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ABSTRACT .

meter data from the two satellites are described.

The procedures used to process the Flat Plate Radio-

The results

are presented for the periods of good data acquisition: 23

March through 25 June 1970 for

ITOS 1 and 18 February through
16 March and 10 May through 27 May 1971 for NOAA 1.

For the

common observation month of May in 1970 and 1971, no significant

variation in globally averaged albedo was observed.

The mean

values of outgoing long-wave flux (518 ly/day) are in agreement

with prior observations from ESSA,

Nimbus, and Meteor satellites.

The derived planetary albedo values are higher than prior obser-

vations, possibly because the

ITOS and NOAA observations were

made at local times when convective cloudiness over land is most

intense.

I. INTRODUCT ION

NOAA 1 and ITOS 1 carried omnidirectional

Flat Plate Radiometers (FPRs)4 for measuring
the outgoing radiation from Earth and the
atmosphere. Black and white sensors are used
to observe respectively the short-wavelength
(0.2- to 4.0-ym) and long-wavelength (4- to
40-ym) components of the outgoing flux of
radiation at satellite altitude. The flux,
formed by the integral over =z« sr of radiance

components impinging on the flat plate sensor,

emanates from an Earth area several thousand
kilometers across.

mating certain large-scale features of the

Improved TIROS Operational Satellite
(ITOS); Television Infrared Observation
Satellite (TIROS); National Oceanic and
Atmospheric Administration (NOAA)

2

3National Environmental Satellite Service
(NESS)

Office of Management and Computer Systems

4There were two types of FPRs on these two
satellites, a Radiative Equilibrium Sensor
and a Thermal Feedback Sensor. Difficulties

were encountered in attempting to process the

Thermal Feedback Sensor data; thus this
memorandum deals solely with the processing
of the Radiative Equilibrium FPR data.

The spatial resolution of
these data is considered sufficient for esti-

Earth"s radiation budget (e.g., the mean
monthly zonal and meridional radiation pro-
files and the time and space variation of
mean monthly albedo, long-wave flux, and net
radiation on the scale of continents and
oceans). The net planetary radiation budget
value derived by global integration of the
low-resolution FPR data is, in principle,
limited only by the sampling characteristics
of the satellite®s orbit.

In this memorandum, the procedures used to
process the 1T0S-1 and NOAA-1 FPR data are
given. The results are presented for the
periods of good data acquisition. These
periods were 23 March through 25 June 1970
for ITOS 1 and 18 February through 16 March
and 10 May through 27 May 1971 for NOAA 1.

The 1TOS-1 and NOAA-1 FPRs were developed
by the University of Wisconsin at Madison.
The universityTs instruments also were flown
on ESSA 3, 5, and 7, which were spinning
satellites. The data from these earlier
experiments have been processed by both the
University of Wisconsin (Suomi et al. 1967)
and the National Environmental Satellite
Service (MacDonald 1970).

The I1TOS-1 and NOAA-1 FPRs, like those on
the ESSA satellites, experienced degradation
in orbit. Since there was no on-board
calibration facility for these iInstruments,

"~AEnvironmental Science Services Adminis-
tration (ESSA)



certain assumptions about the Earth"s radia-
tive properties were necessary to obtain
meaningful radiation values from the raw
data output of the FPRs. In processing the
spinning ESSA satellitefs FPR data, one
assumption was that the Net Planetary Radia-
tion (NPR) was zero when integrated over a
period of several days. Another assumption
also was necessary—no discontinuity in the
meridional gradient of outgoing long-wave
radiation as the ESSA satellite moved from
darkness to daylight (MacDonald 1970).

ITOS 1 and NOAA 1 were stabilized by three
axes so that the FPR always faced Earth. As
a consequence, the data-processing procedures
differ from those for the spinning FPR. The
following decision was reached--not to impose
the zero NPR assumption for calibration of
the NOAA FPR data because it is unlikely to
hold for the Earth over short periods espe-
cially because the sampling was at only two
local times (3 a.m. and 3 p.m.) for ITOS 1
and NOAA 1.

