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Nimbus satellites provide new and better meteorological observations from space to serve
the needs of meteorological research and to yield the necessary technological developments, both spacecraft and sensory, for future operational meteorological satellites. Nimbus II fulfills this objective by obtaining almost continuous, regular global observations
of meteorological features on four different size scales and in seven spectral bands with
three basic experimental sensory systems: An array of television cameras: the Advanced
Vidicon Camera System (AVCS), and the Automatic Picture Transmission, (APT), camera,
a scanning High Resolution Infrared Radiometer (HRIR), and a scanning, five-channel
Medium Resolution Infrared Radiometer (MRIR). HRIR observations can be retrieved
in two modes: by playback of the data recorded and stored on the satellite via the prime
Data Acquisition Facilities (at Rosman, North Carolina, and Gilmore Creek, Fairbanks,
Alaska) and by direct transmission to any of the APT ground stations throughout the
world. At this time we know of about 150 such independently operated, often "homemade," ground stations. Their number has tripled since Nimbus I transmitted the first
useable TV pictures via APT in 1964 (Nordberg and Press, 1964). Data from the APT
camera are also transmitted directly to these ground stations but cannot be stored in the
spacecraft. Data from the Advanced Vidicon Camera System and from the MRIR can
only be acquired via the prime Data Acquisition Facilities (DAF) through storage on
the spacecraft. Spacecraft housekeeping, attitude, and experiment calibration data are
acquired in the same fashion. Data received at Goddard Space Flight Center from the
prime DAF are automatically decoded, recorded, and displayed with appropriate latitudelongitude and time references.
As previously announced, Nimbus II was successfully launched from the Western Test
Range, Calif., on 15 May 1966 at 07 55 34 UT. A nearly polar, circular, sun synchronous
orbit was achieved as planned. The height of perigee is 1095 km; the height of apogee
is 1179 km. The orbital inclination and period are 100.3 degrees and 108.06 minutes,
respectively. The satellite is northbound over the daylight portion of the Earth and
southbound during night. Stabilization of the spacecraft in three axes is excellent permitting a continuous Earth orientation of the meteorological sensors, generally within
± 1 ° . All experiments are performing successfully as planned. Data retrieval from
Nimbus II is achieved with considerably greater efficiency than from Nimbus I. Table 1
shows a comparison of stored data recovered from both spacecraft through the first 369
orbits after which Nimbus I ceased to operate. The total number of minutes for which
1

i Weatherwise, 19, No. 3, June 1966, p. 99; Bull. Amer. Meteor. Soc., 47, No. 7, p. 576.
TABLE 1
Experiment (up to orbit 369)

Nimbus I

Nimbus II

(frames)
APT (minutes)
H R I R (minutes)
M R I R (minutes)

12,200
7,000
6,000
*

28,300
21,600
15,900
(8,100)**
27,000

AVCS

* Not flown on Nimbus I.
** Direct Transmission H R I R .
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APT camera and APT/HRIR data were transmitted worldwide is also shown. Archived
HRIR and MRIR data can be obtained from the NASA Space Science Data Center;
TV pictures are archived with the National Weather Records Center. Monthly catalogs
are published containing information about the quantity, type, classification, and Earth
coverage of all Nimbus II data. Referring to this catalog, one may request data by subject, geographic location, orbit number, sensor, or any combination of these. A complete description of the data retrieval system is published in the Nimbus II Data Users'
Guide (1966).
Photography and
H R I R experiments

Except for the adaptation of the HRIR to the APT system and the incorporation of a
Data Code into the APT photographs, the AVCS, APT, and HRIR experiments are
essentially identical to those flown on Nimbus I (Nordberg and Press, 1964). Three
separate cameras comprise the AVCS. Each camera consists of a nominal 18-mm focal
length lens and an 800-line Vidicon scanning a 0.44 X 0.44 inch image area. Spatial
resolution is one-half mile on the Earth's surface near the satellite subpoint. This is
slightly less than for Nimbus I because of the higher orbital altitude of Nimbus II. The
camera iris can be automatically and continuously varied from f/4 at minimum solar elevation (near the poles) to f/16 at maximum solar elevation (near the equator) or fixed
iris settings at either f/8, f/11, or f/16 can be programmed.
Simultaneous frames from each of the three cameras form a contiguous picture triplet
across the orbital path. Successive triplets are taken at 91-second intervals and are contiguous along the orbital path. The entire Earth is viewed by the AVCS each day.
However, data for about 10 per cent of the viewed area cannot be retrieved because the
tape recorder can only store about 54 pictures for each camera and an average of two
to three successive orbits each day are "blind," that is, when the satellite is outside the
communication range of the prime Data Acquisition Facilities. In contrast to Nimbus I the gray scale resolution of Nimbus II AVCS pictures favors the white end of the
gray scale. This results in better cloud resolution but poorer landmark detection, a
preferable choice for meteorological purposes.
The Automatic Picture Transmission (APT) Camera consists of a 6-mm focal length
lens and a special long-storage (high dielectric) Vidicon of the same size as in the AVCS
(0.44 X 0.44 inch). The slowly scanned image (800 lines in 200 sec) is immediately
broadcast from the satellite and can be acquired in real time by a simple receiver within
line of sight of the spacecraft. A Data Code experiment (Goldshlack and Widger, 1966)
has been integrated with the transmitted TV pictures. This is a communication experiment which automatically provides a coded message on each picture indicating the time
the picture was taken and updating orbital information necessary for acquiring and geographically gridding forthcoming picture transmissions. Successive APT frames are
taken at 208-sec intervals. The entire area within a radius of almost 3000 km from the
receiver may be covered by one APT station during three successive passes of the satellite.
Fig. 1 is an APT frame depicting the remnants of Hurricane Alma centered near the
North Carolina-Virginia coast (35N, 73W) at the left edge of the picture. A cyclone is
located in the North Atlantic centered at 48N, 49W (right edge of picture). A frontal
cloud band connects the two systems. Nova Scotia and Prince Edward Island are visible
in the upper central part of the picture. This picture again demonstrates the value of
APT for the immediate identification of synoptic scale meteorological conditions by local
stations. The column of rectangular patterns at the right edge of the picture represents
the binary code of the Data Code Experiment. In this case the Code indicates that the
picture was taken on Day 163 (12 June) at 15:03:34 UT, that the longitude of the ascending node of orbit 383 will be 147.5 degrees East at U T 01:40:11. It also indicates the
ascending node increment (27.04°), the nodal period (1:48:10), the latitude of perigee
(79.73S), the time of perigee (03:01:22 UT), and the motion of perigee (0.77 deg. per
orbit) for orbit 383.
The High Resolution Infrared Radiometer (HRIR) experiment is also essentially the
same as that flown on Nimbus I (Foshee et al., 1965). Radiation is measured in the atmospheric "window" between 3.4 and 4.2 microns. A rotating mirror scans the Earth
from horizon to horizon, perpendicular to the orbital path, and a 4-inch-aperture Cassegranian telescope focuses the radiation onto a radiatively cooled PbSe detector. The
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FIG. 1. Single frame of
APT picture received and
recorded at Goddard Space
Flight Center from Nimbus
II orbit 377 on 12 June
1966 at 15:03 UT. Three
to five such frames are generally received during one
typical orbital pass. Three
orbital passes are generally
acquired by one station.

