5,40 73) 7460 73) 7.6( 73) 7.6( 73) B8.4( 88) 7.3(396)

5 51-63 099(412)  499(396)  «99(379)  «99( 73)  J99( T73) .99( 73) 990 73) 990 T3) .99( 88) .99(396)
4.90412) 5,70396) 5,30379) 5,30 73) 5.3( 73) 7,20 73) 7.20 73) 7.2( 73) B8.0( 88) 649(396)

6 03=7y «96(412)  497(396) «97(396) +3I7¢ 73)  L97( 73)  97( 73) .97( 73) 970 73) .97( 88) .97(396)
4.70412) 5.4(396) 5.20396) 5420 73) 5,20 73) 6490 73) 6.90 73) 6.90 73) 7.6( 88) 6.6(396)

7 75-90 293(412)  .95(396)  494(379) 940 73)  ,94( 73) 950 73) .95( 73) 950 73) .94 88) ,94(396)
4e5(412) 541(396) 5.1(379) 5.1( 73) 5,10 73) 6.4 73) 6440 73) 6,40 73) 7.3( 88) 6.,1(396)
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(d) Fall (Northern Hemisphere).

Figure 4. Concluded.
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SCENE TYPE 1 CLEAR DESERT
DATA 1 = LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF tW RADIANCES (W/M%**2/SR)
( ) -~ DATA SOURCE

SEASON ¢ WINTER( DECs»JAN,FEB )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 (] 7 8 9 10
ANGLE(DEG) 0-18 18-36 36=54 564=72 72=-90 90~108 108-126 126~144 l44-162 162-180
VIEWING ZENITH
BIN ANGLE
ND. (DEG)

1 0-15 1.04( 74) 1.04( 74) 1404( 74) 1.04(411) 1,05(393) 1.06( 40) 1,06(393) 1,05( 40) 1.05( 40) 1.05( 40)
4.90 T4) 4,90 T4) 4.9( 74) 4.9(411) 4.8(393) 5.5( 40) 643(393) 6,6( 40) 6.60 40) 6.6( 40)

2 15=27 14040 74) 1.04( 74) 1,04( 74) 1.04(411) 1.05(393) 1,06( 40) 1,05(411) 1.05( 40) 1.,05( 40) 1,05( 40)
5.00 74) 5,00 74) 5,00 74) 5.00411) 4.9(393) 5.4( 40) 643(411) 6.,6( 40) 6.6( 40) 6.6( 40)

3 27=39 1.03( 74) 1.03( 74) 1.03( 74) 1.03(411) 1.04(393) 1.04( 40) 1.,04(410) 1.03( 40) 1.03( 40) 1.03( 40)
500 74) 5.00 74) 5.0( 79) 5.00(411) 4.9(393) 5,00 40) 641(410) 6.1( 40) 6.1( 40) 6.1( 40)

4 39=51 1.,01( 74) 1.,01{ 74) 1.01( 74) 1.,01{(411) 1.01(393) 1.01( 40) 1.,01(411) 1.01( 40) 1.01( 40) 1.01( 40)
4681 T4) 4480 T4) 4.80 74) 4.8(411) 4.9(393) 4.5( 40) 5.,6(411) 6.1 40) 641( 40) 6.1( 40)

5 51-63 #9910 740 990 74)  L99( T4) 499(411) .98(393) ,L99( 40) ,99(411) .99( 40) .99( 40} .99( 40)
460 T4) 4,60 74) 4,60 74) 4.60(411) 4.9(393) 443( 40) 5.5(411) 6410 40) 6410 40) 641( 40)

6 63-75 950 74)  L95( 74) 950 74) 495(411) 494(394) .93( 40) 493(411) .93( 40) .93( 40) .93( 40)
4460 74) 4,60 74) 4,60 T74) 4.60411) 4.7(394) 5,40 40) 6.1(411) 6.1( 40) 6.1 40) 6.1( 40)

7 75-90 910 74) 910 74) L91( T4) .91(411) 4B9(393) ,B86( 40) «B87(393) B8B( 40) ,8B( 40) ,88( 40)
4e50 74) 4450 T4) 450 T4) 4.5(411) 4.5(393) 5.6( 40) 5.,2(393) 5.2( 40) 5.2( 40) 5.2( 40)
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(a) Winter (Northern Hemisphere).

Figure 5. Day-night average limb-darkening model for clear over desert. (See table 4 for explanation of data
sources. )
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SCENE TYPE t CLEAR DESERT
DATA 1 ~ LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES{W/M*%2/5R)
() = DATA SOURCE

SEASON & SPRING( MAR,APR,MAY )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-18 18-36 36=54 54-72 72-90 90-108 108-~126 126-144 l44-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)

1 0=15 1.05( 74) 1.05( 74) 1.05(227) 1.05(411) 1.,05( 87) 1.05( 38) 1.05(378) 1.04( 38) 1.04( 38) 1.04( 38)
610 74) 6410 74) 601(227) 5.7(411) 4.8( 87) 4,00 38) 5.5(378) 7.8( 38) 7.8( 38) 7.8( 38)

04( 74) 1.04( 74) 1.04(380) 1.05(411) 1.05( 87) 1.05( 38) 1.04(395) 1.04( 38) 1.04( 38) 1.04( 38)
6,20 74) 6,20 T4) 642(380) 5.,7(411) 4.8( 87) 4,3( 38) 5.8(395) 7,90 38) 7.9( 38) 7.9( 38)

2 15=-27 1

3 27-39 1.03( 74) 1.03{( 74) 1.03(380) 1,03(411) 1.04( 87) 1.03( 38) 1.03(378) 1.03( 38) 1.03( 38) 1.03( 38)
5.9( 74) 5.9( T4) 5.9(380) 5.8(411) 4.8( B87) 4.0( 38) 5.5(378) 7.8( 38) 7.8( 38) 7.8( 38)

4 39-51 1.01( 74) 1.01( 74) 1.01(380) 1.01(411) 1.01¢( 87) 1.01( 38) 1.01(378) 1,01( 38) 1.,01( 38) 1.,01( 38)
5¢6( T4) 5.6( 74) 5,6(380) 5,5(411) 4,60 87) 4,2( 38) 5,2(378) 7.7{ 38) 7.7( 38} 7.7( 38)

5 51-63 «99( 74) .99 T4) +99(380) .99(411) .99( B7) .99( 38) .99(378) .99( 38) .99( 38) .99( 38)
5.8( 74) 5.8( 74) 5.8(380) 5.6(411) 4.6{( 87) 3.9( 38) 5.00(378) 7.2( 38) 7.2( 38) 7.2( 38)

6 63-75 0940 74) o940 T74) .94(380) «93(411) .93( 87) .94( 38) ,94(378) ,95( 38) .95( 38) .95( 38)
Se4( T74) 5.4l T4) 5.,4(380) 5.71411) 5.2( B87) 4.8( 38) 5.2(378) 6.,7{ 38) 6.7( 38) 6.7( 38)

7 75-90 «88( 74) .88( 74) .B8(380) .88(411) ,88( 87) .B89( 38) ,90(378) .91( 38) .91( 38) .91( 38)
Ge4( T4) 4.4l T4) 4.4(380) 5,2(411) 4.9( 87) 4.,1( 38) 4.4(378) 6.20 38) 6.20 38) 6,20 38)
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(b) Spring (Northern Hemisphere).

Figure 5. Continued.
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NORTH
POLE
3 IN NO. 1
ANGLE (DeG) 0O-18
VIEWING ZENITH
BIN ANGLE
NO. (DEG)
1 J=15 1.05( 74)
7.00 74)
2 1527 1.04( 74)
T.0( 74)
3 27-39 1.03( 74)
6.8 74)
4 39=51 1.01( 74)
6.9 74)
5 21-63 99 74)
6.9( 74)
6 63-~75 94l 74)
6.7 74)
7 75=90 «b9( 74)
6.1( 74)
110

ANISOTROPIC FACTOR

o
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S
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4
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DATA 1
2

()

5
72-90

SE

CLEAR DESERT
LONGWAVE (LW) ANISOTROPIC FACTOR
- STANDARD DEVIATION OF LW RADIANCES (W/M%%2/5R)
DATA SOURCE

ASON t SUMMER( JUN,JUL»AUG )

COLATITUDE

6
90-108

7
108-126

8
126~144
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(c) Summer (Northern Hemisphere).

Figure 5. Continued.
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SCENE TYPE ¢ CLEAR DESERT
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M**2/SR)

( ) - DATA SOURCE

SEASON t FALL( SEPT,OCT,NOV )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-18 18-36 36-54 54=72 72-90 90-108 108-126 126-144 144=-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)
1 0=15 1404( 74) 1,040 74) 1.,04(410) 1,05(411) 1,05{(393) 1.05( 51) 1.05(411) 1.04( 40) 1.04( 40) 1.04( 40)
T80 T4) 7.8( 74) 7.8(410) 6.0(411) 4,0(393) 5.1( 51) 648(411) 6.0( 40) 6.0( 40) 6.0( 40)
2 15-27 1.04( 74) 1.04( 74) 1,04(411) 1,05(411) 1.05(394) 1,04( 53) 1,05(411) 1,04( 40) 1.,04( 40) 1.04( 40)
790 74) 7,90 74) 7,9(411) 6,3(411) 443(394) 4 T( 53) 6.5(411) 5.9( 40) 5.,9( 40) 5.9( 40)
3 27-39 1.03( 74) 1.,03( 74) 1,03(411) 1,03(411) 1,03(393) 1.04( 52) 1.03(411) 1.03( 40) 1.03( 40) 1.03( 40)
TeBL T4) 7480 74) 7.8(411) 643(411) 4,0(393) 4.9( 52) 643(411) 5.6( 40) 5.6( 40) 5.6( 40)
4 39=51 1.01( 74) 1,01( 74) 1.01(411) 1.01(411) 1.01(394) 1,02( 53) 1,01(411) 1.02( 40) 1.02( 40) 1.02( 40)
Toe70 74)  To7( 74) To7(411) 6.00411) 4.2(394) 4.7( 53) 6.1(411) 5,30 40) 5.3( 40) 5.3( 40)
5 51=63 «99¢ T4) 4990 T4)  499(411)  «99(411) +99(393) .99( 53) +99(41l) +99( 40) .99( 40) .99( 40)
7420 74) 7420 74) 7,2(411) 5.60411) 3.9(393) 4,8( 53) 5.,8(411) 5.5( 40) 5,50 40) 5.5( 40)
6 63=75 «9510 74)  +950 74) .95(411) .94(411) .94(394) ,941 53) ,941411) ,94( 40) .94( 40) «94{ 40)
:>6-7( 74) 6470 T4) 6.70411) 5.50411) 4,8(394) 5.2( 53) 5.8(411) 5.3( 40) 5.3( 40) 5.3( 40)
7 75=-90 910 74)  L.91( 74) 491(394) 489(411) .B89(393) L87( 52) 48B8(411) «89( 40) .89( 40) .89( 40)
6420 T4) 6,20 T4) 6,2(394) 5.1(411) 4,1(393) 5.1( 52) 5.1(411) 4e3( 40) 443( 40) 4.3( 40)
1.0 1107
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Figure 5. Concluded.
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SCENE TYPE ¢ LAND-OCEAN MIX
DATA 1 - LONGWAVE {(LW) ANISOTROPIC FACTOR
2 - STANDARD DEVIATION OF LW RADIANCES (W/M%*%2/SR)
( ) - DATA SOURCE

SEASON : WINTER( DEC,JAN,FEB )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-18 18-36 36=54 54=72 72-90 90-108 108-126 126-144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)

1 0=15 1.04( 3) 1.,04( 3} 1.04( 3) 1,040 3) 1.05( 3) 1.,05( 3) 1.05( 3) 1.04( 3) 1.04( 3) 1.04( 3)
5S¢40 312 4,90 3) 5,00 3) 5.50 3) 5.6( 3) 5.3( 3) 9.3( 3) 10.90 3) 9.4( 3) 9.4( 3)

2 15=-27 1.03( 3) 1.03¢ 3) 1,030 3) 1,030 3) 1.,04( 3) 1.04( 3) 1,04( 3) 1,04( 3) 1.,04( 3) 1.040 3)
5.5( 3) 540( 3 4,9( 3) 5.5( 3) S5.6( 3) 5.3 3) 9,0¢ 3) 10.7¢ 3) 9.3( 3) 9,3( 3)
3 27=-39 1.,03( 3) 1.03¢( 3) 1,030 3) 1.32( 3) 1,03( 3) 1,03( 3) 1.03( 3) 1.03( 13) 1.03( 3) 1,03( 3)
5.00 3) 4.71 3) 470 3) 5.5 3) 5.5( 3) 4,90 13) 8.8( 3) 10.3( 3) 9.,2( 13) 9.2( 13)
4 39=-51 1.01( 3) 1.01¢ 3) 1.01¢ 3) 1.,01¢ 3) 1.01¢ 3) 1.,02¢( 3) 1.01¢( 3) 1.,01¢ 3) 1.01¢ 3) 1.01¢ 3)
5.3( 3) 5.0 3) 4.8( 3) 5.20 3) 5.30( 3) 4.8( 3) B,.3( 3) 10.0( 3) 8.7¢( 3) 8.8( 3)
5 51~63 «99( 3) e 991 3) «99( 3) «99( 3) «99( 3) «99( 3) «99( 3) .99( 3) «99¢( 3 «99( 3)
.90 3) 4,60 3) 4.60 3) 5411 3) S.10 3) 4,60 3) 8.2¢ 3)  9.5¢( 3) 861 3) 8.6 3)
6 03-75 «95( 3} «95¢( 3) «95( 3) «35( 3) 940 3) «94( 3) 94l 3) 94 3) .95¢( 3) «95( 3)
4.80 3) 4.8( 3) 4.5 3) 5610 3) 5,10 3) 4490 3) 7.5( 3) 9,0( 3) 7.8( 3) 7.9¢( 3)
7 75-90 W91 ¢ 3) 71 3) 910 3) «911 3) «88¢( 3) «881 3) +88I( 3) «90¢ 3) «90¢( 3) «90( 3)
4e5( 3) 4.8¢( 3) 4440 3) 4.6( 3) 4,701 3) el 3) H.40 3) T.9¢ 3)  7T.2¢ 3) 7.3(C 3)
1.0 1.0
1.0 — ___ 1.05 pr=e—
[0 [0
2,. 2100
Q o
e &
(&) o
— .95
a
P o
a [0
= —
(o) o
[7p) w
Z 80— \ z %0 COLATITUDE BIN
Z COLATITUDE BIN N Z L
S 8
————————— 2 —————— 9
85— T3 es— 8
_————5 ———e— 10
P A N A N (N N NN N NN S SN NN NN N NN S N B B
0 10 20 30 40 S0 60 70 80 30 o] 10 20 30 40 50 60 70 80 30
VIEWING ZENITH ANGLE ( DEG) VIEWING ZENITH ANGLE (DEG)

(a) Winter (Northern Hemisphere).

