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OR THE first time in history, there exists an 
observing platform which can detect atmospheric 
conditions long before local meteorologists relying 

on conventional techniques may be aware of them. This 
platform is the meteorological satellite, which, even in 
its present primitive stage, has already contributed sig 
nificantly to meteorological developments through de- 
piction of cloud systems and their interpretation for 
daily weather prediction, and by collecting basic physical 
data such as measurements of the radiative exchange 
between the Eart 
tions will include 

Earth’s surface, the average temperatures of layers of 
the clear atmosphere, concentrations of water vapor, 
ozone and other properties not yet envisaged. 

Man is immersed in a working fluid of a global exten. 
sion-the Earth’s atmosphere-a fluid so massive that 
there are nearly 2 million tons of it for each person on 
Earth. From above, it is penetrated by energetic particles 
and radiations, and from beneath, deformed, restrained, 
heated and cooled as it passes over the irregular Earth 
surface in its endless quest to equalize its energy im, 
balances, thus creating wind and weather. The atmos- 
phere performs countless cycles of interrelated phenom 
ena of every size, from global to microscopic. They are 
all important. For example, those actions involving 
water vapor-which comprises only about 0.2 pe 
of the total mass of the atmosphere-ncvertheles 
such a profound effect on our planet‘s heat balance that 
without them the mean temperature of the Earth would 
drop by 40 degrees centigrade, 
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way the potential useful- 
ness of satellites in the d e  
tection of severe storms by 
photographing the unique 
spiral cloud structure of a 
hurricane near New Zea- 
land and a large cumulo- 
nimbus cloud system in the 
midwestem United States 
which later produced tor= 
nadoes. Snow and ice areas 

as tornadoes or severe thun- 
derstorms can develop sud- 
denly or slip through the 
mesh of observing stations. 

Pictures of such storms, 
continuous in space and 
time, can now be provided 
by the proper distriiution 
of surface radars and m e  
teorologid oatellites. Ra- 
dar observations show the 
threedimensional array of 
many cloud types, particu- 
larly those with precipitat- satellites, once they serve 
ing particles, over limited their immediate forecast 
areas (200-300 kilometer use, are valuable in mete- 

orological research. They 
can be used to establish for 
the first time a truly global 
cloud census, to draw aver- 
age charts of world cloud 
cover by months or other 
periods, and to note long- 
time variations in cloud 
amount and distribution, 

radius) surrounding the 
radar set, In Earth-orbiting 
satellites, meteorologists 
have for the first time an 
observing platform with a 
capability commensurate 
with the global extent of 



ellite to scan the Earth with five sensors 
having a spatial resolution of about 50 kilometers and 
designed to measure reflected solar radiation from the 
Earth and hence the albedo; infrared radiation from the 
Earth; emission of the atmosphere in the 6.3 micron 
water vapor band; temperature of the Earth's surface or 
the cloud tops; low resolution cloud cover in visible light 
for comparison. 

In the second experiment, two sensors, having a reso. 
lution of about 800 kilometers, view a portion of the 
Earth in the center of the area depicted by the wide 
angle television camera. One sensor responds to the ter- 
restrial radiation emitted by the Earth and atmosphere 
while the other measures the radiation as well as the re- 
ffected and scattered solar radiation. 

Observations from these radiation sensors are still un- 
der study but a preliminary analysis indicates that much 
of the data are of excellent quality and should reveal 
useful information concerning the radiative sources and 
sinks in the atmosphere, the surface and cloud tempera- 
tures and thus the approximate heights of cloud tops. 
The radiation sensors on Tiros I1 represent a continua- 
tion and extension of the low resolution solar and ter- 
restrial radiation measurements made from the Explorer 
VI1 satellite which was launched on October 13, 1959. 
The data for Explorer VI1 are still in process of analysis, 
but some interesting preliminary charts of outgoing radi- 
ation from the Earth to space have already been drawn. 

