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Equation, page 4, should read:

A = 1 - (N+E)/Iq

Page 4, 5th paragraph, sentence starting "However, despite ..." should read: However,

despite the obvious uncertainty of the magnitude of the albedo and outgoing long-wave 

radiation, it appears that there is general agreement in the shape of the latitudinal 

profiIes.particularly in the infrared.

Page 5, figure 3, Rashke should be Raschke.

Page 9, 3rd paragraph, sentence starting "However, on a hemispherical ..." should read: 

However, on a hemispherical and global basis, they appear to be in general agreement, the 

ESSA 7 data implying slightly higher albedo and slightly more outgoing long-wave radiation.



REVIEW OF SATELLITE MEASUREMENTS OF ALBEDO AND OUTGOING LONG-WAVE RADIATION
Arnold Gruber

National Environmental Satellite Service, NOAA, Washington, D.C.

ABSTRACT. A review of satellite measurements of albedo and outgoing 
long-wave radiation has been made. The review has concentrated on 
zonal, hemispherical, and global averages for periods ranging from 
15 days to several years. The results of various investigators have 
been compared. Differences in results obtained from different satel­
lites and years as well as differences in results between investigators 
using the same satellite data are discussed. Possible reasons for the 
differences are variable data-reduction procedures, differences in 
satellite sensors, variable sampling in space and time and real year- 
to-year variabiIity.

INTRODUCTION
Starting with the TIROS series of satellites, a variety of satellite measurements of the 

albedo and outgoing long-wave radiation of the earth-atmosphere system exists. A brief re­
view of the literature points out that there is a dramatic difference between results of 
various investigators using essentially the same data. A more detailed review indicates 
that the differences arise as a result of various data-reduction procedures and assumptions 
concerning the processes occurring in the earth-atmosphere system. Differences observed in 
annual values of global albedo and emitted long-wave radiation, obtained from different sat­
ellites and years, are not so readily identified. In addition to causes previously men­
tioned, differences may be due to differences in satellite observing systems, variability in 
spatial and temporal coverage, and real year-to-year variability.
This note contains a brief summary of estimates of albedo and outgoing long-wave radiation 

based on satellite data. The main concern is with zonal, hemispherical, and global averages 
for time periods as short as 15 days (15 d) and as long as several years. Available infor­
mation on the assumptions and types of data-reduction procedures used by each investigator 
are summarized for each type of satellite.

TIROS DATA
TIROS was equipped with both scanning radiometers and hemispherical radiometers. Among 

the investigators who examined TIROS scanning radiometer data, Winston (1967, 1969),
Bandeen et a I. (1965), and Arking and Levine (1967) are the most prominent. The Bandeen and 
Winston studies used the same data from TIROS 7. In figures IA through ID, a comparison of 
the results (season for season) for the period June 1963 through May 1964 are shown.
Results from TIROS 4 for the season March-May 1962 are also included for comparison. Before 
examining the results in detail, a brief discussion of the data-reduction techniques is 
appropriate.

Outgoing Long-Wave Radiation
Both Bandeen1s and Winston1s studies deduced the total outgoing long-wave radiation from 

measurements in the 8- to 12-ym region. Both used the relationships derived by Wark et al. 
(1962) to obtain the total outgoing flux from data in the 8- to 12-ym range. However,Bandeen et a I. (1965) used the limb-darkening corrections suggested by Wark et a I. (1962) 
but modified it slightly by the results of an empirical study of limb darkening using TIROS 
4 data. The important point is that the limb-darkening correction used by Bandeen is pro­
portional to the absolute value of the radiance. Subsequent work by Lienesch and Wark (1967) 
have shown that to be incorrect.
Winston (1969), on the other hand, used the limb-darkening correction rederived by Lienesch 

and Wark. It was not clear what the magnitude of the differences between the two methods is.
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Instrument degradation was corrected for in 
Bandeen’s study but not in Winston’s study, 
although Winston did apply corrections for 
instrument degradation based on an analysis 
by Rao et al. (1965) to a small sample of 
TIROS 4 data (March-May 1962).

Albedo
Both Winston and Bandeen utilized the 0.55- 

to 0.75-um channel of TIROS 7 to obtain a 
measure of planetary albedo. Both used solar 
constants of 2.0 ly/min.