Figure 6. Day-night average limb-darkening model for clear over land-ocean mix. (See table 4 for explanation
of data sources.)
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ORIGINAL PAGE is
OF POOR QUALITY

SCENE TYPE t LAND-OCEAN MIX
DATA 1 ~ LONGWAVE (LW) ANISOTROPIC FACTOR
2 ~ STANDARD DEVIATION OF LW RADIANCES(W/M*%2/5R)
{ ) ~ DATA SOURCE
SEASON ¢ SPRING( MAR, APR,MAY )
COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 & 7 8 9 10
ANGLE (DEG) 0-18 l-36 36-54 54=72 72-90 90-108 108-126 126-144 144=~162 162~180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)
1 0-15 1,04( 3) 1.04( 3) 1.04( 3) 1405( 3) 1,050 3) 1.,05( 3) 1,04( 3) 1,040 3) 1,040 3) 1.04( 3)
6460 3) be6( 3} 7.8( 3) 10.3( 3) 8,0( 3) 3,3( 3} 5,0( 3) 8.1( 3) 6.0 3) 7.5( 3)
2 15=27 1404( 3) 1.04( 3) 1,04( 3) 1,040 3) 1.05( 3) 1.04( 3) 1.04C 3) 1.04¢( 3) 1.03C 3) 1.03( 3)
643( 3) 7.00 3) 7490 3) 9,90 3) 7.9( 3) 3.6( 3) 5,2 3) 8,10 3) 8.3( 3) 7.70 3
3 27-39 1,030 3) 1.03( 3) 1,030 3) 1.03( 3) 1,040 3) 1.03C 3) 1,03{( 3) 1.,03( 3) 1.03( 3) 1.03( 3)
6.9( 3) 7.0 3) 7440 3) 950 3) T.7( 3) 3.4 ) 5.1( 3) 8.0( 3) 8.3( 3) 7.8( 3)
4 39-51 1,01( 3) 1,01( 3) 1,01( 3) 1.02( 3) 1,01¢ 3) 1,01( 3) 1.,01( 3) 1,01( 3) 1.01( 3) 1.01C 3)
6450 3) 6450 3) 7,10 3) 8,90 3) 7.3 3) 3,90 3) 5.,3( 3) 8.,0( 3) 8.2( 3) T.6( 3)
5 51-63 +99¢( 3) «990  3) .99( 3) «390 3) 990 3) L99¢ b o«990 3)  L99( 3) 990 3) .99( 3)
630 3) 6440 3) T41C 3) 8430 3) 6.70 3) 3,5( 3) 5,40 3) 7.5( 3) 8.3( 3) T.7( 3)
6 63=-75 «95¢ 3} «951( 3) «94( 3) 94l 3} 930 3) 94l 3) 94t 3) 0 95¢( 3) «951( 3) «95( 3)
6e2( 3) 6430 3) 6.4 ) 8.0( 3) 646( 3) 4,0( 3) 5,0( 3) 7.6( 3) 8.2( 3} 7.70 3)
7 75=90 «90( 3) «90( 3) .89( 3) «89¢ 3) .87( 3) L.,89( 3) «90( 3) L90( 31 810 3) .91¢C 3)
5.00 3) 5.71 3) 6430 3) 6490 3) 6,00 3) 6,00 3) 4e6( 3) 742( 3) B8.00 3) 7.5C 3)
1107 1,10
1. 1.08
5 &5
— 1. — 1.00
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(b) Spring (Northern Hemisphere).

Figure 6. Continued.
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BIN
NO.
1

ANISOTROPIC FACTOR

ORIGINAL PAGE IS
OF POOR QUALITY

SCENE TYPE
DATA 1
2
)
NORTH
POLE
8IN NO. 1 2 3 4 5
ANGLE(DeG) 0-18 18-36 36<-5¢4 54=-72 72-60
VIEWING ZENITH
ANGLE
(DEG)
o=15 1.04{( 3) 1.C4(C 3) 1.05( 3) 1.05( 3) 1.05( 3)
4,80 3) 5,70 3) 7.7(C 3) 8.4l 3) 5.3(0 3)
15=27 1.04( 3) 1.04( 3) 1.04( 3) 1.04( 3) 1.05( 3)
4e0( 3) S5.6( 3) 7.7C 3) 8.30 3) 5.00 3)
27=3% 1,.,03( 3) 1,030 3) 1.03( 3) 1.03( 3) 1.04( 3)
4.80 3) 5.,7( 3) 7.50 3) 8.2( 3) 5.00 3)
39-51 1.01{ 3) 1.01(¢C 3) 1.01(C 3) 1.01(C 3) 1.01( 3}
4e50  3) 5450 3) 7.20 3} T.70 3) 4.6( 3)
51-63 «990  3)  W990 3) L99( 3) L.I990 3) .99( 3)
.40 3) S.30 3) 7,00 3) 7.30 3) 4,20 3)
63-75 950 3) W95 3) W94( 3) 940 3) .93( 3)
@ 1l 3) 5,10 3) 6.70 3) 7.0 3) 4.6( 3)
75=90 «90( 3) « 91 3) «90( 3) « B9l 3) «87( 3)
3.60 3) 4480 3) 6,10 3) 6630 3) 410 3
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= LONGWAVE (LW) ANISOTROPIC FACTOR
=~ STANDARD ODEVIATION QF LW RADIANCES(W/M*%2/SR}
= DATA SOURCE
SEASON t SUMMER( JUN,JUL,AUG )
COLATITUDE
6 7 8 9 10
90-108 108-126 126-144 144=162 162-180
1,040 3) 1.04¢ 3) 1.04( 3) 1.04¢( 3) 1.04(C 3)
4,10 3) 6.20 3) 5.5 3) 5.8 3) 5.4( 3)
1.04( 3) 1.040 3) 1.04( 3) 1.04¢( 3) 1.04( 3)
4o1( 3) 6.1( 3) 5.5( 3) 5.9 3) 5.5 13)
1.03C 3) 1.03( 3) 1.02( 3) 1.03( 3) 1.02( 3)
4,0( 3) 6.41C 3) 5.40 3) 6,14 3) 5.7¢ 3)
1,01( 3) 1.01¢ 3) 1.01( 3) 1.,01¢ 3) 1,01 3}
3,90 3) 5.8( 3) 5,1t 3) 5.7( 3) 5.30 3)
«99( 3) 990 3) J99( 3I) «99¢( 3) «99( 3)
3.80 3) B.860 3) 5.0 ) 5.0( 3) 4,70 3)
e940  3) 4950 3) .95( 3) 4950 3) .95( 3)
.10 3) 5,60 3) 5.20 3) 5,21 3) 5.0 3)
«89¢( 3) «90¢( 3) o914 3) «89¢ 3) «90( 3)
3.8( 3) 5.1 3) 5,00 3) 4,.8( 3) 4.8( 3)
.10 [_'
.05
.00
.35
0= COLATITUDE BIN
8
i ——
—_—— 10
.80 | I R NS R R N R
0 10 20 30 40 S0 80 70 80 30

VIEWING ZENITH ANGLE ( DEG)

(c) Summer (Northern Hemisphere).

Figure 6. Continued.



ORIGINAL PAGE 1s
OF POOR QUALITY

SCENE TYPE s LAND-OCEAN MIX
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 -~ STANDARD DEVIATION OF LW RADIANCES(W/M¥#2/SR)
{ ) - DATA SOURCE

SEASON : FALL( SEPT,OCT,NOV )

COLATITUDE
NORTH
POLE
8IN NO. 1 2 3 4 5 (-] 7 8 9 10
ANGLE(DEG) 0-18 18-36 36=54 54=72 72-90 90-108 108-126 126-144 l44-162 162-180
VIEWING ZENITH
BIN ANGLE
NDO. (DEG)

1 U=15 14030 3) 1.04¢( 3) 1.04( 3) 1.34( 3) 1,050 3) 1.05( 3) 1.04( 3) 1,040 3) 1.,04( 3) 1.,04( 3)
4e3(0 3) 4461 3) 6,00 3) S5.60 3) 5.6( 3) 6.7(C 3) 9.5C 3) 9,00 3) 9.6( 3) 9.1( 3)

2 15-27 1,030 3) 1.03( 3) 1.04( 3) 1,040 3) 1.05( 3) 1.05( 3) 1.04( 3) 1,04( 3) 1.04( 3) 1,04( 3
44l 3) 4,80 3) .20 3) 5.6l 3) 5.60 3) 6,70 3) 9.30 3) 9,00 3} 9.7¢ 3 9.2( 3
3 27-39 1.03( 3) 1.02( 3) 1,030 3) 1.03( 3) 1.03( 3) 1.03¢ 3) 1.03( 3) 1.03( 3) 1.03( 3) 1.03( 3
4030 3) 4480 3) .10 3) 5.5( 3) 5.40 3) 6430 3) 9,30 3) 8.80 3) 9.40 3) 9,00 3
4 39-51 1,010 3) 1.01C 3) 1,010 3) 1.01( 3) 1.01{ 3) 1.01( 3) 1,01 3) 1,01 3) 1,01 3) 1,01( 3
3,90 3) 4.30 3) 6.0¢( 3) 5.3( 3) 5.30 3) 6.0{ 3) 8.8( 3) 8.4 3) 9.0 3) B8.6( 3
5 51-63  L99( 3) 990 3) .99( 3) .90 3) L990 3) 990 3) 990 3) 990 3} 990 3} .99( 3
4.20 3) 4,70 3) 5.60 3} 5,20 3) 5410 3} 5.7C 3) 8.4 3) 8,20 3) B.,5( 3I) 8.1 3
6 ©3=75  L,95( 3) L950 31 950 31 .94( 3) L940 3) .940 3) .94( 3) .94 3) .95( 3) .95( 3
4,50 3) 4,90 3) 5,70 3) 5,10 3) 5,30 3) 5.60 3} TJ70 3) 7.50 3) 8,5( 3) B.1( 3
775290 .91( 3) L9L( 3) .90( 3) .30( 3) BB( 3) .8B( 3) B9 3) .90l 3) .90( 3) ,90( 3
4030 3) 4.4l 3) 5.40 3) 470 3) 5,10 3) 490 3) 6,90 3) T.20 3) T.70 3 T4l 3
1.0 1107
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(d) Fall (Northern Hemisphere).
Figure 6. Concluded.
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BIN NO.

NORTH
POLE
1

ANGLE(DEG) 0-18

VIEWING ZENITH

BIN ANGLE
NO. (DEG)
1 0-15
2 15-27
3 27-39
4 39-51
5 51-63
6 63-75
7 75-90
1.10

1.041(413)
3.8(413)

1.04(413)
3.8(413)

1.03(413)
4.0(413)

1.01(413)
4.0(413)

«99(413)
3.3(413)

«94(413)
3.5(413)

«90(413)
3.0(413)

18-36

1.05(393)

3.8(393)

1.04(411)

3.6(411)

1.03(393)
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3.3(394)

«99(394)
3.60394)

«94(394)
3.9(394)

»89(393)
4.4(393)

1
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1

1

3
36-54

«05(411)
4.9(411)

«04(411)
4.8(411)

«03(411)
4,70411)

«01(411)
4.50411)

«99(411)
4,61411)

«94(411)
4.9(411)

«89(411)
449(411)

4
54=72

1.05(411)
4.610411)

1.04(411)
4471411)

1.33(411)
4.6(411)

1.,01(411)
4.6(411)

«99(411)
4.50411)

«34(411)
5.0(411)

«30(411)
4.7(411)

STANDARD DEVIATION OF LW RADIANCES(W/M**2/SR)

9
144-162

3.21{411)

1.03(411)
3.3(411)

1.02(411)
3.10411)

1.01(411)
2.90411)

«99(411)
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SCENE TYPE ¢ PARTLY CLOUDY OVER OCEAN
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2 -
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5 [ 7 8
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4,0(411) 3.00411) 3,9(411) 4,5(411)
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Figure 7. Day-night average limb-darkening model for partly cloudy over ocean. (See table 4 for explanation
of data sources.)
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ORIGINAL PAGE IS
OF POOR QUALITY

SCENE TYPE

DATA 1
2
)
NORTH
POLE
BIN NO. 2 3 4 5
ANGLE (DEG) 0-18 18-36 36-54 54=72 72-90
VIEWING ZENITH
BIN ANGLE
NO. (DEG)
1 0-15 1,05( 74) 1.05(393) 1,04(411) 1.05(411) 1.05(411)
3450 76)  3.50(393)  4,6(411) 4.5(411) 3.8(411)
2 15-=27 1.04( 74) 1.04(394) 1,06(411) 1.04(411) 1.05(411)
3.60 74) 3,60(394) 4.8(411) 5.00411) 4.4(411)
3 27-39 1,030 74) 1.03(393) 1.03(411) 1.03(411) 1.03(411)
3,50 74)  3,5(393) 64.6(411) 4.6(411) 4,2(411)
4 39-51 1,01( 74) 1.01(394) 1.01(411) 1.01(411) 1.01(411)
3,30 74)  3,30394)  4,5(611)  4,9(411) 4.1{411)
5  51-63  .99( 74) .99(394) .99(411) .99(411) .99(411)
3430 74)  3.3(394) 4.6(411) 4.6{411) 4.4(411)
6 63=75  .95(0 74) .95(394) ,95(411) +94{411) .93(411)
3.70 74)  3.7(394) 4.8(411) 5.3(411) 5.5(411)
7 75-90 .90( 74) .90(393) .89(411) .89(411) .88(411)
3.60 74)  3.6(393) 5.0(411) 5.6(411) 5.8(411)
1.0 1
1. 1
& 5
—1. —1.
Q o
T &
o o
E b
5 S
b @
— =
o o
2 s0p— ~ =
z COLATITUDE BIN :\\ e
& \\ a
1
--------- :
.85 1+— - .
—_——
~——————5
.80 N I T H R R R )
o] 10 20 30 40 S0 60 70 80 (0]

VIEWING ZENITH BANGLE (DEG)

PARTLY CLOUDY OVER

OCEAN

VIEWING ZENITH ANGLE (DEG)
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Figure 7. Continued.