These satellite observations of radiation will be used 
to study weather developments and motions of atmos- 
pheric disturbances as related to the radiation balance, 
and to compute net radiation gains and losses over the 
Earth-a possible aid to long range weather prediction. It 
is known that poleward transport of excess energy from 
the tropics can vary considerably. When winds are blow- 
ing mostly from the west or east, the energy flow away 
from the tropics is inhibited. But when the flow pattern 
changes from this '%high index" condition to meridional 
or "low index" flow pattern (typically characteiized by 
large quasi-stationary anticyclonic and cyclonic vortices), 
poleward energy flow is promoted, giving rise to rather 
prolonged spells of the same general weather type-fair 
weather, droughts, floods, storms-depending on geo- 
raphic location h respect to the stalled weather 
atte 
Observations of unusuai solar radi-"-lns, enc---'ic par= 

ticles, and meteoric dust from  spa^ uhould 'L, mdily 
available from satellites for correlation with unusual 
weather behavior. World weather charta should make it 
possible to study contrasts and similarities in northern 

southern hemispheric circulation patterns, and to see 
ther one hemisphere precedes the other in assuming 

anomalous patterns or whether both react simultane- 
dy to a common external excitation such as unusual 

iolar radiations or meteoric dust. Also, observation of 
smpositions and circulations of atmosphera of other 

planets by space probes, pIanetary sateII 
will permit comparisons with the terrestrial atmosphere 
and will assist in the separating out of phenomena com- 
mon to all planetary atmospheres from those character- 
istic of a particular planet. 

Climatic Changes 
Much climatic warming, which has attracted consid. 

erable attention in recent years, is confined to rather 
restricted areas of the Earth, particularly to the north 
Atlantic subarctic region and the eastern and central 
United States. Other regions, such as the northwestern 
United States and parts of central Canada, have cooled 
appreciably during the past 40 or 50 years. But whether 
the Earth as 8 whole is warming or cooling cannot be 
determined from the present inadequate observation 
networks. Measurements over periods of a year or longer 
of the incoming solar radiation and the fraction that is 
reflected by the atmosphere, clouds, and Earth's surface 
(Earth albedo), as well as the outgoing infrared radia- 
tion from the Earth and the atmosphere should enable 
us to learn whether the Earth is receiving more energy 
than it returns to space or vice versa. 

The difficulties of detecting changes in energy budget 
of some of these components by conventional means 
are iI1ustrated by the following. On the average, each 
square centimeter of the Earth's surface and the atmos- 
pheric column above annually receives from the Sun 
about 175,000 gram calories. If there were complete 
I iative balance (as most textbooks in meteorology as- 
sume) there should be an equal return of energy to space. 
But if, averaged over a year, there were a one per cent 
excess of energy received by the Earth, what would this 
mean in terms of heating the oceans, melting the glaciers, 
and warming the atmosphere? If all the e x h  energy were 
concentrated in heating the oceans and nothing else, 
this would raise their average temperature by 0,006 de. 
grees centigrade, which could not be detected by present 
observing techniques. 

m the im- 
balance of incoming and outgoing energy streams were 
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tion. The height of the freezing level in the atmosphere 
could also be inferred from the characteristic radar echo 
produced when ice and snow begin to melt after falling 
below the freezing level in the atmosphere. Further 
engineering development may ultimately permit the use 
of radar for detection of clouds, including measurements 
of the height of the bases and tops of various cloud 
layers beneath the satellite. 

Theoretical studies have recently shown that the mean 
temperature of several layers of the atmosphere in at 
least the high troposphere and stratosphere can be de- 
termined from a series of high resolution spectrometric 
measurements of the radiation ,emitted by the Earth’s 
atmosphere in various portions of the 1 5-micron carbon 
dioxide band. A spectrometer for this experiment is now 
under development. The same spectrometer is also being 
designed to measure the radiation received in a narrow 
spectral interval centered at 11.1 microns. The gaseous 
atmosphere is transparent to radiation at this wavelength 
so that the radiation received by the instrument would 
be proportional to the temperature of the Earth’s sur- 
face or cloud tops within the field of view of the instru- 
ment. 