Again, Bandeen corrected TIROS 7 data for 
instrument degradation, whereas Winston did 
not; both assumed that the reflecting and 
scattering properties of the earth-atmosphere 
system are isotropic. Winston (1967) points 
out that the number of days with data varied 
considerably. Because of the way of averag­
ing, this resulted in zonal averages often 
composed of limited data. The situation was 
apparently worse for the albedo than the out­
going long-wave radiation since only daytime 
observations were available. However, the

largest differences probably come about as a result of corrections to the albedo that Bandeen 
made based on the assumption that planetary radiative equilibrium exists for the whole year. 
Using the annual value of outgoing long-wave radiation, he deduced the annual planetary albedo 
necessary for radiative balance. He then rescaled all his TIROS 7 observed albedos (each I- 
week sample) by the ratio of the calculated annual value to that observed, a multiplication 
factor of 1.6. Winston (1967) has pointed out some of the pitfalls inherent in this approach 
and so did not make any such adjustments in his analysis of the data.

Discussion
With these differences in mind, examine the outgoing Iong-wave radiation for June through 

August 1963 (fig. IA). Here, there is fairly good agreement between the two sets of ob­
servations. Apparently, the degradation correction was not very large at this time. 
However, as time progresses, the differences between the two become larger, a reflection, 
probably, of instrument degradation corrections rather than differences in limb-darkening 
corrections.

The differences in albedo are expected, considering the corrections applied by Bandeen 
et al. (1965). We expect his results to be higher than WinstonTs.
The graphs for the spring season (March-May) also include data from studies of TIROS 4 

conducted by House (1965) and Winston as summarized by Winston (1969). House’s data were 
obtained from a hemispherical net radiometer rather than the scanning radiometers used by 
Winston and Bandeen. It is interesting to note that the outgoing long-wave radiation cal­
culated by House and Winston for 1962 are in general agreement. However, the long-wave 
data presented by Winston for 1964 are everywhere less than that of 1962, and the data 
presented by Bandeen for 1964 are everywhere greater than that observed by House for 1962. 
The indications are that Bandeen’s results have too great a correction, whereas Winston’s 
1964 results require correction.
The albedo values presented by House, however, are systematically higher than the albedo 

calculated by Winston using the scanning radiometer data for the same period. House’s 1962 
results are in closer agreement with Bandeen’s 1964 results.

3



It is apparent that the absolute values of 
albedo are uncertain. However, one possible 
explanation for the albedo differences between 
the three results is the following: House ob­
tains the albedo from a knowledge of the in­
coming solar radiation, the outgoing long-wave 
radiation, and the net radiation of the earth- 
atmosphere system, that is,

A = 1 - (N+E)/I ) o

where A is albedo; N, net radiation; lQ, in­
coming solar radiation at the top of the at­
mosphere; and E, outgoing long-wave radiation.

F

m 30

1963

igure 2.--Comparison of the seasonal varia­
tion of albedo determined from TIROS 7 
0.55- to 0.75-\irr\ data by Arking and Levine 
(1967, solid line) and Bandeen et al. (1965, 
dashed line). This is after Arking and Le­
vine (1967).

In this computation, House assumed that the 
outgoing long-wave radiation during daytime 
was the same as during nighttime. This was 
necessary since he could measure only the net 
radiation. This could lead to considerable 
error where there is a marked diurnal varia­
tion in outgoing long-wave radiation. The 
important point to note is that he does not
measure the albedo but calculates it from his other measurements. Thus, his albedo determina­
tion is essentially a quantity that accounts for the anisotropic properties of the earth- 
atmosphere system. This may account for some of the differences in albedo between Winton’s 
1962 data (where isotropy was assumed) and HouseTs data.

Bandeen's 1964 albedo data, which were corrected for instrument degradation, also contain 
an adjustment factor necessary for radiative equilibrium. This probably turns out to be a 
crude way of accounting for anisotropy (as well as other sources of error) and may be the 
reason for the general agreement between Housefs 1962 results and Bandeenfs 1964 results.
Arking and Levine (1967) also examined TIROS 7 data in the 0.55- to 0.75-ym region to 

study the planetary albedo. Their treatment of the data differed appreciably from Winston 
and Bandeen’s in that they applied corrections tc the data to account for the anisotropic 
behavior of the earth-atmosphere system. Their results are presented in figure 2 where they 
are compared to those of Bandeen et al. (1965). They scaled the results upward to the same 
global albedo as Bandeen so that the comparison illustrates the effects of considering the 
angular dependence of the scattered radiation. The large differences suggest that the 
anisotropic behavior of the reflecting surface is important in deducing the albedo. However, 
there is still much uncertainty as to the ’’correct" angular law. For example, Ruff et a I. 
(1968) studied the angular distribution of solar radiation reflected from clouds and 
concluded that there was little change from an isotropic assumption.

