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INTRODUCTION

Scanning channel data of the Nimbus-7 ERB instrument have been combined with 
auxiliary information to describe the radiative characteristics of surfaces as 
observed through the atmosphere. This information has been recorded on the ERB 
•Sub-Target Radiance Tapes* (STRT)• A description of that data base and procedures 
for obtaining the data may be found in Stowe and Fromm (1983). Selected data from 
the STRTs have been sorted into eight uniform earth and cloud surface types. 
Diagrams illustrating the bi-directional reflectivity of these surfaces have been 
constructed.

Several of these diagrams have already been published in a paper by Taylor and 
Stowe (1984). That paper is included as appendix A of this report to provide a 
complete discussion of: 1) how these diagrams can be interpreted; 2) why they are 
important and useful; 3) how they compare with other empirical and theoretical 
results and 4) the methods of diagram construction. The paper also discusses the 
observed dependence of albedo on solar zenith angle (SZA) and includes figures 
illustrating this dependence. An extensive list of references is also given.

This report contains a complete set of reflectance diagrams (patterns) and tables 
listing the values that were used in their construction and interpretation. 
Fig. 1.0 shows the sequential numbering system and the layout of the polar 
coordinate bin array into which the data were sorted. Satellite zenith angles and 
azimuths relative to the sun (zero degrees azimuth) are given for bin boundaries and 
centers. The entire hemisphere above any viewed point is represented by this array, 
since symmetry is assumed about the •principal* solar plane (the plane containing 
the sun, viewed point and zenith). Data from symmetrical points about the principal 
plane are combined into the same bin.

The reflectance diagrams (Figs. 1.1 - 8.5) comprise the first main section of the 
report and show contours of anisotropic factor. The anisotropic factor is a ratio 
between the radiance (radiant intensity) in a given direction and the radiance that 
would have resulted if the surface reflected isotropically. This can be stated 
mathematically as,

Ztt T/x
f ( O' > j>' > = 7TR( 6 ’, <f> ')/ Jj" «( 6 ' + ) cos 6 sin 6 d&dfi (1)

o c
where, R( & *, ' ) is the average of all normalized radiance observations in an 
angular bin centered at £) • and • • Radiances are normalized to a solar zenith 
angle (SZA) of 0° when divided by cosine (SZA) at the time of observation. The 
contour labeled *1.0* represents the angles at which the isotropic assumption gives 
the correct radiant exitance (flux density) for that surface and solar zenith angle 
range. Any departure from 1.0 represents the fractional error that would be made if 
isotropy were used to estimate the radiant exitance. Areas are clear or stippled 
(lined or crosshatched) when the anisotropic factor is greater (less) than one. To 
conserve space, each diagram consists of a pair of matched 'half* patterns from two 
consecutive SZA ranges, differing by 0.1 in cosine(SZA). The values of albedo, 
total population, integral (denominater in eq. 1, in watts/m2-) and integral/pi 
(isotropic mean radiance, in w/mxstr.) are given below each half pattern. The 
albedo is simply the ratio of the integral (already normalized to SZA = 0° ) and the 
solar constant (assumed to be 1376 W/m2 ). The mean normalized radiance in any
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direction is obtained by multiplying the isotropic mean radiance by the anisotropic 
factor for that direction.

Prior to the application of an objective analysis technique, anisotropic factors 
for empty bins were estimated by interpolation. This was accomplished by a simple 
population and inverse distance weighted average of nearest neighbors. The 
interpolated values are included in the tables. Some analyses were tried which 
required mimimum bin populations and a corresponding increase in the need for 
interpolation. These, however, were not significantly smoother and were abandoned. 
Patterns with low populations (approx. 600 or less) are quite noisy and probably not 
representative as far as small-scale details are concerned. Such patterns, 
nevertheless, adequately represent larger-scale features and are included.

The second major section of the report contains tabulated listings (Tables
1.1 - 8.3) for anisotropic factor, relative dispersion and bin population. These 
are ordered by sequential bin number (see Fig. 1.0) and by solar zenith angle range. 
Relative dispersion is defined as the standard deviation divided by the mean 
radiance in each bin. It represents both the uncertainty of measurement (scene 
identification, instrument noise) and the natural variability of the surface type. 
To get standard deviation about the mean normalized radiance, one may calculate the 
triple product of the integral/pi value at the bottom of each figure and the 
corresponding table values of relative dispersion and anisotropic factor. Empty 
bins in the relative dispersion tables (represented by zeros in population tables 
and interpolated values in anisotropic factor tables) are filled by designator 
values of -9.99 •

Slight discrepancies may be noticed between a few of the anisotropic factors in 
the tables and values represented by the contours in the figures. Also, some small 
differences may be noted between the example figures in appendix A and the 
corresponding figures of the atlas. These differences are due to grid 
transformations and an adjustment of variable parameters made in connection with the 
objective analysis technique. The anisotropic factors in the tables are the source 
for both analysis versions and should be used if a discrepancy is noted.

Appendix B describes the format of a tape which contains the diagrams and other 
relevant data in digital form. The tape may be obtained for a nominal fee from 
NOAA-NESDIS, Satellite Data Services Division, World Weather Bldg. Rm. 100, 
Washington D. C., 20233.

In the time elapsed since the appendix article was accepted for publication, the 
data base has been considerably enlarged (from 61 to 272 days). A preliminary 
report based upon the larger data base has been made by Taylor et al. (1983) and 
further studies are in progress. In those cases for which the same surface type 
definitions were used, the patterns presented here are very similar to those from 
the larger data base.
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320 ;;

300 /

1220 x:

ALBEDO=.66
POPULATION^ 1480
SOLAR ZENITH ANG (66.4-72.5)
INTEGRAL^ 907.9 INTEGRAL/PI= 288.9

POPULATION= 2624 
SOLAR ZENITH ANG (72.5-78.5) 

INTEGRAL= 913.1 INTEGRAL/PI= 290.6
HI WTR CLD

Fig. 7.4
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NIMBUS-7 ERB BI-DIRECTIONAL REFLECTANCE

SUN

300 /

:: :\

ALBEDO=.69
POPULATION^ 3335
SOLAR ZENITH ANG (78.5-84.3)
INTEGRAL: 92Z.8 INTEGRAL/PI= 293.6

POPULATION: 2303
SOLAR ZENITH ANG (84.3-90.0) 

INTEGRAL= 953.0 INTEGRAL/PI= 303.2
HI WTR CLD

Fig. 7.5
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NIMBUS-7 ERB BI-DIRECTIONAL REFLECTANCE

SUN

ALBEDO?.60
POPULATION: U98POPULATION: 16388

SOLAR ZENITH ANG ( 0.0-25.8) SOLAR ZENITH ANG (25.8-36.9)
INTEGRAL: 801.6 INTEGRAL/PI: 255.1 INTEGRAL: 829.0 INTEGRAL/PI: 263.9

HI ICE CLD

Fig. 8.1
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SUN

NIMBUS-7 ERB BI-DIRECTIONAL REFLECTANCE

270 l

220 K:-:;

ALBEDO^.62
POPULATION^ 2695
SOLAR ZENITH ANG (36.9-45.6)
INTEGRAL^ 849.3 INTEGRAL/PI= 270.2

POPULATI0N= 2637
SOLAR ZENITH ANG (45.6-53.1) 

INTEGRAL= 875.8 INTEGRAL/PI= 278.7
HI ICE CLD

Fig. 8.2
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NIMBUS-7 ERB BI-DIRECTIONAL REFLECTANCE

SUN

ALBEDO^.67 
POPULATION: 2548POPULATION: 2530

SOLAR ZENITH ANG (53.1-60.0) 
INTEGRAL: 893.1 INTEGRAL/PI: 284.2

SOLAR ZENITH ANG (60.0-66.4) 
INTEGRAL: 925.7 INTEGRAL/PI: 294.6

HI ICE CLD

Fig. 8.3
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NIMBUS-7 ERB BI-DIRECTIONAL REFLECTANCE

SUN

320

300 /

HO

POPULATION: 3292
SOLAR 2ENITH ANG (66.4-72.5)
INTEGRAL^ 967.7 INTEGRAL/P I= 308.0

POPULATION: 5502
SOLAR ZENITH ANG (72.5-78.5) 

INTEGRAL: 957.9 INTEGRAL/PI: 304.9
HI ICE CLD

Fig. 8.4



NIMBUS-7 ERB BI-DIRECTIONAL REFLECTANCE

SUN

POPULATION^ 9568
SOLAR ZENITH ANG (78.5-84.3)
INTEGRAL= 956.2 INTEGRAL/PI= 304.4

POPULATION 9086 
SOLAR ZENITH ANG (84.3-90.0) 

INTEGRAL= 993.4 INTEGRAL/PI= 316.1
HI ICE CLD

Fig. 8.5
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TABLE 1.1 Anisotropic Factors For Clear Ocean

0.0
25,8

25.8
36.8

SOLAR ZENITH ANGLE RANGE (DEG.)
36.3 45.5 53.1 59.9 66 • 4 72.5
45.5 53.1 59.9 66»4 72.5 78.4

78.4
84.3

84.3
90.0B IN

1
2
3
4
5
6
7

1.31
0.69
0.90
0.90
0.96
1.03
1.24

0.80
0.81
0.78
0.78
0.82
0.77
0.94

0.73
0.77
0.75
0.74
0.73
0.64
0.71

0.62
0.74
0.87
0.70
0.63
0.69
0.63

0.60
0.66
0.78
0.65
0.51
0.64
0.57

0.55
0.76
0.85
0.64
0.56
0.64
0.53

0.54
0.48
0.67
0.60
0.56
0.38
0.47

0.42
0.68
0.96
0.43
0.37
0.63
0.48

0.47
0.62
0.54
0.53
0.48
0.61
0.64

0.42
0.45
0.47
0.54
0.37
0.42
0.38a

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

1.54
1 • b9
0.82
0.62
0.84
0.84
0.69
0.97
1.20
1.40
0.93
0.89
0.64
0.83
0.84
0.83
0.88
0.98
1.04
0.97
0.93
0.89
0.86
0.94
0.86
0.93

1.15
1.24
0.81
0.82
0.91
0.70
0.79
0.90
1.34
1.75
0.99
0.97
0.91
0.87
0.82
0.88
1.13
1.53
1.05
1.15
0.99
1.03
0.82
0.54
1.12
1.25

C . 86
0.85
0.83
0.86
0.83
C .69
0.65
0.33
1.11
1.42
1.00
0.98
0.87
0.81
0.72
0.91
1.37
2.21
1.12
1.12
1.00
0.95
0.89
0.39
1.40
2.06

0.82
0.59
1.13
0.94
0.75
0.68
0.53
0.55
0.99
1.10
1.10
0.83
0.81
0.86
0.66
0.76
1.43
2.60
1.26
1.20
1.00
0.90
0,89
0.91
1.65
3.11

0.62
0.53
0.70
0.77
0.63
0.60
0.53
0.56
0.70
0.70
0.96
1.00
0.75
0.71
0.75
0.77
1.25
2.15
1.3q
1.13
0.93
0.8g
0.80
1.22
1.84
4.00

0.71
0.74
0.75
0.58
0.51
0.58
0.50
0.44
0.74
1.05
0.86
0.88
0.67
0.96
0.65
0.82
1.39
1.74
1.35
1.09
0.81
0.80
0.88
1.00
1.79
3.19

0.55
0.34
1.19
0.82
0.60
0.63
0.39
0.69
0.56
0.82
0.90
1.16
0.77
0.56
0.71
0.82
0.99
1.53
1.33
1.02
0.79
0.76
1.05
1.19
1.36
2.35

0.69
0.67
0.30
0.65
0.55
0.43
0.52
0.53
0.50
0.81
0.57
1.04
0.82
0.67
0.65
0.87
1.19
1.40
1.11
1.16
0.63
0.74
0.85
1.11
1.89
2.84

0.83
0.48
0.71
0.73
0.43
0.54
0.43
0.60
0,76
0.71
0,96
0.67
0.68
0.66
0.59
0.65
1.28
1.53
1.06
0.85
0.85
0.63
0.75
1.53
2.05
2.49

0.49
0.47
0.48
0.47
0.52
0.49
0.47
0.56
0.59
0,70
0.71
1.12
0.96
0.52
0.65
0.85
0.94
1.46
1.01
0.98
0.93
0.89
0.78
1.16
1.35
0.00

34
35
36
37
38

1.19
1.10
1.02
1.00
0.97

1.31
1.37
1.11
1 • 16
1.04

1.38
1.41
1.31
1.05
0.98

1.50
1.36
1.25
1.16
0.97

1.57
1.45
1.23
0.91
0.85

1.58
1.39
1.22
1.10
1.04

1.71
1.33
1.21
1.15
1.23

1.01
1.59
1.20
0.87
1.25

1.37
1.51
1.12
0.78
0.87

1.43
1.69
1.64
0.93
0.87

39
40

1.05
1.06

1.3 6
1.24

1.16
1.49

1.18
1.79

1.48
2.03

1.40
2.35

1.79
2.00

1.67
2.67

1.59
3.34

1.77
3.51

41
42

1.11
1.35

1.42
1.46

2.03
1.64

3.09
1.76

5.02
1.60

5.40
1.63

5.62
2.22

5.28
1.61

4.85
1.95

5.62
1.98

43 1.32 1.48 1.57 1.76 1.79 1.65 1.37 1.65 2.00 2.13
44 1.21 1.26 1.60 1.41 1.33 1.60 1.87 1.46 1.48 0.00
45 1.14 0.00 0.00 0 . GO 0.00 0.00 0.00 0.00 0.00 0.00
46
47
48

1.15
1.28
1.34

1*23
1.4 9
1.59

1.24
1.51
1.93

1.25
1.59
2.01

o.oo
1.5«|
2.59

0.00
1.89
2.84

0.00
2.09
3.04

0.00
0.00
5.35

0.00
2.13
5.40

0.00
3.13
4.-55

49 1.30 1.51 2.16 2.79 6.14 6.94 7.57 5.13 11.22 8.62
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TABLE 1.2 RELATIVE DISPERSIONS FOR CLEAR OCEAN

0.0
25.8

25.8
36.8

SOLAR ZENITH ANGLE RANGE (DEG.)
36.8 45.5 53.1 59.9 66.4 72.5
45.5 53.1 59.9 66 • 4 72.5 78.4

78.4
84.3

84.3
90.0

BIN
1
2
3
4
5
6
7
8
9

10
11
12

0.43
0.45
0.45
0.38
0.45
0.36
0.25
0.34
0.49
0.36
0.36
0.43

0.65
0.68
0.67
0.67
0.85
0.75
0.62
0.37
0.41
0.45
0.64
0.82

1.01 0.93 1.00 0.96 0.970.86
0.67 0.81 0.^8 0.62 0.64 0 • 61
0.66 1.06 0.83 0.89 0.90 0 • 66

0.83 0.77 0.90 0.720 • 66 0.47
0.79 0.93 0.49 0.61 0.81 0.33

1.18 0.68 0.93 0.45 0.610.67
0.60 0.90 0.94 0.70 0.91 0.65
0.60 0.94 0.64 0.89 0.59 0.70
0.55 0.39 1.07 0.50 0.39C.27

0.96 0.41 0.55 0.27 0.000.50
0.59 0.86 0.65 0.41 0.62 0.57
0.57 0.53 0.40 0.32 0.94 0.46

0.49
0.21
0.49
0.43
0.53
0.52
0.44
0.49
0.54
0.37
0.49
0.18

0.53
0.11
0.35
0.45
0.44
0.63
0.31
0.57
0.80
0.00
0.26
0.39

13
14
15
16
17
ia
19
20
21
22
23
24
25
26
27
28
29
30
31

0.41
0.56
0.35
0.30
0.36
0.54
0.46
0.56
0.56
0.66
0.48
0.39
0.36
0.58
0.49
0.56
Q * 50
0.61
0.69

0,59
0.79
0.69
0.40
0.31
0.63
0 • 6 6
0.71
0.70
0.83
0.71
0.37
0.35
C .40
C .66
0.63
0.72
0.69
0.63

0.64
0.71
0.75
0.37
0.35
0.58
0.59
0 • 63
0.75
0.72
0.70
0.40
0.35
0.56
0.43
0.54
0.65
0.77
0.65

0.82
0.71
0.36
0.70
0.40
0.66
0 • 38
0.48
0.95
0.58
0.77
0.53
0.35
0.69
0.71
0.74
0.76
0.87
0.75

0.54
0.72
0.48
0.39
0.31
0.54
0.57
0 • $6
0.93
0.62
0.7g
0.38
0,30
0.52
0.58
0.43
0.64
0.62
0.69

0.64
0.57
0.43
0.45
0.74
0.67
0.56
0.39
0.95
0.72
0.83
0.52
0.30
0.71
0.38
0.39
0.67
0.55
0.49

0.85
0.32
0.69
0.5Q
0.58
0.58
0.70
0.70
0.61
0.74
0.67
0,44
0.35
0.44

C . 4 X0.38
0.60
0.56
0.50

0.49
0.78
0.70
0.36
0.40
0.19
0.37
0 • 36
0.48
0.68
0.34
0.35
0.59
0.38
0.39
0.20
0.41
0.55
0.53

0.51
0.45
0.32
0.44
0.34
0.31
0.39
0.21
0.38
0.53
0.35
0.34
0.17
0.45
0.1a
0.18
0.36
0.40
0.44

0.56
0.43
0.34
0.17
0.45
0.00
0.60
0.47
0.51
0.27
0,16
0.43
0.14
0.28
0.47
0.34
0.17
0.25
0.13

