METEOROLOGY

Sounding
from
above

First space measurements

of temperatures in the
atmosphere herald a new era
in global monitoring

by Kendrick Frazier

In the predawn hours of April 14,
a satellite known as Nimbus III was
launched into a near-circular, 690-mile
polar orbit, and a new era in satellite
meteorology began. Quietly and with
little fanfare, a data gap was closed
and the essential element of a prototype
global atmospheric monitoring system
needed for improvements in weather
prediction (SN: 9/6, p. 185) was in
operation.

What this 1,270-pound satellite car-
ried that has continued to excite me-
teorologists in the following weeks and
months were two devices—a satellite
infrared spectrometer (SsiRs) and an
infrared interferometer spectrometer
(RiIs). On their success hung new
means of measuring temperatures with-
in the atmosphere.

All previous meteorological satellites
had been little more than spaceborne
camera platforms. Their function was
to take, and transmit to earth, photo-
graphs of the cloud cover beneath
them. This itself was a significant ad-
vance; today up-to-the-minute weather
satellite cloud photographs are used
routinely in forecasts around the world.

But only a limited amount of in-
formation about atmospheric condi-
tions can be inferred from cloud photo-
graphs. Meteorologists have long rec-
ognized the need for measurements of
the conditions deep within the atmos-
phere, at a variety of altitudes, over
the 80 percent of the earth’s surface
not now adequately monitored.

The two new infrared instruments
aboard the Nimbus III show that such
measurements can be made. They are
experimental devices. Use of remote
probers in operational satellites is still
a few years off.

Looking down vertically into the
atmosphere, Nimbus’s SIRS sensor ob-
serves the infrared absorption bands
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Circulation map
from Nimbus
(above, left)
shows patterns
not present in
standard map;
temperature
readings (right)
matched dotted-
line radiosonde
readings closely.

of carbon dioxide. These observations,
taken every 8 seconds, are used to cal-
culate temperatures. By observing at
weaker and weaker absorption bands,
it can sense temperature at levels deep-
er and deeper in the atmosphere. The
information can also be used to de-
rive data on pressures at different
heights. The Nimbus IRIS sensor, using
a somewhat different technique, an-
alyzes the absorption bands of carbon
dioxide, water vapor and ozone to ob-
tain vertical distributions of tempera-
ture, water vapor and ozone.

Only hours after the April 14
launch, at 11:12 a.m. over Kingston,
Jamaica, Nimbus III made the historic
first vertical sounding of the atmos-
phere from space. Its readings were
matched against those of a convention-
al radiosonde carried aloft by balloon
over Jamaica at the same time as a
check. The correlation was remarkable:
The sirs readings closely coincided
with the radiosonde’s measurements.
Other comparative soundings through-
out the summer and fall have been
similarly successful.

Tests of the readings derived from
the 1R1s also have yielded high-quality
results for temperature, humidity and
ozone. Remote sensing of the atmos-
phere from earth orbit is now a reality:
a major meteorological advance.

“It is a very exciting development,”
says Dr. Frederick G. Shuman, direc-
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tor of the Environmental Science Serv-
ices Administration’s National Meteo-
rological Center, of the sirs. “The in-
strument has proven to be able to re-
motely sense the temperature of the
atmosphere with uncanny accuracy.”

“Even the greatest doubters have
been convinced that these results are
absolutely fabulous,” says Dr. Verner
E. Suomi of the the University of
Wisconsin. “We have the beginnings of
a global monitoring system.”

Whole areas of the earth inaccessible
to frequent conventional measurements
are now open to regular monitoring.
Nimbus’s siRs has already produced
maps of temperature and pressure var-
iations above the entire Antarctic con-
tinent. The few places where observa-
tions above the southern ice cap have
been made by radiosondes have veri-
fied the accuracy of the satellite-derived
maps. Using the information, Essa me-
teorologists have developed a method
to infer the atmosphere’s daily circula-
tion in the Southern Hemisphere.

A recent Essa Weather Bureau ex-
periment found that data the SIRS
gathered led to a better forecast of
conditions at about 18,000 feet—the
500-millibar level where many other
measurements are available for com-
parison—than did the data acquired by
conventional means.

In a one-day prediction, June 24,
the sirs produced a better forecast of
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Calendar Watch!
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A rugged. mainspring won't break even if you
drop watch on concrete! So accurate, you
can time the speed of a passing plane!