In summary, various types of corrections applied to TIROS 7 data result in albedo estimates 
varying by as much as a factor of 2 and outgoing long-wave estimates varying by as much as 13$. The implications of these variations on computations of the global heat balance are 
obvious. However, despite the obvious uncertainty of the magnitude of the albedo and out­
going long wave, it appears that there is general agreement in the shape of the latitudinal 
profiles particularly in the infrared. Thus, we can have more confidence in north-south 
gradients than in the absolute values of the quantities involved.

NIMBUS DATA
Both Raschke (1968) and Winston (1972a) have done extensive analysis of Nimbus 2 data. 

Nimbus 2 was a polar orbiting sun-synchronous satellite crossing the Equator near local noon 
and local midnight.
Observations of outgoing infrared radiation were made in the 5.0- to 30.0-ym region, and 

observations of reflected energy were made in the 0.2- to 4.0-ym region. Both Winston and
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Figure 3. — (A) comparison of albedo values determined from Nimbus 2 data for 
1966 by Raschke and Winston. (B) is the same as (A) except outgoing infrared
values are compared.

Raschke applied the limb-darkening corrections established by Lienesch and Wark (1967) in 
their treatment of the outgoing infrared data.

In analyzing the albedo, however, Raschke empirically took into account the anisotropic 
nature of reflecting energy, whereas Winston assumed isotropic conditions. In addition, 
Raschke used a solar constant of 2.00 ly/min, whereas Winston used 1.95 ly/min.
Neither researcher indicated that there was any instrument degradation, so it is assumed 

that this was not a factor in their analysis. Figure 3A presents a comparison between
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Raschke and Winston albedo determination. As can be seen, there are significant differ­ences between them particularly in the Southern Hemisphere.1 Since the differences are 
undoubtedly caused by the treatment of the data, the conclusion is that the angular de­
pendence law Raschke used in his albedo determination is responsible for the large 
differences. This again clearly demonstrates the importance of estabIishing the anisotropic 
nature of the earth-atmosphere with respect to reflected and scattered energy of the incoming 
radiation. This is an area that requires considerably more research. As one would suspect, their computations of outgoing infrared radiation (fig. 36) are essentially in agreement.2

Nimbus 3
Nimbus 3 was a polar orbiting satellite crossing the Equator near local noon and local mid­

night. Measurements were made by a medium resolution infrared radiometer in five separate 
channels: 6.0 to 7.0 ym, 9.1 to 12.1 ym, 14.0 to 16.3 ym, 20.2 to 23.9 ym, and 0.2 to 4.8 ym.

Analyses of these data to obtain the total outgoing infrared radiation as well as the 
albedo have been performed by Raschke et a I. (1971), Vonder Haar et a I. (1972), and Raschke 
et a I. (1973). The last paper is the most complete of the three in that it includes more 
details on the method of analysis and covers a broader period of time. Consequently, the 
summary of the results will be based primarily on that paper.

The total outgoing long-wave radiation was calculated from the four channels of infrared 
measurements using multiple regression techniques. The regression formulas were derived 
from radiances calculated for a set of 160 atmospheric models. The procedures are similar 
to those used by other investigators in obtaining total outgoing infrared radiation. Limb- 
darkening corrections made to the data were derived from radiance measurements obtained from 
the Nimbus 2 satellite.

The albedo was determined from observations in the 0.2- to 4.0-ym region. A significant 
difference between these albedo determinations and earlier ones was the use of separate 
angular dependence laws for oceans, snow, and land or clouds.

The results of their measurements of albedo and outgoing long-wave radiation are presented 
in table I. It is evident that only the summer half of the year is well represented. 
Nevertheless, they present annual averages by including a very limited sample of data from 
the other seasons. Thus, their annual averages must be considered tentative.

Satellite Infrared Spectrometer Data
Annual profiles of outgoing long-wave radiation for May 1969-April 1970 have been presented 

by Winston et a I. (1972). The data were obtained by the Satellite Infrared Spectrometer 
(SIRS A) that operated aboard Nimbus 3. A complete description of the data processing and 
reduction is given in their paper. It is worth noting that they used six of seven channels 
in the region of the 15-ym band and the window region centered at I I.I-ym to obtain the 
total outgoing flux of infrared radiation. They determined the relationship between the 
total outgoing flux and SIRS-A spectral radiances through a stepwise multiple regression of 
data generated by use of a set of 106 model atmospheres (Wark et a I. 1962). The most serious 
problems associated with the analysis were (I) large data gaps existed between successive 
orbits and (2) observations were averaged over 4° of latitude centered at every 10° of 
latitude. This resulted in a set of data composed of only 40$ of the SIRS observations and 
obviously limits the north-south vertical resolution. Their results are discussed in the 
next section where a comparison is made of the mean annual outgoing long-wave radiation 
arrived at by various investigators.