32
33
34
35
36
37
38
39
40
41

0.38
0.44
0.44
0.35
0.35
0.33
0.30
0.40
0.43
0.35

0.63
0.38
0.46
0.54
0.50
0.67
0.61
0.58
0.44
0.47

0.43
0.28
0.41
0.47
0.58
0.65
0.59
0.44
0.38
0.32

0,59
0.29
0.53
0.39
0.50
0.80
0.65
0.41
0.46
0.33

0.43
0.38
0.43
0.36
0.31
0.45
0.39
0.51
0.53
0.27

0.41
0.24
0.47
0.35
0.40
0 • 66
0 • 65
0.45
0.50
0.24

0.49
0.17
0.45
0.36
0.41
0.60
0*68
0.48
0.31
0.35

0.40
0.27
0.27
0.31
0.36
0.57
0.36
0.39
0.32
0.42

0.13
0.21
0.22
0.28
0.29
0.34
0.31
0.27
0.32
0.33

0.04
-9.99

0.13
0.31
0.22
0.33
0.14
0.28
0.33
0.34

42
43

0.33
0.31

0.31
0.39

0.34
0.34

0.46
0.36

0.21
0.25

0.24
0.26

0.22
0.25

0.17
0.19

0.08
0.17

0.07
0.10

44 0.26 0.16 0 • 4 6 0.17 0.16 0.24 0.24 0.12 0.25 -9.99
45 0.21 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99
46
47
4 8
49

0.29
0.4 0
0.35
0.27

0.4 9
0.43
0.38
0.36

0.36
0.37
0.39
0.33

0.36
0.41
0.45
0.24

-9.99
0.27
0.36
0.36

-9.99
0.34
0.32
0.25

-9.99
0.25
0.43
0.05

-9.99
-9.99
0.21
0.03

-9.99
0.00
0.31
0.21

-9.99
0.14
0.29
0.2 0
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TABLE 1.3 BIN POPULATIONS FOR CLEAR OCEAN

0.0 25.8
SOLAR ZENITH ANGLE RANGE (DEG . )

36.6 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45,5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1 2922 1241 898 474 259 177 69 34 77 42
2 380 137 156 56 42 17 14 7 7 4
3 873 334 240 113 8o 39 13 6 15 14
4 1102 415 308 158 76 48 24 19 17 10
5 1013 350 338 140 102 32 18 15 9 7
6 930 408 326 143 93 47 23 25 15 12
7 873 369 313 150 78 38 20 22 26 17
a 645 268 171 92 67 37 12 10 7 8
9 225 124 120 51 26 24 7 6 14 4

10 217 102 64 37 20 10 2 i 8 1
11 455 172 128 79 44 16 9 ii 6 5
12 600 182 141 72 25 22 9 7 3 5
13 481 190 160 59 34 25 12 9 2 8
14 414 162 121 66 34 25 11 7 9 4
15 355 153 145 63 38 26 12 8 7 6
16 315 179 152 81 44 26 12 10 7 3
17 172 81 66 28 16 12 5 4 3 4
ia 434 180 154 65 44 28 6 7 11 1
19 935 346 242 123 58 41 16 21 8 3
20 1029 368 254 127 61 48 16 13 10 10
21 878 485 354 186 96 89 21 12 14 5
22 573 334 253 135 69 43 24 15 8 13
23 528 272 208 101 36 36 35 8 16 3
24 541 297 237 102 74 37 24 13 16 4
25 266 148 104 65 34 11 18 3 8 3
26 290 170 113 69 28 13 6 8 3 3
27 744 287 179 76 45 22 14 10 4 3
28 662 274 198 89 46 43 14 5 4 8
29 447 314 257 136 83 49 18 9 16 3
30 288 194 196 96 59 33 21 6 12 5
31 384 198 127 89 31 31 10 8 3 2
32 360 181 124 81 40 29 17 11 4 2
33 134 84 73 31 31 14 5 3 9 0
34 522 466 288 118 65 44 11 4 12 4
35 1367 553 441 195 100 56 30 26 32 9
36 618 208 240 133 82 34 37 12 10 4
37 367 190 272 148 63 51 31 10 14 3
38 427 148 157 65 54 42 18 4 12 6
39 749 392 310 142 73 47 18 17 21 7
40 571 341 285 159 70 45 24 23 12 5
41 239 154 149 65 35 26 5 4 6 8
42 179 240 179 75 27 25 2 7 6 2
43 506 211 226 134 49 43 20 10 12 7
44 167 8 34 28 22 16 5 4 13 0
45 152 0 0 0 0 0 0 0 0 0
46 187 40 24 4 0 0 0 0 0 0
47 263 178 203 72 42 21 11 0 1 2
48 201 153 112 54 24 24 20 6 4 3
49 65 64 83 33 15 16 5 2 3 2
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table 2.1 anisotropic factors for clear land

0.0 25.8
SOLAR ZENITH ANGLE RANGE (DEG•)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90,0

BIN
1 1.08 0.98 0.89 0.84 0.79 0.76 0.59 0.00 0.00 0.00
2 1.11 1.16 1.02 0.98 1.06 0.83 0.71 0.00 0.00 0.00
3 1.10 1.12 1.01 1.01 0.95 0.79 0,71 0.00 0.00 0.00
4 1.08 1.07 0.98 0.96 0.95 0.82 1,04 0.00 0,00 0.00
5
6

1.04
1.02

1.00
0.94

0.96
0.89

0.92
0.91

0.8Q
0.81

0.79
0.84

0.79
0.48

0.00
0.00

0.00
0.00

0.00
0,00

7 1.02 0.90 0.90 0.84 0.70 0.79 0.68 0.00 0.00 0.00
a
3

0.98
1.04

0.87
0.87

0,84
0.82

0.79
0.79

0.73
0.78

0.90
0.78

0.57
0.54

0.00
0.00

0.00
0.00

0.00
0.00

10 1.09 1.29 1.17 1.11 1.04 1.08 0.00 0.00 0.00 0.00
11 1.06 1.16 1.13 1.09 1.14 0.91 0.71 0.00 0.00 0.00
12 1.05 1.09 1.09 1.12 1.14 0.96 1.46 0.00 0.00 0.00
13 1.04 0.99 0.92 0.97 1.01 0.67 1.08 0.00 0.00 0.00
14 1.02 0.95 0.92 0.91 0.79 0.71 0.77 0.00 0.00 0.00
15
16

0.96
0.95

0.85
0.85

0,92
0.82

0.92
0.81

0.73
0.71

0.76
0.80

0.55
0.81

0.00
0.00

0.00
0.00

0.00
0.00

17 0.89 0.93 0.86 0.81 0.78 0.46 0.52 0.00 0.00 0.00
18 1.07 1.28 1.31 1.38 1.27 1.11 1.18 0.00 0.00 0.00
19 1.03 1.17 1.19 1.24 1.30 1.06 1.18 0.00 0.00 0.00
20 1.04 1.06 1.10 1.17 1.15 1.15 1.04 0.00 0.00 0.00
21 1.02 1.03 0.92 0.88 0.85 0.86 0.76 0.00 0.00 0.00
22 0.98 0.88 0.96 0.89 0.87 1.01 0.47 0.00 0.00 0.00
23
24

0,92
0.93

0.89
0.86

0.90
0.85

0.82
0.80

0.80
0.78

0.92
0.88

0.91
1.28

0.00
0.00

0.00
0.00

0.00
0.00

25 0.99 0.92 0.90 0.94 0.93 0.66 0.97 0.00 0.00 0,00
26 1.06 1.20 1.32 1.44 1.49 1.37 1.40 0.00 0.00 0.00
27 1.03 1.22 1.22 1.26 1.37 1.25 1.49 0.00 0.00 0.00
28 1.05 1.05 1.05 1.20 1.18 1.34 0.90 0.00 0.00 0.00
29 0.99 1.03 1.01 0.96 0.97 0.95 0.77 0.00 0.00 0.00
30 0.94 0.87 0.95 0.86 0.85 0.94 0.86 0.00 0.00 0.00
31
32
33
34
35

0.88
0.90
0.90
1.06
1.01

0.90
0.89
0.94
1.23
1.19

0.96
0.85
1.01
1.27
1.30

0.87
0.88
1.06
1.39
1.36

0.88
0.94
1.04
1.58
1.50

0.83
1.02
1.06
1.69
1.56

1.44
1.91
1.78
1.58
1.44

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

36
37
38
39
40
41
42

1.04
0.99
0.94
0.91
0.94
0.94
1.07

1.07
1.05
0.85
0.97
1.02
1*04
1.25

1.12
1.04
0.90
1.03
1.03
1.09
1.32

1.21
1.05
0.91
1.02
1.05
1.24
1.36

1.32
1.07
0.99
1.09
1.14
1.22
1.61

1.30
0.97
0.90
1.22
1.50
1.64
1.63

1.19
0.91
0.77
0.95
1.71
2.34
2.69

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

43
44
45
46
47
48
49

0.98
1.01
0.96
0.97
0.91
0.97
1.07

1.18
1.01
0.0 0
0.87
1.08
1.15
1.17

1.35
1.18
0.00
0.97
1.10
1.20
1.22

1.45
1.31
0.00
0.84
1.17
1.32
1.38

1.59
1.45
0.00
0.00
1.24
1.34
1.51

1.62
1.63
0.00
0.00
1.57
2.06
1.59

1.89
1.51
0.00
0.00
1.41
1.23
3.28

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.0 0
0.00
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TABLE 2.2 RELATIVE DISPERSIONS FOR CLEAR LAND

BIN
0.0

25.8
25.8
36.8

SOLAR ZENITH ANGLE RANGE (DEG.)
36.8 45.5 53,1 59.9 66 • 4 72.5
45.5 53.1 59,9 66.4 72.5 78.4

78.4
84.3

84.3
90.0

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

13
PO
21
22
23
24
25
26
27
28
29
30
31
32
56
31*
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

0.27
0.23
0.24
0.25
0.26
0.27
0.29
0.29
0.30
0.24
0.24
0.25
0.26
0.28
0.31
0.32
0.32
0.26
0.25
0.27
0.23
0.28
0.31
0.34
0,34
0.26
0.26
0.26
0.27
0.29
0.31
0.30
0.32
0.24
0.24
0.25
0.26
0.26
0.27
0.29
0.31
0.20
0.21
0.23
0.24
0.22
0.23
0.25
0.30

0.35
0.28
0.30
0.32
0.32
0.33
0.36
0.35
0.34
0.26
0.28
0.29
0.35
0.35
0.34
0.38
0.36
0.27
0.26
0.29
0.35
0.34
0.37
0.39
0.37
0.26
0.27
0.27
0.32
0.37
0.32
0.38
0.37
0.23
0.24
0.22
0,27
0.21
0.30
0.32
0.30
0.21
0.22
0.08

-9.99
0.13
0.27
0.29
0.29

0.40 0.42 0.50 0.45 0.51 -9.99
0.36 0.37 0.47 0.27 0.40 -9.99
0.36 0.37 0.48 0.31 0.31 -9.99
0.39 0.39 0.34 0.25 0.50 -9.99
0.39 0.39 0.33 0.40 0.57 -9.99
0.41 0.39 0.37 0.45 0.19 -9.99
0.44 0.43 0.33 0.25 0.49 -9.99
0.44 0.43 0.4g 0.44 0.29 -9.99
0.46 0.47 0.5& 0.29 0.46 -9.99
0.30 0.32 0.24 0.30 -9.99 -9.99
0.33 0,36 0.48 0.21 0,16 -9.99
0.37 0.33 0.30 0.24 0.28 -9.99
0.59 0.37 0.3Q 0.24 0.16 -9.99
0.41 0.42 0.32 0.40 0.36 -9.99
0.44 0.41 0.39 0.50 0.39 -9.99
0.43 0.45 0.27 0.58 0.47 -9.99
0.47 0.47 0.43 0.11 0.23 -9.99
0.29 0.27 0.26 0.28 0.27 -9.99
0.31 0.30 0.33 0.22 0.47 -9.99
0.36 0.34 0.27 0.26 0.49 -9.99
0.38 0.36 0.35 0.43 0.45 -9.99
0.42 0.38 0.46 0.47 0.12 -9.99
0.45 0.44 0.3a 0.43 0.65 -9.99
0.43 0.42 0.32 0.59 0 • 68 -9.99
0.44 0.40 0.68 0.16 0.71 -9.99
0.28 0.25 0.21 0.20 0.23 -9.99
0.30 0.29 0.27 0.20 0.31 -9.99
0.34 0.32 0.24 0.36 0.17 -9.99
0.37 0.36 0.36 0.41 0.32 -9.99
0.42 0.38 0.3g 0.52 0.55 -9.99
0.45 0.42 0.31 0.30 0.55 -9.99
0.43 0.42 0.62 0.73 0.71 -9.99
0.41 0.30 0.43 0.46 0.45 -9.99
0.26 0.25 0.21 0.13 0.08 -9.99
0.29 0.26 0.23 0.24 0.27 -9.99
0*53 0.26 0.26 0.17 0.36 -9.99
0.36 0.39 0.33 0.34 0.32 -9.99
0.38 0.33 0.46 0.41 0.18 -9.99
0.39 0,35 0.40 0.38 0.27 -9.99
0.37 0.35 0.35 0.47 0.67 -9.99
0.35 0 • 3b 0.25 0.48 0.48 -9.99
0.25 0.22 0.21 0.15 0.02 -9.99
0.26 0.25 0,18 0.18 0.20 -9.99
0.22 0.23 0.21 0.10 0.17 -9.99-9.99 -9.99 -9.99 ■-9.99 -9.99 -9.99
0.31 0.15 -9.99 -9.99 ■-9.99 -9.99
0.33 0.29 0.28 0.3Q 0.26 -9.99
0.32 0.38 0.23 0.47 0.00 -9.99
0.30 0.28 0.29 0,34 0.21 -9.99

-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99-9.99
-9.99
-9.99-9.99
-9.99
-9.99
-9.99-9.99
-9.99
-9.99-9.99
-9.99
-9.99-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99-9.99
-9.99
-9.99

-9.99
-9.99
-9.99-9.99
-9.99
-9.99-9.99
-9.99-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99-9.99
-9.99
-9.99-9.99
-9.99-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
-9.99
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TABLE 2.3 BIN POPULATIONS FOR CLEAR LAND

0.0
25.8

25.8
36.8

 ANGLE RANGE (DEG.)SOLAR ZENITH
36.8 45.5 53.1 59.9 66.4 72 .5

53.1 59.9 66.4 72.5 78 .445.5
78.4
84.3

84 .3
90 .0

IN
1 4020 2106 1534 867 230 63 26 0 0 0
2
3
4

449
1183
1532

277
585
699

229
379
576

143
246
331

52
73
HO

12
18
20

5
7

17

0
0
0

0
0
0

0
0
0

5
6

1330
1259

588
665

434
514

329
362

105
124

30
23

8
7

0
0

0
0

0
0

7
8

1193
801

688
518

496
332

329
138

94
50

15
15

11
7

0
0

0
0

0
0

9
10

299
294

163
200

151
134

122
84

29
18

3
8

5
0

0
0

0
0

0
0

11
12
13
14
15
16
17

563
784
768
592
447
346
182

253
297
335
301
235
283
152

242
226
245
214
239
221
127

133
135
128
128
148
141

54

37
59
53
63
54
41
11

11
23
13
10
16
16

2

7
4
5
2
5
2
7

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

18
19

536
1191

308
598

236
436

153
263

31
78

12
22

3
5

0
0

0
0

0
0

20
21

1&45
1382

522
776

410
578

278
316

78
U3

23
49

11
11

0
0

0
0

0
0

22
23

676
707

518
415

371
316

302
239

105
90

27
29

9
4

0
0

0
0

0
0

24 610 521 363 220 64 19 7 0 0 0
25
26
27

278
450

1009

236
233
440

177
171
349

83
130
209

35
28
71

7
10
15

5
2
7

0
0
0

0
0
0

0
0
0

28
29

1239
843

381
566

252
438

193
244

61
109

17
37

7
21

0
0

0
0

0
0

30 356 265 259 180 73 19 12 0 0 0
31
32
33
34
35
36
37
38

486
430
150
670

2093
1538

839
685

323
340
138
692
929
496
515
188

221
251
117
486
714
312
530
222

185
129

96
265
482
219
346
156

60
49
23
50

155
87

159
109

17
18
10
17
57
24
44
32

6
2
4
3

24
9

21
13

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

39
40

991
732

637
604

472
480

312
300

H8
107

46
46

9
7

0
0

0
0

0
0

41 307 198 222 124 41 18 8 0 0 0
42 188 388 278 139 22 10 2 0 0 0
43 797 425 342 234 88 50 20 0 0 0
44 447 16 47 59 24 7 6 0 0 0
45 321 0 0 0 0 0 0 0 0 0
46 341 60 37 5 0 0 0 0 0 0
47 362 317 294 167 70 22 14 0 0 0
48 240 251 203 118 38 26 1 0 0 0
49 77 90 122 59 21 13 3 0 0 0
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TABLE 3.1 ANISOTROPIC FACTORS FOR CLEAR SNOW

0.0 25.8
SOLAR ZENITH ANGLE RANGE (DEG.)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1 0.00 0.00 0.89 0.92 0.95 0.92 0.88 0.85 0.78 0.66
2 0.00 0.00 0.77 0.94 0.97 0.94 0.91 0.85 0.77 0.67
3 0.00 0.00 1.02 0.93 0.95 0.94 0.92 0.84 0.79 0.71
4
5

0.00
0.00

0.00
0.00

1.30
0.95

1.03
0.95

0.98
0.99

0.95
0.94

0.91
0.90

0.85
0.85

0.77
0.76

0,66
0.65

6 0.00 0.00 1.01 1.01 0.99 0.95 0.91 0.85 0.78 0.67
7 0.00 0.00 0.89 0.96 0.99 0.95 0.91 0.88 0.79 0.71
8 0.00 0.00 1.14 0.91 0.97 0.95 0.92 0.91 0.84 0.74
9 0.00 0.00 0.89 1.02 1.00 0.95 0.93 0.91 0.82 0,73