~ LONGWAVE (LW} ANISOTROPIC FACTOR
= STANDARD DEVIATION OF LW RADIANCES(W/M#*%2/SR)
- DATA SOURCE
SEASON t SPRING{ MAR,APRsMAY )
COLATITUDE
6 7 8 9 10
90-108 108=-126 126-144 1464-162 162-180
1.05(411) 1,04(411) 1.04(241) 1.04(411) 1.04( 74)
3,6(411) 4.2(411) 4.B1241) 3,6(411) 3.6( 74)
1.04(411) 1.,04(411) 1.04(411) 1.04(411) 1.04( 74&)
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ORIGINAL PAGE 1S
OF POOR QUALITY

SCENE TYPE
DATA 1
2

()

PARTLY CLOUDY OVER OCEAN

LONGWAVE (LW) ANISOTROPIC FACTOR
= STANDARD DEVIATION OF LW RADIANCES(W/M**2/5SR)
DATA SOURCE

SEASON 3 SUMMER( JUN,JUL,AUG )

NORTH
POLE
5IN NO. 1 2 3 4 5
ANGLE(DEG) 0-18 18=~36 36-54 54=72 72-90
VIEWING ZENITH
BIN ANGLE
NO. (DEG)
1 0-15 1.,03(412) 1.04(411) 1.05(411) 1.,35(411) 1.05{411)
3,4(412) 3.60411) 4.8(411) 3.6(411) 3,5(411)
2 15-27 1.03(412) 1.04(411) 1.,04(411) 1.04(411) 1.05(411)
3.40412)  3,6(411) 4.9(411) 3.8(411) 3.6(411)
3 27-39 1,02{412) 1.,02(411) 1,03(411) 1.03{411) 1.03(411)
3,41412) 3.00411) 4.9(411) 3.7(411) 3.6(411)
4 39-51 1.01(412) 1,01(411) 1.01(411) 1,01(411) 1.01(411)
3.60412) 3.50411) 4.9(411) 3.7(411) 3.6(411)
5 51-63 099(412)  .99(411) .99(411) +33(411) .99(411)
3.6(412) 3.60411) 4.8(411) 3,.6{411) 3,7(411)
6 63=75 «95(612)  495(411) L94(411) .94(411) .94(411)
3.8(412) 3,9(411) 5.1(411) 4,5(411) 65.00(411)
? 75-90 «91(412) 491(394) .90(411) .89(411) .88(411)
3,90412) 4.00394) 5.3(411) 4.6(411) 5.6(411)
110 1.10
1.05
S &
— — 1.00
(@] (&}
jos @
[T L
(& o
o a %
[ Q
o o
= N\ 5
@ 3
Z “*[~  COLATITUDE BIN N z -
& 1 N <
““““““ 5
.85 — - -85
— 1
————5
el 1 L 1 1 1 1 [ | 80
0 10 20 30 40 50 60 70 80 30

VIEWING ZENITH ANGLE { DEG)

9
164=162

10
162-180

1.04(411) 1.04(411) 1.05(411) 1.05(412)

COLATITUDE
(-] 7 8

90~-108 108-126 126144
1.04(411)
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Figure 7. Continued.
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SCENE TYPE ¢ PARTLY CLOUDY OVER OCEAN
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 - STANDARD DEVIATION OF LW RADIANCES (W/M##2/SR)
{ ) - DATA SOURCE
SEASON : FALL{ SEPT,OCT,NOV )
COLATITUDE
NOR TH
POLE
B8IN NO. 1 2 3 4 5 -] 7 8 9 10
ANGLE(DEG) 0~18 18-36 36-54 54=172 72-90 90-108  108-126 126-144 144-162  162-180
VIEWING ZENITH
BIN ANGLE
ND. {(DEG)
1 0=15 1.04(-240) 1,04(411) 1,04(411) 1,05(411) 1,05(411) 1.05(411) 1.,04(411) 1.04(411) 1.,04(411) 1.04( 74)
3.3(240) 3.9(411) 5.,5(411) 4.0(411) 3.60411) 3.7(411) 4.4(411) 4.3(411) 3.5(411) 3.5( 74)
2 15-27 1.04(394) 1.04(411) 1.04(411) 1,04(411) 1.05(411) 1,04(411) 1,04(411) 1.04(411) 1.04(411) 1.04( 74)
3010394) 4400411 5,40411) 4.1(411) 3,8{611) 3.8(411) 4.4(411) &4.40411) 3,7(411) 3.7( 74)
3 27-39  1.03(393) 1.03(411) 1.03(411) 1,33(411) 1.03(411) 1.03(411) 1.03(411) 1.03(411) 1,03(411) 1.03( 74)
3.30393)  3.8(411) 5.40411)  4.,1(411) 3.8(411) 3,8(411) 4.4(411) 4.2(411) 3.6(411) 3.6( 74)
4 39-51 1,010394) 1,01(411) 1,01(411) 1.01(411) 1,01 (411) 1,01(411) 1,01(411) 1.01(411) 1.,01(411) 1.01( 74)
3.10394) 3.8(411) 5.,3(411)  4,00411) 3.9(411) 3,7(411) 4.3(411) 4.1(411) 3.6(411) 3.6( 74)
5 5163 .99(394) .99(411) .99(411) .99(411) ,99(411) ,99(411) ,99(411) ,99(411) .99(411) .99( 74)
3.30394) 3.6(411)  5.10411) 3.9(411) 4,00411) 3,8(411) 4. 30411) 4.1(411) 3.6(411) 3.6( 74)
6 63-75 «94(394) «94{411) .94(411) «94(411)  .93(411) +94(411) +94(411) +95(411) «95(411) .95( 74)
3.5(394)  4.2(411) 5.4(411) 4.8(411) 5.2(411) 4.7(411) 4.8(411) 4,4(411) 4.0(411) 4,00 74)
7 75-90  .90(393) .90(394) .90(411) .89(411) ,8B(411) ,89(411) .90(411) .90(411) .91(411) +91( 74)
3.8(393) 4,1(394) 5,4(411) 5,0(411) 5.8(411) 5.,1(411) 4.8(411) 4.4(411) 3.8(411) 3.8( 74)
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Figure 7. Concluded.
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ORIGINAL PAGE 1S
OF POOR QUALITY

SCENE TYPE t PARTLY CLOUDY OVER LAND OR DESERT
DATA 1 -~ LONGWAVE (LW) ANISOTROPIC FACTDR
2 = STANDARD DEVIATION OF LW RADIANCES (W/M*#%2/SR)
( ) - DATA SOURCE

SEASON 1 WINTER{ DEC,JAN,FEB )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-18 18-36 36-54 54=72 12-90 90-108 108-126 126~144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)

1 0-15 1.04( 58) 1.04(414) 1.,04(413) 1.,04(411) 1.,05(411) 1.,06(410) 1.,06(411) 1.05( 38) 1.04( 42) 1.03( 41)
4.7( 58) 4.6(414) T7.4(413) 7.3(411) 6.11(411) 5.9(410) B8.0{411) 7.3( 38) 4.,4( 42) 4.7( 41}

2 15=-27 1.03( 5B8) 1,04{(414) 1,04(413) 1.,04(411) 1,05(411) 1.05(411) 1.,05(411) 1.,05( 38) 1.,04( 42) 1.03( 41)
4490 58) 4.B(414) T440413) 7.2(411) 6412(411) 641(411) 7.9(411) 7450 38) 4.4( 42) 5.5( 41)

3 27-39 1.02( 58) 1.03(414) 1.03(413) 1.03(411) 1.04{411) 1.04(410) 1.,04(411) 1.03( 38) 1.03( 42) 1.03( 41)
4e6( 58) 4.6{414) 7430413} 6.8(811) 5.8(411) 5.4(410) 7.8(411) 7T.3( 38) 4.3( 42) 5.1( 41)

4 39-51 1.,01( 58) 1,01{414) 1,01(413) 1.,01(411) 1,02(411) 1,02(411) 1.,01(411) 1,01 38) 1.01( 42) 1.01{ 41)
4,4( 58) 4.5(414) T7.1(413) 6.7(411) 5.6(411) 5.7(411) 7.70(411) 7.00 38) 4.,3( 42) 4.3( 41)

5 51-63 «99( 58)  «99(414) .99(413) +I9(411) +99(411) .98(410) .99(411) .99( 38) +99( 42) .,99( 41)
4.4 58) 4,6(414) 6.8(413) 6.5(411) 5.8{(411) 5,7(410) 7,20411) 6.7( 38) 4 1( 42) 4,20 41)

6 63-75 «96( 58) «94(414) .95(413) .35(411) 493(411) .93(411) .93(411) 940 38) +95( 42) .96( 41)
4.4 58) 4.9(414) 6.8(413) 6.9(411) 6.7(411) 6.9(411) 7T.70411) 7.20 38) 4.4( 42) 4.4( 41)

7 75-90 292( 58) ,90(414) .90(413) ,90(411) .86(411) .87(393) ,86(411) .8B8( 38) ,90( 42) ,91( 41)
442( 58) 4470(414) 7.1(413) 6.9(411) 7.4(411) 7.0(393) B8.0(411) 6.6( 38) 4.2( 42) 4.50 41)
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(a) Winter (Northern Hemisphere).

Figure 8. Day-night average limb-darkening model for partly cloudy over land or desert. (See table 4 for
explanation of data sources.)
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NORTH
POLE
BIN NO. 2 3 4
ANGLE (DEG) 0-18 16-36 36-54 54-72
VIEWING ZENITH
BIN ANGLE
NO. (DEG)
1 0-15 1.04( 74) 1.04(236) 1.05{413) 1.05(406)
5.0( 74) 5.0(236) 7.8(413) 9,0(406}
2 15=27 1.04( 74) 1.04(394) 1.05(413) 1.05(411)
5.0( T74) 5.01394) 7.5(413}) 9.,1(411)
3 27-39 1,03( 74) 1.03(393) 1.03(413) 1.04(411)
4eB( T4) 4.8(393) 7.1(413) B8,5(411)
4 39-51 1,01( 74) 1.,01(394) 1.02(413) 1,01(411)
5¢2( 74) 5.2(394) 7.2(413) B8.4(411)
5 51-63 990 74) ,99(393) ,99(413) ,99(411)
510 74) 5.1(393) 6.,9(413) 8.1(411)
6 63=75 «95( 74) .95(394) .94(413) ,93(411)
5S¢4l 74) 5.4(394) 7.2(413) 8,7(411)
7 75-90 «+89( 74) .89(393) .88(413) ,37(41l1)
5¢1( 74) 5.1(393) 6,9(413) 8.4(411)
10—

ANISOTROPIC FACTOR

ORIGINAL PAGE j3
OF PGOR QUALITY

SCENE TYPE ¢ PARTLY CLOUDY OVER LAND OR DESERT
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES{W/M**2/5R)
( ) — DATA SOURCE

SEASON : SPRING( MAR,APR,MAY )
COLATITUDE

5 (] 7 8 9 10
72-90 90-108 108-126 126-144 144=162 162-180

1,07(393) 1.05(393) 1.05(393) 1,04( 38) 1.04( 38) 1.04( 38)
6¢9{393) 5.,1(393) 6.11393) 7.40 38) 4.6( 38) 4.6( 38)

1.06(411) 1.04(411) 1.04(411) 1.04( 38) 1.04( 38) 1.04( 38)
7+3(411) 5,2(411) 6.,0(411) 7.5( 38) 4.7( 38) 4.,7( 38)

1,04(411) 1.,03(411) 1.03(394) 1.03( 38) 1,02( 38) 1,02( 38)
7+3€(411) 5.3(411) 6.00394) 7Te64( 38) 4.4( 38) 4.4 38)

1,02(411) 1.01(411) 1,01(411) 1.,01¢( 38) 1.01( 38) 1.01( 38}
7630411} 4,9(411) 5.9(411) 7.1{ 38) 4.3( 38) 4.3( 38)

«99(411)  +99(411) +99(411) .99( 38) .99( 38) ,99( 38)
7+1(411)  4,9(411) 5.5(411) 6.9( 38) 4.4t 38) 4,40 38)

0910411} +94(411) +94(411) .95( 38) .95( 38) .95( 38}
8.4(411) 6,7(411) 6.3(411) 6.9( 38) 4.6( 38} 4.6( 38}

.864(393) ,87(393) .88(393) ,90( 38) .90( 38) ,90( 38)
8.5(393) 7,4(393) 6.2(393) 7.0( 38) 4.7( 38) 4.7( 38)

[a'ed
S
(&)
T
L
ot
a
o
[v'4
—
A
30— COLATITUDE BIN \\ = 90— COLATITUDE BIN \
\\ a \
ey N —
--------- : :
o= \ es— 9§
— 5 ————10
o) I N N AN NN NN N N NN R IR N NN S NN RN NU R R
0 10 20 30 40 S0 80 70 80 0 0 10 20 30 40 S0 60 70 80 30

VIEWING ZENITH ANGLE (DEG)

VIEWING ZENITH ANGLE (DEG)

(b) Spring (Northern Hemisphere).