It's a Time-Distance Computer!
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It's an All-Sports Sportsman’s Watch!
3 luminous timing hands give easy, accurate readings—
under water in a cave atop a mountain!

Gift Boxed. Order Now! $12.98
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New York residents add sales tax. Send check or
money order; or charge to your American Express,
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By E. R. Emmet

A treasury of unique
mind-stretching puzzles

that can be solved by
. straight, logical thinking and
reasoning. No specialized
math., Offers the pleasures
of discovering solutions
through use of ingenuity,
imagination, insight, and
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HENLEY'S

20th Century Book of 10,000
Recipes, Formulas &Processes
Here is a wealth of practical, accu-
rate and clear information and in-
struction that can save you thou-
sands, or make you a fortune!
Housewives, manufacturers, farm-
ers, handymen, home experiment-
ers, electricians, chemists, people
in every walk of life, refer to
Henley’s daily. In this gold-mine
of a book, you to will find formulas
and recipes for almost everything
used in the home, farm, workshop
or Industry. Discover the trade
secrets of thousands of commercial
products—learn new money savin nd exciting ways
of doing things. As indispe e as a dictionary.
Satisfaction guaranteed. 900 ps
binding. Only £5.95 postpaid.
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an intensifying trough of low pressure
off the northwest coast of the United
States. A day later, the SIRs forecast
predicted the development of a separate
area of low pressure off the coast; the
forecast from conventional data did not
even include the low. A three-day fore-
cast derived from the sirRs readings
closely resembled conditions as they
occurred. It predicted a double-low over
the United States that was not forecast
by conventional data.

The experiment, says Essa, suggests
that a relatively small improvement in
the analysis over the Pacific Ocean can
produce a large improvement in long-
range prediction.

Although Nimbus III js an experi-
mental satellite only, the Weather
Bureau since late May has been using
some of the sirs data in compiling one
type of daily hemispheric weather an-
alysis, prepared 12 hours after the read-
ings are obtained and used mainly for
later documentation purposes. But
the success of that effort led to plans
to incorporate the soundings into the
two major operational analyses of
Northern Hemisphere weather, pre-
pared daily by computers at Essa’s Na-
tional Meterological Center in Suit-
land, Md.

This was to be started on Oct. 21,
but computer problems and some diffi-
culties in installing a special computer-
to-computer link between Suitland and
the Goddard Space Flight Center of
the National Aeronautics and Space
Administration in Greenbelt, Md.,
caused a 10-day delay.

But the problems were solved. On
Oct. 31, sIrs soundings of weather con-
ditions over the eastern Atlantic and
most of the Pacific Ocean, from an
altitude of 53,000 feet all the way to
the surface, were used for the first
time to prepare the basic maps of
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Northern Hemisphere weather—the
48-hour forecasts that are updated and
issued twice a day.

Despite its success, Nimbus III is
only a first-generation, experimental
atmospheric prober. The infrared in-
struments have several serious limita-
tions. One problem is the wide field of
the sensors; from the altitude of the
Nimbus III orbit they see an area of the
atmosphere about 100 miles wide. And,
since infrared readings cannot be ob-
tained through clouds, the wide view
means that only about 10 percent
of the soundings are completely cloud-
free and fully useful. Another limita-
tion is that the instrument points only
vertically; in the areas between orbital
paths (about 1,900 miles at the equator)
no readings are possible.

Nimbus D, now scheduled for
launch in the spring of 1970, will
carry improved versions of both the
SIRS and IRIS instruments.

The sirs on Nimbus D will be able
to view to the left and right of the or-
bital track. Six additional sensor chan-
nels will enable it also to measure
humidity. The future models of both
the sirRs and the Iris will have much
narrower fields of view, allowing them
to see down through smaller openings
between scattered clouds.

Nimbus E and Nimbus F, scheduled
for launch in the springs of 1972 and
1973, will carry more advanced in-
frared spectrometers and infrared in-
terferometers, plus microwave sounders
that will be able to penetrate most
types of cloud cover. The Nasa Nim-
bus program, a research and develop-
ment effort, has a current budget of
$28 million.

EssA expects sounders based on the
principles of the SIRrs to be incorporated
in its operational satellites by about
1972. =

View of India
was produced
by the Nimbus
high resolution
infrared radio-

meter.
NASA
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