FIG. 2. Time-strip chart
presentation of MRIR data
for orbit 25/26, 17 May
1966. This presentation is
produced automatically for
each orbit from which data
are received. Radiation intensities measured in the
five spectral ranges indicated on top of chart are
shown at left. The geographic grid which applies
to each data strip is shown
in the sixth strip from left.
Crosses signify the locations
of bench marks indicated
in the five radiation strips.
Latitude and longitude coordinates for these bench
marks are printed in strip
#7. Strip #8 shows the
time of recording in five
minute increments in universal time (UT). Strip #9
on the right edge shows the
gray scale related to radiation intensities. The relation between gray scale
numbers and equivalent
blackbody temperatures for
each channel is given in
Table 2. Light shades correspond to cold temperatures or high reflectance
values; dark shades correspond to warm temperatures or low reflectance
values.
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The M R I R experiment

angular field of view is 7.8 X 7.8 milliradians. The motion of the satellite advances
each successive scan by approximately 9 km, the width of the sensor's resolution. An
entire nighttime segment of the orbit consists of about 2400 contiguous scans. The
HRIR permits accurate measurements of blackbody surface and cloud top temperatures
at nighttime and measurements of reflected solar infrared radiation from various surfaces
on the earth during daytime (Nordberg, 1965). The tape recorder stores 112 minutes
of HRIR data which would ideally result in full earth coverage every 24 hours, if nighttime observations only were recorded. Since there is, however, considerable interest in
daytime observation in this part of the spectrum and since there are some practical difficulties in operating the tape recorder at full capacity, the two "blind" orbits each day
are generally missed. Using the APT system each scan of the HRIR is also transmitted
directly so that APT stations may receive HRIR data on all nighttime passes, when
within the line of sight of the satellite. A change in speed is necessary between recording APT television and HRIR data to properly synchronize the radiometer scans.
The radiation measurements obtained with the Medium Resolution Infrared Radiometer
(MRIR) experiment render the best satellite observations yet of the vertical structure of
the lower atmosphere. Basically, the measurements are of the same nature as those obtained previously on four TIROS satellites (Bandeen et al. 1965). The spatial resolution is also very similar to TIROS. The radiometer has an angular, instantaneous field
of view of 0.05 X 0.05 radians which corresponds to an area of about 60 X 60 km on the
surface of the Earth at the satellite subpoint. However, accuracy, data coverage, and
data reduction have been vastly improved in the Nimbus II experiment: The Nimbus
radiometer has two "in flight" calibration check points; zero radiation when the scan
mirror views space and near saturation when it "looks" at a blackbody of known temperature near 300K. This calibration check indicates any departure from the preflight
calibration and allows the making of appropriate corrections if necessary. Also, scanning across the surface of the Earth is performed by a mirror rotating similarly to the
HRIR. This was not possible with the spinning TIROS spacecraft and results in a
vastly simplified scanning geometry. It permits the data for all 5 channels to be displayed automatically on a photographic time-strip chart with appropriate geographic
referencing immediately after transmission from the spacecraft (Fig. 2). One set of these
strip charts is obtained for each of 10-12 orbits within a 24 hour period. Data for the
two to three "blind" orbits are missed because only about 114 minutes of data can be
stored by the tape recorder. Thus, continuous coverage is obtained every 12 hours over
about 80 per cent of the globe.
As on TIROS, the experiment employs a 5 channel radiometer; however, the specific
combination of these channels is used for the first time on Nimbus II:
The water vapor channel (6.4-6.9 microns) encompasses a strong water vapor absorption band. Radiation measurements in this wavelength region permit inferences of the
total water vapor content in the upper troposphere. The atmospheric depth of the received radiation, and therefore the inferred temperature, increase with decreasing water
vapor content. In a dry and cloudless, standard atmosphere, radiation in this channel
would be received from the surface at a blackbody temperature of 288K. If this atmosphere contains 2 cm of precipitable water vapor according to a typical height profile, the
major portion of the received radiation originates at 400 mb or above with only about
14 per cent coming from below 500 mb. In this case the equivalent blackbody temperature measured in this channel is about 230K.
The window channel (10-11 microns) comprises a spectral band where atmospheric
gases are practically transparent. Measurements permit inferences of surface or cloud
top temperatures. From these, cloud top heights may be deduced. This channel is
most useful for day and nighttime mapping of cloud systems associated with storms and
fronts (Allison and Warnecke, 1966).
The carbon dioxide channel (14-16 microns) is centered at the strong 15 micron absorption band of C0 . Maximum radiation is received from near the 16 km level and
about 75 per cent of the radiation emanates from above 10 km. This permits inferences
of average temperatures in the upper troposphere and lower stratosphere. The spectral
interval is somewhat wider than in the previous experiment on TIROS VII (Nordberg
et al., 1964). This results in considerably more accurate measurements, but depresses
}
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TABLE 2
Grey scale
numbers
1
2
3
4
5
6
7
8
9
10
11