Figure 8. Continued.
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ORIGINAL PAGE IS
OF POOR QUALITY

SCENE TYPE t PARTLY CLOUDY OVER LAND OR DESERT
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES (W/M#**2/SR)
{ ) - DATA SOURCE
SEASON ¢ SUMMER({ JUN,JUL,AUG )
COLATITUDE
NORTH
POLE
BIN NU. 1 2 3 4 5 6 7 8 9 [+]
ANGLE (DEG) 0-18 18-36 36=-54 54«72 72-90 90-108 108~126 126=144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
NOD. {DEG)
1 U=i5 1.04(412) 1.04(411) 1,05(411) 1.06(411) 1.06(411) 1.05(411) 1,04(411) 1.,05( 49) 1.,04( 38) 1.,04( 38)
543(412) 4.9(411) 743(411) Fe1(411) 643(411) 4.7(411) 6.2(411) 670 49) 4.6 38) 4,7( 38)
2 15-27 1.064(412) 1.04(411) 1.05(411) 1.05(411) 1.,05(411) 1.,04(411) 1.,04(411) 1.05( 52) 1.04( 38) 1.03( 38)
be.1(412) 4.9(411) 7.5(411) 9.1{411) 6.3(411) 4.7(411) 6.2(411) 6,70 52) 4.8( 38) 4.,9( 38)
3 27=39 1.,03(412) 1.03(411) 1.03(411) 1.04(411) 1.04(411) 1,03(411) 1.03(411) 1.03( 51) 1.03( 38) 1.02( 38)
5.6(412) 4¢7(411) 743(411) 8,8(411) 6.1(411) 4.9(411) 6.0(411) 6.71 51) 4.6( 38) 4&,.,6( 38)
4 39=51 1,01(6412) 1,01(611) 1,01(411) 1,31(411) 1,01(411) 1.01(411) 1.01¢(411) 1,01( 52) 1,01( 38) 1.01¢ 38)
4.9(412) 4,.7(611) 7.0(411) B.6(411) 569(411) 4.,9(411) 6.1(411) 6.4l 52) 4.5( 38) 4&,4( 38)
5 51=-63 «99(412) 299(411) +99{411) «99(411) +99(411) e99(411) «99(411) «99( 52) .99( 38) «99¢( 38)
4a.6(412) 4e6(411) 6.7(411) Be3(411) 5.9(411) 5.,1(411) 6.0(411) 6,50 52) 4.6( 38) 4,4( 38)
6 63-75 «95{412) 095(411) «94(411) +93(411) «921{611) «94(411) «95(411) .94( 52) «94( 38) +96( 38)
5.0(412) 4.8(411) 7.2(411) 8.4(411) b6eT(411) 5.9(411) 5.91411) 6.5( 52) 4.9( 38) 4.4( 38)
7 75=90 «901{412) +90(411) «88(411) «86{(4ll) «85(411) «88(411) «90(411) +88( 51) «90¢ 38) «92( 38)
5.2(412) 4.8(411) 6.6(411) Te9(411) 7.0(411) 643(411) 5,90411) 7.5( 51) 4,7( 38) 4.,2( 38)
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(c) Summer (Northern Hemisphere).

Figure 8. Continued.



8IN NO.

ANGLE(DEG)

NORTH

PO
1

VIEWING ZENITH

BIN ANGLE
ND. (DEG)
1 u-15
2 15-27
3 27-39
4 39=-51
5 51-63
6 63-75
7T 7v-90
.10
1.05p———-

ANISOTROPIC FACTOR

1.04¢(
4e61(

1,04
4o 71

1.02¢(
4ot

1.01(
403¢(

«99¢
Y

2951
40

LE

0-18

-74)
T4)

74)
74)

74)
74)

74)
T4)

74)
74)

74)
T4}

74)
74)

2
18-36

1,04(411)
4.6(411)

1,04(411)
4,7(4ll)

1.02(411)
4.4(411)

1.01(411)
4.3(411)

«99(411)
4.4(411)

«95(411)
4.6(411)

«90(394)
4o 7(394)

3
36=54

1.04(412)
T44(412)

1.04(412)
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1.03(412)
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7.1(412)

«99(412)
649(412)

«95(412)
6.9(412)

«90(412)
7.0(412)

ORIGINAL PAGE i3S
OF POOR QUALITY
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54~72
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1.01(411)
8.1(411)
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«J41411)
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DATA 1l -
2 -

()
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5
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8
126-144
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6+3(406) 6.7(411)
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6,41411) b6e4l4ll)
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ORIGINAL PAGE IS
OF POOR QUALITY

SCENE TYPE t PARTLY CLOUDY OVER LAND-OCEAN MIX
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M*%*2/SR)

( ) - DATA SOURCE

SEASON ¢t WINTER( DEC,JAN,FEB )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 [ 7 8 9 10
ANGLE(DEG) 0-18 18-36 36-54 54~72 72-90 90-108 108-126 126-144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)

1 0=15 1.04( 3) 1.05( 3) 1.05{( 3) 1,040 3) 1.05( 3) 1.,05( 3) 1.05( 3) 1.,05( 3) 1.04( 3) 1.03( 3
5.8( 3) 5.40 3) 6440 3) 6,20 3} 5.1 3) 5.00 3) 7.1C 3) 7.9 3) 6.9( 3) 5.8( 3

2 15=-27 1.04( 3) 1.04( 3) 1.04( 3) 1l.04( 3) 1.05( 3) 1.05( 3) 1,05( 3) 1.04( 3) 1.03( 3) 1.03( 3)
6,00 3) 5.30 3) 6,31 3) 6,11 3} 5,10 3) 5,2t 33 7.00 3) 8,00 3) H.9C 3 6,20 3)

3 27-39 1.,02( 3) 1.03( 3) 1.03( 3) 1.03( 3) 1.03( 3) 1.,03( 3) 1.04( 3) 1.03( 3) 1.02( 3) 1.03( 3
549(C 3) 5.20 3} 6430 3) 5.80 3) 4.9 3) 4.90 3) 6.9( 3) 7.80( 3) 6.7( 3) 6,00 3)

4 39-51 1.01( 3) 1.01{ 3) 1.01¢( 3) 1,010 3) 1.01( 3) 1,01(C 3) 1,01( 3) 1.01( 3) 1.01( 3) 1.01( 3)
5.,7( 3) 5.0 3) 6.10 3) 5.80 3) 4.8( 3) 5,00 3) 6,60 3) 7.5 3) 6.5 3) 5.4( 3)

5 51-63 «99( 3) L9901 3} .99 3) .990 3) 990 3) .99( 3) .99( 3) L99( 3) .99¢ 3) .99( 3}
5¢2( 3) 5.00 3) 6.0 3) 5.60 3) 5,00 3) S.2( 3} 6,20 3} 7.1 3) 6.3( 3) 5.4 3)

3

3

[ 63-75 950  3) 940 3) 495( 3) L95( 3) «94( 3) L.93( 3) 940 3) .94( 3) .95( 3) .96l
5,00 3) 5.20 3) 6.0 3) 6.00 3) 6.00 3) 6430 3) 6.5 3) 7.1( 3) 6,10 3) 5,5¢(

7 75-90 «91( 3) .89(C 3) L.89( 3) .90C 3) L,87( 3) .88( 3) .88( 3) .8%( 3) ,91( 3) ,92( 3)
4e5( 3) 5,10 3) 6.20 3) 5.90 3} 6.6( 3) 6.60 3) 6.60 3) 6.5( 3) 5.7( 3} 4.90 3)
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(a) Winter (Northern Hemisphere).

Figure 9. Day-night average limb-darkening model for partly cloudy over land-ocean mix. (See table 4 for
explanation of data sources.)
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ORIGINAL PAGE IS
OF POOR QUALITY,

SCENE TYPE t PARTLY CLOUDY OVER LAND-OCEAN MIX
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 - STANDARD DEVIATION OF LW RADIANCES(W/M¥**2/SR)

() DATA SOURCE

SEASON 1 SPRING( MAR,APR,MAY )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 [ 7 8 9 10
ANGLE(DEG) 0-18 18-36 36-54 54-72 72-90 90-108 108~126 126-144 l44-162 l62-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)
1 0-15 1.,04( 3) 1,04( 3) 1,05( 3) 1,050 3) 1,060 3) 1,05( 3) 1.05( 3) 1,04( 3) 1.04( 3) 1.04( 3}
5.00 3) 5,20 3) 7.60 3) 8,50 3) 5.60 3) 4.7 3) 5.,2( 3) 6.6( 3) 5.80( 3) 4.6( 3)
2 15-27 1.04( 3) 1,04 3) 1.04( 3) 1.05(C 3) 1.05( 3) 1.04( 3) 1.04( 3) 1.04( 3) 1.04( 3) 1.04( 3)
5420 3) 5.4( 3) 7.5( 3) 8.70 3) 6.00 3) 5.1C 3) 5,30 3) 6.7( 3) 5.8( 3) 4.60 3)
3 27-39 1.03( 3) 1,03( 3) 1.03( 3) 1.03( 3) 1,04( 3) 1.,03( 3) 1.03( 3) 1.03( 3) 1.,03( 3) 1.03( 3)
5.1( 3) 5.3( 3) 7.2( 3) B.40 3) 6,00 3) 5.1C 3) 5.3 3) 6.6( 3) 5.6( 3} 4,50 3)
4 39-51 1,01( 3) 1,01¢ 3) 1.,01( 3) 1.31( 3) 1.01¢ 3) 1.01( 3) 1.01( 3) 1,01( 3) 1.01( 3) 1.01( 3)
5.3( 3) 5.40 3) 7,20 3) 8,10 3) 5.9(C 3) 4.8( 3) 5.3( 3) 6.3( 3) 5.7C 3) 4.5( 3}
5 51-63 990 3} L990 33 4990 3) L9903} 4990 3) .99(C 3) L99(C 3) L99( 3) .99C 3} .99C 3
5010 3) 5,30 3) 6,90 3) 7.7( 3) 5.90 3) 4.8( 3) 4,90 3) 6,2( 3) 5.60 3) 4.4l 3)
6 63-75 «95( 3) 4950 3) .94 3) 4940 3) 4920 3) 4960 3) .94( 3) L95( 3) .95( 3) 950 3)
5.30 3) 5,50 3) 6.9( 3) 7.90C 3) 7.1( 3) 6.20 3) 5.60 3) 6,30 3) 5.7C 3) 4.7C 3)
7 75=90 «89( 3) .890 3} .8B( 3) .88( 3) .86( 3) .88( 3) L89( 3) .90( 3) .90(C 3} .90( 3)
4.9¢ 3) 5,00 3) 6460 3) 7,70 3) 7.50 3) 6.9(C 3) 5,60 3) 6,40 3) 5.80 3) 4.80 3)
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1S
ORIGINAL PAGE
OF POOR QUALITY

SCENE TYPE : PARTLY CLOUDY OVER LAND-OCEAN MIX
DATA 1 — LONGWAVE (LW) ANISOTROPIC FACTOR
2 =~ STANDARD DEVIATION OF LW RADIANCES(W/M#*%2/SR)
{ ) - DATA SOURCE

SEASON ¢t SUMMER( JUN,JULsAUG )

COLATITUDE
NORTH
POLE
B8IN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE{(DEG) 0-16 18-3¢6 36-54 564-72 72-90 90-108 108-126 126=-144 l44-162 162-180
VIEWING ZENITH
BIN ANGLE
NOe  (DEG)

1 =15 1.04( 3) 1,040 3) 14050 3) 1.05( 3) 1.06( 3) 1.05( 3) 1.,04( 3) 1,041 3) 1.04( 3) 1,04( 3
5.00 3) 5430 3) 6490 3) 9,70 3) 5,10 3) 4,1( 3) 5,50 3) 5.7¢ 3) 4.3( 3} b&6.5( 3

2 15=27 1.03(C 3) 1.04( 3) 1404C 3) 14050 3) 1.05C 3) 1.04( 3) 1.04( 3) 1.04( 3) 1.06( 3) 1.04¢
5440 3} 5430 3) 7410 3) 9.8(C 3) 5420 3) 400 3) 5.50 3) 5.70 3) 4.5( 3) 6460

3

3

3 ¢7-39 1,020 3) 1.93( 3) 1.03( 3) 1.,03C 3) 1.04(C 3) 1.03¢C 3) 1.03( 3) 1.03( 3) 1.03( 3) 1.02( 3
5.10 3) 5.20 3) 6,90 3) 9.5¢( 3) 5.0( 3) 4.30 3) 5430 3) 5.6( 3) 4&.3( 3) 6.5( 3

4 39-51 1.,01( 3) 1.,01( 3) 1.01( 3} 1,01¢ 3) 1.01( 3) 1.01( 3} 1l.01( 3) 1.01( 3) 1.01( 3) 1.01( 3
4e60 3} 5,00 3) 6.70 3) 9,20 3) 4,90 3) 4,30 3) 5.,3( 3) S.6l( 3} 4.30 3) 6.5 3