*lf we adjusted RaschkeTs albedo to a solar constant of 1.95 ly/min, the difference would 
be greater by about 2.5$.

2Raschke’s analysis was through 28 July 1966. Figures 3A and 3B cover only the period for 
which both Winston and Raschke have results.
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Table 1.--Global and hemispherical radiation balance components
(after Raschke et al. 1973)

Da+e
Incoming solar 

energy t
(cal cm”2 mln”l)

Albedo
Outgoing long-wave 

radiation 
(cal cm-2 mln~l)

16-30 Apr.
1969

N*
S
G

0.586
.379
.483

0.300
.270
.288

0.349
.342
.346

1-15 May
1969

N
S
G

0.618
.334
.476

0,302
.269
.291

0.351
.343
.347

16-31 May
1969

N
S
G

0.641
.310
.476

0.314
.264
.298

0.355
.346
.350

1-15 June
1969

N
S
G

0.656
.290
.473

0.308
.267
.296

0.359
.343
.351

16-30 June
1969

N
S
G

0.659
.283
.471

0.299
.271
.291

0.362
.362
.352

1-15 July
1969

N
S
G

0.652
.291
.471

0.296
.267
.286

0.365
.344
.355

re-31 July1969
N
S
G

0.633
.31 1
.472

0.290
.261
.281

0.363
.345
.354

1-15 Aug.
1969

N
S
G

0.609
.340
.474

0.287
.271
.280

0.365
.341
.353

3-17 Oct.
1969

N
S
G

0.443
.541
.492

0.270
.291
.282

0.351
.344
.348

21 Jan-3 Feb.
1970

N
S
G

0.343
.663
.501

0.273
.287
.283

0.332
.342
.337

Annual N
S
G

0.483
.492
.488

0.287
.280
.284

0.350
.344
.345

*N, Northern Hemisphere; S, Southern Hemisphere; G, global
t Based on a solar constant of 1.95 cal cm-2 mln”l

LONG-TERM AVERAGES
Recently, Vonder Haar and Suomi (1971) published data on the earth’s radiation balance 

covering a 5-yr period. Their sample consisted of data from selected months of 1962 through 
1966. The data are from TIROS 4 and 7 satellites, the Nimbus 2 satellite, the ESSA 3 satel­
lite (flat-plate radiometer), and observations made with low-resolution disc sensors. It is 
not clear from the paper what types of adjustments, if any, were made to the data or if the 
anisotropic problem of reflected energy was treated for the nonpI ate-type measurements. 
However, in an earlier publication, Vonder Haar (1968) points out that the TIROS 7 data were 
adjusted for instrument degradation and restricted spectral region (0.55-0.75 pm) when 
obtaining the albedo. The instrument degradation adjustment was the same as that suggested 
by Bandeen et al. (1965), but the final albedo value was adjusted to make the low resolution 
disc and medium resolution sensors of TIROS 7 agree. There were apparently no corrections 
made (for the anisotropic nature of the reflected energy) to the data obtained from the 
medium resolution sensors of the Nimbus 2 and TIROS 4 and 7 satellites.

Their average results are shown by latitude belt in figure 4. Table 2 presents pertinent 
statistics for each hemisphere and for the globe, it is difficult to compare these results 
with the other studies reviewed because of the differing time periods involved. Neverthe­
less, such a comparison is made (with the outgoing long-wave radiation in fig. 5) between 
Vonder Haar and Suomi’s results and the studies by Bandeen (1965), Winston (1969), and 
Winston et al. (1972). As in the comparisons previously presented, the north-south gradients 
are in general agreement. Comparison of the magnitudes shows considerable variability in

7



Table 2.--Mean annual albedo and outgoing radiation (after Vonder Haar and Suomi 1971)

Area Albedo 
Radiation 

Incident 
i n ca I cmmi 
Absorbed 

rH_ _ _ _ _ _ _ _ _
Emitted

(%) solar |R

Northern Hemisphere 30 0.48 0.34 0.33
Southern Hemisphere 30 .49 .34 .33
Globe (whole earth) 30 .49 .34 .34

T1 I'M M'l 1 I1 I'll

= 0.3 INFRARED
RADIATIONABSORBED 

SOLOR ENERGY! 0.2

PLANETARY 
^ ALBEDO

UlLlLjuLlJ 1 1 1 I I ■ 111 tlilil50 40 30 20 10 10 20 30 40 50
°S °N

Figure 4.--Mean meridional profiles (averages,
within latitude zones) of the earth's radia­
tion budget measured during the period 1962-
1966 (after Vonder Haar and Suomi 1971)