Great strides have been made in recent years in uti- 
lizing digital computers to numerically predict the 
weather by solving simplified forms of the equations of 
atmospheric motion. The procedures presently used re- 
quire quantitative observations as input to the com- 
puter. The aforementioned temperature measurements 
will likely contribute to numerical prediction as will the 
vertical velocity field as deduced from cloud pictures. 

Present numerical prediction models require upper 
air wind velocities and some parameter directly related 
to the height of selected constant pressure surfaces in 
the atmosphere. It has been suggested that bdloons be 
injected into the atmosphere which will move with the 
wind on surfaces of constant density. A network of bal- 
loons circling the globe at three different levels and 
equipped with temperature sehson would go a long way 
toilrard pehnitting numerical prediction on a global basis. 
Polar orbiting meteorological satellites might be used 
for locating the balloons with respect to the Earth’s 
surface and receiving the temperature data froin the 
balloons. The change in the position of a giveh balloon 
between observations would yield the mean wind dur- 
ing that period. The observational data could be pro- 
cessed at a central location before international dissemi- 
nation. 

A polar orbiting satellite system of the Nimbus type, 
while providing rather frequent observations of the whole 
globe, does not meet the meteorologist’s objective of 
continuously monitoring the wor1d)s weather. A satellite 
in an equatorial orbit and synchronous rotation with the 
Earth, 35,700 kilometers above the surface, will appear 
to be stationary. Four such satellites equally spaced about 
the equator would provide a system of observing plat- 

forms capable of viewing all of the Earth’s surface con- 
tinuously in the zone between 60 degrees north and 
south latitude, The observational coverage of these 
“stationary” satellites would be complemented in the 
polar areas by the Nimbus type of satellite. 

It only appears feasible to obtain cloud observations 
from stationary satellites because of their great altitude 
above the Earth’s surface. These satellites might be 
equipped with low resolution cameras which would 
provide a ncw global cloud map (except for polar areas) 
every few minutes to any station having the pmper re- 
ceiving equipment and located within “line of sight” 
of one of the four stationary satellites. Other Cameras 
capable of viewing smaller areas in greater detail also 
might be included in the satellites. The orienbtion of 
these cameras could be controlled by regional forecast 
centers to study critical areas such as developing storms. 

international Aspects 

It is quite clear from the foregoing that the advent 
of meteorological satellites will have a strong impact on 
operational and research meteorology throughout the 
world. In promoting international cooperation in these 
areas, it is anticipated that the World Meteorological 
Organization (WMO) and the Committee on Space 
Research (COSPAR) will play important roles. 

”he World Meteorological Organzation, affiliated 
with UNESCd and in existence since 1950, is the lineal 
descendant of the International Meteorological Organi- 
zation, established in 1878. The WMO, composed of 
108 members, has these purposes: the facilitation of 
worldwide cooperation in the establishment of obsew 
ing networks, the promotion of rapid exchanges of 
weather information, the encouragement of standardi- 
zatidn of meteorological observations, the application 
of meteorology to transportation, agriculture, etc., and 
the encouragement of research and training in meteor- 
ology, 

In this framework of international cooperation in 
meteorology extending back 83 years, the appearance of 
meteorological satellites presents some novel aspects 
and opportunities. First, in contrast to most conventional 
observing stations, the satellite observatory is not at a 
fixed location in the home territory or on the high seas. 
Earth-orbitihg satellites are truly global in their range 
and thus enable the meteorologists of the launching 
country to observe atmospheric phbnomena over their 
area and outside areas more rapidly and more completely 
than can be done by local meteorologists and to make 
some measurements which cannot be done at all by con- 
ventional means no matter how dense the station net- 
work is. Since some of the phenomena observed by 
meteorological satellites may have rapid and serious Con- 
sequences to the safety of the population and to the 

nomy of a nation, it is imperative that meteorological 
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satellite information be conveyed speedily to all the 
nations. This can be done in several ways: 

- R e a d a t  of data by the launching country which 
relays data summaries on international meteorological 
circuits by means of coded messages or by facsimile. 
This system of notification introduces delays of several 
hours which may seriously limit the value of the infor- 
mation. 