10 0.00 0.00 0.90 0.92 0.99 0.97 0.94 0.90 0.82 0.72
11 0.00 0.00 0.98 1.01 1.00 0.96 0.94 0.88 0.83 0.73
12 0.00 0.00 0.70 1.05 0.99 0.96 0.92 0.87 0.78 0.72
13 0.00 0.00 1.09 0.94 0.95 0.93 0.91 0.87 0.79 0.73
14 0.00 0.00 0.67 0.95 0.97 0.94 0.93 0.87 0.81 0.74
15 0.00 0.00 0.00 1.06 1.01 0.97 0.95 0.91 0.83 0.75
16 0.00 0.00 0.84 1.00 0.99 1.01 0.97 0.96 0.93 0.83
17 0.00 0.00 0.73 1.01 1.04 0.96 0.96 0.93 0,90 0.79
18 0.00 0.00 1.16 0.93 1.00 0.98 0.96 0.94 0.88 0.83
19 0.00 0.00 1.24 1.01 1.00 0.98 0.97 0.93 0.90 0.85
20 0.00 0.00 1.27 1.09 1.00 0.96 0.96 0.93 0.84 0.75
21 0.00 0.00 0.98 0.92 0.91 0.93 0.93 0.88 0.86 0.78
22 0.00 0.00 0.55 1.03 0.97 0.94 0.94 0.89 0.84 0.79
23 0.00 o.co 1.21 1.07 1.05 1.02 1.01 1.00 0.95 0.95
24 0.00 0.00 1.08 0.97 1.05 1.07 1.08 1.10 1.07 1.02
25 0.00 0.00 0.98 1.11 1.09 1.09 1.08 1.11 1.17 1.06
26
27

0.00
0#00

0.00
0.00

1.19
0.85

0.97
1.03

1.03
1.00

1.02
1.00

1.02
1.02

1.01
0 # 99

0.99
0.97

0.94
0.93

28 0.00 0.00 1.03 1.01 1.01 0.99 1.01 0.98 0.93 0.85
29 0.00 0.00 1.05 0.93 0.92 0.95 0.92 0.92 0.89 0.88
3 Cl
31
32

0.00
0.00
0.00

0.00
0.00
0.00

1.05
1.19
1.14

0.87
1.04
1.09

0.94
1.06
l.U

0.96
1.06
1.12

0.95
1,07
1.18

0.92
1.07
1.22

0.88
1.07
1.31

0.85
1.14
1.45

33 0.00 0.00 1.15 1.17 1.19 1.21 1.23 1.32 1.40 1.64
34
35
36

0.00
0.00
0.00

0.00
0.00
0.00

1.07
0.94
0.75

0.91
0.98
1.06

0.99
0.98
1.00

1.06
1.03
1.01

1.11
1.08
1.04

1.15
1.11
1.06

1.21
1.14
1.08

1.19
1.23
1.08

37
38
39
40
41
42
43
44
45
46
47
4 8
49

0.00
0.0 0
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.76
0.00
1.38
1.12
1.05
0.96
1.47
0.00
0.00
0.00
1.26
1.24
0.89

0.64
1.06
1.11
1.04
1.10
0.82
0.96
1.14
0.00
0.00
1.11
1.05
1.32

0.89
0.95
1.09
1.20
1.30
0.97
0.95
0.99
0.00
0.00
1.07
1.28
1.39

0.96
0.99
1.13
1.29
1.45
1.05
1.03
1.01
0.00
0.00
1.19
1.36
1.63

0.95
0.95
1.17
1.37
1.68
1.16
1.13
1,13
0,00
0.00
1,19
1.57
2.18

0.95
0.97
1.27
1.62
2.00
1.25
1.20
1.16
0.00
0.00
1.49
1.92
3.10

0.97
0.96
1.46
1.91
2.94
1.41
1.36
1.24
0.00
0.00
1.79
2.99
4,67

0.94
1.07
1.71
2.59
2.94
1.66
1.64
1.42
0.00
0.00
2 • 30
4.00
5,34
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TABLE 3.2 RELATIVE DISPERSIONS FOR CLEAR SNOW

0.0 25.8
SOLAR ZENITH ANGLE RANGE (DEG.)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1
2

-9.99
-9.99

-9,99
-9.99

0.41
0.13

0.31
0.29

0.16
0.14

0.14
0.13

0.15
0.11

0.13
0.16

0.15
0.16

0.22
0.22

3 -9.99 -9.99 0.35 0.30 0.15 0.13 0.10 0.17 0.14 0.20
4 -9.99 -9.99 0.01 0.22 o.io 0.09 0.12 0.14 0.18 0.22
5 -9.99 -9.99 0.27 0.29 0.10 0.10 0.12 0.14 0.18 0.23
6 -9.99 -9.99 0.32 0.25 0.10 0.10 0.12 0.16 0.18 0.23
7 -9.99 -9.99 0.31 0.29 o.io 0.11 0.14 0.15 0.18 0.21
a -9.99 -9.99 0.36 0.33 0.16 0.15 0.15 0.12 0.15 0.17
9 -9.99 -9.99 0.37 0.24 O.U 0.14 0.11 C.ll 0.14 0.19

10 -9.99 -9.99 0.12 0.25 0.10 0.10 0.11 0.11 0.15 0.19
11 -9.99 -9.99 0.00 0.21 0.07 0.12 0.10 0.15 0.14 0.16
12
13

-9.99
-9.99

-9.99
-9.99

0.00
0.46

0.20
0.29

0.08
0.15

0.07
0.12

0.15
0.23

0.15
0.12

0.19
0.17

0.18
0 # 2 0

14 -9.99 -9.99 0.40 0.27 0.13 0.12 0.09 0.15 0.14 0.22
15 -9.99 -9.99 -9.99 0.18 0.11 0.09 0.12 0.15 0.20 0.21
16 -9.99 -9.99 0.35 0.28 0.15 0.10 0.14 0.13 0.13 0.16
17 -9.99 -9.99 0.00 0.26 0.07 0.19 0.17 0.21 0.15 0.10
18
19
20
21

-9.99
-9.99
-9.99
-9.99

-9.99
-9.99
-9.99-9.99

0.17
0.11
0 • 62
0,51

0.30
0.22
0.12
0.30

0.14
O.Og
O.Og
0.20

0.13
0.11
0.11
0.12

0,14
0.08
0.11
0.12

0.13
0.13
0.11
0.15

0.13
0.13
0.17
0.13

0.16
0.18
0.19
0.21

22
23
24

-9.99
-9.99
-9.99

-9.99
-9.99
-9.99

0.04
0,01
0.17

0.20
0.20
0.33

0.15
0.0&
0.16

0.15
0,09
0.14

0.13
0.12
0.12

0.18
0.14
0.13

0.17
0.15
0.17

0.16
0.20
0.17

25 -9.99 -9.99 0.42 0.19 0.12 0.14 0.14 0.18 0.15 0.17
26
27

-9.99
-9.99

-9.99
-9.99

0.24
0.25

0.27
0.23

O.Og
0.13

0.10
0.09

0.10
0.10

0.12
0.12

0.14
0.14

0.16
0.16

28
29

-9.99
-9.99

-9.99
-9.99

0.00
0.42

0.20
0.30

O.Oq
0.16

0.10
0.10

0.10
0.17

0.11
0.14

0.12
0.16

0.20
0.18

30 -9.99 -9.99 0.30 0.35 0.17 0.13 0.15 0.17 0.15 0.23
31 -9.99 -9.99 0.00 0.22 0.11 0.12 0.12 0.14 0.19 0.21
32 -9.99 -9.99 0.03 0.23 0.15 0.17 0.11 0.15 0.16 0.21
33 -9.99 -9.99 0.25 0.21 0.13 0.10 0.19 0.19 0.18 0,31
34 -9.99 -9.99 0.25 0.31 0.15 0.09 0.11 0.10 0.13 0.23
35 -9.99 -9.99 0.00 0.23 0.15 0.09 0.11 0.12 0.14 0.17
36
37

-9.99
-9.99

-9.99
-9.99

0.00
0.32

0.15
0.34

O.O9
0.19

0.09
0.12

0.13
0.15

0.13
0.13

0.15
0.14

0,22
0.17

38 -9.99 -9.99 -9.99 0.15 0.14 0.10 0.16 0.14 0.17 0.14
39 -9.99 -9.99 0.31 0.19 0.14 0.14 0.18 0.21 0.22 0.31
40 -9.99 -9.99 0.33 0.31 0.13 0.15 0.20 0.26 0.27 0.35
41 -9.99 -9.99 0.26 0.31 0.14 0.18 0.20 0.26 0.35 0.29
42 -9.99 -9.99 0.21 0.33 0.12 0.12 0.09 0.10 0.10 G.16
43 -9.99 -9.99 0.00 0.20 0.15 0.11 0.11 0.13 0.14 0.27
44 -9.99 -9.99 -9.99 0.07 O.O4 0.11 0.12 0.12 0.13 0.23
45 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99
46 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99
47 -9.99 -9.99 0.00 0.10 0.16 0.16 0.17 0.28 0.22 0.32
48 -9.99 -9.99 0.00 0.28 0.12 0.18 0.23 0.31 0.31 0.35
49 -9.99 -9.99 0.30 0.10 0.17 0.22 0.17 0.33 0.34 0.40
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TABLE 3.3 BIN POPULATIONS FOR CLEAR SNOW

0.0 25.8
SOLAR ZENITH ANGLE RA MGE (DEG.)

36 • 8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1 0 0 28 170 7&8 1073 1073 895 592 383
2
3

0
0

0
0

4
9

31
46

154
187

224
242

234
239

156
190

115
175

45
108

4 0 0 2 78 338 487 524 350 248 104
5 0 0 8 61 3&3 517 476 386 271 124
6
7

0
0

0
0

8
6

79
71

383
304

523
467

5q2
482

372
336

241
208

123
108

8 0 0 2 39 179 199 252 159 124 72
9 0 0 5 23 133 178 201 146 104 43

10 0 0 4 13 62 67 42 60 59 17
11 0 0 1 25 126 186 202 141 122 38
12 0 0 1 37 176 268 261 149 124 53
13 0 0 5 36 122 178 190 115 107 67
14 0 0 4 19 122 197 233 176 135 53
15 0 0 0 21 147 248 217 156 125 44
16 0 0 5 30 123 167 175 148 118 53
17 0 0 1 15 58 84 72 58 38 20
18 0 0 5 21 153 202 208 160 137 78
19
20

0
0

0
0

6
2

44
43

204
174

351
300

360
305

227
257

176
165

78
67

21 0 0 7 86 273 383 424 323 303 130
22
23

0
0

0
0

3
2

69
46

222
209

302
357

299
363

219
260

184
135

68
117

24 0 0 3 62 205 297 258 203 163 68
25
26

0
0

0
0

8
5

35
22

156
l5o

196
159

205
143

151
115

109
76

52
40

27 0 a 3 37 120 252 232 191 125 94
28 0 0 1 18 113 160 166 137 66 18
29
30

0
0

0
0

9
2

55
45

218
15q

257
168

251
164

219
126

233
95

105
51

31 0 0 1 40 lio 198 229 151 64 86
32 0 0 2 38 134 188 137 135 99 73
33 0 0 4 23 102 122 123 105 79 38
34 0 0 9 55 2^1 316 346 229 175 63
35 0 0 1 63 354 442 457 364 282 139
36 0 0 1 40 153 197 233 175 66 33
37 0 0 7 66 248 273 246 233 251 138
38 0 0 0 19 H5 140 144 102 77 33
39 0 0 7 55 263 328 306 271 182 92
40 0 0 8 56 271 394 415 329 254 136
41 0 0 12 31 151 226 273 148 118 63
42 0 0 8 24 HI 159 108 111 89 30
43
44
45

0
0
0

0
0
0

1
0
0

37
5
0

l8g
44

0

265
52

0

265
87

0

196
55

0

134
14

0

59
7
0

46
47

0
0

0
0

0
1

0
26

0
104

0
163

0
154

0
115

0
76

0
28

48 0 0 1 35 142 220 256 211 106 90
49 0 0 2 11 100 92 6 6 62 61 31
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TABLE 4.1 ANISOTROPIC FACTORS FOR CLEAR ICE

0.0 25.8
SOLAR ZENITH ANGLE RANGE (DEG.)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1 0.00 0.00 0.00 1.01 0.87 0.90 0.79 0.74 0.69 0.66
2 0.00 0.00 0.00 0.83 1.00 0.88 0.81 0.82 0.75 0.63
3
4

0,00
0.00

0.00
0.00

0.00
0.00

1.05
1.08

1.05
0.92

0.92
0.86

0.85
0.79

0.75
0.76

0.73
0.74

0.70
0.66

5 0.00 0.00 0.00 1.06 0.90 0.86 0.82 0.76 0.74 0.65
6
7

0,00
0.00

0.00
0.00

0.00
0.00

0.90
1.01

0.93
0.83

0.84
0.90

0.79
0.82

0.71
0.71

0.71
0.75

0,71
0.65

8 0.00 0.00 0.00 1.07 0.87 0.93 0.84 0.75 0.79 0.67
9 0.00 0.00 0.00 1.07 0.98 0.88 0.88 0.82 0.80 0.70

10 0.00 0.00 0.00 0.68 0.75 0.88 0.93 0.75 0.73 0.79
11 0.00 0.00 0.00 0.93 1.09 0.95 0.88 0.87 0.77 0.80
12 0.00 C.00 0.00 1.02 1.01 0.85 0.88 0.70 0.77 0.77
13
14
15
16
17
18

0.00
0,00
0.00
0.00
C.00
0.00

0,00
0.0 0
0.00
0.00
0,00
0.00

0,00
0.00
0.00
0.00
0.00
0.00

1.04
0.69
1,08
1.10
1.13
1.12

1.16
0.93
0.93
0.82
l.U
0.88

0.89
0.90
0.85
0.97
0.95
0.88

0.80
0.88
0.86
0,92
0.89
1.05

0.82
0.82
0.77
0.91
0,97
0.98

0.66
0.77
0.69
0.85
0.81
0.95

0.66
0.74
0.54
0.86
0.92
0.93

19 0.00 0.00 0.00 1.16 0.98 0.97 0.90 0.89 0.95 0.93
20 0.00 0.00 0.00 1.00 0.98 0.91 0.83 0.83 0.77 0.69
21 0.00 0.00 0.00 0.73 0.92 1.01 0.90 0.90 0.78 0.67
22 0.00 0.00 0.00 0.83 0.85 0.93 0.93 0.88 0.76 0.75
23 0.00 0.00 0.00 0.92 1.05 0.95 1.04 0.83 0.92 0.92
24
25
26
27

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

1.14
1.48
1.14
1.21

0.93
1.17
1.09
1.19

1.02
1.11
1.06
1.02

1.12
1.11
1.09
1.04

1.05
1.31
1.05
1.03

1.14
1.18
0.94
1.02

1.04
1.13
1.05
0.99

28 0.00 0.00 0.00 0.94 0.99 0.98 0,85 0.94 0.89 0.84
29 0.00 0.00 0.00 0.97 0.91 0.97 0.97 0.94 0.83 0.75
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.04
0.64
1.26
1.41
1.05
0.90
0.96
0.96
0.92
1.16
1.16
1.38
0.94
0.89
1.13
0,00
0.00
0.98
0.95
1.45

0.98
l.Oif
1.18
l.<+5
1.05
1.10
1.10
0.97
0.91
1.15
1.24
1.43
1.10
1.08
0.85
0.00
0.00
1.29
1.43
1.39

1.03
1.00
1.21
1.36
1.11
1.08
1.05
0.92
1.05
1.25
1.57
1.75
1.16
1.04
1.06
0.00
0.00
1.48
1.70
1.97

0.95
1,21
1.29
1.48
1.21
1.08
1.02
0.98
0.99
1.27
1.65
1.95
1.18
1.17
1.14
0.00
0.00
1.87
2.19
2.33

0.93
1.22
1.34
1.54
1.08
1.16
1.05
0.99
1.01
1.50
2.01
2.57
1.44
1.27
1.21
0,00
0.00
1.89
2,99
3.92

0.87
1.16
1.53
1.86
1.32
1.19
1,07
0.92
0.98
1,59
2.22
2.97
1.51
1.36
1,33
0.00
0.00
2,08
3.42
5,48

0.79
1.22
1.38
1.71
1,44
1.32
1.09
0.91
1.00
1.96
2.37
3.59
1.99
1,54
1.59
0.00
0.00
2.46
3.93
5.21
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TABLE 4.2 RELATIVE DISPERSIONS FOR CLEAR ICE

0.0 25.8 
SOLAR ZENITH ANGLE RANGE (DEG.)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1 -9.99 -9.99 -9.99 0.27 0.34 0,24 0.24 0,30 0.24 0.26
2 -9.99 -9.99 -9.99 0.46 0.34 0.33 0.27 0.27 0.19 0.29
3 -9.99 -9.99 -9.99 0.18 0.24 0,21 0.22 0.36 0.30 0.22
4 -9.99 -9.99 -9.99 0.25 0.37 0.26 0.24 0.29 0.27 0.25
5 
6 
7 
6 