Equivalent blackbody temperatures (°K)

Reflectances*

6.4-6.9 n

10-11 n

14-16 n

5-30 n

0.2-4.0 n

270
263
256
249
242
235
228
221
214
207
200

310
300
288
277
266
255
244
233
222
211
200

245
241
237
233
229
225
221
217
215
209
205

305
294
283
272
261
254
239
228
217
206
195

0
0.08
0.16
0.21
0.32
0.40
0.48
0.56
0.64
0.72
0.80

* For 0° solar zenith angle.

the height range of the infrared temperatures to somewhat lower altitudes than in
TIROS VII.
In the 5-30 micron channel about 85 per cent of the total radiation emitted by the
Earth and its atmosphere is measured. These measurements will be used primarily for
heat budget computations.
The reflected radiation channel (0.2-4.0 microns) covers about 99 per cent of the total
solar spectrum. Large scale reflectances of Earth surfaces and clouds are measured in
this channel. In conjunction with the 5-30 micron channel the planetary heat budget
may be computed.
By virtue of the orbital strip charts (Fig. 2), the data from the window and reflected
radiation channels are available for immediate meteorological interpretations of cloud
patterns and cloud heights. Inferences of vertical motions and dynamic activity associated with these cloud patterns can be made from simultaneous evaluation of the water
vapor and window channels, and stratospheric events can be deduced from the temperature patterns displayed in the C 0 channel. The spatial resolution is certainly adequate
for planetary and synoptic scale analyses and in some cases will even permit mesoscale
interpretations. However, the pictorially displayed data (Fig. 2) will not suffice for more
complex and quantitative analyses such as computations of the radiative energy budget
or the quantatitive derivation of water vapor content in the atmosphere (Raschke and
Bandeen, 1966). For such investigations the digital data stored on magnetic tape will
have to be used in conjunction with digital computers. Digital contour maps can then
be printed directly from the tapes (Fig. 10).
Fig. 2 represents a recording of terrestrial and atmospheric features along one orbital
path in five spectral ranges on the day side and in four spectral ranges on the night side
of the globe. The recording begins as the spacecraft passes southwestward, away from
the Data Acquisition Facility in North Carolina on orbit 25 at about midnight EST on
16 May 1966 (05:00 UT, 17 May). Intense cloud bands can be seen clearly in the infrared channels at about 10N. Some of these cloud features are obscured by noise bursts
(horizontal bars) which occurred later during playback and readout of the data. The
cloud tops appear extremely bright in the window channel and are therefore very cold.
The gray scale calibration shown at the right of Fig. 2 indicates 200-21 OK for the temperature of the highest top. This and the fact that the clouds stand out so clearly in
the water vapor channel suggest that the cloud tops penetrate well into the upper troposphere. The cloud system is obviously associated with the Intertropical Convergence
Zone. It is located exactly over the Isthmus of Panama.
After crossing the Equator off the Coast of Ecuador, the spacecraft continues southwestward. Still in darkness, three infrared channels (window, water vapor and 5-30
micron) indicate a major cloud system at 30S. The boundaries between cold (moist)
and warm (dry) regions aloft associated with the cloud system are sharply pronounced
in the water vapor channel. These inferred, synoptic scale moisture contrasts will cer2
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tainly permit a better insight into the circulation overlying fronts, storms and other
cloud formations than would be possible with the window channel alone. Frequently
these sharp moisture boundaries occur in areas where the window channel does not
show a clear differentiation between cloudy and cloud free areas. For example a twisted
tongue of dry air, well defined in structure, lies between the two cloud systems at 40S
where the window channel shows a rather amorphous clear region.
Orbit 25 passes over Antarctica on the Australian side of the South Pole. The outlines of the Antarctic continent can be seen in the window and 5-30 micron channels.
The wedge shaped darker region pointing from left to right toward the South Pole
along 180° longitude apparently relates to the warmer temperatures of the Ross Sea
shelf ice. Similar warm regions are seen in other orbits for the Weddell Sea. Such
temperature gradients in the ice surfaces available every 12 hours should be of considerable value in assessing the Antarctic heat budget.
The C 0 channel generally does not show any but the very highest cloud features.
Rather, the patterns in this channel indicate the temperature of the lower stratosphere
and upper troposphere if high clouds are not present. The broad dark (warm) band
across Antarctica in Fig. 2 should be disregarded, however, since it represents a condition of the radiometer rather than the atmosphere. A darker shade is erroneously
produced in the pictorial presentation when the radiometer temperature changes radically as the spacecraft is first illuminated by the sun near the South Pole. This applies
to all strip charts of the CO channel over Antarctica. The correct temperature values
measured in that channel over Antarctica must therefore be obtained from the raw or
digitally processed data. In this case the temperature over the South Pole is 201.5K
while over the North Pole (bottom of Fig. 2) the temperature is 231.5K. On a planetary
scale the transition between these extremes is rather uniform as might be expected.
Just beyond 70S the spacecraft enters sunlight as it proceeds northwestward on the
day side of the Earth. Cloud and land features can now also be seen in reflected sunlight in the 0.2-4.0 micron channel. Since on this side of the earth the spacecraft proceeds from south to north in time all features appear "upside down" in the conventional
sense in which we are accustomed to looking at maps. The reflected radiation channel
shows a broken cloud structure between 20S and 40S. The waters of the Indian Ocean
can be easily distinguished from the cloudy regions; however, no distinction can be
made in this channel between the larger cloud mass near 35S, 95E and the smaller cloud
near 25S, 95E. In the window channel the much higher tops of the smaller cloud can
be readily recognized with temperatures of the tops ranging between 230 and 240K
(according to the gray scale of Fig. 2). The larger cloud mass to the south, so prominent
in reflected light, is barely distinguishable from the ocean in this channel. The gray
scale temperature of 260-270K indicates that this cloud is at a very low altitude. Furthermore, the water vapor channel shows the small cloud at 25S to be capped by a
large area of high altitude moisture or thin cirrus (210-220K) surrounded by a wide
band of very dry air (250-260K) spiraling around the center of the cloud. This suggests strong dynamic activity associated with this cloud mass. A narrow, but high cloud
band is located on the Equator. This band, observed in all five channels, even the high
altitude C 0 channel, is apparently associated with the Intertropical Convergence Zone
which is located considerably further south here than over Panama and is also considerably less broad.
Orbit 26 starts with the northbound Equator crossing. It passes over the Indian Subcontinent, the Himalaya Mountains, then over two pronounced cold fronts, over China
and Siberia, and finally past the North Pole over the Atlantic side of the Arctic into
North America where this recording was played back and transmitted to the Data Acquisition Facility near Fairbanks, Alaska. The Indian Subcontinent stands out with clarity
in reflected as well as in emitted radiation. On this day the area was dominated by a
vast, thermal low pressure system. The land mass, according to gray scale, shows a relatively high reflectivity of 15-35 per cent, compared to the ocean with a reflectivity of
about 5 per cent. Higher reflectivity of the land in the coastal regions is probably due
to "contamination" by clouds too small to be resolved by the instrument but nevertheless
adding to the detected radiation. In the window channel, the hot land surface is contrasted sharply against the much cooler ocean temperatures. The hottest surface tem2
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FIG. 3. Radiation patterns observed in the water
vapor channel and window
channel of the MRIR. Observations were made near
local midnight on 5 June
1966.

