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Preface 

Radiation budget measurements taken at the top of an atmospheric 

column will continue to grow in importance for monitoring and predict

ing changes within the column. As atmosphere and ocean circulation 

models grow in sophistication such measurements may certainly be in

corporated as initial or update conditions. Already the measurements 

have contributed to a global radiation budget climatology which ver

ified or corrected previous estimates, pointed out significant changes 

within a year and year-to-year in the radiatil)n budget, and/or specified 

net energy transports by both the atmosphere and oceans. 

The existing data have contributed to the design of new radiation 

budget measurements systems. In the mid-seventies, data from the Earth 

Radiation Budget experiment on the Nimbus F and G satellites will aug

ment these earlier data. A conceptual study, including engineering 

design and scientific requirements, is now underway to define the radi

ation budget measurement system of the 1980's and beyond. 
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Abstract 

Radiation budget data measured at the top of the atmosphere by 

earth-orbiting satellites are presented for various time periods in 

the years 1962 through 1970. They appear in the form of contoured 

maps which were derived from 5 seasonal and 25 monthly and semi-monthly 

data sets. Data published by other authors within this time period 

are not duplicated but are referenced for the reader's benefit. Part 

I contains documentation and contoured maps. Part II contains data 

tabulation at each 10 degrees latitude and longitude: it appears on 

microfiche inside the cover. 
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TABLE 1: AVAILABLE RADIATION BUDGET DATA FROM U.S. SATELLITES: TIROS 4 (T4) , 
TIROS 7 (T7) , EXPERIMENTAL (EX), NIMBUS 2 (N2) , NIMBUS 3 (N3), ESSA 3 (E3) , 
ESSA 5 (E5), ESSA 7 (E7), ESSA 9 (E9), ITOS 1 (II), fu~D NOAA 1 (N01) 
DATA NOT INCLUDED IN THIS ATLAS DENOTED BY BRACKETS [ ]. 

Months 1962 1963 1964 1965 1966 1967 1968 1969 1970 

JAN EX(1030) [E3] [E7] 
J:;J::]:! EX fP71 .... .., 

I I 
I 

l .L.O ~ J 

MAR I EX [E7] 
1 I 

APR 
, , 

EX(0840) J [ E 7] , N 3 (1130 ) I I ! I ! 
MAY ! I EX(0855) [N2] [ES] I *N3 

1 
i ! 

I 

JUN 
I 

i EX(09l0) [N2] [ES] I [E9],N3(l130) 
I 

JUL EX(0830) EX(092S) N2(1130) (E5] [E9],N3(1130) 

AUG *EX EX(0940) [ES] [E9],N3(ll30) 

SEP EX *EX(lOOO) [ES] [E9] 

OCT I EX EX(1020) [E7] [E9] ,N3(1130) 
I I 

I NOV I EX [EX] [E7] [E9] 

DEC 
! EX(1030) I E3 (1340) [E7] [E9] ! 

j 

Seasons 

DJF T7 EX E3 

MAM T4 T7 EX N3 

JJA T7 EX EX N2 N3 

SON T7 EX EX N3 

NOTE: The DJF Season id assigned the year of the respective January 
* not included in season average. 

[E9] ,N3 (1130) 

[E9] 

[E9], [11] 

[ Il] 

[ III 
[ III 

N3 

1971 No. 

2 

fN()ll 1 L .. ·- ...... J 

[N01] 1 

2 

[NOll 2 

2 

4 
N 

3 

2 

3 

1 

2 

4 

4 

5 

4 
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A certain amount of information about the satellite experiments 

is necessary to give the data scientific utility. All users are 

strongly encouraged to refer to the following for background infor

mation: Yonder Haar and Suomi (1971); Yonder Haar (1972); and 

Raschke et al., (1973). In addition, the following remarks concern 

spatial and temporal sampling biases in the 30 basic sets which were 

not accounted for in data reduction. 