-9.99 
-9.99 
-9.99 
-9.99 

-9.99 
-9.99 
-9.99 
-9.99 

-9.99
-9.99
-9,99
-9.99

0.23
0.30
0.12
0.07

0.37
0 • 36
0 • 3&
0.3J+

0.36
0.33
0.30
0.22

0.20
0.22
0,23
0,20

0.31
0.30
0.27
0.28

0.23
0.32
0.26
0.22

0.20
0,25
0,25
0.22

9 -9.99 -9.99 -9.99 0.10 0.29 0.30 0.21 0.30 0.29 0.15
10 -9.99 -9.99 -9.99 0 • 66 0.46 0.29 0.12 0.37 0.27 0.14
11 -9.99 -9.99 -9.99 0.33 0.22 0.27 0.21 0.25 0.25 0.22
12 -9.99 -9.99 -9.99 0.03 0.34 0.27 0,19 0.34 0.19 0,20
13 -9.99 -9.99 -9.99 0.13 0.16 0.29 0.18 0.21 0.26 0.18
14 -9.99 -9.99 -9.99 0.45 0.30 0.26 0,12 0.29 0.15 0.09
15 -9.99 -9.99 -9.99 0.05 0.36 0.41 0.24 0.38 0.42 0.28
16 -9.99 -9.99 -9.99 0.08 0.42 0.26 0.18 0.28 0.16 0.20
17 
18 
19 

-9.99 
-9.99 
-9.99 

-9.99 
-9.59 
-9.99 

-9.99
-9.99
-9.99

0.00
0.14
0.08

0.13
0.41
0.32

0.28
0.32
0.29

0.22
0.11
0.24

0.14
0.24
0.27

0.36
0.15
0.15

0.11
0.19
0.24

20 -9.99 -9.59 -9.99 0.20 0.25 0.30 0.21 0.21 0.27 0.38
21 -9.99 -9.59 -9.99 0.54 0.35 0.11 0.13 0.16 0.16 0.16
22 -9.99 -9.59 -9.99 0.28 0.28 0.19 0.09 0.18 0.21 0.12
23 -9.99 -9.59 -9.99 0.33 0.24 0.24 0.15 0.33 0.16 0.29
24 -9.99 -9.59 -9.99 0.16 0.33 0.27 0.21 0.26 0.18 0.18
25 -9.99 -9.59 -9.99 0.20 0.17 0.20 0.17 0.20 0,22 0.24
26 -9.99 -9.99 -9.99 0.08 0.18 0.26 0.13 0.17 0.23 0.15
27 -9.99 -9.59 -9.99 0.10 0.12 0.24 0.17 0.17 0.14 0.18
28 -9.99 -9.99 -9.99 0.30 0.27 0.17 0.25 0.18 0.24 0.12
29 
30 -9.99 -9.99 -9.59 -9.99 -9,99-9.99

0.29
0.10

0.33
0.22

0.17
0.12

0.07
0.10

0.13
0.17

0.17
0.17

0.17
0.23

31 
32 -9.99 -9.99 -9.59 -9.99 -9,99-9.99

0.55
0.04

0.31
0.20

0.22
0.18

0.17
0.23

0.15
0.29

0.20
0.22

0.28
0.18

33 
34 

-9.99 
-9.99 

-9.99 
-9.59 

-9.99
-9.99

0.04
0.17

O.Og
0.31

0.19
0.25

0.16
0.09

0.27
0.27

0.25
0.15

0.24
0.25

35 -9.99 -9.99 -9.99 0.23 0.28 0.18 0,15 0.18 0.17 0.15
36 -9.99 -9.99 -9.99 0.34 0.23 0.22 0.09 0.15 0.14 0.28
37 -9.99 -9.59 -9.99 0.21 0.17 0.20 0.12 0.12 0.13 0.15
38 -9.99 -9.99 -9.99 0.14 0.31 0.14 0.11 0.17 0.13 0.17
39 -9.99 -9.99 -9.99 0.15 0.26 0.28 0.18 0.29 0.23 0.26
40 -9.99 -9.59 -9.99 0.24 0.24 0.20 0.25 0.34 0.30 0.28
41 -9.99 -9.99 -9.99 0.02 0.17 0.22 0.27 0.38 0.36 0.31
42 -9.99 -9.59 -9.99 0.29 0.15 0.14 0.15 0.14 0.09 0.24
43 -9.99 -9.99 -9.99 0.29 0.19 0.15 0.11 0.18 0.15 0.13
44 -9.99 -9.99 -9.99 0.05 0.27 0.12 0.06 0.19 0.14 0.14
45 -9.99 -9,99 -9,99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99
46 
47 -9.99 -9.99 -9,59 -9.59 -9.99-9.99

-9.99
0.32

-9,99
0.18

-9.99
0.22

-9.99
0.15

-9.99
0.35

-9.99
0.24

-9,99
0.24

48 -9.99 -9.99 -9.99 0.39 0.23 0.21 0.24 0.34 0,29 0.38
49 -9.99 -9.99 -9.99 0.10 0.10 0.21 0.26 0.35 0.28 0.20
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TABLE 4.3 BIN POPULATIONS FOR CLEAR ICE

0.0 25.8
SOLAR ZENITH ANGLE RANGE (DEG.)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1 0 0 0 36 H2 179 224 173 152 102
2 0 0 0 6 19 26 27 25 30 8
3 0 0 0 12 24 41 66 33 32 41
4 0 0 0 9 39 66 98 56 65 15
5 0 0 0 8 43 68 66 41 60 23
6 0 0 0 7 41 81 69 49 46 23
7 0 0 0 9 33 65 69 46 40 19
0 0 0 0 8 26 54 54 35 36 36
9 0 0 0 6 13 19 23 17 19 9

10 0 0 0 2 9 20 13 14 10 4
11 0 0 0 8 12 29 35 15 15 8
12 0 0 0 2 21 33 55 30 26 11
13 0 0 0 8 17 37 35 25 28 12
14 0 0 0 8 21 36 33 35 18 5
15 0 0 0 2 11 34 21 19 14 10
16 0 0 0 4 14 34 24 21 31 25
17 0 0 0 1 7 14 24 5 8 6
18 0 0 0 8 17 25 25 22 32 23
19 0 0 0 4 12 26 45 35 32 29
20 0 0 0 2 25 30 29 23 35 12
21 0 0 0 20 48 58 143 122 65 28
22 0 0 0 8 29 64 50 67 45 24
23 0 0 0 10 28 52 30 42 30 22
24 0 0 0 9 21 65 36 39 45 17
25 0 0 0 6 H 42 36 24 38 22
26 0 0 0 7 10 20 27 17 13 15
27 0 0 0 3 2 0 36 34 23 33 23
28 0 0 0 6 13 25 10 15 20 8
29 0 0 0 24 38 66 65 81 69 25
30 0 0 0 4 19 41 34 43 48 21
31 0 0 0 9 27 31 20 25 26 10
32 0 0 0 6 28 42 31 36 37 18
33 0 0 0 2 7 20 16 16 12 13
34 0 0 0 9 17 43 44 20 41 24
35 0 0 0 17 39 81 81 45 65 37
36 0 0 0 8 15 22 14 10 21 23
37 0 0 0 15 33 66 78 116 77 29
38 0 0 0 7 13 28 42 51 26 14
39 0 0 0 16 41 49 37 40 43 23
40 0 0 0 13 50 81 89 61 84 40
41 0 0 0 2 18 29 36 19 21 22
42 0 0 0 4 10 24 34 7 15 8
43 0 0 0 2 34 30 32 37 30 10
44 0 0 0 2 11 13 4 14 13 7
45 0 0 0 0 0 0 0 0 0 0
46 0 0 0 0 0 0 0 0 0 0
47 0 0 0 2 10 19 22 5 20 8
48 0 0 0 4 22 52 29 44 50 32
49 0 0 0 3 6 11 21 10 16 17
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TABLE 5.1 ANISTROPIC FACTORS FOR LOW CLOUD

0.0
25.8

25.8
36.8

SOLAR ZENITH ANGLE RANGE (DEG.)
36.8 45.5 53.1 59.9 66,4 72.5
45.5 53.1 59.9 66.4 72.5 78.4

78.4
84.3

84,3
90.0

BIN
1
2

1.21
1.27

1.10
1.08

0.99
1.03

0,91
1.01

0.85
0.91

0.81
0.94

0.74
0.92

0.64
0.79

0.53
0.60

0,57
0.60

3 1.01 1.19 1.11 1.04 0.95 0.92 0.89 0.74 0.55 0.75
4 1.05 1.11 1.11 1.11 0.93 0.89 0.77 0.68 0.61 0.62
5 1.02 1.22 1.17 0.95 0.86 0.83 0.70 0.67 0.64 0.62
6 1.09 1.08 0.91 0.98 0.88 0.76 0.73 0.70 0.65 0.51
7 1.27 1.13 0.95 0.96 0.79 0.84 0.78 0.74 0.63 0.65
8 1.30 1.25 0.85 0.92 0.84 0.95 0.70 0.74 0.60 0.67
9 1.45 1.01 0.87 0.93 0.95 0.96 0.83 0.71 0.60 0.69

10 1.04 1.45 1.07 1.07 0.75 1.01 1.02 0.52 0.49 0.46
11 0.99 1.17 1.17 1.04 0.95 1.02 0.99 0.80 0.67 0.71
12 0.99 1.08 1.20 1.13 1.12 0.86 0.91 0.83 0.73 0.62
13 0.98 1.08 1.16 1.01 0.85 0.73 0.72 0,84 0.54 0.60
14 0.98 0.92 1.04 0.69 0.93 0.80 0.64 0.65 0.67 0.51
15 0.99 1.01 1.02 1.09 0.89 0.95 0.81 0.91 0.78 0.77
16 1.16 1.28 0.90 1.01 0.88 0.85 0.87 0.83 0.67 0.79
17 1.09 1.30 0.99 1.04 0.95 1.18 0.92 0.84 0.79 0.85
18 1.18 1.30 1.21 1.12 l.U 1.02 1.07 1.00 0.67 0.95
19 1.05 1.34 1.16 1.01 1.13 0.98 0.93 0.92 0.83 0.71
20 0.95 0.67 1.15 1.00 1.09 0.87 0.91 0,83 0.73 0.68
21 0.84 1.06 0.92 0.91 0.91 0.89 0.76 0.70 0.74 0.64
22 0.87 0.59 0.97 0.94 0.90 0.88 0.78 0,70 0.81 0.64
23 0.95 1.16 1.03 1.21 1.00 0.95 0.96 1.02 0.95 0.92
24 1.04 1.03 1.11 1.07 1.08 1.16 1.11 1.09 1.24 0.98
25 1.08 1.25 1.07 1.15 1.13 1.27 1.33 1.24 1.16 0.94
26 1.04 1.30 1.11 1.14 0.99 1.16 1.18 1.05 0.84 1.10
27 0.96 1.22 1.16 1.02 1.12 1.01 1.01 1.01 1.03 1.05
28 0.88 0.81 0.97 1.06 1.04 1.04 0.93 0.79 0.90 0.84
29 0.86 0.70 0.74 0.76 0.85 0.79 0.64 0.88 0.80 0.81
30 0.79 O.fcO 0.71 0.91 0.89 0.92 0.88 0.89 0.80 0.76
31 0.98 1.11 1.14 0.97 1.33 1.12 1.15 1.11 1.42 1.19
32 0.96 0.98 1.31 1.1b 1.27 1.25 1.47 1.55 1.88 1.54
33 0.94 1.43 1.29 1.36 1.37 1.63 1.50 1,80 2.02 1.38
34 1.03 1.27 1.22 1.18 1.09 1.29 1.44 1.33 1.38 1.40
35 0.94 0.91 1.10 1.05 1.06 1.16 1.17 1.19 1.26 1.25
36 0.83 0.61 0.63 0.69 0.97 0.99 1.08 1.13 1.12 1.29
37 0.88 0.57 0,55 0.64 0.66 0.71 0.74 0.76 0.84 0.80
38 0.88 0.56 0.47 0.58 0.70 0.73 0.82 U . 86 0.84 0.88
39 0.95 0.85 0.99 1.25 1.39 1.46 1.69 1.88 1.50 1.93
40 0.99 1.21 1.27 1.37 1.61 1.80 2.14 2.69 2.84 3.45
41 1.05 1.49 1.53 1.56 1.65 2.31 2.63 2,76 3.88 3.68
42 1.11 1.02 1.21 1.08 1.02 1.44 1.50 1.45 1.27 1.83
43 1.07 0.90 0.88 1.04 1.14 1.22 1.26 1.35 i.*u 1.78
44 0.91 0.67 0.71 0.62 0.90 0,98 1.07 1.21 1.35 1.34
45 0.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
46 0.98 0.62 0.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00
47 1.03 0.94 1,00 1.11 1.29 1.71 2.10 2.25 2.71 3,37
48 1.12 1.06 1,46 1.51 1.76 2.18 2.70 3.14 4,59 4.76
49 1.34 1.30 1,50 1.50 2.01 2.54 3.14 4.18 5.81 5.98
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TABLE 5.2 RELATIVE DISPERSIONS FOR LOW CLOUD

0.0 25.8
solar zenith angle range <deg.>

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1
2

0.61
0.77

0.59
0.61

0,41
0.34

0.33
0.35

0.30
0.31

0.34
0.33

0.35
0.33

0.30
0.27

0.41
0.30

0,38
0.33

3
4

0,78
0.78

0.59
0.67

0.34
0.37

0.25
0.28

0.26
0.30

0.25
0.34

0.27
0.28

0.22
0.29

0.36
0.36

0,21
0.36

5 0.75 0.58 0.31 0.28 0.32 0.35 0.28 0.27 0.32 0.41
6
7
a
9

0.73
0.64
0.56
0.67

0 • 66
0,60
0.46
0*53

0.41
0.42
0.40
0.44

0.29
0.38
0.31
0.32

0.30
0.35
0.24
0.28

0.36
0.35
0.29
0.31

0.27
0.29
0.35
0.43

0.31
0 • 33
0.30
0.34

0.31
0.42
0.32
0.32

0.45
0.40
0.44
0.35

10 0.74 0.50 0.39 0.23 0.20 0.25 0,26 0.00 0.30 0.00
11 0.82 0.62 0.29 0.35 0.26 0.28 0,27 0.28 0.26 0,32
12 0.77 0.65 0.34 0.21 0,26 0.31 0.20 0.25 0.30 0.33
13 0.76 0.63 0.32 0.19 0.32 0.25 0.27 0.28 0.33 0.51
14
15
16
17

o.ai
0.70
0.67
0.72

0.70
0.64
0.4 0
0.42

0,26
0,40
0,35
0.32

0.37
0.30
0.30
0.27

0.39
0.24
0,26
0.30

0.22
0.22
0.32
0.28

0.33
0.23
0.25
0,31

0.23
0,44
0.18
0.26

0.21
0.26
0.25
0.17

0,44
0.26
0.33
0.17

18 0.80 0.53 0.37 0.36 0.23 0.22 0.22 0.16 0.52 0.16
19 0.76 0.54 0.31 0.34 0.21 0.29 0.19 0.27 0.23 0.32
20 0.77 0.75 0.33 0.31 0.24 0.28 0.21 0.24 0.30 0.34
21 0.81 0.64 0.44 0.27 0.27 0.27 0.20 0.29 0.21 0.30
22 0.80 0.80 0.43 0.28 0.29 0.32 0.26 0.26 0.18 0.31
23 0.78 0.59 0.35 0.31 0.32 0.23 0.22 0.27 0.23 0.37
24 0.77 0.58 0.30 0.24 0.24 0.28 0.18 0.22 0.24 0.33
25 0.75 0.44 0.25 0.18 0.23 0.18 0.19 0.14 0.16 0.57
26 0.76 0.52 0.32 0.20 0.19 0.18 0.20 0.12 0.07 0.29
27
26

0,69
0.68

0.53
0.69

0.29
0.50

0,27
0.22

0.22
0.24

0.24
0.22

0.16
0.24

0.23
0.27

0.10
0.17

0.18
0.20

29 0.69 0.77 0.60 0.39 0.36 0.33 0.25 0.23 0.26 0.28
30 0.67 0.78 0.54 0.28 0.33 0.36 0.30 0.28 0.26 0.26
31 0.76 0.61 0.36 0.29 0.24 0.27 0.25 0.33 0.31 0.35
32 0.75 0.61 0.23 0.24 0.19 0.30 0.21 0.19 0.22 0.25
33 0.79 0.44 0.29 0.19 0.22 0.20 0.16 0.21 0.30 0.39
34 0.59 0.50 0.26 0.21 0.21 0.19 0.17 0.18 0.17 0.17
35 0.55 0.62 0.30 0.17 0.20 0.22 0.17 0.10 0.18 0.19
36 0.47 0.53 0.55 G .40 0.29 0.30 0.21 0.21 0.19 0.23
37 0.55 0.54 0.61 0.54 0.45 0.39 0.34 0.32 0.20 0.36
38 0.53 0.63 0.63 0.51 0.51 0.35 0.37 0.25 0.31 0.24
39 0.53 0.61 0.46 0.24 0.17 0.24 0.18 0.26 0.30 0.28
40
41

0.58
0.59

0.55
0.36

0.33
0.24

0.19
0.15

0.15
0.22

0.21
0.19

0.22
0.16

0.32
0.22

0.33
0.39

0.28
0 • 46

42 0.44 0.47 0.29 0.18 0.26 0.14 0.13 0.18 0,32 0.20
43 0.40 0.44 0.35 0.18 0.15 0.13 0.14 0.12 0.20 0.20
44 0.27 0.23 0.38 0.35 0.21 0.19 0.23 0.19 0.15 0,19
45 0.33 --9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99
46 0.39 0.41 0.24 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99
47 0.37 0.50 0.40 0.41 0.30 0.22 0.23 0.28 0.15 0.16
48 0.42 0.51 0,25 0.23 0.11 0.24 0.25 0.23 0.27 0.34
49 0.34 0.41 0.31 0 . O7 0.24 0.15 0.26 0.19 0.05 0,31
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TABLE 5.3 BIN POPULATIONS FOR LOW CLOUD