FIG. 4. Strip charts of
water vapor, window and
reflected radiation channels
of the MRIR on 5 June
1966. Observations were
taken near local noon between Antarctica and the
Equator in the eastern
South Pacific.
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W a t e r vapor patterns
and cloud pictures

peratures (320K) were found in the center of the Subcontinent. There is a sharp temperature contrast at the northeast edge of the peninsula (30N, 80E) in the transition
region from the hot plains to the Himalaya Mountains (270-280K gray scale). In this
area the water vapor channel shows a noteworthy pattern: The warmest (driest) region
is confined to a narrow band extending from northwest to southeast exactly along the
southern edge of the mountains, aligned with the Ganges River Valley. Inferred water
vapor channel temperatures here range from 255 to 265K while over the remaining part
of India they are about IOC less. This suggests subsiding dry air along the mountains.
Striking temperature patterns appear consistently in the MRIR water vapor channel.
In conjunction with the cloud systems observed by the television cameras, the HRIR
and the MRIR window channel, these moisture patterns provide the best means yet to
trace, from satellites, air mass boundaries, large scale vertical motions, and possibly, the
course of jet streams. Fig. 3 shows a typical example of such moisture patterns (H 0
channel) and associated cloud formations (window channel) in the Southern Hemisphere.
The larger dark (warm) areas in the H O channel are indicative of the dry polar air
masses subsiding behind the frontal cloud bands. The narrow dark bands extending
from east to west are generally associated with subsiding motion on the poleward side
of the jet stream.
In Fig. 4 moisture patterns in the Southern Hemisphere are compared to cloud patterns in the window and reflected radiation channels. Concurrent AVCS pictures and
HRIR 4 micron window observations, 12 hours later, are shown in Figs. 5 and 6, respectively. In the water vapor channel (Fig. 4) a continuous, dark, S-shaped band, indicating dry air, extends from virtually the South Pole to 10S meandering between 110W
and 130W. This band is broad between 10S and 40S where it lies between two very
extensive moist regions. Further south it becomes very narrow and seems to be squeezed
together between the centers of two vortices to the east and to the west. An indication
of both vortices is given by the cloud formations observed in the window channel. However, a much better appreciation of the full synoptic situation can be obtained from the
cloud formations observed by the HRIR (Fig. 6) 12 hours after the MRIR observations.
Fig. 6 shows that the western vortex is connected to a major frontal cloud band extending continuously from 70S to 10S over a distance of more than 5000 miles! The eastern
vortex is a much smaller system which formed behind another major frontal band which
again reaches from 60S to 10S where it merges into the Intertropical Convergence Zone.
This front is connected to a low pressure center located off the lower right edge of Fig. 6
but was observed in previous orbits and is also shown on the surface weather analysis for
5 June 1966. The western front is not indicated on the conventional Southern Hemisphere analysis prepared experimentally by the National Meteorological Center until
7 June when it is shown speculatively extending over less than a quarter of its actual
distance. The vortex between the two giant frontal systems is apparently a secondary
vortex of the kind previously identified by Widger in Nimbus I HRIR observations
(Widger et al, 1966). The water vapor channel (Fig. 4) shows that the vortex has filled
the polar air mass behind the front with moisture twisting the dry air into a tight spiral
pattern. The fully wound spiral indicates considerable maturity. Nimbus II observations show that such secondary vortices are very common during the Antarctic winter.
In reflected light a small portion of the cloud near 20S, 135W appears much brighter
than the rest of the band while in the window channel the entire band is uniform in
shading (temperature) and rather white (cold). This leads to the conclusion that the
cloud tops over the entire band are of uniform height (about 12 km), but that the
brighter portion (in the visible) is probably very thick, possibly stratoform, while the
darker portion is relatively thinner, possibly cirroform. This latter interpretation is
confirmed by examining the simultaneous television (AVCS) photographs (Fig. 5) which
have a spatial resolution about two orders of magnitude better than the MRIR. Here
the fine structure of the clouds is clearly visible and the narrow streaks streaming out
behind and perpendicular to the frontal band are definitely indicative of cirrus.
The high resolution AVCS pictures also show a large mass of low altitude convective
cloud cells in the area between the two frontal bands, an area which appears to be clear
in the window and reflected radiation channels. These cells are known to exist in a
2
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FIG. 5. Composite of AVCS television
pictures over the eastern South Pacific
during one orbital pass at local noon on
5 June 1966.