2.1 Spatial Sampling Bias 

There are areas on some maps where data do not appear because of 

various sampling problems. Satellite measurements poleward of 62.50 

latitude do not exist with the TIROS series of satellites due to a low 

inclination angle of the orbit (Bandeen et al., 1965). The January 21 

to February 3, 1970 Nimbus 3 daytime samples (shown in Table 1 as Jan

uary, 1970) are missing from eastern Asia to south of Australia. Night 

time infrared exitance samples are also missing over a large area of 

western Europe, western Africa and the South Atlantic. For a more 

detailed account and analysis of the Nimbus 3 data see Raschke et al. 

(1973). 

2.2 Temporal Sampling Bias 

A major temporal sampling defiency is the local time bias in the 

data acquired from sun-synchronous satellites. These satellites sample 

at the same local sun time (or nearly so) each day. Thus, albedo and 

radiant exitance measurements are representative at that time but do not 

account for diurnal changes in cloudiness and radiating temperatures. 
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The TIROS series of measurements do not contain this bias since their 

orbital precession allowed sampling at all local times over a period of 

less than 3 months (76 days for TIROS 7). The numbers in parentheses 

in Table I indicate the nominal local sun time of the equatorial crossing 

during the daylight passes only. Vonder Haar and Hanson (see Vonder ~laar. 

1968 or Vonder Haar. 1972) did a preliminary study of the diurnal bias 

in the satellite radiation budget data. 

3.0 DISCUSSION OF THE ATLAS DATA 

Each radiation budget data set is composed of the fundamental 

radiation budget components, i.e., planetary albedo, absorbed shortwave 

radiation, longwave exitance and net radiation. The relationships be-

tween the components are represented as: 

RN = CI.O-A)I - RL 

or 

with the notation defined as: 

-2 -1 RN. net radiation (cal'cm ·min ) 

A. Albedo 

I. solar insolation at P=O (Solar constant taken as 1.95 cal, 

-2 .-1 cm 'mln ) 

-2 -1 RL. longwave radiant exitance (cal'cm 4min ) 

RA. absorbed shortwave radiation 

All components present the values at the top of an atmospheric column 

(pressure=O) and each is a function of latitude. longitude and time. 

In addition to the four component maps of the mean season and 17 

season average data there are four maps representing the deviation from 
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the zonal average (Vonder Haar, 1972). The values on these maps were 

derived mathematically as: 

Z' = Z - Z 

where Z is the average around a latitude circle; Z is the radiation 

budget component at each grid point; Z' is the deviation from zonal 

average at each grid point. 

All data are gridded on a 10 degree latitude by 10 degree longitude 

grid and are objectively contoured on an equidistant map projection. 

Contour intervals of isoline values for each data set analysis are shown 

in Table 2. Monthly and seasonal data were combined to arrive at sea

sonal, annual and mean annual averages (17 season average). Missing 

data areas are without contours on the maps. The contoured maps appear 

in the order shown in the List of Contoured Maps. 
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TABLE 2 CONTOUR INTERVALS 

Albedo 

Deviation From Zonal Average 

Longwave Radiation 

Deviation From Zonal Average 

Net Radiation 

Deviation From Zonal Average 

Absorbed Radiation 

Deviation From Zonal Average 

5% 0.05 100% = 
4% 0.04 100% = 

0.03 Cal em -2 min -1 

0.02 Cal -2 min -1 em 

0.04 Cal em- 2min-1 

0.02 Cal em- 2min-1 

0.05 Cal -2 . -1 em mln 
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5.0 LIST OF CONTOURED MAPS 

~onth1y and Semi-monthly 

July through December 1974 

January through October 1965 

July and December 1966 

Plate No. 

~pri1, May 1-15, June, July, August 1-15, October 3-17 1969 

January 21 to February 1970 

Scasona1* 

Spring 1962 

Summer 1963, 

Spring 1964, 

Spring 1965, 

Summer 1969 

Mean Seasonal 

Spring 

Summer 

Fall 

Winter 

Mean Annual 

Fall 1963, Winter 

Fall 1964, Winter 

Fall 1964, 

17 seasons mean 1962-1970 

1963-1964 

1964-1965 

* Seasons are defined as: Spring M-A-M, Summer J-J-A, Fall S-O-N, 

Winter D-J-F. 