0.0 25.8
SOLAR ZENITH ANGLE RANGE (DEG.)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1 1215 252 190 187 2l0 200 189 129 85 80
2 137 57 30 27 27 34 38 20 9 16
3 337 97 53 41 50 29 33 16 9 11

460 91 77 37 53 39 50 37 40 22
5 421 90 70 44 52 54 57 30 45 19
6 345 95 74 40 48 40 53 26 37 24
7 343 108 76 38 44 51 36 28 34 19
8 275 53 40 46 38 21 21 18 14 9
9 112 34 27 15 2o 21 28 13 11 18

10 75 30 15 11 7 11 7 1 4 1
11 194 52 34 21 22 17 21 12 10 8
12 227 52 40 17 25 14 8 12 19 10
13 195 42 34 16 26 25 27 11 11 8
14 188 37 27 18 17 13 19 9 18 14
15 177 38 30 15 27 18 24 3 19 21
16 112 44 32 30 23 20 20 13 9 9
17 54 17 16 12 8 6 13 8 4 2
18 206 46 38 24 41 30 29 15 6 15
19 473 65 62 41 29 41 31 23 23 26
20 634 105 51 26 36 28 28 24 33 21
21 493 155 84 68 66 47 45 30 28 28
22 330 103 79 41 63 46 39 23 12 38
23 214 75 47 33 22 36 44 23 25 11
24 204 75 38 27 33 36 29 15 18 13
25 68 45 29 27 30 18 16 11 8 10
26 221 68 19 21 15 22 23 10 3 5
27 532 74 51 22 35 32 27 24 16 7
28 655 126 42 23 20 25 23 16 33 12
29 415 178 83 52 5l 34 35 32 18 21
30 251 84 59 29 35 53 32 29 23 18
31 184 59 37 32 17 21 21 25 18 14
32 163 36 45 16 23 18 23 16 13 13
33 50 24 18 19 14 21 13 9 7 9
34 494 165 66 48 39 44 39 25 16 11
35 1314 170 118 62 74 51 71 46 32 34
36 1006 331 95 34 39 61 40 39 29 17
37 608 343 145 113 95 82 72 58 15 16
38 405 142 92 56 49 62 50 36 41 14
39 419 139 48 49 38 22 28 40 24 20
40 281 94 72 39 39 39 40 31 39 18
41 96 37 31 29 36 31 24 8 9 16
42 166 88 34 19 22 11 8 7 2 8
43 426 110 57 27 42 23 26 29 21 9
44 208 19 31 8 12 26 17 10 19 11
45 189 0 0 0 0 0 0 0 0 0
46 218 59 13 0 0 0 0 0 0 0
47 203 60 52 27 21 11 19 17 9 6
48 107 44 34 20 14 32 19 18 24 10
49 29 15 11 10 9 8 15 8 4 5
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TABLE 6.1 ANISTROPIC FACTORS FOR MIDDLE CLOUD

0.0 25.8
SOLAR ZENITH ANGLE RANGE (DEG • )

36 ♦ 3 45.5 53 • 1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1 1.10 1.04 0.97 0.90 0.86 0.84 0.77 0.74 0.66 0.60
2 1.19 1.09 1.07 0.98 0.96 0.92 0.83 0.76 0.69 0.64
3 1.15 1.10 1.01 0.97 0.93 0.91 0.81 0.76 0.68 0.63
4 1.16 1.03 1.01 0.9 7 0.96 0.69 C . 81 0.76 0.68 0.61
5 1.13 1.03 0.98 0.94 0.89 0,87 0.81 0.75 0.67 0.63
6 1.12 1.01 0.95 0.94 0.89 0.84 0.80 0.75 0.67 0.63
7 1.11 1.00 0.94 0.94 0.90 0.89 0.84 0.79 0.70 0.64
8 1.09 0.96 0.95 0.90 0.86 0.88 0.84 0.81 0,74 0.68

3 1.14 1.04 0.91 0.92 0.88 0.91 0.83 0.80 0.71 0.69
10 1.15 1.17 1.10 1.03 0.97 0.92 0.89 0.84 0.78 0.70
11 1.20 1.12 1.06 1.05 0.99 0.96 0.92 0.83 0.73 0.71
12 1.06 1.06 1.02 1.09 1.05 0.95 0.88 0.79 0.74 0.64
13 1.12 1.07 1.01 0.94 0.90 0.89 0.83 0.77 0.69 0.69
14 1.05 1.00 0.97 0.97 0.89 0.85 0.87 0.78 0.68 0.68
15 1.03 0.97 0.96 0.95 0.95 0.93 0.88 0.81 0,74 0.72
16 1.14 1.02 1.00 0.94 0.93 0.92 0.90 0,87 0.84 0.82
17 1.06 1.00 0.99 0.95 0.96 0.92 0,92 0.92 0.87 0.81
IS 1.12 1.15 1.16 1.09 1.03 1.01 0.97 0.94 0.91 0.78
19 1.07 1.11 1.07 1.10 1.04 0.98 0.94 0.91 0.86 0.78
20 1.02 1.07 1.06 1.07 1.06 0.96 0.89 0.84 0.79 0.72
21 1.01 1.04 0.96 0.87 0.92 0.88 0.86 0.80 0.76 0.71
22 0.96 0.97 0.96 0.94 0.89 0.89 0.87 0.83 0.79 0.71
23 1.13 1.04 1.01 1.01 1.05 1.01 0.98 0.96 0.93 0.91
24 1.07 1.04 1.05 1.05 1.10 1.08 1.11 1.08 1.12 1.09
25 1.03 1.10 1.08 1.08 1.07 1.16 1.11 1.17 1.16 1.15
26 0.97 1.13 1.15 1.14 1.10 1.04 1.00 1.03 1.01 0.99
27 0.93 1.09 1.06 1.08 1.04 1.01 1.00 0.99 0.99 1.01
28 0.87 1.01 1.01 1.02 0.99 0.98 0.98 0.95 0.89 0.87
29 0.04 0.89 0.91 0.90 0.89 0.86 0.89 0.85 0.81 0.79
30 0.88 0.92 0.94 0,90 0.89 0.92 0.91 0.91 0.88 0.80
31 1.00 0.98 1.05 1.06 1.21 1.15 1.16 1.17 1.17 1.16
32 1.03 1.07 1.09 1.16 1.24 1.28 1.31 1.42 1.52 1.53
33 1.08 1.15 1.14 1.26 1.30 1.38 1.44 1.49 1.62 1.73
34 0.80 1.05 1.07 1.07 1.07 1.10 1.18 1.19 1.26 1.28
35 0.79 0.99 1.04 1.02 1.05 1.09 1.12 1.13 1.20 1.26
36 0.71 0.76 0.93 0.93 0.97 1.03 1.07 1.09 1.09 1.15
37 0.69 0.76 0.83 0.83 0.83 0.87 0.90 0.89 0.89 0.88
38
39

0.81
0.90

0.77
0.97

0,84
1.06

0.88
1.14

0.87
1.24

0.90
1.34

0,96
1.50

0.98
1.63

0.97
1.76

0.99
1.74

40 0.98 1.10 1.16 1.29 1.45 1.63 1.91 2.04 2.53 2.85
41 0.92 1.14 1.28 1.41 1.51 1.80 1.98 2.58 3.31 3,50
42 0.76 0.88 0.99 0.98 1.07 1.09 1.22 1.38 1.52 1.71
43 0.81 0.90 0.98 0.98 1.01 1.07 1.16 1.27 1.40 1.57
44 0.74 0.76 0.89 0.91 0.97 1.03 1.15 1.26 1.31 1.40
45
46
47

0.71
0.77
0.83

0.00
0.67
0.88

0,00
0,83
1.02

0.00
1.10
1.12

0.00
o.oo
1.25

0,00
0.00
1.49

0.00
0.00
1.66

0.00
0.00
1.92

0.00
0.00
2.27

0.00
0.00
2.65

48 0.95 1.09 1.23 1.40 1.67 1.90 2.37 2.90 3.71 4.53
49 0.91 1.21 1.33 1,44 1.70 2.23 2.61 3.78 5.32 7.19
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TABLE 6.2 RELATIVE DISPERSIONS FOR MIDDLE CLOUD 

0.0 25.8
SOLAR ZENITH ANGLE RANGE (DEG.)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1 0.29 0,24 0.22 0.25 0,22 0.19 0.22 0.21 0.20 0.26
2 0.33 0.25 0.22 0.23 o.ia 0.17 0.21 0.22 0.20 0.22
3 0.29 0.23 0.19 0.21 0.21 0.19 0.22 0.22 0.20 0.27
4 0.27 0.24 0.20 0.26 0.20 0.20 0.21 0.22 0.20 0.28
5 0.28 0.25 0,21 0.24 0.21 0.18 0.22 0.21 0.23 0.26
6
7
8

0.31
0.31
0.28

0.26
0.26
0.27

0.21
0.21
0.25

0.24
0.23
0.23

0.22
0.21
0.21

0.20
0.19
0.19

0,23
0.19
0.19

0.22
0.20
0.21

0.22
0.20
0.19

0.26
0,24
0.26

9
10

0.29
0.25

0.23
0.22

0.22
0.19

0.24
0.21

0.21
0.18

0.20
0.17

0.20
0.19

0.20
0.18

0.21
0.17

0,22
0.21

11 0.27 0.20 0.17 0.20 0.18 0.15 0.17 0.20 0.19 0.24
12 0.29 0.27 0.19 0.23 0.17 0.13 0.19 0.22 0.22 0.25
13 0.32 0.24 0.19 0.25 0.20 0.15 0.19 0.18 0.22 0.24
14 0.32 0.23 0.18 0.23 0.23 0.19 0.20 0.21 0.22 0.21
15 0.36 0.24 0.18 0.22 0.20 0.16 0.19 0.22 0.20 0.21
16 0.29 0.24 0.19 0.21 0.21 0.20 0.21 0.21 0.19 0.20
17
18

0.27
0.31

0«2 6
0.22

0.18
0.18

0.21
0.20

0.17
0 • 16

0.17
0.17

0.19
0.17

0.23
0.17

0.22
0.14

0.23
0.18

19 0.33 0.21 0.20 0,13 0.19 0.15 0.18 0.18 0.16 0.24
20 0.31 0.23 0.20 0.16 0,19 0.16 0.21 0.19 0.17 0.21
21
22

0.35
0.32

0.22
0.27

0.21
0.20

0.23
0.22

0.19
0.22

0.18
0.17

0.17
0.19

0,17
0.20

0.18
0.18

0.17
0.22

23
24

0.28
0.25

0.23
0.21

0.20
0.20

0.22
0.20

0.19
0.16

0.15
0.18

0.22
0.20

0.22
0.23

0.21
0.18

0,20
0.18

25 0.21 0.16 0.17 0.20 0.16 0.15 0.23 0.21 0.22 0.22
26 0.35 0.19 0.16 0.17 0.13 0.16 0.17 0.15 0.14 0.17
27 0.35 0.20 0.14 0.17 0.19 0.15 0.17 0.15 0.14 0.19
28
29

0.35
0.36

0.24
0.29

0.17
0.19

0,20
0.21

0.21
0.13

0.17
0.16

0.16
0.15

0.17
0.18

0.17
0.15

0.20
0.22

30 0.34 0.25 0.20 0.19 0.17 0.16 0.18 0.18 0.17 0.20
31 0.29 0.23 0.16 0.20 0.16 0.15 0.22 0.24 0.22 0.19
32 0.28 0.20 0.18 0.17 0.16 0.14 0.22 0.24 0.26 0.23
33 0.20 0.24 0.15 0.15 0.18 0.18 0.23 0.24 0.28 0.26
34 0.38 0.22 0.14 0.17 0.13 0.14 0.18 0.15 0.16 0.16
35 0.37 0.23 0.14 0.17 0.14 0.14 0.14 0.15 0.15 0.20
36 0.39 0.36 0.21 0.20 0.18 0.18 0.16 0.17 0.18 0.19
37 0.39 0.36 0.22 U.21 0.18 0.16 0.13 0.17 0.15 0.21
38 0.28 0,32 0.24 0.22 0,19 0.17 0.14 0.19 0.16 0.24
39 0.27 0,19 0.17 0.17 0.15 0.20 0.24 0.26 0.24 0.25
40 0.25 0.17 0.15 0.15 0.20 0.19 0.27 0.32 0.34 0.38
41 0.30 0.17 0.11 0.15 0.22 0.20 0.30 0.32 0.40 0.41
42 0.35 0.22 0,14 0.16 0.12 0.14 0.13 0.15 0.12 0.16
43 0.26 0.21 0.15 0.17 0.17 0.15 0.13 0.12 0.13 0.21
44 0.26 0.18 0.18 0.14 0.22 0.15 0.15 0.12 0.13 0.20
45 0.27 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99
46 0.26 0.26 0.21 0.06 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99
47 0.25 0.25 0.17 0.18 0.17 0.18 0.23 0.25 0.23 0.26
48 0.23 0.17 0.13 0.15 0.17 0.18 0.21 0.30 0.30 0.28
49 0.22 0.15 0.08 0.19 0.15 0.20 0.34 0.31 0.31 0.46
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TABLE 6.3 BIN POPULATIONS FOR MIDDLE CLOUD

0.0
25.8

25.8
36.8

SOLAR ZENITH ANGLE RANGE (DEG.)
36.8 45.5 53.1 59.9 66.4 72.5
45.5 53.1 59.9 66 • 4 72.5 78.4

78.4
84.3

84.3
90.0

BIN
1 574 545 611 444 507 739 921 986 961 363
2 63 80 95 70 78 94 142 173 153 48
3 176 156 156 110 121 169 212 228 162 89
4 222 217 198 143 154 220 309 379 314 112
5 216 199 204 149 158 218 332 377 305 146
6 156 250 176 173 1*»6 236 316 363 345 122
7 152 218 201 150 151 202 282 349 306 109
8 112 135 106 90 122 135 204 172 158 72
9 36 75 72 45 49 61 116 134 149 50

10 48 66 55 26 29 38 50 54 52 26
11 87 80 78 74 56 88 129 143 110 46
12
13

116
95

108
89

92
128

66
62

75
6^

93
111

125
169

167
144

131
128

59
70

14 97 91 90 62 78 138 144 157 127 75
15 68 90 75 55 66 121 139 201 148 71
16 62 98 94 74 78 113 142 144 133 53
17 20 59 38 31 39 39 55 65 67 26
18 93 86 90 73 99 122 174 155 145 49
19 240 199 139 122 H7 156 199 242 170 79
20 276 183 144 101 88 119 173 251 224 81
21 279 259 306 224 173 309 390 328 337 136
22 167 181 196 134 135 257 320 274 304 137
23 95 146 127 110 124 135 226 264 213 104
24 81 146 130 109 99 155 213 261 201 74
25 32 71 90 54 72 95 94 114 129 63
26 116 75 77 58 57 77 94 127 101 35
27 282 145 136 87 89 111 168 228 161 50
28 332 208 129 78 66 93 169 148 149 59
29 246 302 271 200 156 192 248 277 253 109
30 110 120 165 93 95 168 221 224 221 105
31 83 105 103 93 64 99 143 161 138 55
32 79 120 88 71 75 90 139 146 128 68
33 29 34 37 39 ^0 42 89 85 96 27
34 349 255 199 147 109 162 172 226 152 72
35 859 381 324 220 205 332 377 449 344 166
36 867 430 218 131 69 142 197 304 268 136
37 625 466 389 351 254 262 322 346 304 170
38 251 183 125 130 124 143 186 246 268 171
39 204 251 227 165 123 183 265 293 246 107
40 118 161 203 182 164 221 314 345 382 168
41 52 74 64 76 63 112 142 115 140 51
42 114 162 86 67 5l 88 74 79 55 24
43 244 231 184 148 98 182 200 224 185 66
44 130 9 17 26 24 33 70 117 103 76
45 162 0 0 0 0 0 0 0 0 0
46 143 57 24 3 0 0 0 0 0 0
47 121 175 118 92 65 93 114 145 97 45
48 59 72 82 69 81 122 154 173 178 74
49 15 35 33 27 20 41 52 68 76 24



61

TABLE 7.1 anisotropic Factors for HI WTR CLD

0.0 25.8
SOLAR! ZENITH ANGLE RANGE (DEG.)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

bin
1 1.07 1.00 0.97 0.94 0.93 0.85 0.84 0.78 0.71 0.61
2 1.07 0.96 0.96 0.95 0.94 0.94 0.86 0.79 0.73 0.64
3 1.06 1.00 0.92 0.95 0.91 0.92 0.87 0.79 0.73 0.65
4 1.02 1.01 0.94 0.93 0.94 0.88 0.85 0.77 0.75 0.68
5 1.06 1.05 0.97 0.89 0.94 0.87 0.84 0.81 0.75 0.64
6 1.02 1.00 0.89 0.91 0.94 0.89 0.83 0.82 0.75 0.65
7 1.08 1.03 0.94 0.96 0.94 0.94 0.87 0.81 0.79 0.69
8 1.02 1.06 0.98 0.96 0.94 0.96 0.90 0.84 0.76 0.71
9 1.01 1.03 0.97 0.97 1.01 0,98 0.89 0.82 0.79 0.70

10 1.00 1.02 1.03 0.99 0.92 0.95 0.90 0.84 0.77 0.66
11 1.05 1.09 0.93 1.00 0.97 0.99 0.93 0.86 0.81 0.71
12 1.02 1.06 0.92 0.95 0.97 0.92 0,88 0.84 0.78 0.71
13 1.04 0.96 0.95 1.00 0.92 0.91 0.86 0.80 0.75 0.75
14 0.99 1.00 0.97 0.96 0.9«+ 0.88 0.86 0.85 0.80 0.70
15
16