FIG. 6. Composite of
observations over the
eastern South Pacific between Antarctica and the
Equator from five orbits.
The measurements were
made near local midnight
on 5 June 1966.

HRIR
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regime of strong overlying subsidence which is confirmed by the low moisture indicated
in the water vapor channel. In fact, the dry band (Fig. 4) which is relatively narrow
compared to the wide area between the two frontal cloud bands should be a considerably
better indicator of the vertical motions in this region than the cloud bands themselves.
The immensely long, twisting cloud bands extending in winter from the South Polar
regions into the tropics (Fig. 6) have been observed and analyzed previously in TIROS
radiation data as well as in the Nimbus I HRIR observations (Allison and Warnecke,
1966; Widger et al., 1966; Allison et al., 1966). It is not uncommon that five or six such
bands occur around the Southern Hemisphere on a typical winter day. At low latitudes
they exhibit an extensive east-west orientation. The continuous day and nighttime
coverage afforded by Nimbus II including the water vapor channel observations should
bring new insights into the behavior of these giant frontal bands.
Moisture patterns associated with a typical North Pacific front and storm are seen in
Fig. 4 between 20N and 60N. Here a sharp dark (dry) band extends from west to east
along 20N to the south of the frontal cloud band which is quite pronounced in reflected
radiation but is barely noticeable in the window channel because there is a sharp drop
in its height at the point where the band turns from a north-south to an east-west direction. This dry band may be indicative of the southern edge of the sub-tropical jet
stream. Over the entire frontal band, even far to the west where it fades away at low
altitudes, a band of colder temperatures indicating moist air or cirrus can be found in
the water vapor channel. Near 50N the water vapor channel shows a vortex containing
one narrow dry band tightly wound between two cloudy spirals indicating a lesser degree
of maturity than the Southern Hemisphere vortex. As a matter of interest, the bright
spot observed by the MRIR in reflected but not in emitted radiation is located
at the subsolar point and is a reflection of the Sun's image in the calm waters of the
Pacific.
Fig. 7 shows Hurricane Alma in two stages of its development observed by the MRIR
in all five spectral bands. In the upper picture, the storm is fully developed and its
shape is essentially the same in all five spectral bands. Comparison of the emitted and
reflected radiation shows that the tail of the spiral consists mainly of high, but thin
clouds while, lower, thick clouds are concentrated near the eye. In the water vapor
channel note the sharp and long sector of dry air in the southwest section of the spiral.
The cloud tops in the spiral are generally very high, penetrating even into the carbon
dioxide channel; digitally inferred temperatures are 223K and 232K in the water vapor
and window channels, respectively. An entirely different picture prevails 4 days later
(lower part of Fig. 7) when the storm is in its decaying stage. The brightest image occurs in reflected radiation with no noticeable spiral structure while in the window
channel there is an indication of a wound up spiral but the clouds are relatively dark
indicating low altitude. No trace of the storm can be seen in the C 0 channel. It has
disappeared from the upper troposphere. Most noteworthy, however, the water vapor
channel shows the most extensive and pronounced spiral with a dry band fully wound
up several times within the storm, a typical sign of a mature or decaying circulation
system.
It is interesting to observe the course and intensity of the Intertropical Convergence
Zone as manifested by the cloud formations girdling the globe near the Equator. The
MRIR and HRIR provide an almost complete view of the globe every 12 hours. Fig. 8
(top) shows a composite of the cloud picture observed by the window channel in the belt
30N-30S at local noon on 5 June 1966 except for the two passes near 140E and 170E
which were obtained at local midnight. Although activity was relatively weak on this
day the course of the ITCZ can be followed around the entire globe. It generally follows
the ION parallel except over the Indian Ocean and Africa, where it dips down to the
Equator. It is most intense over India and Indonesia and all but disappears over portions of the Pacific. Some lesser intensifications occur over Africa and South America.
Over the Central Pacific, an interesting splitting into two narrow bands occurs.
The water vapor channel observations shown in the lower part of Fig. 8 were made
simultaneously over the ITCZ. The dark regions on both sides of the cloud zone indicate strong subsidence. The northern band is quite narrow near 30N over the Pacific
2

Unauthenticated | Downloaded 01/09/23 03:21 AM UTC

Bulletin American Meteorological Society

FIG. 7. MRIR observations of Hurricane Alma in
each of the five spectral regions during local noon on
9 June (upper picture) and
local noon on 13 June
(lower picture). In the upper picture the storm was
located near 30° north, 80°
west. In the lower picture
it was located near 40°
north and 70° west.