1 

25 

65 

73 

97 

101 

105 

117 

129 

137 

141 

149 

157 

165 

173 



9 

Acknowledgements 

We thank the many scientists and engineers who contributed tc 

the success of the satellite experiments. Professor Verner Suomi's 

personal research and dedication to the goal of measuring the earth's 

radiation budget inspired all of us. Mr. Jeffrey Gailiun assisted 

with the map layout and Ms. Lyn Koch typed the manuscript. 

We also acknowledge the Atmospheric and Hydrospheric Applications 
Division of NASA Goddard Space Flight Center for sponsoring, under 
Grant NGR 06-002-102, the collection and preparation of this report. 
Addi tionally, the Atlas includes information from previous publicGtions 
referenced in section 2.0 which were under various government spoLsorships. 






































































































































































































































































































































































	0231_Bluebook_Page_001
	0231_Bluebook_Page_003
	0231_Bluebook_Page_005
	0231_Bluebook_Page_006
	0231_Bluebook_Page_007
	0231_Bluebook_Page_008
	0231_Bluebook_Page_009
	0231_Bluebook_Page_010
	0231_Bluebook_Page_011
	0231_Bluebook_Page_012
	0231_Bluebook_Page_013
	0231_Bluebook_Page_014
	0231_Bluebook_Page_015
	0231_Bluebook_Page_017
	0231_Bluebook_Page_018
	0231_Bluebook_Page_019
	0231_Bluebook_Page_020
	0231_Bluebook_Page_021
	0231_Bluebook_Page_022
	0231_Bluebook_Page_023
	0231_Bluebook_Page_024
	0231_Bluebook_Page_025
	0231_Bluebook_Page_026
	0231_Bluebook_Page_027
	0231_Bluebook_Page_028
	0231_Bluebook_Page_029
	0231_Bluebook_Page_030
	0231_Bluebook_Page_031
	0231_Bluebook_Page_032
	0231_Bluebook_Page_033
	0231_Bluebook_Page_034
	0231_Bluebook_Page_035
	0231_Bluebook_Page_036
	0231_Bluebook_Page_037
	0231_Bluebook_Page_038
	0231_Bluebook_Page_039
	0231_Bluebook_Page_040
	0231_Bluebook_Page_041
	0231_Bluebook_Page_042
	0231_Bluebook_Page_043
	0231_Bluebook_Page_044
	0231_Bluebook_Page_045
	0231_Bluebook_Page_046
	0231_Bluebook_Page_047
	0231_Bluebook_Page_048
	0231_Bluebook_Page_049
	0231_Bluebook_Page_050
	0231_Bluebook_Page_051
	0231_Bluebook_Page_052
	0231_Bluebook_Page_053
	0231_Bluebook_Page_054
	0231_Bluebook_Page_055
	0231_Bluebook_Page_056
	0231_Bluebook_Page_057
	0231_Bluebook_Page_058
	0231_Bluebook_Page_059
	0231_Bluebook_Page_060
	0231_Bluebook_Page_061
	0231_Bluebook_Page_062
	0231_Bluebook_Page_063
	0231_Bluebook_Page_064
	0231_Bluebook_Page_065
	0231_Bluebook_Page_066
	0231_Bluebook_Page_067
	0231_Bluebook_Page_068
	0231_Bluebook_Page_069
	0231_Bluebook_Page_070
	0231_Bluebook_Page_071
	0231_Bluebook_Page_072
	0231_Bluebook_Page_073
	0231_Bluebook_Page_074