1.06
1.13

1.01
0.55

1.00
1.02

1.01
1.00

0.99
1.03

0.93
0.98

0.91
0.96

0.89
0.92

0,85
0.90

0.74
0.79

17 0.99 0.57 1,04 1.05 1.00 1.10 1.03 0.98 0.92 0.84
18 1.01 1.00 1.06 1.02 1.07 0.98 0.98 0.92 0.86 0.80
19 1.07 1.01 0.98 1.01 0.95 0.95 0.93 0.88 0.87 0.81
20 1.00 0.95 1.07 0.98 0.95 0.92 0.94 0.87 0.80 0.81
21 1.01 1.02 1.02 0.95 0.92 0.92 0.89 0.85 0.77 0.76
22 0.94 1.08 0.95 0.96 0.97 0.90 0.90 0.86 0.80 0.72
23 1.03 1.07 1.04 1.02 1.00 1.05 1.01 1.04 0.97 0.95
24 1.06 1.03 1.08 1.05 1.11 1.12 1.04 1.06 1.06 1.07
25 1.02 1.07 1.09 1.14 1.10 1.13 1.04 1.16 1.13 1.14
26 1.04 0.94 1.07 1.06 0.98 0.98 1.01 0.97 0.96 0.92
27 1.03 1.03 1.02 1.02 0.97 1.04 0.98 0.97 0.96 0.93
28 0.95 0.54 0.99 0.99 0.96 0.96 0.96 0.96 0.90 0.87
29 0.97 0.97 0.96 0.94 0.91 0.91 0.92 0.87 0.81 0.79
30 0.97 0.59 0.96 0.99 0.91 0.98 0.96 0.90 0.86 0.88
31 1.03 1.09 1.12 1.07 1.11 1.15 1.15 1.22 1.20 1.21
32 1.00 1.07 1.14 1.14 1.18 1.23 1.23 1.30 1.41 1.44
33 0.97 1.09 1.13 1.28 i.2a 1.29 1.46 1.39 1.58 1.56
34 0.95 0.58 1.05 0.97 1.07 1.03 1.09 1.15 1.18 1.19
35 0.95 0.98 0.96 0.99 0.97 1.00 1.03 1.09 1.12 1.19
36 0.87 0.84 1.02 0.98 0.98 1.00 1.06 1.06 1.07 1.15
37 0.86 0.80 0.90 0.92 0.90 0.90 0.89 0.92 0.88 0.91
38 0.90 0.97 0.93 0.97 0.91 0.94 0.97 0.97 0.96 1.01
39 1.00 1.03 1.07 1.14 1.19 1.30 1.44 1.62 1.69 1.79
40 0.99 1.09 1.20 1.28 1.36 1.52 1.60 1.83 2.19 2.58
41 0.95 1.06 1.24 1.35 1.45 1.62 1.63 2.24 2.75 3.36
42 0.85 0.87 0.98 0.97 0.99 1.01 1.17 1.26 1.53 1.68
43
44

0.82
0.90

0,86
0.00

0.89
0.00

0.93
0.97

0.98
1.03

1.02
1.04

1.04
1.14

1.17
l.U

1.26
1.21

1.44
1.40

45 0.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
46 0.82 o.eo 0.96 0.83 o.oo 0.00 0.00 0.00 0.00 0.00
47 0.90 0.99 1.08 1.17 1.19 1.38 1.65 1.81 2.21 2.31
48 1.00 1.00 1.18 1.36 1.57 1.66 1.98 2.36 3.39 4.66
49 0.88 1.20 1.19 1.42 1.82 1.59 1.98 3.04 4.60 5.87
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TABLE 7.2 RELATIVE DISPERSIONS FOR HI WTR CLD

0.0
25.8

25.8
36.8

solar zenith angle range (deg.)
36.8 45.5 53.1 59.9 66.4 72.5
45.5 53.1 59.9 72.566 * 4 78.4

78.4
84.3

84.3
90.0

BIN
1 0.19 0.14 0.17 0.16 0.12 0.15 0.11 0.11 0.15 0.24
2 0.21 0.23 0.11 0.17 0.13 0.11 0.09 0.11 0.18 0.21
3 0.18 0.15 0.13 0.15 0.11 0.11 0.10 0.11 0.14 0.25
4 0.19 0.17 0.12 0.15 0.13 0.12 0.08 0.11 0.16 0.23
5 0.18 0.14 0.16 0.12 0.15 0.18 0.08 0.11 0.15 0.24
fa 0.20 0.18 0.19 0.17 0.14 0.15 0.11 0.09 0.16 0,25
7 0.17 0.19 0.16 0.15 0.13 0.10 0.12 0.14 0.15 0.19
8 0.20 0.13 0.15 0.16 0.03 0.10 0.09 0.14 0.14 0.19
9 0.23 0.12 0.13 0.09 0.10 0.13 0.12 0.13 0.12 0.16

10
11

0.17
0.18

0.11
0.15

0.20
0.13

0.18
0.11

O.Og
0.15

0.11
0.05

0.12
0.06

0.04
0.13

0.11
0.15

0.17
0.16

12 0.21 0.13 0.19 0.14 0.11 0.12 0,06 0.11 0.15 0.19
13 0.16 0.17 0.16 0.17 0.16 0.12 0.10 0.10 0.14 0.30
14 0.19 0.12 0.11 0.12 0.17 0.17 0.16 0.13 0,13 0.27
15 0.20 0.14 0.12 0.12 0.13 0.14 0.09 0.09 0.15 0.20
16 0.14 0.13 0.16 0.13 0.09 0.10 0.07 0.14 0.13 0.24
17 0.19 G.20 0.11 0.06 0.12 0.00 0.05 0.07 0.12 0.19
18 0.18 0.11 0.15 0.16 0.11 0.15 0.07 0.12 0.14 0.18
19 0.16 0.14 0.15 0.11 0.14 0.15 0.06 0.14 0.13 0.16
20 0.19 0.17 0.15 0.15 0.12 0.09 0.09 0.14 0.14 0.18
21 0.18 0.13 0.12 0.15 0.12 0.11 0.11 0.10 0.14 0.24
22 0.23 0.10 0.18 0.19 0.12 0.16 0.12 0.14 0.15 0.23
23 0.14 0.12 0.15 0.14 0.13 0.13 0.05 0.10 0.20 0.19
24 0.16 0.14 0.11 0.10 0.08 0.08 0.07 0.14 0.18 0.24
25 0.09 0.16 0.13 0.05 0.09 0.10 0.14 0.10 0.14 0.19
26 0.17 0.13 0.13 0.11 0.11 0.11 0.07 0.07 0.13 0.19
27 0,19 0.13 0.10 0.11 0.10 0.10 0.07 0.10 0.13 0.18
28 0.19 0.14 0.16 0.17 0.18 0.14 0.11 0.12 0.12 0.21
29 0.19 0.17 0.13 0.15 0.14 0.13 0.11 0.10 0.14 0.18
30 0.15 0.13 0.16 0.12 0.14 0.13 0.10 0.12 0.13 0.16
31 0.12 0.07 0.12 0.11 0.13 0.10 0.07 0.15 0.17 0.23
32 0.15 0.08 0.12 0.09 0.12 0.14 0.12 0.13 0.17 0.29
33 0.20 0.13 0.13 0.11 0.17 0.08 0.14 0.22 0.22 0.23
34 0.20 0.13 0.05 0.10 0.14 0.10 0.06 0.13 0.16 0.16
35 0.10 0.11 0.12 0.12 0.13 0.12 0.10 0.12 0,13 0.18
36 0.23 0.21 0.10 0.13 0.12 0.15 0.12 0.14 0.14 0.20
37 0.21 0.20 0.15 0.14 0.12 0.13 0.13 0.09 0.11 0.19
38 0.17 0.16 0.17 0.07 0.13 0.13 0.10 0.11 0.14 0.18
39 0.14 0.11 0.14 0.12 0.15 0.13 0.17 0.17 0.22 0.29
4 0 0.16 0.11 0.11 0.13 0.12 0.19 0.13 0.18 0.34 0.34
41 0.08 0.09 0.16 0.17 0.15 0.14 0.20 0.29 0.29 0.42
42 0.15 0.15 0.09 0.10 0.10 0.10 0.07 0.11 0.15 0.13
43 0.17 0.18 0.11 0.13 0.14 0.11 0.11 0.15 0,12 0.19
44 0.11 -9.59 -9.99 0.01 0.10 0.15 0.13 0.10 0.17 0.18
45 0.20 -9.99 -9.99 -9.99 -9.99 -9.99 -9,99 -9.99 -9.99 -9.99
46
47
48
49

0.21
0.16
0.15
0.14

0.12
0.12
0,10
0.0 0

0.00
0.11
0.10
0.06

0.00
0.10
0.14
0.05

-9.99
0.12
0.18
0.11

-9.99
0.08
0.10
0.02

-9.99
0.1Q
0,16
0.16

-9.99
0.21
0.28
0.29

-9.99
0.19
0.37
0.21

-9,99
0.29
0.43
0.41
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TABLE 7.3 BIN POPULATIONS FOR HI WTR CLD

0.0 25.8
SOLAR ZENITH ANGLE RANGE (DEG.)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0BIN

i
2

186
18

75
10

116
17

146
22

146
20

92
17

113
21

252
43

315
46

207
30

3
4
5
6
7
8
9

59
88
80
80
66
65
13

21
29
19
24
19
24

8

27
43
32
32
34
35
16

23
52
26
37
47
41
13

24
41
46
37
52
35
14

18
47
30
32
38
15

9

33
41
40
37
41
26
10

46
74
74
69
79
42
31

71
105
115
108
111

74
29

48
65
75
62
73
51
25

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

17
33
41
43
27
21
14
11
24
57
77
89
48
39
26

7
27
61
76
76
19
31
25

8
74

157
100

93
36
76

2
15
17
19
17
15
11

7
9

28
26
43
17
15

9
14

2
2 0
25
40
10
10
10

7
29
38
63
54

9
35

7
11
18
24
25

5
13
17
17
33
21
55
35
26
15
16
10
17
17
50
33
16
17
12
16
71
38
99
11
49

13
15
22
22
26
21
16

8
27
29
40
85
30
41
23

7
9

29
25
67
37
22
27

9
18
83
23

108
23
80

11
24
22
30
30
21
18
10
29
30
40
71
54
37
26
19
13
31
32
74
53
27
21

6
24
92
29

104
72
60

8
8

14
22
19
15
12

2
13
30
20
48
18
22
19

8
12
10
19
56
30
13
14

5
28
55
29

111
43
43

11
14
15
20
27
24
14

2
16
39
17
83
41
35
23
21
15
24
25
40
54
19
17

7
38
64
33
82
72
33

13
29
31
56
57
37
28

6
41
59
29

143
98
34
48
30
23
35
35

125
80
32
37
22
59

117
47

141
85
56

14
49
44
44
45
50
36
19
50
77
56

146
89
54
70
52
38
64
36

102
93
53
68
34
61

115
80

164
108

81

12
25
26
29
25
35
29

7
42
36
51
90
64
31
56
22
24
52
42
66
87
31
28
24
29
66
49

124
102

48
40
41
42
43
44

61
15
20
57
11

34
5

27
29

0

37
12

9
43

0

31
11
13
37

2

55
17
12
32

4

34
10
22
52
15

34
27

8
52
17

63
25
21
49
20

105
44
14
78
38

85
33
12
48
29

45
46
47
48
49

9
27
28
13

2

0
11
20

9
1

0
1

28
19

4

0
1

48
20

3

0
0

24
19

8

0
0

18
12

2

0
0

27
16
12

0
0

39
45
19

0
0

29
45
16

0
0

27
49
12
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TABLE 8.1 ANISOTROPIC FACTORS FOR HI ICE CLD

0.0
25.8

25.8
36.8

solar zenith angle range <deg.)
36.8 45.5 53.1 59.9 66.4 72.5

53.1 59.9 66.4 72.5 78.445.5
78.4
84.3

84.3
90.0

BIN
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

1.04
1.07
1.06
1.05
1.04
1.06
1.05
1.06
1.03
1.03
1.04
1.06
1.05
1.03
1.04
1.07
1.00
1.04
1.03
1.01
0.98
1.00
1.07
1.04
1.02
0.98
0.97
0.95
0.94
0.97
1.02
1.05
1.03
0.92
0.69
0.Q7
0.88
0.94
0.95
0.98
0.94
0.84
0.63
0.61
0.62
0.85
0.90
0.94
0.66

1.01
1.01
1.00
1.04
1.04
1.09
1.00
1.02
0.95
0.99
1.04
1.04
1.01
1.02
1.09
1.04
1.11
0.99
1.02
0.96
1.01
0.99
1.04
1.07
1.10
0.99
0.96
0.92
0.92
0.98
1.06
1.08
1.10
0.93
0.92
0.88
0.88
0.69
1.02
1.05
1.11
0.86
0.88
0.90
0.00
0.65
0.95
1.03
1.08

1.00 0.94 0.9l 0.88 0.86 0.79
0.96 0.87 0.90 0.88 0.841.03

0.92 0.91 0,87 0.810.98 0.94
0.95 0.93 0.92 0.85 0.820.96

0.91 0.92 0.87 0.820.95 0.93
0.92 0.92 0.87 0.820.98 0.97

0.98 0.9«+ 0.96 0,89 0.850.99
1.00 0.99 0.97 0.96 0,90 0.85
1.04 1.01 1.01 0.96 0.92 0.85
1.01 0.95 0.90 0.95 0.90 0.87

1.00 0.97 0.92 0.89 0.850.97
1.01 0.94 0.93 0.90 0.870.95

0.92 0.93 0.85 0.820.96 0.93
0.98 1.00 0.95 0.90 0.830.98

0.97 0.95 0.93 0.900.99 0.99
1.01 0.96 1.00 0.96 0.931.02
1.04 1.02 1.01 0.98 0.931.02

1.00 1.04 0.91 0.911.07 0.98
1.00 0.99 0.97 0.93 0.901.02

1.03 0.98 0.93 0.88 0.90 0.89
0.95 0.93 0.90 0.91 0.870.94
0.96 0.99 0.96 0.94 0.890.96

1.05 1.03 1.04 1.011.08 1.04
1.08 1.07 1.06 1.05 1.071.10

1.17 1.13 1.12 1.131.04 1.08
1.04 1.04 1.04 1.01 0.991.03
0.99 0.98 1.00 0.97 0.960.97
0.93 0.93 0.92 0.94 0.940.98

0.93 0.94 0.93 0.920.94 0.96
0.97 1.00 0.97 0.97 0,960.94

1.10 1,08 1.15 1.101.10 1.09
1.16 1.20 1.23 1.23 1.311.13

1.25 1.31 1.34 1.311.15 1.20
0.95 1.00 1.00 1.04 1.05 1.13

1.00 1.01 1.05 1.060.96 0.98
0.94 0.91 1.00 1.030,92 0.94
0.94 0.94 0.96 0.960.94 0.93

1.01 1.01 0.98 1.02 1.050.95
1.20 1.24 1.36 1.441.04 1 • 16
1.33 1.49 1.58 1.761.15 1.20
1.40 1.58 1.71 2.001.15 1.29
0.98 1.02 1.10 1.230.91 0.92
0.98 0.96 1.08 1.170.90 0.94

0.91 0.92 0.97 1.05 1.120.94
0.00 0.00 0.00 0.000.00 0.00
0.00 0.00 0.00 0.001.01 0.99

1.14 1.25 1.29 1.42 1.751.05
1.41 1.73 1.87 2.421.16 1.21
1.50 1.86 2.32 2.951.09 1.27

0.73
0.77
0.75
0.76
0.76
0.76
0.81
0.80
0.81
0.83
0.82
0.81
0.75
0.77
0.87
0.86
0.90
0.90
0.86
0.86
0.79
0.82
0.97
1.04
1.10
1.00
0.95
0.93
0.87
0.91
1,08
1.32
1,43
1.19
1.12
1.11
0.94
1.03
1.55
2.00
2.84
1.42
1.33
1.30
0.00
0.00
2.04
2.99
4.42

0.67
0.71
0.72
0.69
0.69
0.69
0.71
0.73
0.71
0.76
0.76
0.74
0.71
0,69
0.80
0.80
0.86
0.82
0.82
0.80
0.76
0.78
0.91
1.05
1,10
0.96
0.96
0.89
0,86
0.89
1.12
1.36
1.46
1,23
1.28
1.19
0,97
1.06
1.59
2.39
3,08
1.59
1.57
1.58
0.00
0.00
2.32
3.84
4.74
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TABLE 8.2 RELATIVE DISPERSIONS FOR HI ICE CLD

0.0 25.8
SOLAR; ZENITH ANGLE RANGE (DEG.)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1 0.20 0.19 0.14 0.16 0.12 0.13 0.13 0.15 0.17 0.24
2 0.18 0.18 0.13 0.18 0.15 0.11 0.13 0.11 0.16 0.21
3 0.10 0.18 0.15 0.14 0.13 0.13 0.14 0.11 0.15 0.22
4 0.18 0.18 0.18 0.13 0.14 0.11 0.15 0.16 0.15 0.21
5 0.19 0.17 0.16 0.15 0.17 0.12 0.11 0.16 0.16 0.22
6 0.19 0.14 0.14 0.13 0.15 0.13 0.12 0.16 0.17 0.23
7 0.19 0.19 0.13 0.13 0.15 0.10 0.11 0.17 0.15 0.24
8 0.18 0.21 0.15 0.12 0.10 0.12 0.16 0.16 0.15 0.22
9 0.16 0.18 0.10 0.15 0.13 0.12 0.12 0.17 0.17 0.21