3

3

5 5l-03 «990  3) 990 3) 4990 3) 4990 3) 4990 3) .99(C 3) 4990 3) 990 3} .99( 3) .99¢
4460 3) 5,00 3) 6.6 3) B8.8( 3) 4,90 3) 4.4 3) 5,20 3) 5.50 3) 4.4 3) 6.6

950 3) L95( 3) .94( 3) .95¢(
5.40 3) 5,60 3) 4.7( 3) 6.81

6 63-75 «950  3)  .95( 3) .94( 3) .94 3) 930 3) .94( 3
4.8{ 3) 5.1 3) 6.60 3) 8.60 3) 6.0( 3) 5.2( 3

7 75-90 «91( 3) L90C 3) .89( 3) .33 3) .87( 3) .89( 3) .90( 3) .89(C 3) .89( 3) ,90( 3)
4ol 3) 4490 3) 6430 3) 7,70 3} 6450 3) 5450 3) 5,30 3) 6,20 3) 4.b6( 3) 6.9 3)
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ORIGINAL PAGE IS
OF POOR QUALITY

SCENE TYPE t PARTLY CLOUDY OVER LAND-OCEAN MIX
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M*#2/SR)
( ) - DATA SOURCE

SEASON ¢ FALL{ SEPT,OCT,NOV )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-18 18-36 36=54 54=72 72-90 90-108 108~126 126-144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)

1 0=15 1404(. 3) 1.04( 3) 1,040 3) 14050 3) 14050 3) 1,050 3) 1.05( 3) 1.05( 3) 1.04( 3) 1.04(
4e5( 3} 4230 3) 6.6( 3) 6,70 3) 5.10 3) 5.60 3) Te20 3) T7.20 3) 5.90C 3) 6.3¢(

w w

2 15=27 1.04( 3) 1.040 3) 1.04( 3) 1.04( 3) 1,05( 3) 1.05( 3) 1.,05( 3) 1.04( 3) 1404( 3) 1,04( 3
a4 3)  4e4l  3) 6460 3) 6470 3) 5.30 3) 5.3( 3) 7.4 3) 7.00 3) 6,00 3) 6.4( 3

3) 1.03( 3) 1.,03( 3) 1.03( 3) 1.,03( 3) 1.03( 3)

3 27-39 1,03( 3) 1.03( 3) 1.03( 3) 1.,23( 3)1 3
3) 5.10 3) 7410 3) 6460 3) 5.9( 3) 6.2( 3)

$ 04
4¢30 3) 4,20 3) 6.6 3) 6450 3) 5.1

4 39-51 1.01(¢ 3) 1.0 3) 1.01( 3) leul( 3) 1.01( 3) 1.,01( 3) 1,01C 3) 1,01C 3) 1,01( 3) 1,01( 3)
4430 3) 4420 3) 6430 3) 6.4l 3) 5.20 3) 5,00 3) 6.9( 3) 6460 3) 610 3) 6.4 3)

5 51-63 «99¢  3) L9903} 4990 3)  +99C 3) L99( 3) .99( 3) .990 3) L99( 3} L99( 3) .99 3
4kl 3) 4.2 3) 6,20 3) 6.1 3) 5.30 3} 44,90 3) 6450 3) 6430 3} 5.9( 3) 6,301 3)

6 63-75 94 3) 4950 3) L4950 3)  W940 3) 4930 3) 930 3) «94( 3) .94( 3) .95( 3) ..95( 3
4eb(  3)  445(C 3) 6430 3) 6.5( 3) 6440 3) 5.90 3) 6.7( 3) 6.40 3) 6,00 3) 6.3( 3
7 75=-9u «90C 3)  L.90( 3} L,90( 3) L89( 3) .87( 3) .87( 3) .88( 3) L.89( 3) L90( 3) .90( 3
4eB( 3) 4,60 3) 6430 3) 6.30 3) 6490 3) 6.4( 3) 6.2( 3) 6.0 3) 5.,3C 3) 5.6( 3
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Figure 9. Concluded.
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ORIGINAL PAGE IS
OF POOR QUALITY SCENE TYPE + MOSTLY CLOUDY OVER OCEAN

i
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 ~ STANDARD DEVIATION OF LW RADIANCES(W/M**2/SR)
() - DATA SOURCE

SEASON t WINTER( DEC»JAN,FEB )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-19 18-36 36-54 54=72 72-S0 90-108 108-126 126-144 l44~162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)

1 0-15 1.05( 87) 1.,05(411) 1.,04(411) 1.,05(411) 1.05(411) 1,05(411) 1.05(411) 1,04(411) 1,03(411) 1.03(397)
5011 87) 5.3(411) 6.6(411) 7.5(411) 7.9(411) 8.2(411) 8.3(411) 6.4(4611) 4.3(411) 4.1(397)

2 15-27 1.04( 88) 1.04(411) 1.04(411) 1.04(411) 1.,04(411) 1.04(411) 1.04(411) 1.,04(411) 1.,03(411) 1,03(397)
5¢0( 88) 5.4(411) 645(411) 7.7(411) B8.2(411) B843(411) 8,2(411) 6.6(411) 4,6(411) 4,3(397)

3 27-39 1.03( 87) 1,03(411) 1.03(411) 1.02(411) 1.03(411) 1,03(411) 1.03(411) 1,03(411) 1.02(411) 1.02(397)
4480 87) 5.1(411) 6.5(411) 7.7(411) 8.1(411) 7.9(411) 7,7(411) 6.5(411) 4.3(411) 4,0(397)

4 39-51 1.01( 8y) 1,01(411) 1,01(411) 1.01(411) 1.01(411) 1.,01(411) 1.01(411) 1.01(411) 1.01(411) 1.01({397)
4,50 88) 5.0(411) 6.3(411) 7,6(411) B.1(411) B8.3(411) 7.90411) 6.4(411) 4,2(411) 4.0(397)

5 51-63 299 881 +99(411) .99(411) +99(411) .99(411) +99(411) .99(411) .99(411) .99(411) ,99(397)
4.9( 88) 5.10411) 6,3(411) 7.4(411) 8.0(411) B.1(411) 7.8(411) 6.3(411) 4,1(411) 4,0(397)

6 63-75 «94( 86) ,94(411) 94(411) .95(411) 494(411) 494(411) +95(411) .95(411) .96(411) .96(397)
S5¢1( 88) 5.440411) 645(411) 7.9(411) 9.3(411) 9.5(411) B8.4(411) 6.,6(4611) 4,2(411) 4,1(397)

7 75-90 «88( 87) .89{411) +90(411) .90(411) .87(411) .B87(411) ,89(411) .90(411) ,92(411) ,.93(397)
5¢2( 87) 543(411) 6,3(411) B8.1(411) 9.7(411) 10.2(411) 9,0(411) 6.6(411) 4.1(411) 3,9(397)
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(a) Winter (Northern Hemisphere).

Figure 10. Day-night average limb-darkening model for mostly cloudy over ocean. (See table 4 for explanation
of data sources.)
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BI
ND
1

ANISOTROPIC FACTOR

ORIGINAL PAGE IS
OF POOR QUALITY

SCENE TYPE ¢
DATA 1

MOSTLY CLOUDY COVER OCEAN
LONGWAVE {LW) ANISOTROPIC FACTOR

2 = STANDARD DEVIATION OF LW RADIANCES(W/M**2/SR)

( ) - DATA SOURCE

SEASON 3 SPRING( MAR,APR,MAY )
COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-18 18-36 36=54% 54-72 72-90 90~108 108-126 126=144 144-162 162-180
VIEWING ZENITH
N ANGLE
« (DEG)
0-15 1.04(380) 1,04(412) 1,04(411) 1.05(413) 1,05(411) 1,05(241) 1,04(241) 1,04(411) 1,04(411) 1.04( 40)
4e310380) 4.,6(412) 6420411) 7.6(413) 8.5(411) B8.,6(241) B,1(241) 6.6(411) 4.7(411) 4.7( 40)
15-27 1.03(210) 1.03(412) 1,04(411) 1,04(413) 1.,05(411) 1.04(411) 1.04(411) 1,06(411) 1,04(411) 1.04( 40)
5,2(210) 5.0(412) 6,1(411) 7.4(413) 8,6(411) B.5(411) 8,1(411) 6,7(411) 4.8(411) &.5( 40)
27=39 1.03(380) 1.03(412) 1.,03(411) 1.03{413) 1.,04(411) 1,03(41}) 1.03(411) 1,03(411) 1.03(411) 1.03( 40)
4.8(380) 4.8(412) 6,0(411) 7.3(413) B8.0(411) B8.3(411) B8,1(411) 6.6(411) 4.7(411) 4.4( 40)
39-51 1.01(380) 1.,01(412) 1,01(411) 1,011(413) 1,02(411) 1.,01(411) 1.,01(411) 1.01(¢(411) 1.01¢411) 1,01( 40)
4.8{380) 4.6(412) 6.2(411) 7.0(413) 845(411) B844(411) 8,0(411) 6.6(411) 4.9(411) 4 4( 40)
51-63 «93(380) «99(412) .99(411) ¢39{413)  99(411) 499(411) ,99(411) ,99(411) .99(411) ,.99( 40)
4¢7(380) 4.6(412) 6,1(411) 7.8(413) 8,4(411) B8.1(411) B,1(411) 6.,4(411) 4.7(411) 4.4( 40)
63=7% «95(380) «95(412) «94(411) ¢94(413) ,93(411) 494(411) «94(411) ,L,95(411) .95(411) .95( 40)
4s9(380) 5.00(412) 6.,5(411) 8.,6(413) 9.6(411) 9¢7(411) B,7(411) 7.0(411) 5.0(411) 4.8{ 40)
75=-990 «91(380) ,.,90(412) ,90(411) »88(6413) L86{411) ,87(4ll) «89(411) .89(411) ,90(411) .90( 40}
4¢6(380) 4,8(412) 6.5(411) 8.9(413) 9,9(411) 10.2(411) 9,0(411) 7,0(411) 5.,1(411) 4.7{ 40)
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(b) Spring (Northern Hemisphere).

Figure 10. Continued.
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ORIGINAL PAGE IS .
OF POOR QUALITY

SCENE TYPE t MOSTLY CLOUDY OVER OCEAN
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 - STANDARD DEVIATION OF LW RADIANCES (W/M*%2/SR)
{ ) - DATA SOURCE
SEASON t SUMMER( JUN»JUL,AUG )
COLATITUDE
NORTH
POLE
BIN WO, 1 2 3 4 5 6 7 8 9 10
ANGLE (DEG) (-18 18-36 36-54 54=72 72-90 90-108  108-126 126-144  144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. {(DEG)
1 U=15 1.064(609) 1,04(411) 1,05(411) 1.05(411) 1.06(411) 1,04(411) 1.04(411) 1,04(411) 1,05(411) 1.05( 74)
4,6(409) 5.0(411) 7.2(411) 8,0(411) 8.,2(411) 6.9(411) 7.6(411) 6.3(411) 5.4(411) 5.4( 74)
2 15-27 1.03(410) 1.03(411) 1.04{411) 1.04¢411) 1,05(411) 1,04(411) 1.04(411) 1.04(411) 1.04(411) 1.04( T4)
4,6(410) 5.2(411) 7.1(411) 8.0(411) B8,1(411) 7.1{411) 7.4(411) 6.3(411) 5.3(411) S.3( 74)
3 27-39  1.03(410) 1.02(411) 1,03(411) 1.23(611) 1.03{(411) 1.,03(411) 1.03(411) 1.,03(411) 1.03(411) 1.03( 74)
4,1(410) 5.10411) 6.9(411) 7.7(411) 7.7(411) 6.9(411) 7.3(411) 6.3(411) 5.3(411) 5.3( 74)
¢ 39-51 1,01(410) 1.01(411) 1,01(411) 1,01¢411) 1.01(411) 1,01(411) 1.01(411) 1.01(411) 1.01(411) 1,01( 74)
443(410)  4.9(411) 7.0(411) 7.9(411) €,00411) 7.,2(411) 7.,4(411) 6.2(411) 5.3(411) 5.3( 74)
5  51=63  «99(410)  .99(611) .99(411) 499(411) .99(411) .99(411) .99(411) .99(411) .99(411) .99( 74)
4.6(410)  4.9(411) 6.9{411) 7.7(411) 7.8(411) 7.0(411) 7,1(411) 6.1(411) 5.3(411) 5.3( 74)
6 63-75  .95(410) .95(411) ,95(411) 4240411} .93(411) .94(411) .95(411) .95(411) .94(411) .94( 74)
6.8(410) 5.,2(611) 7.3(411) B8.7(411) 9.2(411) 8.1(411) 7.6(411) 6.5(411) 5.7(411) 5.7( T4)
7 75-90 .92(410) .91(411) .90(411) .89(411) .87(411) .89(411) .91(41l) .90(411) .89(411) ,89( T4)
6.50410)  5.3(411) 7.4(411) 9.3(611) 9,7(411) 8.8(411) 7.4(611) 6.6(411) 5,8(411) 5.8( 74)
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Figure 10. Continued.



