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PERFORMANCE OF THE NIMBUS II
MEDIUM RESOLUTION KADIOMETER

Musa Pasternak

ABSTRACT

Average radiation values for a 10° latitude-15° longitude global grid were
obtained for all five channels of the Nimbus II Medium Resolution Radiometer
for the lifetime of the radiometer May 15, 1966 to July 30, i966. The tempera-
ture measurements from the 10-11u and the 5-30u channels showed respective
average day-night temperature differences of 3.2°K and 1.9°K, The average
temperature measurements for the 6. 4-6.9u, 10-11x, and the 5-30u channels
associated with 25°-45° nadir angles were 2. 2°K less than those associated with
0-25° nadir angles., However the total outgoing long-wave radiation caiculated
from the 5-30u data did not show any significant limb effect, The meridional
temperature profiles of the channels measuring long-wave radiation showed a
temperature minimum near 5°N, a temperature maximum near 25°N, and a
higher temperature maximum near 15°S, The meridional reflectance profiles
for the 0. 2-4, O channel generally showed reflectance trends in ar opposite di-
rection from those of the long-wave radiation, except that the reflectance mini-

mum near 15°N was displaced from the long-wave maximum at 25°N,
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PERFORMANCE OF THE NIMBUS II

MEDIUM RESOLUTION RADIOMETER

I. INTRODUCTION

The Nimbus II meteorological satellite was equipped with a five-channel
Medium Resolution Radiometer which received data from May 15, 1966 to July 27,
1966. Each radiometer channel measured the electromagnetic radiation emitted
or reflected from the earth and its atmosphere in a selected wavelength interval,
These five wavelength regions were 6. 4-6, 9, 10-11u, 14-164, 5-30u and 0, 2-4u.
The five channels for these wavelength intervals measured the following:(l)

Channel 1 (6. 4-6, 94)

This channel, covering the 6. 7u peak of the 6. 3u water vapor absorption
band, measured temperatures in the upper troposphere, and provided informa-
tion on water vapor distribution in the upper troposphere and in conjunction with
the other channels provided data concerning relative humidities at these altitudes,

Channel 2 (10-11y)

This channel operating in the atmospheric window measured surface or near-
surface temperatures over cleayr portions of the atmosphere.

Channel 3 (14-16p)

This channel centered about the strong absorption band of CO, at 154, meas-

ured radiation emanating primarily from the stratosphere.




Channel 4 (5-30.)

This channel measured the emitted long wavelength infrared energy and, in
conjunction with the reflected solar radiation furnished data for a heat budget for
the planet.

Channel 5 (0. 2-4. 0w)

This channel measured the intensity of reflected solar energy from the earth
and its atmosphere,

In order to study the trend of the radiometer data, the average, daily, weekly,
hiweekly, monthly, and lifetime radiation values for a 10° latitude-15° longitude

grid were obtained for all five channels.

II. METHOD OF ANALYSIS

For each channel the radiometer measured the effective radiance N which
is expressed in terms of equivalent blackbody temperature Tgp for Channels 1
to 4, and in reflectance R for Channel 5.

The relationship between effective radiance, spectral radiance, and black-

-
body temperature for Channels 1 to 4 is the following:

N = JNxfi}\d}\ = Io B)\(TBB)d))\d)\.

0

where
N, is the spectral radiance in the direction of the satellite from the earth and

its atmosphere.



¢ is the spectral response of the instrument
A is the wavelength

By (T,, ) is the Planck radiance, a function of the equivalent temperature T,

88 )
of a blackbody filling the field of view of the channel.
For Channel 4 (5-30.) the blackbody temperatures can also be expressed in
terms of total outgoing long-wave flux by a method developed by Wark, Yamamoto,
and Lienesch, (2)

The relationship between reflectance and erfective radiance N for Channel 5

is the following:
R = =N ro"yﬁ* cos [

where
£ is the solar zenith angle

H* is the effective solar irradiance at the "top'" of the atmosphere

r,. is the ratio of the actual earth-sun distance to the mean earth-sun distance,

0

This reflectance calculation did not consider the anisotropy of the back-
scattered solar radiation, The reason was that the author did not think that com-
pletely adequate formulas considering anisotropy were available at the time.