10 0.19 0.17 0.14 0.12 0.12 0.12 0.13 0.12 0.10 0.19
11 0.18 0.18 0.12 0.09 0.14 0.13 0.12 0.11 0.14 0.22
12 0.19 0.19 0.17 0.11 0.17 0.12 0.09 0.13 0.15 0.21
13 0.18 0.17 0.15 0.15 0.12 0.09 0.13 0.15 0.15 0.19
14 0.20 0.18 0.17 0.15 0.16 0.11 0.09 0.15 0.16 0.19
15 0.19 0.14 0.13 0.15 0.12 0.11 0.09 0.15 0.14 0.23
16 0.19 0.17 0.12 0.13 0.13 0.13 0.13 0.15 0.17 0.21
17 0.18 0.18 0,10 0,12 0.14 0.13 0.14 0.15 0.13 0.20
18 0.19 0.18 0.10 0.14 0.11 0.08 0.12 0.12 0.11 0.19
19 0.20 0.19 0.11 0.11 0.11 0.10 0.11 0.11 0.13 0.20
20 0.18 0.21 0.13 0.13 0.16 0.12 0.10 0.12 0.16 0.20
21 0.19 0.18 0.14 0.13 0.14 0.13 0,11 0.12 0.14 0.18
22 0.19 0.16 C.16 0.16 0.12 0.12 0.09 0.13 0.17 0.19
23 0.16 0.18 0.12 0,13 0.15 0.10 0.09 0.16 0.15 0.17
24 0.17 0.15 0.10 0.11 0.10 0.13 0.14 0.14 0.14 0.19
25 0.18 0.16 0.16 0.14 0.07 0.10 0.10 0.12 0.12 0.23
26 0.19 0.14 0.10 0.09 0.12 0.08 0.07 0.09 0.09 0.16
27 0.19 0.16 0.14 0.12 0.15 0.09 0.09 0.13 0.13 0.19
26 0.20 0.20 0.13 0.12 0.15 0.13 0,10 0.11 0.14 0.19
29 0.20 0.20 0.17 0.13 0.13 0.12 0.09 0.11 0.13 0.18
30 0.18 0.19 0.16 0.19 0.12 0.10 0.12 0.12 0.15 0.19
31 0.15 0.15 0.11 0.14 0.11 0.13 0.07 0.14 0.17 0.18
32 0.16 0.16 0.10 0.13 0.09 0.10 0.11 0.13 0.17 0.20
33 0.17 C.16 0.10 0.10 0.0a 0.12 0.11 0.16 0.17 0.28
34 0.20 0.14 0.10 0.09 0.11 0.13 0.12 0.10 0.13 0.17
35 0.19 0.18 0.10 0.10 0.11 0.10 0.08 0.13 0.14 0.20
36 0.21 0.21 0.15 0.13 0.14 0.13 0.12 0.11 0.14 0.22
37 0,21 0.19 0.15 0.15 0.14 0.13 0.11 0.10 0.12 0.17
38 0.16 0.22 0.18 0.14 0.11 0.12 0.10 0.11 0.14 0.19
39 0.17 0.14 0.13 0.10 0.13 0.11 0.14 0.15 0.22 0.27
40 0.17 0.14 0.12 0.11 0.13 0.15 0.15 0.23 0.32 0.40
41 0.20 0.14 0.14 0.07 0.09 0.12 0.16 0.24 0.41 0.34
42 0.18 0.16 0.09 0.08 0.13 0.13 0.09 0.10 0.14 0.18
43 0.17 0.15 0.13 0.08 0.10 0.10 0.10 0.11 0.14 0.18
44 0.19 0.04 0.02 0.16 0.12 0.10 0.09 0.11 0.13 0.20
45 0.18 -• 9.99 -9.99 -• 9.99 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99
46 0.17 0.18 0.10 0.00 -9.99 -9.99 -9.99 -9.99 -9.99 -9.99
47 0.18 0.13 0.12 0.11 0.13 0.14 0.14 0.16 0.20 0.29
48 0.14 0.11 0.09 0.13 0.15 0.12 0.15 0.27 0.37 0.42
49 0.22 0.19 0.11 0.10 0.07 0.08 0.18 0.26 0.31 0.35



66

TABLE 8.3 BIN POPULATIONS FOR HI ICE CLD

0.0 25.8
SOLAR ZENITH ANGLE RANGE (DEG.)

36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3
25.8 36.8 45.5 53.1 59.9 66.4 72.5 78.4 84.3 90.0

BIN
1 1241 267 194 162 181 196 285 450 870 863
2 147 39 25 27 25 47 43 55 120 130
3 376 91 59 51 51 50 76 130 224 240
4 492 96 69 54 67 64 80 179 269 266
5 506 97 73 62 74 68 100 188 303 281
6 446 100 56 61 66 87 84 183 309 283
7 423 1G6 63 50 52 61 58 143 258 240
8 279 67 43 37 ^0 42 54 108 193 213
9 102 26 21 16 18 27 37 62 103 92

10 106 31 22 18 16 16 25 22 54 69
11 215 46 26 29 35 31 42 76 131 132
12 299 59 21 37 22 28 33 107 155 118
13 253 64 39 23 23 30 42 73 143 126
14 207 63 33 36 ^0 27 38 95 177 126
15 215 30 25 29 36 34 30 62 139 119
16 139 45 22 29 29 37 52 73 135 154
17 63 22 16 10 15 11 19 31 66 63
18 209 52 27 27 24 34 44 76 137 167
19 487 93 57 56 48 47 55 118 192 198
20 681 123 54 68 52 46 67 91 163 192
21 485 201 91 136 llO 118 140 245 404 346
22 406 108 89 71 74 80 69 178 298 280
23 242 73 34 49 49 59 52 101 168 169
24 231 80 64 50 39 58 68 109 215 184
25 92 36 25 29 24 26 46 70 149 144
26 217 45 26 31 19 27 37 47 110 112
27 461 60 49 40 41 30 47 91 163 139
28 590 135 55 44 49 39 64 64 74 123
29 405 202 120 145 93 80 123 186 290 292
30 217 69 62 76 64 63 109 157 265 189
31 206 70 38 47 49 29 27 63 95 113
32 168 36 32 31 30 26 35 78 151 123
33 59 29 22 18 14 29 20 56 119 98
34 482 194 75 52 56 62 64 117 213 157
35 1184 212 138 132 HO 77 124 175 323 351
36 923 259 93 91 79 96 124 143 179 178
37 591 279 225 217 233 204 215 290 421 384
38 324 90 76 67 105 96 156 153 372 266
39 444 177 96 107 82 52 97 128 187 214
40 274 115 91 62 65 68 96 194 324 273
41 96 48 39 26 37 28 50 95 145 187
42 138 127 30 26 18 32 34 68 98 91
43 414 95 76 76 72 70 76 90 173 173
44 170 3 4 26 25 30 45 68 85 75
45 138 0 0 0 0 0 0 0 0 0
46 183 49 11 1 0 0 0 0 0 0
47 198 92 53 49 50 48 50 79 112 71
48 134 36 19 44 22 28 41 87 203 163
49 30 21 17 12 7 10 19 48 91 119
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REFLECTANCE CHARACTERISTICS OF UNIFORM EARTH AND CLOUD 
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ABSTRACT
Data from the scanning channels of the Nimbus—7 Earth Radiation Budget (ERB) 
experiment are combined with other data on Earth surface conditions and cloudiness. 
Patterns of bi-directional reflectance are constructed from these data for uniform 
Earth and cloud surfaces. Examples are shown that illustrate the bi-directional 
properties of surfaces and how these properties vary with solar zenith angle (SZA). 
Dependence of albedo on SZA is also shown. Conclusions may be summarized as 
follows: (1) Water surfaces exhibit limb brightening at all SZAs; (2) Cloud and
land surfaces change from limb darkening to brightening as SZA increases; (3) The
land surface exhibits higher backward reflection for SZAs less than about 50°; (4)
All of the surfaces in this study become more specular as SZA increases; (5) Snow is 
the most nearly isotropic of these surfaces; (6) Snow albedo shows very little 
variation with SZA and even shows a slight decrease over a limited range; (7) Albedo 
generally increases with increasing SZA for other than snow surfaces; (8) Angular 
patterns for high water and ice clouds are quite similar, but ice clouds are more 
nearly isotropic; (9) The angular patterns developed in this study are in 
qualitative agreement with those from other investigations.
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1. Introduction

An accurate measurement of the Earth's radiation budget may be possible because of 
the availability of large quantities of high quality satellite radiation data. 
Satellite borne, scanning, narrow field-of-view instruments routinely measure the 
radiation from Earth and cloud surfaces. These measurements are usually confined to 
certain local times and specific directions of view, depending on orbital and 
instrumental limitations. If one knew the angular dependence of reflected and 
emitted radiation from an identifiable surface, the total outgoing flux at the top 
of the atmosphere in all directions could be inferred from a single observation 
[Raschke et al., 1973]. As a result, it has been increasingly important to 
understand the angular dependence of reflected and emitted radiation from Earth and 
cloud surfaces, including the effects of the intervening atmosphere. Development of 
angular models to describe this dependence is one of the objectives of the Earth 
Radiation Budget experiment (ERB) on the Nimbus-7 satellite.

A limitation of early reflectance models was the lack of sufficient quantities of 
data that were representative of a wide range of viewing angles and illumination 
conditions. More recently and especially for models based on satellite data, it has 
been difficult to associate radiance measurements with specific surface types. 
Models such as those developed by Arking [1965] and Ruff et al. [1968] used 
radiation thresholding in order to identify predominantly cloudy and clear scenes. 
Other models for more specific surface types were made by aiming balloon or aircraft 
borne instruments at certain surfaces or by separately associating scanned 
measurements with visual or photographic observations. For an example of such 
models see Salomonson and Marlatt [1968], Bartram [1968] and Brennen and Bandeen 
[1970]. Davis and Cox [1981] have developed models for several different surface 
types based on data gathered from high altitude aircraft. These should be very 
useful in spanning the gap between local and limited studies and the spaceview 
global observations that are possible from satellites.

The advantage of using satellite data such as those from the Nimbus-7 ERB is that 
a large data base can be accumulated that covers the entire Earth for an extended 
period of time. Most naturally and commonly occurring surface types can be viewed 
under a wide range of viewing, illumination and seasonal conditions. The ERB 
instrument and its scanning characteristics were specifically designed to yield data 
of the quantity and quality necessary to develop a comprehensive set of angular 
reflectance and emission models. Some preliminary results have been described in 
Stowe et al. [1980a] and Stowe and Taylor [1981].

Thus far our study has been restricted to eight uniform surface types (land, 
water, snow, ice; low, middle, high water and high ice clouds). The amount of data 
used in this study (61 days) is only a fraction of the total data base (388 days) 
that may ultimately be available. However, when compared with preliminary results 
based on smaller samples, it seems that a further increase in sample size will not 
appreciably change the appearance of the models. In the 61 day composite, land, 
snow and ice surfaces are sampled sparsely in a few solar zenith angle (SZA) ranges. 
These may be filled in somewhat by the addition of more data. However, the 
combination of Nimbus orbit characteristics and geographical distribution of these 
surface types will always cause some sampling limitations. It will ultimately be 
possible, with additional data, to analyze more specifically defined uniform or 
mixed type surfaces. For example, various partly cloudy scenes may be examined or 
land may be separated into desert, tundra, grasslands, etc. This will be done by
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more fully utilizing the topographical and geographical information on the ERB Sub- 
Target Radiance (STR) tapes [Stowe et al., 1980b].

A brief explanation of the ERB instrument and the STR data base is given next. 
Samples of reflectance patterns and a discussion of analysis proceedures follow. 
Included is a comparison of characteristics based upon illumination and viewing 
conditions as well as surface type. Also shown and discussed is the changing 
relationship between surface albedo and illumination angle for different surfaces. 
Albedo is an important climatological parameter and its dependence on solar zenith 
angle is needed for the computation of a daily average radiation budget [Raschke et 
al., 1973].

Our main purpose is to describe the results of our study and to suggest 
possibilities for the use of a new, large and comprehensive data base. We have not 
included an exhaustive comparison with theory or with previously developed models 
based on other types of data. However, references to these are included to clarify 
the interpretation of our results.

2. The Data Base

The ERB experiment is equipped with a bi-axial scanning set of four telescopes 
[Jacobowitz et al., 1978]. A pair of detectors shares each telescope and senses 
broad band visible (0.2 - 4.5yum) and infrared (4 - 50;w,m) radiation separately. 
The scan rate is variable and results in a field-of-view that ranges from (90 km.)x 
at nadir to about (250 km.)2* at the horizon. By utilizing one of five pre­
programmed scanning modes, the instrument is capable of sampling approximately 80% 
of the Earth's viewable disc in just under four minutes. During this time interval 
about 1700 observations of reflected and emitted radiation are recorded on magnetic 
tape and subsequently transmitted to a NASA ground station. Data for each day are 
formatted onto a Master Archive Tape.

Further processing is done at the National Earth Satellite Service (NESS) on an 
IBM 360-195. Each radiance pair is located in one of 18630 regions of approximately (160 km.)x into which the entire Earth surface has been divided. Radiance data 
within each of these 'Sub-Target Areas' (STAs) is identified with (1) SZA and 
azimuth angle relative to north; (2) satellite zenith angle and azimuth angle of the 
satellite measured clockwise from the sun direction (see Fig. 1). (3) amounts and 
types of surfaces in the STA; (4) the fraction (9ths) of the FOV that lies in the 
STA; and (5) telescope number (one of four).

Surface type is determined by processing information from other sources. 
Cloudiness associated with each STA is determined for a time within 10 minutes of 
the ERB observation by analysis of data from the Nimbus-7 Temperature-Humidity 
Infrared Radiometer (THIR). THIR 11 ^cm equivalent black-body temperatures are 
located in each STA. Resolution is 7 km. at nadir, yielding up to 600 observations 
per STA. Temperatures are compared with climatological values [Crutcher and 
Meserve, 1970 and Jenne et al., 1974] at altitude boundaries typically separating 
the surface and low, middle and high clouds [International Cloud Atlas, 1956]. The 
fraction of clear area and of each cloud type is then computed for each STA viewed 
by THIR. A distinction is made between high water and high ice clouds based on the 
mean cloud temperature. If that temperature is below 240° K, the cloud is assumed



A4

to be composed predominantly of ice crystals [Mason, 1962]. Accuracy of the cloud 
estimates has been evaluated by Stowe [1982]. It was concluded that, except for 
land areas at night (frequently misidentified as cloud), the cloud amounts are 
accurate to 10 - 20%. Low cloud amount was the most difficult to estimate 
accurately. A simultaneous measure of reflected radiation, which could have 
confirmed the presence of low cloud, was unfortunately absent from the THIR 
instrument.

Climatological information specifying fractions of terrain and vegetation types 
is given for each ERB target area (3x3 array of STAs). These data are taken from 
a geographical atlas [James, 1951]•

For each STA the fraction of land, water, snow and ice is given for a time within 
24 hours of the ERB observations. This information is determined by the U. S. Air 
Force in support of their 3-D nephanalysis program [Fye, 1978]. This was the only 
available data set with snow/ice information in digitized form at the time of this 
study. These snow and ice amounts agree favorably with analyses done at the 
National Meteorological Center (NMC), particularly in those SZA ranges for which we 
derive reflectance patterns. Snow and ice are restricted respectively to land and 
water surfaces.

The final sorted and merged compilation of the above information is termed the 
ERB Sub-Target Radiance tape (STR). About 9 days of STR data can be stored on one 
6250 bpi tape.

3. Construction and Analysis of Reflectance Patterns

Patterns of bi-directional reflectance were derived by combining appropriate STR 
data from 61 days of the period Nov. 17, 1978 to Sept. 12, 1979. These STR tapes 
were the first processed and were well distributed over the first year of ERB 
measurements. This provided the largest possible range of SZA. Data were sorted 
into one of eight uniform types only if 8/9 or more of the FOV was contained in an 
STA covered by more than 95% of that surface type. They were further divided into 
ten equal ranges in the cosine of the SZA.

In the STR data base, each radiance pair is identified with one of 389 discrete 
angular intervals (bins). Each bin measures about 15° in relative azimuth and 6° in 
satellite zenith angle (0and<j>, repectively in Fig. 1). To reduce the need for 
interpolation to fill unsampled bins within each SZA range, the original 389 bins 
were condensed into an 85 bin array. The azimuth dimension of most bins in this 
array is 30° with somewhat higher resolution (21° and 18°) near and at the principal 
plane. The zenith angle interval is 12° for all bins except the central bin which 
is 15° in radius (360° azimuth) and the outer ring of bins which covers a 15° 
interval. Initial studies with limited data showed no evidence of asymmetry about 
the 0 - 180° plane. Therefore, to increase the population of sparsely sampled 
bins, the array halves on either side of the principal plane were combined, yielding 
49 unique bins.

For all of the polar diagrams discussed in sec. 4, less than 3% of the bins were 
unsampled and required interpolation. Such occurrences were almost always near 
azimuths 90° and 270° and were more frequent at larger SZAs. They are due to a
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design limitation of the ERB instrument scanning pattern* Otherwise, the total 
populations were relatively well distributed among the individual bins. Even some 
very small total populations (for example, fig* 4b) yielded coherent and reasonable, 
though noisier, patterns*

For display purposes it was found that smoother appearing contours resulted from 
a transformation back to the original 389 bin array. This was accomplished by using 
second order Lagrangian interpolation*

Prior to averaging within the angular bins, each visible radiance is normalized 
to a vertically incident sun (divided by cosine of the SZA) at mean Earth-Sun 
distance* In addition to averaging, the standard deviation and relative dispersion 
of the radiance are computed for each bin. The relative dispersion is computed by 
dividing each standard deviation by the bin average. It is expressed as a 
percentage and is a measure of variability of radiance within each bin.