Il1.  PHYSICAL BASIS OF THE MEASUREMENT

The FPR measurement of radiation flux is
based on the radiative equilibrium principle
[i.e., an absorbing (and emitting) body sus-
pended in space will assume a temperature
equal to that of another emitting (and
absorbing) body surrounding it]. IT the
FPR were a perfect black body completely
isolated from its surroundings (i.e., the
spacecraft) and the Earth were the only
source of radiation, then the flux of radia-
tion leaving the Earth-atmosphere system
would be related directly to temperature of
the FPR by the Stefan-Boltzmann law. OF
course, the FPR is not such a perfectly
absorbing radiation sensor; and it is not
suspended in space but is in thermal contact
with a spacecraft. Consequently, the rela-
tionship between the equilibrium temperature
of the FPR and the Earth radiation flux
sensed is more complicated.

A full description of the FPR is given by
Nelson and Parent (1967). The sensor con-
sists of two, plane surface disks (one black
and one white) exposed to radiation within
2tt sr about the disk normal (the satellite
nadir). The black disk is a good absorber
of both long-wave and short-wave radiation;
the white disk is a good absorber of the
long-wave radiation component but is a strong
reflector of the short-wave radiation. The
use of the black and white disks enables one
to distinguish between Earth-emitted long-
wave radiation and Earth-reflected short-wave
radiation. The device is shielded from
radiation emitted by the spacecraft. The
disks are suspended by thin threads to mini-
mize conduction; however, the heat transfer

by conduction must be taken into account.

A thermistor is used for measuring the temp-
erature of the disks and the disk mounts.
Knowing the thermal conductivity of the
threads that suspend the disks permits deter-
mination of the conductive heat exchange.
The heat loss by radiation can be determined
readily if the emissivity and temperature of
the disks are known. Finally, the thermal
heat capacity and rate of change of disk
temperature must be known to account for the
time rate of change of stored heat.

111, CALIBRATION OF THE FPR DATA

A. General Considerations

Earth radiation flux values from the FPR-
sensing disk temperature observations are
determined through solution of heat balance
equations for black and white sensors. The
heat balance equations are:

4
a .S+ a .R+f’—3.L e3.0TJ.
+ e . (T T
3(3 m)
+ K (1)
where
S direct solar irradiance on the disk,
R Earth-reflected solar irradiance on
the disk,
L Earth-emitted irradiance on the
disk
3 sensor type (b or w for black or
white),
a absorptivity of the disk for direct

solar radiation,

a absorptivity of the disk for re-
flected solar radiation,

absorptivity of the disk for emitted
long-wave radiation,

“h3
emissivity of the disk,
Stefan-Boltzmann constant,

T disk temperature,

c coefficient of heat conduction from
3 the sensing disk to its mounting,

temperature of the sensor mount,



K. disk heat capacitance coefficient,
3 and
t = time.

Obtaining useful estimates of the Earth
radiation components when there is direct
solar radiation on the sensors was found
to be difficult because, in this case, the
term a 3 S in eq (1) is much larger than

S,
the (@ _. R +4 0tasy L) term. Also, the depen-
r,3

dence on a on solar incidence angle is not

well known? As a consequence, data were
not processed during periods of direct
solar illumination. This constraint caused
gaps in the long-wave radiation during the
night for areas extending over 30° of
latitude in the winter hemisphere.

IT one neglects data when S / 0 and
divides by a% 5 eq (1) becomes

5

R+L=¢ off+c (& T)
3 m
+ K'j (2
j dt
where the prime denotes division by a 3 In

processing the data, one must assume values
for the coefficients of eq (2). Values for

0. and K. were determined from calibration
A

t%sts by3the University of Wisconsin. In
MacDonald (1970), an assumption on the basis
of prior inflight experience was that the
ratio of emissivity to absorptivity of the
black sensing disk for long-wave radiation
(i.e., was invariant throughout the

life of the sensor (i.e., any degradation
of the black paint results in a proportional
change in emissivity and absorptivity). In
like manner, another assumption was that
any change of the absorptivity of the black
sensing disk for reflected short-wave
radiation was proportional to a change in
its absorptivity for long-wave radiation
(i.e., a'b is constant). The values of

the assumed constants, based upon calibration
data provided by the University of Wisconsin,
are given in table 1.