SIRS A
(May 1969-April 1970) -

---------TIROS 7 ----------
(June 1963-May 1964)

WINSTON-------
BANDEEN *t al

40S .VONDER HAAR & SUOMI 
1962-1966

50S ’_______ \ _______ L/

Figure 5.--Summary of the mean annual outgoing
long-wave radiation

some places showing exceI Ient agreement be­
tween Vonder Haar and Suomiand e i therBandeen ! s 
or Winston's TIROS 7 results and in other 
places poor agreement. The results from SIRS 
A indicate systematically more outgoing long­
wave radiation than any of the other estimates
Under radiative equilibrium, this implies a lower albedo for May 1969-April 1970 than in the 
other years represented. However, because of the widely different periods covered, one 
should not attach great significance to differences or similarities, particularly since so 
little is known about interannual variations. Other complicating factors are that different 
instruments as well as different limb-darkening corrections and different model atmospheres 
were used to establish the outgoing infrared radiation flux.

It should also be pointed out that there is some question concerning the reliability of the 
mapped quantities presented by Vonder Haar and Suomi (Winston 1972b). This casts some doubt 
on their global average, although the possibility exists that the global averages are 
essentially correct but that a mapping error caused misplacement of the data.

The ESSA 7 satellite was equipped with a flat-plate radiometer capable of providing out­
going long-wave radiation and albedo measurements. The flat-plate radiometer is a low- 
resolution instrument and differs from the scanning radiometer of the Nimbus and TIROS 
satellites in that it provides a measure of the flux of energy (i.e., total power) rather
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than intensity (flux/solid angle). Thus, when 
looking at a fully illuminated earth, the flat- 
plate radiometer provides a measure of reflect­
ed energy that does not have to be corrected 
for the anisotropic behavior of the earth- 
atmosphere system.

MacDonald (1970) reported on the reduction 
procedures of these data. Because of inade­
quate calibration, it was found necessary to 
a.ssume global net radiation balance to obtain 
the parameters necessary to compute the albedo. 
Albedo determinations for less than global 
areas (e.g., zonal averages) are thus dependent 
on the above constraint. The procedure is anal­
ogous to the one Bandeen (1965) used.

A summary of the albedo and outgoing radia­
tion as calculated by MacDonald (1972) for Nov­
ember I 968—Ap riI 1969 is presented in figure 6. 
Also included for comparison are values obtain­
ed by Vonder Haar and Suomi (1971) for winter 
(December, January, February) and spring (March, 
April, May). These values were placed at the 
midmonth of their respective seasons.

Once again, because of the different time 
periods involved in the studies, one cannot 
compare them too closely. However, on a hemi­
spherical and global basis, they appear to be 
in general agreement, the ESSA 7 data implying slightly more outgoing long-wave radiation.3
ANNUAL HEAT BUDGET COMPONENTS ON A GLOBAL SCALE

The albedo and outgoing infrared radiation 
results have been examined and comparisons 
made on periods ranging from weeks to years and 
space scales ranging from latitude zones to 
global. This section deals with the compon­
ents of the radiation budget (incoming solar, 
outgoing infrared radiation, and albedo) on an 
annual time scale and global space scale.

FLAT PLATE RADIOMETER (After MacDonald)

*VONDER HARR & SUOMI DJF, MAM ■ ALBEDO 
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igure 6.--Mean monthly global and hemispherical 
albedo and outgoing long-wave radiation ob­
tained by MacDonald from ESSA 7 data. Sea­
sonal values from Vonder Haar and Suomi (1971) 
are also plotted for comparison; these values 
are placed at 'midseason points.

F

Although much of these data are contained either explicitly or implicitly in the preceding 
tables and figures, It is desirable to collect the data in one place so that an overall 
comparison can be made. Table 3 presents such a collection. Footnotes to the table supply 
information on the data.

It is interesting to note that the emitted infrared radiation shows a relatively small 
variation. The range of values (0.015) represents 4.3% of the average of the four measure­
ments. The albedo, however, has a range (0.030) that is 10.3? of the average. It is not 
possible to determine how much of this variability is due to instrumentation differences, 
data reduction procedures, inadequate sampling, or real atmospheric variability.