FIG. 8. Cloud formations
around the globe between
30° north and 30° south observed in the MRIR window channel (upper band)
and in the water vapor
channel (lower band). Each
band is composed of thirteen orbital passes. Reading from right to left, passes
3 through 13 were observed
sequentially near local noon
on 5 June 1966. Because
daytime data over longitudes E 130° to E 170° were
not acquired, passes 1 and
2 shown at the right were
observed 12 hours later near
local midnight.

FIG. 9. Observations of
tropical cloud formations
on 10 July from the HRIR
during local midnight and
from the AVCS during local noon. Both pictures are
composed of twelve orbital
passes. HRIR passes range
from 30° west at 00:00 UT
to 30° east at 21:40 UT.
AVCS passes range from
150° east at 01:00 to 160°
west at 22:30 UT.
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and North America and is possibly indicative of the subtropical jet stream. It shows a
complete loop near 180° connecting with a second east-westerly dry band near 15N.
The possible existence of a double jet stream in this area which might even be connected
in the fashion indicated by the radiation patterns has been speculated upon by some
(Van de Boogard and Sadler, 1966). Further east, the northern zone of subsidence becomes considerably wider as is the entire southern zone. These wide, dry regions are
obviously indicative of the subtropical anticyclones. The warmest (driest) region observed in this channel is in the southern zone near 40W over eastern Brazil where very
strong downward motion can be inferred.
A presentation of the equatorial zone cloud band is given with higher resolution in
Fig. 9. These observations composed of 12 orbital passes by each HRIR and AVCS
between 30N and 30S were obtained on 10 July 1966, more than a month later than
those shown in Fig. 8. They exhibit the same major features as the MRIR on 5 June
1966. Here the nighttime observations are made with the HRIR and daytime data are
from the AVCS. As expected, the cloud patterns exhibit considerable more detail than
in the MRIR but the entire course of the ITCZ is less pronounced in the television pictures than in either of the two infrared windows. The much lower temperatures of the
tropical tropopause provide for a much better contrast between tropical and extra
tropical clouds at high altitudes in emitted radiation than in reflected light. The HRIR
shows a distinctly sinusoidal course of the cloud band. The two northernmost excursions up to 25N occur over the Bay of Bengal and over Central America where activity
is most intense and the two southern extremes reach the Equator over East Africa and
over the Central Pacific. Now, with the Indian Monsoon in full force, the intensity of
the cloud band between 80E and 110E is even greater than a month earlier. The least
activity occurs again over the eastern Pacific and also over the western portion of the
Indian Ocean.
Atmospheric
temperatures

The carbon dioxide channel of the MRIR maps temperature variations in the upper
troposphere and lower stratosphere. Comparisons of the radiation pictures in this channel with the window channel communicate an immediate perception of the vertical
extent of tropospheric systems (Fig. 7). Quantitative correlations of the C 0 channel
with the window channel and possibly the water vapor channel will eventually permit
a determination of the temperature of the air layer immediately on top of high altitude
cloud systems. The dynamic situation aloft can be inferred from the correlated temperature field. This would not only be an additional check on similar information obtainable from the H 0 and window channel correlations, but would also extend the
range of synoptic satellite observations further upward, possibly above the tropopause.
In the absence of major high altitude cloud systems the C 0 channel observations can
be interpreted on a planetary scale in terms of the stratospheric temperature field which
in turn can be related to stratospheric circulation. Similar measurements from TIROS
VII have already resulted in the satellite mapping of stratospheric warmings, the
Aleutian anticyclone, and similar phenomena below 65° latitude (Kennedy and Nordberg, 1966). Now, for the first time these observations include the polar zones. Also,
because of the improved coverage and sensitivity and because of the instantaneous photographic display, day to day variations in these phenomena can be detected by Nimbus II
while on TIROS only weekly or longer time averages could be used. Preliminary analysis indicates that temperature patterns in the lower stratosphere around the South Pole
during the height of winter (June-July) are far from symmetrical. Fig. 10 shows the
temperature contours of the digitally processed data for 28 June 1966 where the coldest
temperatures extend furthest from the pole in the Indian and Atlantic Ocean Sectors.
The 205K contour extends to nearly 50S at 100E. Much warmer temperatures are found
in the eastern Pacific Sector. Here the 205K contour is much closer to the pole. Between 80 and 120W it extends to near 75S. The 215K contour in this sector is found
between 60 and 70S. At 50S temperatures in this sector are almost 10C warmer than
at the same latitude on the other side of the pole. During early July the warmer air
gradually migrates eastward. On 7 July it covers the entire Indian Ocean Sector while
the Pacific Sector has been gradually filled in with cold air (Fig. 11). During mid July
the warm air continues to rotate further eastward at a somewhat slower rate until, by
2
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2
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FIG. 10. Contour map of
equivalent blackbody temperatures inferred from the
M R I R carbon dioxide channel measurement over Antarctica on 28 June 1966.
The map was printed automatically by an I B M 7094
computer and is composed
of 10 orbital passes between

02:54 U T a n d 22:19 U T .