The coating used on the white sensing disk
is known to degrade in orbit (House 1965,
MacDonald 1970). Consequently, the values
of the coefficients a" and e" for the white
sensor were defined from in-flight data in
the subsequent described manner. Once these
coefficients were defined, the long-wave
and reflected radiation components of the
flux of radiation from the Earth at satellite
altitude were calculated from the simul-
taneous solution of eq (2). For daytime
conditions

Table 1.—Values of the coefficients
assumed to be invariant in orbit*

ITOS 1 NOAA 1
Black White Black White
a'é 1.055 Variable 1.081 Variable
£'3 0.98 Variable 0.98 Variable
0'3 .000888 0.001080 .000917 0.001080
K'g -00337 .00395 .00348 .00395
*Units of c. and K. are cal/(cm °C min)

23
and cal/(cm °C), respectively.
Note that variations in aigg will produce

small variations in 0'3 and K'g; however,

since the terms involving 0" . and K" * are

relatively small, such variations can be

neglected.
R =0, (Ga)
a" E,_ - a\E
L= w b b ~w 3b)
and EW ) EH
R = ' (30)
w b
For nighttime conditions,
E, +
L= ", S )
and
R = 0. 3e)
In eq (3) dT
E = e". oTh + 0" AT. T) + K", )
1 0 3 3 3 m J

where 17., T , and dT./dt are evaluated from

- ] _
the thermistor outputs obtained once every
minute

B. In-Flight Determination of the
Absorptivity-Emissivity Coefficients
for the White Disk

Values for the coefficients c", and a"
W

were determined daily. The specification of

was straightforward using nighttime
w
observations of EW and Eb

V-KVETE

oT

From eq (2), at

night when R = 0,
E7 cr (T
wow



where E™ has been defined by eq (4). The

average value of z° determined from all the

nighttime observatigns over a 24-hr period,
was used to process all the daytime observa-
tions for the same 24-hr period.

To determine a" , one must impose some

assumption about ¥he Earth*s radiative field.
For example, MacDonald (1970) assumed that
the net planetary radiation is equal to zero
over short periods of time (e.g., a week or
less). Since this did not seem to be a
reasonable assumption, considering the time
and space bias of the observations obtained
from a single satellite, another more realis-
tic assumption was desired. On the basis of
comparisons between 30-day mean values of
daytime and nighttime infrared radiation
observations from the scanning radiometers
aboard the NOAA satellites, there was no
significant systematic difference between
daytime and nighttime values of outgoing
long-wave radiation over tropical oceanic
regions (Winston 1975). As a result of this
finding, an assumption was that, over a
period of 7 days, the mean long-wave radia-
tion flux reaching the FPR from the tropical
oceans (30°N to 30°S) was the same both by
night and by day. Equation (3b), written
separately for daytime and nighttime values
and equated to eliminate L, yields the solu-

where EN and EN are average daytime values of

E [from eq_(4)] for the white and black
disks and E® and E® are average nighttime

values for the 7-day period.

Figures 1A and 1B show the variation of z"w
and a" obtained for the 1T0S-1 and NOAA-1
w

FPRs, respectively, for the periods of use-
able data. The short-term fluctuations are
noise attributable to insufficient data for
defining accurate mean energy values to
compute z" and a” The white sensor on

w w
ITOS 1 apparently degraded significantly over
a 3-mo period of observation; this is indi-
cated by the increase in z" (because of a
w

decrease in long-wave absorptivity) and a°
w

(because of a decrease in the short-wave
reflectivity of the coating of the white
disk). For NOAA 1, the time variation was
somewhat different in that there was no
significant change in the ratio of long-wave
emissivity to absorptivity of the white disk
but a significant degradation in the reflec-
tivity (increase in absorptivity) of the
white disk to Earth-reflected short-wave

radiation (i.e., a'W increased for 0.36 to

about 0.42 between February and May 1971).
C. Additional Considerations

Having defined all the coefficients needed
to calculate E~ and E” using eq (4) as well

one computes L and R every

minute through the satellite orbit. (ITos 1
and NOAA 1 travel about 900 km in 1 min.) To
reference the fluxes observed at satellite
altitude (1460 km) to the flux at the effec-
tive "top of the atmosphere” (10 km), one
must assume that the Earth’s radiation field
was isotropic. This assumption is, of
course, not generally valid; but it enables
one to account for systematic differences in
the measurements of flux due to the geometry
of the measurement (i.e., the sensor alti-
tude). The geometrical relationship between
the flux of isotropic radiation from the
Earth, observed by a flat plate sensor at a
reference altitude hQ with respect to that

as and a™_,

observed at a satellite altitude h , is

fon (HI?)2 <T>

where F is the flux of isotropic Earth
radiation, r is the radius of the Earth, and
C is a geometric constant. For ITOS 1 and
NOAA 1, C is approximately 1.51.