BIN
NO.
1

ANISOTROPIC FACTOR

ORIGINAL PAGE is
OF POOR QUALITY

SCENE TYPE ¢ MDSTLY CLOUDY OVER OCEAN
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 - STANDARD DEVIATION OF LW RADIANCES (W/M##2/SR)
{ ) - DATA SOURCE
SEASON : FALL( SEPT,OCT,NOV )
COLATITUDE
NORTH
POLE
sIN ND. 1 2 3 4 5 6 7 8 9 10
ANGLE (DEG)  ©0-18 18-36 36-54 54-72 7290 90-108  108-126 126-144  144-162  162-180
VIEWING ZENITH
ANGLE
(DEG)
0-15 1.04(411) 1.04(411) 1,05(411) 1.05(411) 1.05(413) 1,05(411) 1.06(411) 1,04(411) 1.04(411) 1.04( 74)
4,6(411)  5.5(411) 7.2(411) 8,4(411) 7.9(413) 7.4(411) 7.5(411) 5.9(411) 5.3(411) 5.3( 74)
15-27 1.04(411) 1.04(411) 1,04(411) 1.04(411) 1.04(413) 1,04(411) 1,04(411) 1,04(411) 1.03(411) 1.03( 74)
4030411) 5.40411) 7.3(411)  8.2(411) 7.5(413) 7.4(411) 7,40411) 5.9(611) 5,1(411) 5.1¢ 74)
27-39  1.03(411) 1.u3(411) 1.03(411) 1.03(411) 1.,03(413) 1.03(411) 1,03(411) 1.03(411) 1.03{411) 1.,03( 74)
4104110 5.20411) 7.1(411) 7.90411) 7.4(413) 7,2(411) 7.5(411) 5,9(411) 5.1(411) 5.1( 74)
39-51 1.010(411) 1.01(411) 1,01(411) 1.011411) 1.01(413) 1,01(411) 1,01(411) 1,01(411) 1,01(411) 1.01( 74)
@ 20411)  5.40411) 74104110 8.2(411) 7T.5(413) 7.5(411) 7.5(411) 5.9(411) 5,0(411) 5.0( 74)
5163 .99(411) .99(411) .99(411) .79(411) ,99(413) .99(411) ,99(411) ,99(411) .99(411) .99( 74)
4.2(611) 5.3(4111 6,80411) 7.90411) 7,3(413) 7.20411) 7.3(411) 5.8(411) 5.1(411) S5.1( 74)
03=75  .95(411)  .95(411) +94(411) .94(411) .94(413) .94(411) .95(411) .95(411) .95(411} .95( 74)
4.5(411) 5.6(411) 7.1(411) 8.9(411) B.4(413) 8.4(411) 8,0(411) 6.1(411) 5.,3(411) 5,30 74)
75-90  .90(411) .90(411) .90{411) .38(411) .88(413) .88(411) .90(411) ,90(411) .91(411} .91L 74)
4.50411)  £.6(411) 7.1(411) 9.3(411) 9.0(413) 9.2(411) 8.2(411) 6.2(411) 5,4(411) S.4( 74)
10— 1107
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S
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Figure 10. Concluded.

57



ORIGINAL PAGE iS
OF POOR QUALITY

SCENE TYPE ¢ MOSTLY CLOUDY OVER LAND OR DESERT
DATA 1 - LONGWAVE (LW) ANISOTRDPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M*#2/5R)
( ) - DATA SOURCE

SEASON s WINTER( DEC,JAN,FEB )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-18 18-36 36-54 54=72 72-90 90-108 108-126 126-144 144-162 162~180
VIEWING ZENITH
BIN ANGLE
ND. (DEG)

1 0=15 1.05( 75) 1.05( 62) 1.06(412) 1,36( 70) 1.07(412) 1.,06(410) 1.05(394) 1.,05( 38) 1.04( 43) 1.03( 41)
5691 75) 610 62) 7.6(412) 8.9( 70) 8.5(612) B8.8(410) 10.1(394) 7.8( 38) 5.4 43) 3.,5( 41)

2 15=27 1.04( 75) 1.04( 62) 1405(412) 1.95( 71) 1.05(412) 1,06(411) 1,04(411) 1.04( 38) 1.,03( 43) 1,03( 41)
6,10 75) 6,30 62) 7.4(412) 9,30 71) 9.3(412) 8.8(411) 10.7(411) 8.0( 28) 5.,3( 43) 3.8( 41)

3 27-39 1.03( 75) 1.03( 62) 1,04(412) 1.03( 71) 1.04(612) 1.04(411) 1.03(394) 1,03( 38) 1.02( 43) 1.02( 41)
5.9( 75) 6400 62) 7.1{412) 9.1( 71} 8.6(412) 8.4(411) 9.9(394) 7.5( 38) 5,1( 43) 3,8( 41)

4 39=51 1.,01( 75) 1.01( 62) 1.02(412) 1,01( 71) 1.,02(412) 1.01(421) 1.01{411) 1.,01( 38) 1.,01( 43) 1.01(
580 75) 6,20 62) 7.6(412) B.7( 71) B8.8(412) B8.4(411) 106.2(411) 7.8( 38) 5,1( 43) 3.9( &

5 51-63 99 75)  L99( 62) ,98(412) 499( 71) .99(412) ,99(411) .99(411) .99( 38) .99( 43) ,99( 41)
6.0( 75) 6420 62) 7.6(412) B8.40 71) 9.,3(412) B8.61(411) 9.5(411) 7,40 38) 5,0( 43) 3.8( 41)

6 63=75 «93( 751 J94( 62) .93(412) 4930 71) .92(412) 493(411) .94(411) .94( 38) .96( 43) .96( 41)
670 75) 6490 62) 7.8(412) G9.2( 71) 10.4(412) 9.1(411) 10,1(411) 7,6( 38) 5,20 43) 3.6( 41)

7 75-90 «89( 75) .89 62) .88(412) 890 71) .85(412) .85(411) .88(394) ,L69( 38) 4920 43) ,L93( 41)
64210 75) 6470 62) T+7(412) B8.7( 71) 10.6(412) 9¢3(411) 9.8(394) 7.6( 38) 5,00 43) 3.,9( 41)
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(a) Winter (Northern Hemisphere).

Figure 11. Day-night average limb-darkening model for mostly cloudy over land or desert. (See table 4 for
explanation of data sources.)
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ORIGINAL PAGE IS
OF POOR QUALITY

SCENE TYPE : MOSTLY CLOUDY OVER LAND OR DESERT
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES (W/M#%2/SR)
( ) - DATA SOURCE

SEASON t SPRING( MAR,APR,MAY )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE (DEG) 0-18 18-36 36=54 54-72 72=90 90-108 108-126 126-144 144~162 162-180
VIEWING ZENITH
BIN ANGLE
ND. (DEG)

1 0=15 1,040 77) 1.04(383) 1.05(412) 1.05(412) 1.,05( 43) 1,06(225) 1.05(393) 1.05( 38) 1.04( 38) 1.04( 38)
5¢1( 77) 5.1(383) 7.1(412) B8.8(412) 8.5( 43) 8.3(225) 9,2(393) 7.1( 38) 5.3( 38) 5.3( 38)

2 15=27 1.04( 77) 1.04(400) 1.04(412) 1405(412) 1.05( 43) 1,05(395) 1.04(411) 1.,04( 38) 1.04( 38) 1.04( 38)
5040 77) 5.4(400) 6,9(412) 9,1(412) 8.8B( 43) 8.7(395) 9.0(411) 7.2( 38) 5.1( 38) 5.1( 38)

3 27-39 14030 77) 1.03(383) 1,03(412) 1,03(412) 1404( 43) 1.04(395) 1.03(394) 1.03( 38) 1.03( 38) 1.03( 38)
4¢9( 77) 4.9(383) 6.8(412) 9.0(412) B.4( 43) B8.9(395) 8.8(394) 7.0( 38) 5S.1( 38) 5.1( 38)

4 39=51 1.01( 77) 1.01(400) 1,01(412) 1.01(412) 1,02( 43) 1.,01(395) 1,01(411) 1,01( 38) 1.01( 38) 1.01( 38)
5¢0( 77) 5.00400) 7.2(412) 8,6(412) 8.5( 43) 8.,7(395) 8.9(411) 7.,1{ 38) 5.2( 38) 5.,2( 38)

43)  499(395) .98(394) .99( 38) .99( 38) .99( 38)

5 51-63 «99( 77) .99(383) .99(412) .99(412) (
( 43) 8.8{(395) B8.6(394) 7.0( 38) 4,9( 38) 4.9 38)

+99
5¢U( 77) 5.0(383) 6.7(412) 8.6(412) 8.2

38)
38)

6 63=75 «94( 77)  «96(400) ,94(412) .93(412) 930 43) ,93(395) .94(411) ,94( 38) .95( 38) .9
5,50 77) 5.5(400) 7.1(412) 9.3(412) 9.0( 43) 9.6(395) 9.5{411) 7.2( 38) 5.3( 38) 5.

7 75-90 900 77)  .90(383) .89(412) .B88(41l2) .86( 43} .85(378) .89(394) ,90( 38) .91( 38) .91( 38)
5010 77)  5.1(383) 7.0(412) 8.9(412) 8.9( 43) 9.,8(3768) 9.7(394) 7.3( 38) 5.4( 38) S.4( 38)

1.0
o [0
21.00 o
(&) (&)
[au [
w [N
o o
o .95 a
o [e]
o @
— —
(=] [on]
= 90— N = e0f— AN
=z COLATITUDE BIN \\ z COLATITUDE BIN AN
[as 1 \\ a 6

""""""""" g ) iy
] e — es— T______§
————5 ————10
.80 [ ¢ ] ool L Lt o1
0 10 20 30 40 S0 60 70 80 90 0 10 20 30 4 S0 60 70 8 90
VIEWING ZENITH ANGLE ( DEG) VIEWING ZENITH ANGLE ( DEG)

(b) Spring (Northern Hemisphere).

Figure 11. Continued.
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BIN NO.
ANGLE(DcG)
VIEWING ZENITH
BIN ANGLE
NO. (DEG)
1 o=-13 1
2 15-27 1
3 27-39 1
4 39-51 1
5 2l=-63
6 63=7>
7?7 75-90
110

60

ANISOTROPIC FACTOR

ORIGIN
OF POOR

NORTH
POLE

0-18

«061400)
4.50400)

«03(400)
447(400)

«02(400)
4.2(400)

.01(213)
4e5(213)

«99(400)
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«96(400)
4.6(400)

+921(583)
4.6(383)

18-36

1.04(411)
6.0(411)

1.04(411)
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1.02(411)
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5.70411)

«99(411)
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«95(411)
£.8(411)

«?1(4l11)
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QU

AL PAGE IS
ALITY

36-54

1.05(411)
7.8(411)

1.04(411)
840(411)

1.,03(411)
7.5(411)

1.01(411)
T7.8(411)
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T.4(411)

«94(411)
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«39(411)
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54-72

1.05(411)
9e2(411)

1.340411)
9.40411)

1403(611)
B.8(411)

1.01(411)
8e0(411)

e 99(411)
8.5(411)

e94(411)
9.1(411)

«38(611})
8.8(411)

SCENE TYPE
DATA 1
2

(S

)
72-%0

1.05(411)
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8.3(411)

1.04(611)
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SE

1
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1

MOSTLY CLOUDY OVER LAND OR DESERT

LONGWAVE (LW) ANISOTROPIC FACTOR
= STANDARD DEVIATICON OF LW RADIANCES(W/M**2/SR)
OATA SOURCE

ASON ¢ SUMMER( JUN,JUL,»AUG )
COLATITUDE
6 7 8

90-108 108-126 126-144
«05(411) 1.05(413) 1.04(413)
843(411) B.3(413) 6.3(413)
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Te6(411) B41(413) 6,3(413)
299(411)  «991413) .99(413)
T.9(411) B8.,1(413) 6.0(413)
«94(411) .95(413) ,95(413)
8.5(411) B8.5(413) 6.5(413)
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Figure 11. Continued.
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ORIGINAL PAGE IS
OF POOR QUALITY

SCENE TYPE
DATA 1
2

()

t MOSTLY CLOUDY OVER LAND OR DESERT

= LONGWAVE (LW)

ANISOTROPIC FACTOR

- STANDARD DEVIATION OF LW RADIANCES(W/M*%2/SR)

-~ DATA SOURCE

SEASON & FALL( SEPT,OCT,NOV

COLATITUDE
NORTH
POLE
BIN Nd. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-18 18-36 36~54 54=72 72-90 G0~108 108-126 126-144 144=162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)
1 0-15 1.04( 74) 1.04(411) 1.05(411) 1.05(411) 1.06(412) 1.06(411) 1.05(411) 1.05( 43) 1.04( 43) 1,04( 43)
5.3( 76)  5.3(411) 7.1(411) 9.3(411) 8.3(412) 8.9(411) 9.9(411) 7.0( 43) 5.4( 43) 5.4( 43}
2 15=27 1,040 74) 1.04(411) 1.,04(411) 1,04(411) 1,05(412) 1,05(411) 1,04(411) 1.04( 43) 1,04( 43) 1,04( 43)
5010 74)  5.,10611) 7.2(411) 9.00411) B47(412) 9¢1(411) 10,2(411) b6e8L 43) 5.6 43) S5.4( 43)
3 27-39 1,030 74) 1.03(411) 1.03(411) 1.93(411) 1.04(412) 1,04(411) 1.03(411) 1.03( 43) 1,03( 43) 1.03( 43)
5010 74)  5.10411) 7.0(411) 8.9(411) 8.6(412) 8,8(411) 10,0(411) 6.8( 43) 5.1( 43) 5.1( 43)
4 39=51 1.01( 74) 1.01(411) 1.01(411) 1.01(411) 1.,01(412) 1,02(411) 1.01¢411) 1.01( 43) 1.01( 43) 1.01( 43)
5.20 74) 5,2(411) 7.1(411) B8.8(411) B8.6(412) B8,7(411) 9,1(411) 7.2( 43) 5.1( 43) 5,1( 43)
5 51=63 4990 74)  +99(411) +99(411) .39(411) .96(412) .99(411) ,99(411) .99( 43) .99( 43) ,99( 43)
4,90 74)  4.9(611) 7.0(411) 8.5(411) 8.6(412) 8.4(411) 9,2(411) 6,60 43) 5,1{ 43) 5,10 43)
6 63=75 4950 74) .950411) +94(411) 94(411) +93(412) .92(411) .94(411) .94( 43) .94( 43) .94( 43)
5,30 74)  5.3(411)  7.20(411)  9.,0(411) 9.1(412) 9,3{411) 9.5(411) 6.9( 43) 5,60 43) 5.6( 43)
T 75-90  J91( 74) .91(411) L90(611) .39(611) +85(412) ,86(411) .89(411) .B9( 43) .90( 43) .90( 43)
5060 74)  5.4(411) 7.30411) 9.20411) 9,7(412) 9.1(411) 9.0(411) 6.9( 43) 5.4( 43) S.4( 43)
1107 1.0
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(d) Fall (Northern Hemisphere).