	0231_Bluebook_Page_075
	0231_Bluebook_Page_076
	0231_Bluebook_Page_077
	0231_Bluebook_Page_078
	0231_Bluebook_Page_079
	0231_Bluebook_Page_080
	0231_Bluebook_Page_081
	0231_Bluebook_Page_082
	0231_Bluebook_Page_083
	0231_Bluebook_Page_084
	0231_Bluebook_Page_085
	0231_Bluebook_Page_086
	0231_Bluebook_Page_087
	0231_Bluebook_Page_088
	0231_Bluebook_Page_089
	0231_Bluebook_Page_090
	0231_Bluebook_Page_091
	0231_Bluebook_Page_092
	0231_Bluebook_Page_093
	0231_Bluebook_Page_094
	0231_Bluebook_Page_095
	0231_Bluebook_Page_096
	0231_Bluebook_Page_097
	0231_Bluebook_Page_098
	0231_Bluebook_Page_099
	0231_Bluebook_Page_100
	0231_Bluebook_Page_101
	0231_Bluebook_Page_102
	0231_Bluebook_Page_103
	0231_Bluebook_Page_104
	0231_Bluebook_Page_105
	0231_Bluebook_Page_106
	0231_Bluebook_Page_107
	0231_Bluebook_Page_108
	0231_Bluebook_Page_109
	0231_Bluebook_Page_110
	0231_Bluebook_Page_111
	0231_Bluebook_Page_112
	0231_Bluebook_Page_113
	0231_Bluebook_Page_114
	0231_Bluebook_Page_115
	0231_Bluebook_Page_116
	0231_Bluebook_Page_117
	0231_Bluebook_Page_118
	0231_Bluebook_Page_119
	0231_Bluebook_Page_120
	0231_Bluebook_Page_121
	0231_Bluebook_Page_122
	0231_Bluebook_Page_123
	0231_Bluebook_Page_124
	0231_Bluebook_Page_125
	0231_Bluebook_Page_126
	0231_Bluebook_Page_127
	0231_Bluebook_Page_128
	0231_Bluebook_Page_129
	0231_Bluebook_Page_130
	0231_Bluebook_Page_131
	0231_Bluebook_Page_132
	0231_Bluebook_Page_133
	0231_Bluebook_Page_134
	0231_Bluebook_Page_135
	0231_Bluebook_Page_136
	0231_Bluebook_Page_137
	0231_Bluebook_Page_138
	0231_Bluebook_Page_139
	0231_Bluebook_Page_140
	0231_Bluebook_Page_141
	0231_Bluebook_Page_142
	0231_Bluebook_Page_143
	0231_Bluebook_Page_144
	0231_Bluebook_Page_145
	0231_Bluebook_Page_146
	0231_Bluebook_Page_147
	0231_Bluebook_Page_148
	0231_Bluebook_Page_149
	0231_Bluebook_Page_150
	0231_Bluebook_Page_151
	0231_Bluebook_Page_152
	0231_Bluebook_Page_153
	0231_Bluebook_Page_154
	0231_Bluebook_Page_155
	0231_Bluebook_Page_156
	0231_Bluebook_Page_157
	0231_Bluebook_Page_158
	0231_Bluebook_Page_159
	0231_Bluebook_Page_160
	0231_Bluebook_Page_161
	0231_Bluebook_Page_162
	0231_Bluebook_Page_163
	0231_Bluebook_Page_164
	0231_Bluebook_Page_165
	0231_Bluebook_Page_166
	0231_Bluebook_Page_167
	0231_Bluebook_Page_168
	0231_Bluebook_Page_169
	0231_Bluebook_Page_170
	0231_Bluebook_Page_171
	0231_Bluebook_Page_172
	0231_Bluebook_Page_173
	0231_Bluebook_Page_174
	0231_Bluebook_Page_175
	0231_Bluebook_Page_176
	0231_Bluebook_Page_177
	0231_Bluebook_Page_178
	0231_Bluebook_Page_179
	0231_Bluebook_Page_180
	0231_Bluebook_Page_181
	0231_Bluebook_Page_182
	0231_Bluebook_Page_183
	0231_Bluebook_Page_184
	0231_Bluebook_Page_185
	0231_Bluebook_Page_186
	0231_Bluebook_Page_187
	0231_Bluebook_Page_188
	0231_Bluebook_Page_189
	0231_Bluebook_Page_190
	0231_Bluebook_Page_191
	0231_Bluebook_Page_192
	0231_Bluebook_Page_193
	0231_Bluebook_Page_194