The values of Earth-reflected radiation
are converted to albedo [eq (4)] using the
relation

A =R/I. ®)
J, the incoming solar irradiance, is given
by 2
I = Sq cos 0Q/p €©))

where S” is the solar constant, assumed to

be 2794 ly/day (Drummond 1970, Thekaekara
and Drummond 1971), 6" is the solar zenith

angle at the centroid of the illuminated
Earth area, and p is the Earth-Sun distance
in units of its mean. The Earth location of
the centroid of the illuminated area, which

is used to compute 0" and to locate A geogra-

phically, is obtained in the same manner
given by MacDonald (1970).

The "net radiation™ N is obtained by the
relation

N=1—-R—L= (1 - A)I - L. (10)

IV. RESULTS

Figures 2, 3, and 4 show maps of outgoing
long-wave radiation flux and albedo derived
from ITOS-1 FPR data for the months of
April, May, and June 1970, respectively.
These maps were produced by means of a



standard objective analysis program utiliz-
ing a numerical grid with a 5° x 5° latitude-
longitude mesh. Since the Earth area from
which 90% of the radiation sensed by the FPR
observation originates has a radius of 7.5°,
each observation was allowed to influence all
grid points within 7.5° of great circle dis-
tance from the satellite subpoint at the time
of measurement. This was accomplished by
weilghting the observation assigned to the
various grid points by a value proportional
to the inverse square of the distance of the
grid point from the satellite subpoint. This
analysis procedure appears to give better
definition to highs and lows than when the
observation was assigned only to the grid
point nearest the satellite subpoint.

The maps presented here are similar to
those obtained from radiation budget measure-
ments from prior satellites (Winston and
Taylor 1967, Raschke and Bandeen 1970,

Vonder Haar and Suomi 1971, Vonder Haar et
al. 1972). Most of the cellular features of
the long-wave radiation and albedo patterns
are produced by cloudiness because centers of
high albedo correspond to centers of low out-
going long-wave radiation. The most notable
exception to this characteristic is found
over Northern Africa where there is a maximum
of both outgoing long-wave radiation and al-
bedo because of its warm and bright desert
surface. The most intense zonal gradient of
radiation is found over India; this zone
intensifies dramatically over the 3-mo period,
possibly because of the concurrent develop-
ment of the summer monsoon. Another time
variation is the northward shift of the cen-
ter of low outgoing radiation from northern
South America into the Caribbean. Since the
center of high albedo remains stationary

over South America, this northward shift may
be due to the increase in cirrus clouds over
the Caribbean, which would affect the out-
going long-wave flux more than the albedo.
Also interesting are the development of a
large ridge of outgoing long-wave radiation
over the west-central part of the United
States and a trough off the east coast. In
this case, however, the albedo pattern re-
mains nearly zonal over the 3-mo period.

This feature probably is due to the relative-
ly large increase in the surface temperature
of the continental United States and little
change in cloudiness throughout the spring
months.

Figure 5 shows the net radiation patterns
for April, May, and June 1970. The only
zonal features that stand out, because of
the low geographical resolution of the FPR
data, are the subtropical high radiation
sources and Sahara radiation sink, both of
which change considerably throughout the
Northern Hemisphere spring season.

Figures 6, 7, and 8 show .the long-wave
radiation, albedo, and net radiation patterns,
respectively, derived from the NOAA-1 FPR
data for 18 February through 16 March and 10
May through 27 May 1971. There are some
notable differences between the patterns of
May 1970 with those of May 1971; however,
many of these differences may not be real
but may be due only to differences in obser-
vation patterns of ITOS 1 and NOAA 1. The
geographical distributions of the population
of both day and night long-wave observations
and albedo are presented in figures 9, 10,
and 11. Comparison of figure 3 with figures
6B and 7B shows that the zonal gradients of
long-wave radiation and albedo in the trop-
ical latitudes are much stronger for May
1971. Note also the more intense low long-
wave radiation center over South America;
however, the population maps in figures 9
and 10 show much greater gaps in the NOAA
satellite coverage for May 1971 than in the
ITOS satellite coverage for May 1970. The
difference in the long-wave radiation low
center over South America is probably due
to the fact that, for May 1970, this feature
was derived from an average of the day and
night 1TOS observations while, for May 1971,
it was derived only from daytime NOAA obser-
vations. (See fig. 10B.) Since convective
cloudiness is responsible for the outgoing
long-wave radiation minimum, that the NOAA-1
daytime observations reveal a more intense
minimum than the 1T0S-1 day and night obser-
vations is not surprising. Also note that,
in May 1971, there is an intense radiation
low over the Gold Coast of Africa; in May
1970, there is only weak evidence of this
feature. Here, again, figures 10 and 11
show that this area is a region of relatively
few daytime and nighttime observations for
NOAA 1; however, this feature is real (see
the subsequent text) and may have propagated
from the interior of South Africa. (See
fig. 6A.) The net radiation fields (fig. 8)
show that the relative deficit of radiation
over the Sahara Desert is much less intense
during the February-March period. Although
this might be expected because of lower
surface temperatures (outgoing long-wave
radiation) during the winter months, much
of this difference may be due to the lack
of useable NOAA-1 nighttime observations
over the Sahara during May.