3MacDonaldfs albedo determinations are based on a solar constant of 2.0 ly/min. When 
adjusted for a solar constant of 1.95 ly/min, the value used by Vonder Haar and Suomi, the 
albedo becomes still higher than Vonder Haar and Suomifs while the outgoing infrared become 
closer to their value, under the assumption of radiative equilibrium. For example, for the 
period December 1968 and January-February 1969, the adjusted global albedo is 34.4? versus 
33.5? for the unadjusted and the adjusted global emitted infrared radiation is 0.330 ly/min 
versus0.342 ly/min for the unadjusted values. Vonder Haar and Suomi’s corresponding values 
are 31? for albedo and0.33 ly/min for emitted infrared radiation.
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Table 3.--Comparison of annual global vadradiation'Lat'ion balance components

1 nvestigator 1ncoming 
solar(cal errr2 min” 1 ) 

Albedo
(ca

Absorbed
1 cm“2 min-1

Emitted
(cal cm-2

IR
min"• )

Radiation 
balance(ca1 cm”2 min~•)

Bandeen*
(1969) 0.488 0.304t 0.339 0.339 0*

Vender Haar and
' Suomi § .488
(1971 ) .30 .340 .340 0

Raschke et a 1 . / .488
(1973)

.284 .349 .345 +0.004

Winston et a 1 . X .488
(1972)

.274 0 .354 .354 0*

* TIROS 7 data for June 1963-May 1964. Data extend from 63.5°N to 63.5QS. 
t Adjusted for a solar constant of 1.95 cal cm-2 min”I 
$ Constrained to zero by assumption
$ Five-year data sample from a variety of satellites
/Nimbus 3 satellite. Although authors present annual values, they are based on 5 mo 
spread throughout the year. See table I.
X Based on SIRS A data
0 Calculated by assuming that the radiation balance is zero

CONCLUDING REMARKS
This brief review has been concerned primarily with the examination of the zonal, hemi­

spherical, and global values of albedo and outgoing long-wave radiation as derived from 
satellites. This does not imply that the spatial and short-term temporal variations are 
considered to be unimportant — quite the contrary. A variety of studies on the spatial 
and temporal variations of albedo point out that there is much to be learned about the be­
havior of the atmosphere (Winston 1967, 1969, 1971; Winston and Rao 1962, 1963). Restric­
tion to the large-scale averages appeared to be the most promising way of performing a 
comparative summary of the data.

It also becomes obvious from this summary that one of our most pressing problems is the 
determination of representative albedos for the earth-atmosphere system. This requires 
knowledge about the anisotropic behavior of clouds of various types as well as different 
surface features. It also requires a knowledge of the variation of the cloudiness as a 
function of time since clouds are the main contributor to the albedo. All of the studies 
cited so far assume that the instantaneous observations of cloudiness are representative of 
the entire day. While this may be a satisfactory assumption over areas where the diurnal 
variation is small, it can lead to serious errors in regions where the diurnal variation is 
large (e.g., Equatorial South America).
The variations of cloudiness also have a significant effect on the outgoing long-wave rad­

iation. Thus, measurements of long-wave radiation only twice a day may also be deficient 
in providing a representative view of the outgoing long-wave radiation. Both of these areas 
require considerably more research.

It is also clear that we must be able to measure physical quantities reliably. This re­
quires the ability to calibrate the sensing devices aboard the spacecraft, a capability we 
did not have for the scanning radiometers aboard the TIROS and Nimbus spacecrafts when 
measuring reflected energy.

10



ACKNOWLEDGMENTS
I would like to acknowledge the support of Dr. Jay Winston who suggested that this review 

be undertaken. I would also like to thank Mrs. Z. Licausi who did the typing and 
Mr. Leonard Hatton for his drafting work.

REFERENCES
Arking, Albert, and Levine, Joel S., "Earth Albedo Measurements: July 1963 to June 1964,"

Journal of the Atmospheric Sciences, Vol. 24, No. 6, Nov. 1967, pp. 721-724.
Bandeen, William R., Halev, M., and Strange, I., "A Radiation Climatology in the Visible and 

Infrared From the TIROS Meteorological Satellites," NASA Technical Note D-2534, U.S. 
National Aeronautical and Space Administration, Greenbelt, Md., June 1965, 30 pp.

House, Frederick, "The Radiation Balance of the Earth From a Satellite," Ph. D. thesis, 
Department of Meteorology, The University of Wisconsin, Madison, 1965, 69 pp.

Lienesch, James H., and Wark, David Q., "Infrared Limb Darkening of the Earth From Statis­
tical Analysis of TIROS Data," Journal of Applied Meteorology, Vol. 6, No. 4, Aug. 1967, 
pp. 674-682.