-Readat  of data by individual nations or groups of 
nations. This would seem to be the most efficient way 
of disseminating such information and putting it to 
immediate use but, as indicated earlier, involves rather 
expensive equipment of the order of $3 million or more 
per receiving station and would complicate the satellite 
instrumentation if all data were to be transmitted in 
this manner. A more realistic possibility would be the 
continuous transmission of some of the data (such as 
cloud pictures over a limited area) with the remaining 
data being received and processed at a central location 
before international transmission. 

-Communication satellites. Here the launching nation 
:odd receive the information from its read-out stations 
md transmit it in digested and analyzed form to other 
nations via communication satellites. Raw information 
from meteorological satellites might also be relayed via 
communication satellites directly to central processing 
centers not in line of sight of the meteorological satel- 
lites. 

A small beginning has been made in limited inter- 
national release of meteorological satellite information 
from Tiros 11. Whenever meaningful data were obtained 
for the southern hemisphere, these were transmitted by 
word message to the International Antarctic Analysis 
Center at Melbourne, Australia where meteorologists 
of several nations (including the U.S.) are cooperating 
in studying the meteorology of a major portion of the 
southern hemisphere. Also daily transmissions of cloud 
charts by U.S. Navy radio facsimile were beamed abroad 
for fleet units and received by other nations within 
range of these transmissions. The WMO informed its 
member countries of these transmissions and provided 
pertinent communication information, 

WMO can play an important role by keeping its 
members informed of the launchings of meteorological 
satellites, their orbits, heights, periods, characteristics 
of the sensing equipment, frequency and power of the 
radio transmissions, etc. It could encourage the member 
countries to participate in the program either by launch- 
ing meteorological satellites in desirable orbits which 
supplement those launched by other countries, by as- 
sisting in the tracking and receiving of the transmitted 
data and by taking valuable auxiliary observations such 
w additional upper air soundings, cloud observations, 
etc, The WMO could also promote the dissemination 
of such data and stimulate their use and interpretation 
by distributing literature and arranging for the visits of 

meteorologists trained in the new techniques or by send- 
ing meteorologists to countries which have launched 
meteorological satellites. 

COSPAR, the nongovernmental Committee on 
Space Research organized by the International Council 
of Scientific Unions (ICSU) which sponsored the Inter- 
national Geophysical Year, could encourage and co. 
ordinate meteorological satellite experiments and could, 
because of its broad representation from the international 
scientific community, draw upon a wealth of knowledge 
to suggest new meteorological experiments and to pro. 
mote the design, development and testing of new ob- 
serving techniques. These techniques, based on develop 
ments in the fields of spectroscopy, electro-magnetic 
radiation, particle dynamics, etc., may depart widely 
from conventional meteorological instrumentation. 

The interplay of the various scientific disciplines en- 
gaged in research in space may lead to the unexpected 
development of valuable new tools and concepts in 
meteorology. These might include detailed observations 
of radiations and energetic particles from the Sun and 
space which affect the Earth‘s atmosphere, and observa- 
tions of atmospheric properties of other planets, as dis- 
cussed previously. 

World Data Centers, containing meteorological satel- 
lite data for research purposes by all meteorologists, 
would also be maintained. World Data Center A, Ashe. 
ville, North Carolina, is now receiving data from U.S. 
meteorological satellites. 

In considering a world system of meteorological satel- 
lites for both operational and research use, the question 
of financial support arises. Who would pay for the satel- 
lites? Will this be done by individual countries or will 
there be a sharing of the costs by many countries, with 
a few countries designated to do the launching? For the 
foreseeable future, it is likely that costs of the meteor- 
ological satellites will be borne by individual launching 
countries but other countries might establish their own 
read-out stations. However, it is interesting that Dr. A. 
Viaut, president of the WMO, on the occasion of its 
tenth anniversary, stated; “It would not be realistic to 
mention-except as an ideal not likely to be attained for 
a very long time yet- the possibility of a single world 
meteorological budget.” Until this day arrives there is 
ample opportunity for continued increase of interna- 
tional cooperation in meteorology, and it is expected 
that meteorological satellites will contribute strongly to 
this movement. 
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