Figure 12 shows the outgoing long wave
radiation flus patterns for May 1971
obtained from the NOAA-1 high resolution
Scanning Radiometer (SR). The flux values
were estimated from the SR 11-ym window-
channel radiances using regression rela-
tionships derived from theoretical computa-
tions of total flux and 11-ym radiance. The
instantaneous resolution of the SR is 4 n.mi.



at nadir; but in this presentation, the
values have been averaged over areas of 5° of
latitude by 5° of longitude. Comparisons
between figure 12 and figure 6B show good
correspondence between the large-scale
features of the flux patterns derived from
the observations obtained by the FPR and SR
sensors. Examples are the ridge of high
values over Canada, the low center over South
America, the high values associated with the
subtropical high pressure regions, the in-
tense gradient over India, and the intense
low center over the Gold Coast of Africa.

The differences between the two patterns are
caused by the differences in resolution of
the two sensors. The low resolution of the
FPR drastically smooths the true Earth out-
going flux pattern. Note that the FPR is
incapable of resolving the intensities of the
low and high radiation centers and of the
band of minimum outgoing radiation flux near
the Equator (EQ) because of the cloudiness
associated with the intertropical convergence
zone. The inherent smooth representation of
the true Earth outgoing flux field is the
major deficiency of FPR flux measurements at
satellite altitudes.

Figures 13 and 14 present profiles of the
zonally averaged radiation parameters.
Comparing May 1970 with May 1971 (fig-
one finds generally good correspondence
between the zonal mean outgoing long-wave
flux in the Southern Hemisphere and the
albedo in the Northern Hemisphere. South of
20°S, however, the albedo for May 1971 is
higher than that of 1970; however, only a
minor difference in the net outgoing radia-
tion for the 2 yr between 20°S and 40°S
results because of compensatory differences
in the long-wave radiation for the 2 yr. The
zonal mean values of net radiative heating
appear to be slightly greater for May 1971
than for May 1970; however, these differences
may not be significant since they may reflect
only differences at the 3 a.m. and 3 p.m.
sampling times. This difference in net
radiation is mainly due to long wave radia-
tion measurements tending to be higher during
May 1971 than during May 1970 in most lati-
tude zones; this indicates that this net
radiation difference is due to deficiencies
in the calibration of the ITOS and NOAA FPR
instruments rather than to a real difference
in the atmospheric radiation budget.

Finally, table 2 presents global average
values (weighted by area) of the radiation
budget parameters. There is excellent corres-
pondence between the globally averaged
albedo values for the 2 yr, with the plane-
tary albedo generally decreasing between
February and June. Both the

14),

ITOS-1 and NOAA-1

Table 2.—GIlobal average values of albedo,

long-wave, and net incoming radiation
satellite Albedo LOng-wave Net Flux
Flux
ITOS 1 (1970) (%) (ly/day) (ly/day)
Apr. 34.8 525_4 -54
May 34.1 525.2 -68
June 33.3 524.5 -73
NOAA 1 (1971)
Feb.-Mar. 35.1 510.0 -25
May 34.4 509.6 -54

indicate a very slight
decrease in outgoing long wave radiation
flux, the net result being an iIncrease in
the net radiation gained by the Earth-
atmosphere system; however, the 3% relative
difference indicated in the outgoing long-
wave Tlux for the 2 yr is not believed to be
real. The differences most likely are due
to uncertainties in the values assumed for
the various emissivity, conductivity, and
heat-capacity coefficients used for cali-
brating the FPR data.