MacDonald, Torrence H., "Data Reduction Processes for Spinning Flat-Plate Satellite-Borne 
Radiometers," ESSA Technical Report NESC 52, U.S. Department of Commerce, Environmental 
Science Services Administration, National Environmental Satellite Center, Washington, D.C., 
July 1970, 37 pp.

MacDonald, Torrence H., Meteorological Satellite Laboratory, National Environmental Satellite 
Service, NOAA, Washington, D.C., 1972 (personal communication).

Rao, P. Krishna, Astling, Elford G., and Winninghoff, Frances J., "An Investigation of
Degradation Errors in TIROS IV Scanning Radiometer Data and the Determination of Correction 
Factors," Meteorological Satellite Laboratory Report No. 34, Weather Bureau, Environmental 
Science Services Administration, U.S. Department of Commerce, Washington, D.C., Oct. 1965, 
22 pp.

Raschke, Ehrhard, "The Radiation Balance of the Earth-Atmosphere System From Radiation Mea­
surements of the Nimbus II Meteorological Satellite," NASA Technical Note P-4589, U.S. 
National Aeronautical and Space Administration, Greenbelt, Md., July 1968, 81 pp.

Raschke, Ehrhard, Vonder Haar, Thomas H., Bandeen, William R. and Pasternak, Musa, "The 
Radiation Balance of the Earth-Atmosphere System During June and July 1969 From Nimbus III 
Radiation Measurements - Some Preliminary Results." Space Research xl - Akademie-Verlag, 
Berlin 1971.

Raschke, Ehrhard, Vonder Haar, Thomas H., and Pasternak, Musa, "The Radiation Balance of the 
Earth-Atmosphere System for Nimbus III Radiation Measurements (16 April 1969-3 February 
1970)," NASA Technical Note G-1086, U.S. National Aeronautical and Space Administration, 
Greenbelt, Md., 1973, 73 pp.

Ruff, Irving, Koffler, Russell, Fritz, Sigmund, Winston, Jay S., and Rao, P. Krishna,
"Angular Distribution of Solar Radiation Reflected From Clouds as Determined From TIROS IV 
Radiometer Measurements," Journal of the Atmospheric Sciences, Vol. 25, No. 2, Mar. 1968, 
pp. 323-332.

Vonder Haar, Thomas H., "Variations of the Earth’s Radiation Budget," Meteorological SateLl 
lite Instrumentation and Data Processing, Final Scientific Report, 1958-1968, Contract 
NfiSw-65, Department of Meteorology, The University of Wisconsin, Madison, Dec. 1968, 
pp. 31-107.

Vonder Haar, Thomas H., and Suomi, Verner E., "Measurements of the Earth’s Radiation Budget 
From Satellites During a Five-Year Period. Part I. Extended Time and Space Means,
Journal of the Atmospheric Sciences, Vol. 28, No. 3, Apr. 1971, pp. 305-314.

11



Vonder Haar, Thomas H., Raschke, Ehrhard, Pasternak, Musa, and Bandeen, William R., ’’The 
Radiation Budget of the Earth-Atmosphere System as Measured From the Nimbus III Satellite 
(1969-1970). Space Research XII. Akademie-VerIag, Berlin, 1972, pp. 33-498.

Wark, David Q., Yamamoto, Giichi, and Lienesch, James H., ’’Methods of Estimating Infrared 
Flux and Surface Temperature From Meteorological Satellites,” Journal of the Atmospheric 
Sciences, Vol. 19, No. 5, Sept. 1962, pp. 369-384.

Winston, Jay S., "Planetary-Scale Characteristics of Monthly Mean Long-Wave Radiation and 
Albedo and Some Year-To-Year Variations," Monthly Weather Review, Vol. 95, No. 5,

' May 1967, pp. 235-256.
Winston, Jay S., "Global Distribution of Cloudiness and Radiation as Measured From Weather 

Satellites," Climate of the Free Atmosphere (Rex,_D. F., Editor), Elsevier Publishing 
Co., Amsterdam,The Netherlands, 1969,pp. 247-280 /World Survey of Climatology, Vol. 4 
(Landsbert, H. E., Editor_)7

Winston, Jay S., "The Annual Course of Zonal Mean Albedo as Derived From ESSA 3 and 5 
Digitized Picture Data," Monthly Weather Review, Vol.99, No. II, Nov. 1971, pp. 818-827.

Winston, Jay S., National Environmental Satellite Service, National Oceanic and Atmospheric 
Administration, U.S. Department of Commerce, Washington, D.C. , 1972a (unpublished 
research).