For each grid point in a 10° latitude-15° longitude global grid, the average
day and night blackbody temperatures were obtained for Channels 1 to 4 and the
average reflectances for Channel 5, The maximum nadir angle for the meas-

urements was 45°, The maximum solar zenith angle for Channel 5 measurements

L




was 70°, The Channel 1 to 4 results were subdivided into measurements asso-

ciated with nadir angles 0°-25° and 25°-45°,

ITI. RESULTS
Some of the results obtained from analyzing the radiation values from a 10°
latitude-15° longitude global grid were the following:

A. Day-Night Temperature Differences*

Data from Channels 2 and 4 showed respective average day-night differences
of 3.2°K and 1. 9°K, Data from Channels 1 and 3 showed no appreciable day-night
changes. In the Chamnel 2 meridional temperature profiles (Figuré 1) the day
values approach the night values in the Southern hemisphere due to the pre-
ponderance of oceans there, In the Channel 4 meridional temperature profile
(Figure 2) the day-night differences are less south of 40°S than in a more northerly
direction due to the ocean influence,

Data from Chznnels 2 and 4 showed that the Pacific night temperatures are
sometimes greater than the day temperatures. In these cases the Pacific is
probably more cloudy in the daytime. The average Channel 2 day-night tempera-
ture differences for the lifetime of the Nimbus II radiometer are shown in Fig-

ure 3. For latitudes 50°N-50°S in this figure, the temperature difierences for

*In this report day and night values were differentiated on the basis of local time. Day values
were those measured at local times 6 A.M. to noon and noon to 6 P.M. Night values were those

measured at all other local times.



the Pacific, Atlantic, and Indian oceans were respectively 0.3°K, 1,1°Kand 1,2°K,

The average continent temperature difference was 13.2°K.
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B. Limb Darkening

Meas-

i Al

Data from Channels 1, 2, and 4 showed limb effects in temperature.
urements associated with 25°-45° nadir angles were less than those associated

with 0°-25° nadir angles by an average value of 2. 2°K, Channel 3 data did not

show any appreciable limb effect.
The Channel 4 fluxes (the effective outgoing long-wave radiation which was

determined from the Channel 4 measurements by the Lienesch temperature-flux
conversion method(?) did not show any significant limb effect; in fact, the fluxes
associated with nadir angles 25°-45° were higher by 0. 004 langleys/min than

those associated with 0°-25° nadir angles. This result is, of course, not surpris-
ing since the conversion method incorporates limb effects and is designed to

yield the total flux from an effective radiance observed under any zenith

angle.

C. Degradation
The monthly averages for Channels 1 to 4 did not change significantly with

time, showing that these channels either had no degradation or had been adequately

corrected for changes in instrument response by the method of on-board in-
strument calibration. The monthly quasi-global Channel 5 reflectance averages

(90°N-50°S) showed a slight dip of 0.8% in the third month of data (July), but this

does not necessarily signify degradation.




D. Global Radiation Values

The global Nimbus II lifetime and monthly radiometer values obtained from
a 10° latitude-15° longitude global grid are summarized in Tables I and II.

The Channel 4 global total long-wave outgoing radiation flux for May 15-
July 27, 1966 (obtained from a 10° latitude-15° longitude global grid) was . 344
langleys/min. The corresponding Channel 5 global reflectance value* was 24. 3%,
which was less than London's(®) value for the same season. The magnitude of
Nimbus II global averages cannot be compared precisely with London's theoretical
values or TIROS VII averages. (London's values are only for the Northern Hem-
isphere, and the Southern Hemisphere values have to be inferred from London's
Northern Hemisphere winter values. TIROS VII had less zonal coverage than
Nimbus II, and more approximations for missing zonal values have to be made
to obtain a value for the global reflectance.)

However, for comparison purposes interpolated TIROS VII, Nimbus II, and
London's values are listed in Table IIi. To obtain the global averages in this
table, approximations were made for the missing TIROS VII values.

E. Meridional Profiles

Meridional radiation profiles for Channels 1 to 5 are shown in Figures 4 to
8. Each figure shows the following three time peiiods in 1966: May 15-June 4,
June 5-July 2, and July 3-July 27.

(1) Channel 1 (6. 4-6, 9)

The meridional profiles for this channel have two temperature maxima on

both sides of a temperature minimum, For each monthly profile the lower

6



temperature maximum is near 25°N, the higher maximum is near 15°S. The
temperature minimum is near 5°N, in the vicinity of the intertropical convergence
zone, (Figure 4).

The same relationship for the temperature maxima and minimum exists for
the temperature profiles of Channel 2 (10-11x) and Channel 4 (5-30.).

The temperature profiles are asymmetrical. As expected, the Southern
Hemisphere subpolar and polar values are colder in the May-July months than
the corresponding Northern Hemisphere values., There is a much greater dif-
ference between the minimum polar values and the maximum value in the South-
ern Hemisphere than between the corresponding values in the Northern Hemisphere.