Figure 11. Concluded.
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ORIGINAL PAGE IS
OF POOR QUALITY

SCENE TYPE t MOSTLY CLOUDY OVER LAND-OCEAN MIX
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES (W/M¥%*2/SR)
( ) - DATA SOURCE

SEASON : WINTER( DEC,»JAN,FEB )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 10
ANGLE(DEG) O-18& 18-36 36=54 54=72 72-90 90-108 108-126 126-1 44 l44-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)

1 0=-15 1.05( 3) 1.050 3) 1.05( 3) 1.05( 3} 1.06( 3) 1.06( 3) 1,05( 3) 1.04( 3) 1.03( 3) 1,03( 3)
7.10C 3) 7.00 3) 7.2( 3) 8.8( 3) 8.2( 3) 8,70 3) 9.4 3) 7.20( 3) 490 3) 4,00 3)

2 15=27 1.04( 3) 1.04( 3) 1.040 3) 1.,04( 3) 1.05C 3) 1.,05( 3) 1.04(C 3) 1,040 3) 1.03( 3) 1,030 3I)
T.10 3) 6490 3) 7.10 3) 9.1( 3) 8.8( 3) 8.7C 3) 9.6( 3} 7.50 3) 4,90 3) 4.2( 3)

3 27-39 1,03( 3) 1,03( 3) 1.,03¢( 3) 1,030 3) 1.04( 3) 1.03( 3) 1.03( 3) 1-03} 3) 1.02¢ 3) 1.020 3)
6.8( 3) 6.71 3) 7.0¢ 3) 9.1¢ 3) Bl 3) Be3( 3) 9.,1{ 3) 7T.2¢ 3) 4,71 3) 4,1t 3)
3 39=-51 1.,01( 3) 1.01(C 3) 1,01¢ 3) 1.,01C 3) 1l.,02( 3) 1.01( 3) 1.,01¢ 3) 1.01( 3) 1.01¢ 3) 1.01¢ 3)
6.7( 3) 6,70 3) 7.2( 3 B49¢ 3) 8440 3) Ba.6( 3) 9,20 3) 7T.3( 3) 4,70 3) 4410 3}
5 51-63 «9G6( 3) +99¢( 3) 0 99¢ 3) « 391 3) «99( 3) «99¢( 3) «99( 3) «991 3) «99¢( 3) «99(¢ 3)
5.8( 3) 6.7¢ 3y 7.2t 3) Gebl 3) B47( 3) B.6( 3) 8480 3) 740 3) 4,5( 3) 4,00 3)
6 63-75 94l 3) 94 3) 2941 3) e 4 3) « 93¢ 3) +93( 3) 94 3) 950 3) «961( 3) «96( 3)
T7.20 3) 7.2( 3) 750 3) 9.5¢ 3) 10.00 3) 9.5¢ 3) 9.5( 3) 7.4 3) 4.71( 3) 4,00 3)
7 75=90 +89¢( 3) «891{ 3) . 891 3) «90¢( 3) «86( 3) +86( 3) «89¢( 3) «90¢ 3) «92¢ 3) 093¢ 3)
6,70 3) 0.8 3) T4l 3} 9,10 3) 10430 3) 10.0( 3) 9,60 3) 7.4t 3) 4,50 3) 4.,1( 3)
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(a) Winter (Northern Hemisphere).

Figure 12. Day-night average limb-darkening model for mostly cloudy over land-ocean mix. (See table 4 for
explanation of data sources.)
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ORIGINAL PAGE IS
OF POOR QUALITY

SCENE TYPE : MOSTLY CLOUDY OVER LAND~OCEAN MIX
DATA 1 -~ LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M**2/SR)
{ ) -~ DATA SOURCE

SEASON s SPRING( MAR,APR,MAY )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DLG) 0-18 18-36 36-54 54-72 72-90 90-108  108-126  126-144  144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. {(DEG)
1 0=15 1.,04C 3) 1404( 3) 1.C5C 3} 1.05( 3} 1.05( 3) 1.05¢( 3) 1.05( 3) 1.,05¢( 3) 1.,04( 3) 1,04( 3)
4090 3) 4490 3} 6,7( 3) B.30 3) B.5( 3) 8.6( 3) 8,70 3) 6.90 3) 5.2( 3) 5.2( 3)
2 19=27 1.040 3) 1.040 3) 1.C4( 3) 1405( 3) 1.05( 3) 1.05( 3) 1.04( 3) 1.04C 3) 1.04( 3) 1.04( 3)
S50 3) Be20 3) o046( 3) 8.4( 3) 8.7( 3) 8.8{ 3) 8.7{ 3) 6.9 3) 5.,1( 3} 5,00 3)
3 27=3v 1.03( 3) 1.03( 3) 1,03( 3) 1,23( 3) 1.04( 3) 1.04( 3) 1,030 3) 1.03( 3) 1,03( 3) 1.,03( 3)
500 3) 4.8( 3) 6,50 3) 8430 3) 8.2( 3) 8.9( 3) B.6{ 3) 6.8 3) 5,00 3) 5.0( 3)
4 39-51 1.01(C 3) 1,01¢ 3) 1,01(¢ 3) 1.,01( 3) 1.,02¢( 3) 1,01¢( 3) 1,01¢ 3) 1,01( 3) 1.,01¢C 3) 1.01¢ 3)
Ss1t 3) 4.5l 3} 6,90 3)  B.3( 3) 8.6( 3} 8,80 3) B8.6( 3) 6.9( 3) 5.1( 3) 5.1( 3)
5 51-03 «99¢( 3) «99(0  3) 990 3) L9990 3) <990 3) L99( 3) .99( 3) 499 3) .99( 3} .99( 3)
S0l 3) 4.8 3) 6460 3) 8430 3) 8.4l 3) 8.8(0 3) 850 3) 6.7( 3) 4490 3) 4.9C 3)
6 03-7> «95( 3)  L,95( 3) .94( 3) « 330 3)  L930 3) <930 3) .94( 3) L494( 3) 950 3) L.95( 3)
5030 3) 5,30 3) 7.0 3) 9,1C 3) 9.3 3) 9.6( 3) 9,3( 3) 7.1 3) 5.3( 3) 5.2( 3)
7 75=-90 «90(C 3) L9010 3) .890 3) .8B( 3) .86( 3) L,86( 3) L489( 3) L.90( 3) .90( 3) L,90( 3)
4490 3) 4490 3) 6490 3) 9,00 3) 9,40 3) 10.2( 3) 9.5( 3) 7.20( 3) 5.4 3) 5,2( 3}
1. 1.40
1.05
S s
—1. —
=) W
@ a
S w
o (&)
= —
S S
o o
= =
Q o
o« n
= 90— AN = 90— \
Z COLATITUDE BIN \ z COLATITUDE BIN N
| AN 6
———————— 2 \ —————————T]
s ——— =3 oo —————8
—_——y —— 9
—---—5 —————10
el L L 1 1 1 | | | J el 1 1 1 1 | | 1 1 1]
0 10 20 30 40 50 60 70 80 30 0 10 20 30 40 SO 60 70 80 S0}

VIEWING ZENITH ANGLE (DEG)

VIEWING ZENITH ANGLE ( DEG)

(b) Spring (Northern Hemisphere).

Figure 12. Continued.
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1
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Figure 12. Continued.
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ORIGINAL PAGE IS
OF POOR QUALITY

SCENE TYPE ¢ MOSTLY CLOUDY OVER LAND=-OCEAN MIX
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 - STANDARD DEVIATION OF LW RADIANCES{(W/M#*#2/SR)

() DATA SOURCE

SEASON 1 FALL( SEPT,DCT,NOV )

COLATITUDE
NORTH
POLE
BIN NG, 1 2 3 4 5 (] 7 8 9 10
ANGLE(DecG) 0-18 16=-36 36-5¢ 54-72 72-90 90~108 108-126 126-144 144-162 162-180
VIEWING 2ENITH
BIN ANGLE
NO. (DEG)
1 0=15 14040 3) 1,04( 3) 1,050 3) 1.,05( 3) 1,05( 3) 1.05( 3) 1.04( 3) 1.,06( 3) 1.06¢( 3) 1.04( 3)
5400 3) 5440 3) 7.5( 3) 9.0 3) 8.1(¢ 3) 8.3( 3) 8.90 3) 6.5( 3) 5.40 3) 6.20 3)
2 15=27 1.040 3) 1.04( 3) 1.04( 3) 1,40 3) 1.05( 3) 1.05( 3) 1.,04( 3) 1.04( 3) 1,04( 3) 1.04( 3)
4e70( 3) 3430 3) 750 3) B.8( 3} 8.1C 3) 8e45( 3) 9,00 3) 6.4 37 5.3( 3) 6.2( 3)
3 27-39 1.C3( 3) 1.03( 3) 1.,03( 3) 1.33( 3) 1.04( 3) 1.,03( 3) 1.03C 3) 1.,03(C 3) 1.03( 3) 1.03( 3)
46 3)  5.1( 3} T.40 3) 8.7C 3) 8.00 3) 8.20 3) 8.9 3) 6.40 3) 5.1( 3} 6,00 3)

4 39~51 1.,01( 3) 1,01 3) 1,01( 3) 1.91( 3} 1,01(C 3) 1,01( 3) 1.,01C 3) 1.,01( 3) 1.01( 3) 1.,01( 3)
4e70 3)  5.30 3) Te.al 3) 8,70 3) 8.10 3) B8.,3( 3) B8.4{ 3) 6.7( 3) 5.1 3) 6.0( 3)

5 51-to 990 3} WG90 3) W99(0  3) W90 3) L9900 3)  L99(0 3} L99(C 3) .99 3) L99( 3) L99( 3I)
4ol 3) 5410 3) 7.20 3) 8,50 3) B8.0( 3) B8,1( 3) 8.4 3) 6.4( 3) 5.20 3) 6.00 3)

6 63-75 2950 31 L.95(C 3} 4940 3) 940 3) 930 3) .93( 3) .94( 3) ,95( 3) .95( 3) .95( 3
4e90 3) 5.50 3) 7450 3) 9410 3} 8.8( 3) 9.2( 3) 8.9( 3) 6,70 3) 5.5 3) 6.1( 3

7 75=90 WU 3) W90 3) L900  3) 489 3)  LB87( 3) LB7( 3) L90( 3) L90( 3) .90( 3) .90( 3
5,00 3) 3,5( 3) 7.50 3) 9.4 3) 9.5( 3) 9.5 3) B.7( 3) 6.7C 3) 5.4 3) 5,90 3
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(d) Fall (Northern Hemisphere).
Figure 12. Concluded.
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SCENE TYPE ¢ OVERCAST
DATA 1 - LONGWAVE (LW} ANISOTROPIC FACTOR
2 -~ STANDARD DEVIATION COF LW RADIANCES (W/M*#2/SR)
( ) - DATA SOURCE

SEASON 1 WINTER( DEC»JAN,FEB )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-18 18-36 36-54 564=72 72-90 90-1080 108~126 126-144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)

1 0=15 1,05(415) 1.05(415) 1.,05(415) 1.05(415) 1,05(415) 1.06(415) 1,06(415) 1.04(415) 1.04(415) 1.04(415)
641(415) 6.6(415) 8.9(415) 11.9(415) 15.5(415) 14.7(415) 13.0(415) B8.3(415) 5.4(415) 4,6(415)

2 15-27 1,05(415) 1,05(415) 1.04(415) 1.04(415) 1.04(415) 1.,05(415) 1,04(415) 1.04(415) 1.03(415) 1,03(415)
645(415) 648(415) 8.,9(415) 11.8(415) 15.6(415) 14.,8(415) 12,9(415) 8.4(415) 5.4(415) 4,.7(415)

3 27-39 1.03(415) 1.03(415) 1.,03(415) 1.03(415) 1.03(415) 1.04(415) 1.02(415) 1.03(415) 1.02(415) 1.,02(415)
645(415) 6.8(415) B8.8(415) 11.7(415) 15.2(415) 14.7(415) 12.9(415) 8,3(415) 5.,4(415) 4.8(415)

4 39-51 1.01(415) 1.01(415) 1,01(415) 1,00(415) 1.02(415) 1,02(415) 1,01(415) 1,01(415) 1.01(415) 1.01(415)
603(415) 7.00415) B8.,8(415) 11.8(415) 15.1(415) 14.3(415) 12.6(415) B8.3(415) 5.3(415) &.B8(415)

5 51-63 «99(415)  .99(415) +99(415) +98(415) 99(415) +99(415) .99(415) ,99(415) ,.99(415) ,99(415)
6,6(415) 7.,00(415) B849(415) 11.9(415) 14471{615) 13.9(415) 12.2(415) 843(415) 5.3(415) 4.8(415)

6 63-75 0930415)  ,94{415) .94(415) +95(415) .94(415) +93(415) .94(415) .95(415) .96(415) .96(415)
7¢3{415) 7.6(415) 8.,9(415) 11.9(415) 15.0(415) 14.,2(415) 12.5(415) B.6(415) 5.4(415) 4.9(415)

7 75-90 «88(415) ,89(415) ,90(415) 492(415) +87(415) .85(415) 489(415) .90(415) ,93(415) ,92(415)
649(415) 7.8(415) B.6(415) 11.7(415) 14,8(415) 13.6(415) 12,2(415) 8.4(415) 5,4(415) 5,0(415)
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(a) Winter (Northern Hemisphere).