FIG. 11. Contour map of
equivalent blackbody temperatures inferred from
the M R I R carbon dioxide
measurement over Antarctica on 7 July 1966. The
map was printed automatically by an I B M 7094 computer and is composed of
11 orbital passes between
04:51 a n d 22:39 U T .
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FIG. 12. M R I R carbon dioxide channel observations obtained in two orbital passes over
Antarctica, one near 00° longitude at 22:15 UT on 19 July 1966 and the other near 170° east
at 11:00 UT on 20 July 1966. White shades indicate cold, dark shades indicate warm
temperatures.
,

Quantitative radiation
measurements

the end of July, it is rather permanently placed over the Pacific Sector (Fig. 12). This
is the longitude of the warm air ridge observed during the winter of 1963 with TIROS
VII (Nordberg et al., 1964; Kennedy and Nordberg, 1966). It is interesting to note that
a small, confined region of very cold air (< 200K) is found exactly opposite the longitude of the warm air masses in Figs. 10 and 11. Over the Arctic, on the other hand,
warm air is distributed around the North Pole in nearly perfect symmetry during the
entire summer period.
The complete quantitative interpretation of the Nimbus II measurements must necessarily await full scale computer processing of all the data. This includes high resolution
temperature measurements of water, cloud and land surfaces at night with the HRIR,
the determination of surface emissivities at 4 microns from day time HRIR observations,
the derivation of atmospheric water vapor content, and the variations in the balance
between emitted and absorbed radiation which will be available for the first time in the
polar regions. Some preliminary measurements were reduced manually. They resulted
in the determination that the absolute calibration of the MRIR especially for reflected
radiation has been considerably more stable during operation in orbit than in similar
radiometers on TIROS. Over thick (bright) clouds reflectances of 0.60 to 0.70 were
measured in the 0.2-4.0 micron channel. Over low level stratus clouds off the coast of
California reflectances were 0.42 to 0.53 and over the Sahara desert they averaged 0.30
to 0.34. Total reflected solar and emitted terrestrial radiation measured by Nimbus II
on a global scale during the first two weeks in July show the same latitudinal variation
predicated by theory and measured by TIROS (Bandeen et al., 1965). Minimum total
outgoing radiation is less than 0.2 ly per minute at the South Pole and the maximum is
about 0.37 ly per minute near 15° South. The global average for total outgoing radiation for this time period is 0.320 ly per minute. Inferred global albedos, however, are
much less than required by theory. The global average inferred from Nimbus II for
the first two weeks in July 1966 is 23 per cent; the maximum of 45 per cent occurs at
the North Pole and the minimum of 15 per cent occurs at 20° South.
Reflectances between 3.4 and 4.2 microns measured by the H R I R in daytime were
0.25 over the Sahara desert and less than 0.10 over oceans and the Great Lakes. The
HRIR also measured ocean temperatures off the coast of North Carolina. Temperatures ranged from 287K in the coastal waters to 294K over the open Atlantic. A sharp
temperature gradient marks a warm band extending from Cape Hatteras in a north-
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easterly direction across the Atlantic. This warm band obviously traces the course of
the Gulf Stream. Sea temperatures of 286K were also measured in the MRIR window
off the coast of San Francisco, Calif., on 13 June 1966. Temperatures of 288K were
obtained in simultaneous aircraft measurements over the same area.
A preliminary analysis of sensory data obtained with Nimbus II indicates that this satellite serves as a versatile meteorological observatory. Radiation observations are made
in seven regions of the visible and infared spectrum and images of meteorological phenomena and surface features are obtained on four different size scales. Observations of
cloud systems during both day and nighttime are transmitted directly to local meteorological analysts throughout the world via the APT-camera and APT/HRIR systems.
Data obtained in five spectral regions with the Medium Resolution Infrared Radiometer
(MRIR) extend substantially the vertical depth to which analysis of meteorological events
from satellite data is possible. Most interesting are the correlations between pictorially
displayed images of meteorological systems in the water vapor, carbon dioxide and window channels. These correlations permit a considerably better insight into the circulation associated with synoptic scale systems than mere imaging of clouds in the visible
or infrared. The stage of development of storms and frontal systems can be assessed
more readily. The cloud systems comprising the Intertropical Convergence Zone can be
traced around the globe every twelve hours. Analysis of radiation patterns in the carbon
dioxide channel show the migration of warm air pockets around the South Pole during
the Antarctic Winter. Complete numerical processing of all digital data from the
MRIR will provide a more precise assessment of the balance between incoming and
outgoing radiative energy, especially in the Polar regions, than was previously possible
with meteorological satellites.
2