The planetary albedo values derived from
the ITOS-1 and NOAA-1 data are higher than
those reported by Vonder Haar (1972) and
others ("34% vs. ~30%). There is, however,
agreement in the 2-yr average value of
outgoing long-wave radiation (7518 ly/day).
Also, we note that the I1T0S-1 and NOAA-1
observations both indicate a net loss of
radiation on the planetary scale. Both
the albedo discrepancy and the planetary
radiation deficit might be due to the 3 p.m.
local sampling time of the ITOS and NOAA
orbit. The albedo tends to be a maximum in
the middle and late afternoon because that
is the period of maximum convective cloud-
iness over land; however, the total outgoing
long-wave radiation does not decrease at the
same rate as the albedo increases because of
the corresponding increase in the surface
temperature as convective cloudiness in-
creases during the afternoon hours. In
fact, comparison of monthly mean nighttime
and daytime (3 a.m. and 3 p.m.) values of
outgoing long-wave radiation over areas of
extensive daytime convection (e.g., northern
South America) indicated little diurnal
variation. Consequently, the relatively
high values of albedo that cause the net
radiation deficit for the globe appear to be
a result of the local sampling time of the
satellite, which in this case is unrepre-
sentative of mean daily conditions. If the
actual planetary albedo value observed at
3 p.m. 1is 35%, this value represents a 17%
increase over the previously observed daily

measurements also



average of 30%. This result dramatically
illustrates the need for representative
diurnal sampling to estimate the planetary
albedo and net radiation from satellite
observations

Table 2 also indicates that an assumption
of zero net planetary radiation to calibrate
the white sensor (which was made in the past)
would have produced erroneous albedo results.
IT radiation balance had been assumed for the
ITOS and NOAA sampling times, an erroneously
low planetary albedo value of 26% would have
resulted.

V. CONCLUSIONS

Radiation budget data were derived from the
ITOS-1 and NOAA-1 FPR data. Unfortunately,
there were only brief periods of good data
acquisition from the two satellites. For the
common observation month of May in 1970 and
1971, no significant variation in globally
averaged albedo was observed, but there was a
3% decrease in the outgoing long-wave radia-
tion observed between 1970 and 1971. This
change is believed to be spurious because of
the calibration uncertainties of the ITOS and
NOAA FPR instruments. The 2-yr mean value of
outgoing long-wave flux (518 ly/day) is,
however, in agreement with prior observations
from ESSA, Nimbus, and Meteor satellites
(Vonder Haar et al. 1972). The derived
planetary albedo values are higher than prior
observations, presumably because the ITOS and
NOAA observations were made at local times
when convective cloudiness over land is most
intense.

In the near future, highly improved (from
an accuracy standpoint) Earth radiation
budget data will be obtained from the Nimbus-
F Earth Radiation Budget (ERB) experiment
(Smith et al. 1975). In addition to wide-
angle sensors for measuring total flux at
satellite altitude, the ERB has high reso-
lution scanning channels for observing the
angular distribution of upwelling long-
wave and short-wave radiance. From these
measurements, fluxes of radiation can be
obtained on the synoptic scale (500 km).

Thus, to determine major regional sources and
sinks of radiation and to assess their in-
fluence on the large scale and planetary
radiation budget values obtained during the
past decade with low-resolution plate and
sphere sensors should be possible.
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Figure 1.—Variation of erw and a"w obtained from FPRs aboard (A) 1TOS 1 (1970) and (B)

NOAA 1 (1971)



Figure 2. Global analysis of measured outgoing long-wave radiation (A) and albedo (B)
from the 1TOS—1 FPR for April 1970. Long wave radiation values are in tens
of langleys per day; albedo values are in percent.
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Figure 3.—Same as figure 2 except this is for May 1970.
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Figure 4.—Same as figure 2 except this is for June 1970.
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Figure 6.—Global analysis of measured outgoing long-wave radiation from the NOAA-1 FPR for
(A) 18 February through 16 March 1971 and (B) 10 May through 27 May 1971. The
values are in tens of langleys per day.
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Figure 8.—Same as figure 6 except this is measured net radiation. The values are in tens
of langleys per day.
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Figure 9.—Number of daytime long-wave radiation observations (A) for the
May 1970 and (B) for the NOAA-1 FPR during May 1971.
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Figure 10.—Number of nighttime long-wave radiation observations (A) for the
during May 1970 and (B) for the NOAA-1 FPR during May 1971.
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Figure 11.—Number of albedo observations (A) for the
(B) for the NOAA-1 FPR during May 1971.
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igure 13.—Profiles of zonally averaged
long-wave radiation, albedo, and net
radiation derived from FPR measurements
aboard 1TOS 1 during April, May, and June
1970 and NOAA 1 during February, March,
and May 1971.
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May 1971.
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