Figure 13. Day-night average limb-darkening model for overcast scene. (See table 4 for explanation of data
sources.)
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BIN NO.

ANGLE{DEG)

VIEWING ZENITH

BIN ANGLE
NO. (DEG)
1 0-15
2 15-27
3 27~-39
4 39-51
5 51-63
6 63-75
7 75=90
1.10]

ANISOTROPIC FACTOR

90—

.80

NORTH
POLE
1 2 3 4
0-18 18-36 36-54 54-72
1.04(415) 1.,04(415) 1.05{415) 1.05(415)
5064(415) 6.2(415) 848(415) 12.2(415)
1.03(415) 1.,03(415) 1.05(415) 1.05(415)
5.6(415) 642(415) 8.7(415) 12.1(415)
1.02(415) 1.03(415) 1.,03(415) 1.03(415)
5.50(415) 6.1{415) B.4(415) 12.2(415)
1.,01(415) 1.01(415) 1.01(415) 1.01{415)
5¢3(415) 5.8(415) 8,7(415) 11.8(415)
«991(415) 499(415) 499(415) .98(415)
5¢40415) 6.2(415) B,4(415) 11.5(415)
«96(415)  L,95(415) ,94(415) 94(415)
5.7(415) 6.,6(415) 8.9(415) 11.9(415)
«92(415) .91(415) .88(415) ,38(415)
5.4(415)  6.,3(415) B8,7(415) 11.5(415)

COLATITUDE BIN

) I [ N I I B

=

ORIGINAL PATE i3
OF POOR QUALITY

SCENE TYPE 3 DOVERCAST
DATA 1 -~ LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M*%2/5R)
( )} - DATA SOURCE
SEASON 3 SPRING( MAR,APR,MAY )
COLATITUDE
5 6 7 8 9 10

72-90 90-108 108-126 126-144 144-162 162-180
1,06(415) 1.05(415) 1.05(415) 1.,06{415) 1.05(415) 1.05(415)
15.6(415) 14.30415) 12.90415) 9.5{415) 6.5(415) 5.5(415)
1,05(415) 1,04(415) 1.04(415) 1.05(415) 1.04(415) 1.04(415)
15.8(415) 14.2(415) 13,2(415) 9.5(415) 6.61415) 5.8(415)
1,03(415) 1.03(415) 1.03(415) 1.03(415) 1.03(415) 1.03{415)
1503(415) 13.9(415) 12.80415) 944(415) 6.7(415) 5.5(415)
1.,01(415) 1.01(415) 1,01(415) 1.01(415) 1.,01(415) 1,01(415)
15.5(415) 14.0(415) 12.7(415) 9.6{415) 6.8(415) 5.6(415)

099(415)  .99(415) .99(415) .99(415) .99(415) .99(415)
14.9(415) 14.0(415) 12.61415) 9.5(415) 6.8{415) 5.7(415)

294(415) 494(415) ,95(415) ,94(415) ,95(415) +94(415)
15.0(415) 14.2(415) 12.8(415) 9.7{415) 7.,1(415) 6.0(415)

«87(415) .88(415) .89(415) ,88(415) .90(415) .90(415)
1449(415) 13.3(415) 12.5(415) 9.,5(415) 7.3(415) 6.10415)
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(b) Spring (Northern Hemisphere).

Figure 13. Continued.
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ORIGINAL PAGE 1S
OF POOR QUALITY

SCENE TYPE $ OVERCAST
DATA 1 -~ LONGWAVE (LW) ANISQTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES(W/M¥*#%2/SR)
() - DATA SOURCE

SEASON 3 SUMMER{ JUNsJUL,AUG )

COLATITUDE
NORTH
POLE
BIN NO. 1 2 3 4 5 [] 7 8 9 10
ANGLE (Le6G) 0-18 18=36 36-54 54-72 72-90 90-108 108=126 126=144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
ND. (DEG)

1 J=15 1.04(415) 1.,04(415) 21.05(415) 1.05(415) 1.,06(415) 1,06(415) 1.05(415) 1.05(415) 1.06(415) 1,06(415)
5.04(415) 6.60415) 9,2(415) 12.,2(415) 13.8(415) 15.5(415) 12,6(415) B8.8(415) 6.9(415) 6.9(415)

2 15-27 1.03(415) 1.04(415) 1.04(415) 1.04(415) 1.05(415) 1.04(415) 1.04(415) 1.04(415) 1.05(415) 1.05(415)
5.4(6415) 6.6(415) 9,3(615) 12,1(415) 13.8(415) 15.70(415) 12.6(415) B8.7(415) 6.9(415) 6,9(415)

3 27=39 1.02(415) 1.02(415) 1.02(415) 1403(415) 1.03(415) 1.,03(415) 1.,03(415) 1.03(415) 1.03(415) 1.03(415)
5.6(415) 6.8(415) 9.0(415) 12,0(415) 13.5(415) 15.41(415) 12.,6(415) B8.6(415) 6.9(415) 6.91(415)

4 39-51 1.01(415) 1.01(415) 1.01(415) 1.,01(415) 1.,01(415) 1.,01(415) 1,00(415) 1.01(415) 1.01(415) 1.01(415)
5.6(415) 6.,61415) 348(415) 11,8(415) 1346(415) 15.2(415) 12.6(415) B8.8(415) 7.2(415) 7.2(419%)

5 51=63 «99(415)  .990415) 499(415) «39(415) +99(415) .99(415) .90(415}) .99(415) .99(415) .99(415)
5¢61415) 645(415) 847(415) 11.6(415) 13,3(415) 14.9(415) 12,4(415) B.,8(615) 7.3(415) 7.,3(415)

6 63=75 «960415)  .95(415) ,95{415) +34(615) +94(415) .964(415) ,95(415) .94(415) .93(415) ,93(415)
5.6(415) 6.6(415) 9,0(415) 12.0(415) 13,4(415) 15.,1(415) 12.4(415) 9.11(415) 7.9(415) 7.9(415)

7 75-90 «92(413) «91(415) .90(415) .38(415) .87(415) .88(415) ,92(415) ,89(415) .88(415) ,.88(415)
5.6(415) 644(415) B847(415) 11.5(415) 12.7(415) 14.9(415) 12.1(415) 941{415) B8.1(415) 8,1(415)
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Figure 13. Continued.
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SCENE TYPE : OVERCAST
DATA 1 - LONGWAVE (LW) ANISOTROPIC FACTOR
2 = STANDARD DEVIATION OF LW RADIANCES (W/M*#2/SR)
{ ) - DATA SOURCE

SEASON t FALL( SEPT,OCT,NOV )

COLATITUDE
NARTH
POLE
8IN NO. i 2 3 4 5 6 7 8 9 10
ANGLE(DEG) v-18 18-36 36=54 54=72 72-90 90-108 108-126 126-144 144-162 162-180
VIEWING ZENITH
BIN ANGLE
NO. (DEG)

1 0~15 1.05(415) 1.050415) 1.06(415) 1,05(415) 1404(415) 1.06(415) 1.04(415) 1.05(415) 1.04(415) 1,04(415)
5.106415) ©48(415) 9,5(415) 12,4(415) 14.3(415) 15.6(415) 12.4(415) B.4(415) 6.,4(415) 6.4(415)

2 15=27 1.04(415) 1,04(415) 1.04(415) 1.04(415) 1.064(415) 1.05(415) 1,04(415) 1.,041415) 1.,04(415) 1,04(41%)
544(415) 6490415) 9.7(415) 12,4(415) 14.2(415) 15.8(415) 12.5(415) B8.,5(415) 6.3(415) 6.3(415)

3 27-39  1.03(415) 1.03(415) 1.,03(415) 1.33(415) 1.03(415) 1.03(415) 1.03(415) 1.03(415) 1.,03(415) 1.03(415)
5¢1(415)  7.00415) 9.6(415) 12,3(415) 13.8(415) 15.3(415) 12.4(415) B8,5(415) 6,5(415) 6.,5(415)

4 37-51 1.01{415}) 1.01(415) 1.01(415) 1,01(415) 1.01(415) 1.01(415) 1.,01(415) 1.01(415) 1,01(415) 1.01(415)
543(415) 7.1(415) 9,7(415) 12,1(415) 13.9(415) 15.5(415) 12.5(415) B.6(415) 6.6(415) 6.6(415)

5 51-63 +994(415)  «99(415) +99(415) +I39(415) .99(415) +99(415) .99(415) .99(415) .99(415) .99(415)
5030415)  7,00415) 9.7(415) 1147(415) 13.8(415) 14.9(415) 12.2(415) B.6(415) 6.8(415) 6.8(415)

6 63-7> 094(415)  ,95(415) 494(415) 495(415) +94(415) .94(415) 495(415) ,95(415) .95(415) .95(415)
5.6(415)  7.3(415) 9.8(415) 12.0(415) 13.9(415) 15.,0(415) 12.3(415) B8,8(415) 7.1{(415) 7.1(415)

7 75-90 «90(415)  490(415) «89(415) .89(415) .86(415) ,87(415) ,90(415) .90(415) .91(415) ,91(415)
506(415) 7.3(415) 9.0(415) 11.6(415) 13.,0(415) 14,9(415) 12.0(415) B,8(415) 7.3(415) 7.3(415)
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(d) Fall (Northern Hemisphere).
Figure 13. Concluded.
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Figure 14. Dispersion of longwave radiance for ocean scenes averaged over day, night, and viewing zenith

angles.
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Figure 15. Dispersion of longwave radiance for land scenes averaged over day, night, and viewing zenith angles.
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Figure 16. Dispersion of longwave radiance for snow and desert scenes averaged over day, night, and viewing
zenith angles.



NORTH

POLE
BIN NO. 1
ANGLE(DEG) 0-18

SEASON
NORTHERN HEMISPHERE
WINTER  220.00

2

223.00
2

248.00
2

227.95
¢ 8

SPRING
SUMMER

FALL

500

450
400

& 350

/M

= 300

250

200

LW FLUX(

150

LONGWAVE FLUX (W/M#**2)

COLATITUDE

2 3 4 5 6 7
18-36 36-54 54-72 72-90 90-108  108-126
222.91  258.92  284.99  293.11  289.28  284.06
4 « 9 ¢ 9 « 9 9 « 9
235.95  256.02  281.73  292.08  293.92  284.45
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Figure 17. Mean daytime longwave radiation fluxes for clear over ocean. (See table 4 for explanation of data

sources. )
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Figure 18. Mean daytime longwave radiation fluxes for clear over land. (See table 4 for explanation of data
sources.)
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Figure 19. Mean daytime longwave radiation fluxes for clear over snow. (See table 4 for explanation of data

sources. )
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Figure 20. Mean daytime longwave radiation fluxes for clear over desert. (See table 4 for explanation of data
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Figure 21. Mean daytime longwave radiation fluxes for clear over land-ocean mix. (See table 4 for explanation

of data sources.)

77



LONGWAVE FLUX (W/M**2)

NORTH COLATITUDE
POLE
BIN NO. 1 2 3 4 5 6 7 8 9 10
ANGLE(DEG) 0-18 18-36 36-54 54-72 72-90 90-108 108-126 126-144  144-162  162-180
SEASON
NORTHERN HEMISPHERE
WINTER 213.00 227.06 241.67 274.09 284,11 281.65 278.08 250.50 229.93 222.75
( 2) ¢ 9 C 9 « 9 « 9 « 9 «C 9 ¢ 9) « 9 « 9
SPRING  218.00  230.03  244.70 273.30  281.07  285.70  275.39  244.27 218.26 207.69
 2) « 9 « 9 « 9 « 9 « 9 C N ¢ 9 ¢ 9 &)
SUMMER  240.77 261.94  263.77 277.93  277.74  286.29 271.45  239.93  216.06 162.35
« 9 « 9 C 9 «C 9 « 9 «C 9 « 9 « 9 C 9 ¢ 8)
FALL 222.52  233.64  254.53  278.85 279.44 284,21  269.72  241.24  223.25 205.00
« 9 « 9 ¢ 9 « 9 « 9 « 9 C 9 C 9 9  2)
500 — O WINTER
PARTLY CLOUDY /OCEAN O SPRING
450 — <> SUMMER
4007—
& 350 —
=
N
= 300 —
% 2501~ a7 Ng
—J N . ~A) -
= oo B <R
= 200 — .
—J
150 |— <&
100 +—
50—

ol 1 [ [ [ | |

0O 18 36 54 72 90 108 126 144 162 180
COLATITUDE(DEG)

Figure 22. Mean daytime longwave radiation fluxes for partly cloudy over ocean. (See table 4 for explanation

of data sources.)
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Figure 23. Mean daytime longwave radiation fluxes for partly cloudy over land or desert. (See table 4 for

explanation of data sources.)
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Figure 24. Mean daytime longwave radiation fluxes for partly cloudy over land-ocean mix. (See table 4 for
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Figure 25. Mean daytime longwave radiation fluxes for mostly cloudy over ocean. (See table 4 for explanation

of data sources.)
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LONGWAVE FLUX (W/M#*%2)
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Figure 26. Mean daytime longwave radiation fluxes for mostly cloudy over land or desert. (See table 4 for
explanation of data sources.)
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LONGWAVE FLUX (W/M**2)
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Figure 27. Mean daytime longwave radiation fluxes for mostly cloudy over land-ocean mix. (See table 4 for
explanation of data sources.)
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LONGWAVE FLUX (W/M**2)
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Figure 28. Mean daytime longwave radiation fluxes for overcast scenes. (See table 4 for explanation of data
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