Winston, Jay S., "Comments on ’Measurements of the Earth’s Radiation Budget From Satellites 
During a Five-Year Period, Part I. Extended Time and Space Means,”’ Journal of the 
Atmospheric Sciences, Vol. 29, No. 3, Apr. 1972b, pp. 598-601.

Winston, Jay S., and Rao, P. Krishna, "Preliminary Study of Planetary-Scale Outgoing Long- 
Wave Radiation as Derived From TIROS II Measurements," Monthly Weather Review, Vol. 90,
No. 8, Aug. 1962, pp. 307-310.

Winston, Jay S., and Rao, P. Krishna, "Temporal and Spatial Variations in the Planetary- 
Scale Outgoing Long-Wave Radiation as Derived From TIROS II Measurements," Month Iy 
Weather Review, Vol. 91, Nos. 10-12, Oct.-Dec., 1963, pp. 641-657.

Winston, Jay S., Smith, William L., and Woolf, Harold M., "The Global Distribution of 
Outgoing Long-Wave Radiation Derived From SIRS Radiance Measurements," Preprint Volume 
of the Conference on Atmospheric Radiation, Fort Collins, Colorado, August 7-9, 1972,
American Meteorological Society, Boston, Mass., 1972, pp. 221-227.

12



(Continued from inside front cover)

NESS 31 Publications and Final Reports on Contracts and Grants, 1970—NESS. December 1971.
(COM-72-10303)

NESS 32 On Reference Levels for Determining Height Profiles From Satellite-Measured Temperature Pro­
files. Christopher M. Hayden, December 1971. (COM-72-50393)

NESS 33 Use of Satellite Data in East Coast Snowstorm Forecasting. Frances C. Parmenter, February 
1972. (COM-72-10482)

NESS 34 Chromium Dioxide Recording—Its Characteristics and Potential for Telemetry. Florence Nesh, 
March 1972. (COM-72-10644)

NESS 35 Modified Version of the Improved TIROS Operational Satellite (ITOS D-G). A. Schwalb, April 
1972. (COM-72-10547)

NESS 36 A Technique for the Analysis and Forecasting of Tropical Cyclone Intensities From Satellite 
Pictures. Vernon F. Dvorak, June 1972. (COM-72-10840)

NESS 37 Some Preliminary Results of 1971 Aircraft Microwave Measurements of Ice in the Beaufort Sea. 
Richard J. DeRycke and Alan E. Strong, June 1972. (COM-72-10847)

NESS 38 Publications and Final Reports on Contracts and Grants, 1971—NESS. June 1972. (COM-72-11115)

NESS 39 Operational Procedures for Estimating Wind Vectors From Geostationary Satellite Data. Mi­
chael T. Young, Russell C. Doolittle, and Lee M. Mace, July 1972. (COM-72-10910)

NESS 40 Convective Clouds as Tracers of Air Motion. Lester F. Hubert and Andrew Timchalk, August 
1972. (COM-72-11421)

NESS 41 Effect of Orbital Inclination and Spin Axis Attitude on Wind Estimates From Photographs by 
Geosynchronous Satellites. Linwood F. Whitney, Jr., September 1972. (COM-72-11499)

NESS 42 Evaluation of a Technique for the Analysis and Forecasting of Tropical Cyclone Intensities 
From Satellite Pictures. Carl 0. Erickson, September 1972. (COM-72-11472)

NESS 43 Cloud Motions in Baroclinic Zones. Linwood F. Whitney, Jr., October 1972. (COM-73-10029)

NESS 44 Estimation of Average Daily Rainfall From Satellite Cloud Photographs. Walton A. Follansbee, 
January 1973. (COM-73-10539)

NESS 45 A Technique for the Analysis and Forecasting of Tropical Cyclone Intensities From Satellite 
Pictures. (Revision of NESS 36) Vernon F. Dvorak, February 1973. (COM-73-106-75)

NESS 46 Publications and Final Reports on Contracts and Grants, 1972—NESS. April 1973.

NESS 47 Stratospheric Photochemistry of Ozone and SST Pollution; An Introduction and Survey of Se­
lected Developments Since 1965. Martin S. Longmire, March 1973.


	Structure Bookmarks
	QC879.5U4no.48c.2
	CONTENTS
	ABSTRACT
	INTRODUCTION
	TIROS DATA
	Outgoing Long-Wave Radiation
	Albedo
	Discussion

	NIMBUS DATA
	Nimbus 3
	Satellite Infrared Spectrometer Data

	LONG-TERM AVERAGES
	ANNUAL HEAT BUDGET COMPONENTS ON A GLOBAL SCALE
	CONCLUDING REMARKS
	ACKNOWLEDGMENTS
	REFERENCES