From 40° to the poles the variation of May data from July data is greater in
the Nortnern Hemisphere than in the Southern. The smaller variation in the
Southern Hemisphere is probably caused by the preponderance of oceans there.

For each hemisphere, the trend of the temperature variation from May to
July is different in the subtropics than near the poles.

(2) Chammnel 2 (10-11p)

The meridional profiles of Channel 2 are similar to those of Channel 1, ex-
cept that the proportion of the temperature variation between the two subtropical
maxima to the total temperature variation in the Southern Hemisphere is less
than in Channel 1 (Figure 5).

(3) Channel 4 (5-30u)

The meridional temperature profiles of Channel 4 are similar to those of

Channel 2 (Figure 6). The Channel 4 measurements were converted to flux
(f




i e,

(total long-wave outgoing radiation) by the Lienesch conversion formula, ) The
meridional flux profile for the lifetime of Nimbus II is shown in Figure 7.

(4) Channel 3 (14-16u)

The Channel 1 temperature profiles are relatively level from 24°N to 25°S,
From 30° to the poles, the Northern Hemisphere values increase and the South-
ern Hemisphere values decrease., The decrease of temperature in a poleward
direction in the Southern Hemisphere from the level portion of the profile is
greater than the corresponding increase of temperature in a poleward direction
in the Northern Hemisphere (Figure 8).

(5) Channel 5 (0. 2-4, 0u)

From 30°N to 30°S the maximum and the minimum trends in the meridional
profiles for the short-wave channel are in the opposite direction from those of
the long-wave channels (Figures 7 and 9). In each monthly profile the reflect-
ance maximum at 5°N and the reflectance minimum at 15°S correspond to the long-
wave maximum and minimum at these approximate locations. The other reflect-
ance minimum is near 15°N, which is displaced from the longwave maximum near
25°N, On the other hand, there is a direct correlation between the reflectance
minima zones and the zones of maximum evaporatiion over oceans, ) and the
converse is true with the zone of maximum reflectance,

Between 30° and the poles, the reflectance profiles have much greater sym-
metry between the Northern and Southern Hemisphere values than the profiles

for the long-wave Channels 1 to 4,
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IV. CONCLUSION

The Medium Resolution Radiometer data in Nimbus II showed significant
advantages over that of the TIROS satellites due to the wide global coverage of

the satellite and the lack of instrumental degradation. Unfortunately, the lifetime

of the radiometer was only ten weeks, More valuable meteorological information

is anticipated from future Nimbus satellites having a longer lifetime radiometer.
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Nimbus II Approximate Monthly Weighted Global Values

Table II

Lifetime:
Date May 15- June 5- July 3-
May 15-
1966 June 4 July 2 July 27
July 27
Channel Unit
No. 7
1. 6.4-6.9 °K 237.1 237.7 238.1 237.6
2. 10-11 °K 272,6 273.3 273.1 273.1
3. 14-16 °K 223.4 223.4 223.0 223.2
4, 5-30 °K - 257.8 258.5 258, 3 258, 3
5. 0.2-4.0* % 24.6 24.5 23.8 24,3
4, 5-30 FLUX .341 . 345 . 343 . 344
Langleys/
Min,

*The solar constant used was 2.00 langleys/min. A more recent solar constaat of 1.942 would in-

crease the May, June, July, and lifetime global reflectances to 25.3%, 25.2%, 24.5%, and 25.1%

i

respe ctively.
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Comparison of Total Outgoing Long-Wave Radiation

Table I

and Reflectance Global Averages

Total Global Outgoing Long-Wave Radiation (langleys/min)
Calculation
Nimbus II* TIROS VII' | TIROS v 3
by London3)
Period May 15- June- July- June-
dJuly 27, 1966 August 1963 | August 1963 August
Channel #4 (5-30u) #2 (8-124) #4 (5-30u) -
Weighted .344 (obtained | .351 . 336 .324
Flux from 10° lat, -
Average
15° long. grid)
Global Reflectance (%)*
: Period May 15- June- June- June-
July 27, 1966 | August 1963 | August 1963 August
Channel #4 (0. 2-4y) #5 (0,55- #3 (0. 2-4u) -~
0. 754)
Weighted 24.3 21.3 19.5 34.8
Reflectance
Average

*Nimbus II reflectance measurements were in zones 90°N-50°S. To compute global averages, re-
flectances were interpolated for the remaining zones.

TThe TIROS VII reflectance values listed here have been corrected for change of instrument re-
sponsc with time.

*Global reflectances used solar constant of 2.00 langleys/min. using a newer value of the solar

constant of 1,942 langleys/min. raises the global reflectance of NIMBUS II to 25.1%.

12
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