The variability in each angular bin is most probably the result of the following 
effects: (1) errors of scene identification; (2) mixing of scene types due to 8/9 
FOV matching and 95% scene uniformity criteria? (3) natural variability of surfaces 
such as variations in optical depth of clouds or changes in land surfaces due to 
precipitation and seasonal vegetation cycles. With the exception of the low cloud 
surface, we do not believe these effects seriously compromise the quality of our 
results. The reflectance patterns, in general, are realistic in shape and vary 
smoothly with changes in viewing and solar illumination conditions. Resultant 
albedos are also within expected limits and vary smoothly with changing SZA.

Angular patterns, some of which are described in sec. 4, were constructed for 
each surface type and SZA range. Each pattern has been displayed as a polar diagram 
with the radial coordinate representing the satellite zenith angle and the azimuthal 
coordinate representing the relative azimuth between the satellite and the sun. The 
sun lies along the 0° azimuth line at a distance from the center corresponding to 
the SZA. The values in the vicinity of 0° azimuth represent 'backscatter' as 
compared with 'forward scatter' near 180° azimuth. The angular bin average 
radiances are converted to anisotropic reflectance factors, f( 0 , ), following the 
approach of Rashcke et al. [1973]. These factors are defined as:

n/x
f( 0', <j> ) = TT R( 0 , <j> )/ j j R( 9,4> )cos 0 sin 0 d 0d <j> (1)

o o
where, R( $ , 4*) is the average of radiances in an angular bin centered at ® and (j>. 
The numerator is the radiant exitance for an isotropic surface. The denominator is 
the actual radiant exitance computed from a numerical integration (trapazoidal rule) 
of bin averages.

The anisotropic factors are plotted and contoured by objective analysis routines 
available in the NESS computer system. The bontour labeled 1.0 represents the 
angles at which the isotropic assumption gives the correct radiant exitance. Any 
departure from 1.0 represents the fractional error that would be made if the 
radiance at that location were used to estimate total outgoing flux by applying the 
isotropic assumption. For example, a radiance on the 1.5 isopleth would 
overestimate total outgoing flux by 50% if isotropy were assumed. Areas are clear 
or stippled (lined or crosshatched) when the anisotropic factor is greater (less) 
than one. To conserve space, each pattern shown will consist of a pair of matched
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•half patterns from two SZA ranges. At the bottom left and right of each angular 
diagram the integrated flux (integral) and effective isotropic radiance 
(integral/pi) are shown. Also given are the population of radiance observations and 
the SZA range in which the data were selected. The albedo is defined as the ratio 
of the outgoing flux over the upwelling hemisphere (integral) to a solar constant of 
1376 watts/m [Hickey et al., 1980].

4. Individual Reflectance Patterns

Only selected individual patterns will be shown to illustrate the more important 
characteristics of each surface type. The entire set will be published later as 
part of an atlas. Figures 2a and 2b show relative reflectance patterns over water 
for SZA ranges 0 - 26°and 26 - 37°, respectively. In fig. 2a, the reflectance 
increases as the water surface is viewed at larger zenith angles (limb brightening). 
This is observed for all SZA ranges and is the result of atmospheric scattering over 
the relatively dark ocean background. The bright area near the lower center of the 
diagram is a result of specular reflection (sun glint) from the water.

Each anisotropic value is a mean within an angular bin and is composed of 
individual observations both larger and smaller than the mean value. Relative 
dispersions for water are large and themselves highly variable between bins at all 
SZAs• Values typically range between 30 and 90%. These are larger than for other 
surfaces because of the low reflectance values of water. Misclassification of 
cloudiness or other bright surfaces will have a larger effect on the relative 
dispersions of surfaces with low albedo. The large variability for water is not 
thought to be due to insufficient populations or to sampling deficiencies, since the 
patterns vary in a consistent manner as the SZA changes. Also, the variability did 
not change appreciably for smaller subsets of the 61-day data set.

In fig. 2b as the sun moves toward the horizon, the glint area correspondingly 
shifts. Note the tendency for other areas to become darker, compensating for the 
brightening of the glint area, since the anisotropic factors are normalized 
quantities. As SZA increases, the horizon area near azimuths 90° and 270° becomes 
sparsely sampled as previously discussed. Thus, even with ample total populations, 
occasional interpolation in those regions is necessary. This causes some of the 
irregularities that are observed. Irregularities at other azimuths and some of the 
small scale 'waviness' of the contours are artifacts of the objective analysis 
proceedures.

Figs. 3a and 3b show the patterns over water for SZA ranges 37 - 46 o and 46-53 o , 
respectively. The maximum anisotropic factors continue to increase and to move 
opposite the sun. The maximum value of radiance increases from over 2 times the 
effective isotropic value in fig. 3a to nearly 3 times that value in fig. 3b. It 
will also be noticed that the area of maximum values seems to be merging with a 
maximum that forms near the horizon. The maximum values are located closer to the 
horizon than would be expected for simple specular reflection from a flat surface. 
This is caused by waves on the ocean surface as shown by the theoretical 
calculations of Plass et al. [1975 and 1976]. Similar changes also are observed for
water at the remaining, larger SZA ranges.



Uniform water surfaces occur less frequently at high values of SZA, since the 
Nimbus-7 satellite views this condition only in relatively high-latitude regions. 
For these ranges/ some irregularity due to decreased population occurs. Two ranges 
covering SZAs of 60 - 66° and 84 -90° are shown in figs. 4a and 4b. At these low 
sun angles/ the specular reflection at the horizon becomes very intense, reaching 
values greater than 7. In this region, of course, individual observations could 
represent values that are much greater than this.

Figs. 5a and 5b are samples of reflectance patterns over land for SZA between 
0 - 26° and 60 - 66°. The pattern in Fig, 5a is relatively flat and most values are 
near 1.0 (isotropic). This is typical for all other Earth surfaces in this study at 
these low SZAs. For SZAs from 0 - 60° it was seen that water scattered and 
reflected most of the available energy in the forward direction. Land, on the other 
hand, at those same SZAs is predominantly a 'backscatterer'. This has also been 
demonstrated by others, e.g. in the laboratory by Coulson et al. [1966]. As the SZA 
increases, land gradually becomes more strongly forward scattering, and at SZA of 
60 - 66° yields the pattern seen in Fig. 5b. ERB is unable to observe clear land 
areas at SZAs greater than about 70°. This is because such land areas are 
necessarily at high latitudes due to the noon sun-synchronous orbit. Land in these 
regions is predominantly covered either by snow or cloudiness. We presume the trend 
to strong forward scattering would continue as the sun moved to the horizon, 
consistent with laboratory measurements.

The relative dispersions for land are in the range of 20 - 45%. Land, when 
considered as a single type, may be quite non-uniform. The resultant patterns and 
the relative dispersions will depend largely on the particular mix of land types 
that may have been sampled in any given SZA range. We await the availability of a 
larger data sample to analyze more specific land types.

Broad uniform snow surfaces are confined to higher latitudes and do not exist 
where the SZA is small. Hence we have no patterns for snow at SZAs less than 45 • 
Snow areas in mountainous regions at low latitudes are not extensive nor uniform 
enough to fit the definitions used in this study. Fig. 6a shows how nearly 
isotropic uniform snow surfaces are at SZAs up to 66°. At greater SZAs snow becomes 
strongly forward scattering as shown in Fig. 6b. This pattern qualitatively 
resembles those for all other uniform surfaces at large SZAs. The relative 
dispersions for snow are only 10 - 20%, among the lowest of the Earth and cloud 
surfaces we have studied. Uniform snow surfaces are observed mostly from the 
Antarctic and Greenland icecaps. In such regions adjacent fields-of-view are 
unlikely to contain any surface type but snow, and mislocations or misidentification 
of surfaces will add little, if any, variability.

Patterns for sea ice are very similar to snow at all available SZAs and as a 
result are not shown. Although similar in pattern, albedos for sea ice are 
consistently lower. This will be described in the following section.

Reflectance patterns for the four uniform cloud types (low, middle, high water, 
and high ice) are similar to each other and show similar variations with changing 
SZA. Figs. 7a and 7b for middle cloud at 0 - 26°and 84 - 90°, respectively, will be 
used to illustrate a few characteristics of cloud patterns in general. Whereas 
water (disregarding sunglint) shows limb brightening at low SZAs, clouds show limb 
darkening (Fig. 7a). That is, they appear significantly brighter when viewed from 
overhead than when viewed near the horizon. This effect is also clearly shown in 
the theoretical model calculations of Davies [1980]. As the SZA increases, the limb
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darkening gradually diminishes. Clouds become quite isotropic in the middle SZA 
ranges and at large SZAs (Fig. 7b) become limb brightened with enhanced reflection 
in the specular region. As cloud altitude increases, the bi-directional reflectance 
patterns become gradually more isotropic and tend to resemble snow patterns. Higher 
clouds contain increasing amounts of ice particles and in this regard physically 
resemble snow. The relative dispersions are much higher than for snow, however, due 
to inhomogeneities in the cloud as well as increased possibilities for 
misidentifications and FOV-STA mismatches. Values of relative dispersion for middle 
clouds typically range between 15 and 35% and are somewhat lower for high clouds, 
between 10 and 20%.

5. A Comparison of Albedos

The observed variation of albedo as a function of the cosine of SZA for the eight 
uniform surfaces is shown in figs. 8 and 9. The first of these shows plots of the 
albedo for the four cloudless Earth surfaces. Also shown are ocean, snow and cloud- 
land curves that were used in conjunction with Nimbus-3 ERB data for calculation of 
the Earth's radiation budget [Raschke et al., 1973]. These Nimbus-3 normalized 
models were arbitrarily scaled to provide the best fit to the ERB albedo curves. 
The curves from Nimbus-3 are not based upon a very extensive set of observations and 
are presented here only to compare the ERB curves with what has been used previously 
in satellite radiation budget experiments. In general the two sets of curves are 
similar.

Variations in the observed albedo for land are probably caused by the tendency 
for land types of different albedos to be stratified by latitude and thus also by 
SZA range. We know, for example, that the North African desert region, being a 
vast, uniform, generally cloud-free area, must dominate the lower and middle SZAs. 
At somewhat larger SZAs heavily vegetated regions may be predominant. The land 
albedo appears to increase very slowly, whereas ocean values rise more rapidly with 
increasing SZA. Land and water albedos appear nearly equal at SZA between 66 and 
73°. At larger SZAs, ocean surfaces may actually reflect more energy than land 
surfaces. These albedos are based upon measurements above the top of the 
atmosphere. Thus for water the observed albedo at vertical incidence is near 9% 
rather than 2-3%, the latter having been measured experimentally just above water 
surfaces [Kondratyev, 1972]•

Theoretical calculations by Warren [1982] indicate that some decrease in snow 
albedo may be expected for SZAs greater than about 70°. This decrease is due to 
increased atmospheric attenuation of the incoming solar beam. A slight decrease is 
seen in the ERB snow curve over a larger range of SZA and no decrease is indicated 
by the Nimbus-3 curve. Overall the changes with SZA are very small and this is in 
agreement with the theoretical calculations cited.

The ice albedo curve parallels that for snow very closely, but values are lower 
by 10 - 20%. This may be due to the effects of small unresolved open water areas, 
some surface melting, and perhaps shadowing associated with a generally rougher 
texture. These conditions are consistent with relative dispersions that are larger 
for ice than snow.
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Fig. 9 shows the albedo-SZA relationship for the four cloud surfaces we have 
defined. A normalized 'cloud-land* curve from the previously mentioned Nimbus-3 
work is included in the diagram for comparison. It has been arbitrarily scaled to 
an albedo of 45% for an overhead sun to lie approximately midway between the cloud 
curves. Because of the way clouds are defined, higher clouds are colder and 
ptobably have greater optical thickness• They are clearly observed to be more 
reflective than lower, warmer clouds. Also, the albedo for high clouds may be 
greater because less atmosphere lies between the cloud tops and the detector, 
thereby reducing the attenuation by water vapor in the near infrared.

An increase in albedo with SZA is seen for all four cloud types. Such an 
increase is also predicted by the calculations of Plass and Kattawar [1968]. Except 
for low clouds at small SZA, the observed increase in albedo is smaller than 
indicated by the Nimbus-3 model.

The albedos determined for low clouds at small SZAs are unrealistically low. For 
example, Liou and Wittman [1979] show albedos of not less than 25% for low clouds at 
small SZA. This discrepancy is partly caused by the THIR cloud detection algorithm, 
which is least sensitive to low clouds. Since these occur most frequently over 
oceans, any error in low cloud detection will significantly lower the albedo. At 
larger SZAs beyond 45°, however, the low cloud albedos are reasonable. We know of 
no reason why the accuracy of the infrared detection scheme for low clouds should 
vary with SZA.

6. Conclusions and Future Studies

Conclusions may be summarized as follows: (1) Water surfaces exhibit limb 
brightening at all SZAs; (2) Cloud and land surfaces change from limb darkening to 
brightening as SZA increases; (3) The land surface exhibits higher backward 
reflection for SZAs less than about 50°; (4) All of the surfaces in this study 
become more specular as SZA increases; (5) Snow is the most nearly isotropic of 
these surfaces; (6) Snow albedo shows very little variation with SZA and even shows 
a slight decrease over a limited range; (7) Albedo generally increases with 
increasing SZA for other than snow surfaces; (8) Angular patterns for high water and 
ice clouds are quite similar, but ice clouds are more nearly isotropic; (9) The 
angular patterns developed in this study are in qualitative agreement with those 
from other investigations.

The ERB-7 Sub-Target Radiance Tape is to date the most comprehensive set of 
information available for the study of reflection and emission properties of the 
Earth/atmosphere system. This data set will be used to continue the study of the 
emission properties of these same surfaces [Stowe and Taylor, 1981]. A complete 
atlas of reflectance and emittance patterns for all eight surfaces mentioned in this 
study will be prepared. Eventually, the radiation properties of broken cloud fields 
and specific Earth surface types will be derived from this data base.

The complete set of as many as 388 days of ERB Sub-Target Radiance tapes is now 
projected to be available in 1983. These will probably be archived at NASA / 
National Space Science Data Center, Greenbelt, Md.
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Figure Legends

Fig. 1 Geometry of a reflected (scattered) ray of visible  radiation,
Fig. 2 Reflectance patterns for water at solar zenith angles (a) 0 - 26° and

(b) 26 - 37°.
Fig. 3 Reflectance patterns for water at solar zenith angles (a) 37 - 46 0 and

(b) 46 - 53°.
Fig. 4 Reflectance patterns for water at solar zenith angles (a) 60 - 66° and

(b) 84 - 90°.
Fig. 5 Reflectance patterns for land at solar zenith angles (a) 0 - 26° and

(b) 60 - 66°.
Fig. 6 Reflectance patterns for snow at solar zenith angles (a) 60 - 66° and

(b) 84 - 90°.
Fig. 7 Reflectance patterns for middle cloud at solar zenith angles (a) 0 - 26° and

(b) 84 - 90°.
Fig. 8 Albedo as a function of solar zenith angle for ERB cloud-free uniform

surfaces (solid) and corresponding Nimbus-3 model curves (dashed) taken from 
Raschke et al, [1973].

Fig. 9 Albedo as a function of solar zenith angle for ERB uniform cloud surfaces 
(solid) and the Nimbus-3 cloud curve (dashed) from Raschke et al. [1973].
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APPENDIX B
61-Day Reflectance Tape Description

The data which describe the 61-day Nimbus-7 ERB reflectance patterns for 
uniform surfaces are contained in a single file. This file is written to a 
'non-IabeIed', 1600 bpi tape on an IBM 360-195 computer using a 'DCB' of 
(RECFM=FB, LRECL=1012, BLKSIZE=10120).

Each of 8 physical records (10120 bytes, each) is divided into 10 logical 
records (1012 bytes, each). Each physical record contains data for a single 
surface type. Each logical record contains data for one of 10 equal intervals 
(.1) of the cosine of the solar zenith angle. Each logical record is formatted 
as in the following table. Data for the pattern as a whole are followed 
by repeated information specific to each bin in the sequence.

All data except for label information (character strings) were written by 
the PL/1 language as 'fixed binary' with the number of fractional bits as 
shown. Numerical data may be interpreted in FORTRAN by reading each quantity 
as an integer, floating, then dividing by 2n, where n is the number of 
fractional bits.

Whole Pattern Information: Length(bytes) No. of fract. bits

Label(characters)
Total population 
Integral(watts/m^)

16
4
4

0
8

Lower Sol. Zen. Ang. (deg.) 
Upper " " " "
AIbedo 2

2
2

6
6

10
IntegraI/PiCwatts/m^-str.) 2 3

Bin Information (repeated 49 times)

Sequential bin no. 
Anisotropic factor 
Visible radiance(watts/m2-str. ) 

2 
2 
2 

0
10
3

I. R. " " 2 3
Vis. stand, dev. " 
I. R. " » " 

2 
2 

3
3

Unused 2 
Bin population 
Satellite Zenith Ang.(deg.) 
Relative Azimuth " " 

2 
2 
2

0
1
1

Whole Pattern info. 32 bytes + Bin info. 980 bytes (20 x 49) 1012 bytes/log. rec.

B1
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NESDIS 6 Spatial and Temporal Distribution of Northern Hemisphere Snow Cover. Burt J. Morse (NESDIS)
and Chester F. Ropelewski, October 1983. (PB84 118348)
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