Summary

Acknowledgments

References

One cannot report on the success of a major project such as Nimbus II without acknowledging the contributions of hundreds of individuals who were part of the NASA/Industry
team which made this success possible. This team was headed by Harry Press, Nimbus
Project Manager; Stanley Weiland, Spacecraft Manager; and Ralph Shapiro, Nimbus
Operations Manager. In addition, we are indebted to L. Goldshlack and R. Sabatini
of the ARACON Geophysics Company for the processing of all of the pictorial data,
to R. Hite of NASA for the computer programming to process the digital data and to
J. Newlon of NASA and J. Herkert of Computer Applications, Inc., for the programming
of the special purpose equipment to produce the photographic presentation of the
MRIR data.
Allison, L. J., J. S. Kennedy and G. W. Nicholas, 1966: Examples of the meteorological capability of the Nimbus satellite. J. Appl. Meteor5, 314-333.
Allison, L., and G. Warnecke, 1966: The synoptic interpretation of TIROS III radiation data
recorded on 16 July 1961. Bull. Amer. Meteor. Soc., 47, 374-383.
Bandeen, W. R., M. Halev and I. Strange, 1965: A radiation climatology in the visible and
infrared from the TIROS meteorological satellites. NASA TN D-2534, 1-30.
Foshee, L. L., I. L. Goldberg and C. E. Catoe, 1965: The High Resolution Infrared Radiometer
(HRIR) experiment: Observations from the Nimbus I meteorological satellite, NASA SP-89,
pp. 13-22.
Goldshlack, L., and W. Widger, 1966: Nimbus II data code experiment. TN-#1, NAS5-10114,
ARACON Geophysics Company, Division of Allied Research Inc., Concord, Mass., 60 pp.
Kennedy, J., and W. Nordberg, 1966: Circulation features of the stratosphere derived from
TIROS VII temperature observations during winter breakdowns. Space Research VII, Proceedings of the Seventh International Space Science Symposium, Vienna. To be published.
The Nimbus II Data User's Guide, 1966. Greenbelt, Maryland, National Space Science Data
Center, Goddard Space Flight Center, Code 601, 73-91.
Nordberg, W., 1965: Geophysical observations from Nimbus I. Science, 150, No. 3696, 559-572.
, W. R. Bandeen, G. Warnecke and V. Kunde, 1964: Stratospheric temperature patterns based
on radiometric measurements from the TIROS VII satellite. Space Research V, Proceedings
of the Fifth International Space Science Symposium, Florence, May 8-20, 1964, Amsterdam,
North Holland Publishing Company, pp. 783-809.
2 See cover Bull. Amer. Meteor. Soc., 47, No. 9.
871
Unauthenticated | Downloaded 01/09/23 03:21 AM UTC

Vol. 47, No. 11, November 1966
Nordberg, W., and H. Press, 1964: The Nimbus I meteorological satellite. Bull. Amer. Meteor.
Soc., 45, 684-687.
Raschke, E., and W. Bandeen, 1966: A quasi-global analysis of tropospheric water vapor content
and its temporal variations from radiation data of the meteorological satellite TIROS IV.
Space Research VII, Proceedings of the Seventh International Space Science Symposium,
Vienna. To be published.
Van de Boogard, H., and J. C. Sadler, 1966: Meeting on tropical meteorology observational programs. National Center for Atmospheric Research, 8-12 August 1966.
Widger, W., Jr., J. C. Barnes, E. S. Merritt and R. B. Smith, 1966: Meteorological interpretation
of Nimbus High Resolution Infrared (HRIR) data. Allied Research Associates, Inc., Concord,
Mass., Contract Report NAS5-9554, 150 pp.

news and notes
Airlines weather service changes

Peter E. Kraght, meteorologist with American Airlines
for more than 30 years, became manager of weather
services for American on 1
August 1966, following the
retirement of Col. Arthur
F. Merewether. Mr. Kraght,
widely known in the company and in the industry for
his practical approach to airlines weather problems, was
a three-time winner of the
ATA Annual Award for original meteorological research. As superintendent of the Upper Air Center since its inception, he had an active part in
the development and production of the company's flight plans
and in the continuing improvement of American's weather
forecasting techniques.
Colonel Merewether's retirement was marked by a
party attended by his many
friends and associates in
honor of his illustrious 20year career in American's
weather service, the last eight
of which were in the post
of manager. After serving in
the Army Air Corps during
World War II, where he was
managing officer of the North
Atlantic Weather Wing, Col.
Merewether joined American
in 1946 as superintendent of meteorology. Recognized for
many years as a top airline meteorologist, he performed extensive research upon which the planning for turbine operation was based, and was responsible for the organizational
concept of American's Upper Air Center. Under his leadership the airline established a weather service fully attuned to
the jet age. Col. Merewether is a past president of the American Meteorological Society and has served as councilor and
on numerous committees.

Some months earlier than
the American change of command, W. Boynton Beckwith
succeeded Henry T. Harrison
as manager of meteorology
for United Air Lines. Mr.
Beckwith, who joined United
in 1936 as technical assistant dispatcher, has held various meteorological supervisory positions. From 1939 to
1943 he was in charge of meteorology instruction at the
Boeing School of Aeronautics, a company subsidiary. During
the war he was a forecaster at the Oceanic Air Traffic Center in San Francisco, a joint civilian and military forecast
center serving flight operations across the Pacific. He became
UAL's assistant meteorology department head in 1948. He
currently serves as chairman, ATA Meteorological Committee; vice chairman, Steering Committee of the National Hail
Suppression Project; member, Advisory Panel to the National
Committee on Clear Air Turbulence; and member, CIMO
Working Group on Use of Meteorological Radar for Aeronautical Purposes.
Mr. Harrison, a veteran of
31 years with United Air
Lines, is presently on a special assignment for the company in Asheville, N. C.,
where he is conducting special studies and preparing
a manuscript for a pilot's
weather handbook. Mr. Harrison holds a long list of honors dating from the Special
Congressional Medal in 1930
for his work on the first Byrd
Antarctic Expedition to the
AMS Award for Outstanding
Contribution to the Advance of Applied Meteorology in
1960. He is a past vice president of the AMS and has served
as councilor and on many committees.
(More news and notes on page 938)
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