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PREFACE 

In November 1973, the Nation�! Aeronautics and Space Administration 
(NASA) asked the National Academy of Engineering* to conduct a summer study 
of future applications of space systems, with particular emphasis on practical 
approaches, taking into consideration socioeconomic benefits. NASA asked 
that the study also consider how these applications would influence or be 
influenced by the Space Shuttle System, the principal space transportation 
system of the 19 80's. In December 1973, the Academy agreed to perform the 
study and assigned the task to the Space Applications Board (SAB) . 

In the summers of 1967 and 1968 ,  the National Academy of Sciences had 
convened a group of eminent scientists and engineers to determine what research 
and development was necessary to permit the exploitation of useful applications 
of earth-oriented satellites. The SAB concluded that since the NAS study , 
operational weather and communications satellites and the successful first 
year of use of the experimental Earth Resources Technology Satellite had demon
strated conclusively a technological capability that could form a foundation 
for expanding the useful applications of space-derived information and services , 
and that it was now necessary to obtain , from a broad cross-section of potential 
users , new ideas and needs that might guide the development of future space 
systems for practical applications. 

After discussions with NASA and other interested federal agencies , it 
was agreed that a major aim of the "summer study" should be to involve, and 
to attempt to understand the needs of, resource managers and other decision
makers who had as yet only considered space systems as experimental rather 
than as useful elements of major day-to-day operational information and service 
systems. Under the general direction of the SAB , then, a representative group 
of users and potential users conducted an intensive two-week study to define 
user needs that might be met by information or services derived from earth
orbiting satellites. This work was done in July 19 74 at Snowmass , Colorado. 

For the study , nine user-oriented panels were formed , comprised of present 
or potential public and private users, including businessmen, state and local 
government officials, resource managers, and other decision-makers. A number 

*Effective July 1, 1974 , the National Academy of Sciences and the National 
Academy of Engineering reorganized the National Research Council into eight 
assemblies and commissions. All National Academy of Engineering program units , 
including the SAB, became the Assembly of Engineering. 

iii 
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of scientists and technologists also participated, functioning essentially 
as expert consultants. The assignment made to the panels included reviewing 
progress in space applications since the NAS study of 1968* and defining user 
needs potentially capable of being met by space-system applications. User 
specialists, drawn from federal , state , and local governments and from business 
and industry, were impaneled in the following fields: 

Panel 1: Weather and Climate 
Panel 2: Uses of Communications 
Panel 3: Land Use Planning 
Panel 4: Agriculture, Forest , and Range 
Panel 5: Inland Water Resources 
Panel 6: Extractable Resources 
Panel 7: Environmental Quality 
Panel 8: Marine and Maritime Uses 
Panel 9: Materials Processing in Space 

In addition, to study the socioeconomic benefits , the influence of tech
nology, and the interface with space transportation systems, the following 
panels (termed interactive panels) were convened: 

Panel 10: 
Panel 11: 
Panel 12: 
Panel 13: 
Panel 14: 

Institutional Arrangements 
Costs and Benefits 
Space Transportation 
Information Services and Information Processing 
Technology 

As a basis for their deliberations , the latter groups used needs expressed 
by the user panels. A substantial amount of interaction with the user panels 
was designed into the study plan and was found to be both desirable and neces-
sary. 

The major part of the study was accomplished by the panels. The function 
of the SAB was to review the work of the panels , to evaluate their findings, 
and to derive from their work an integrated set of major conclusions and recom
mendations. The Board's findings, which include certain significant recommen
dations from the panel reports, as well as more general ones arrived at by 
considering the work of the study as a whole , are contained in a report pre
pared by the Board.** 

It should be emphasized that the study was not designed to make detailed 
assessments of all of the factors which should be considered in establishing 
priorities. In some cases , for example, options other than space systems for 
accomplishing the same objectives may need to be assessed; requirements for 

*National Research Council. UsefuL AppLications of Earth-Oriented SateLLites� 
Repo�t of the CentraL Review Committee. National Academy of Sciences , 
Washington , D.C., 1969. 

**Space Applications Board, National Research Council. PracticaL AppLications 
of space Systems. National Academy of Sciences , Washington, D.C. , 1975. 
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insti tutional or organizational support may need to b e  apprai s e d ;  multip l e  
us e s  o f  systems may need to be eva luated t o  achieve th e most effi cient and 
e conomi c returns. In s ome cases , analys es of costs and b enefits wi l l  be neede d .  
In this connection , speci fi c  cos t-benefit studi es were not conducted a s  a p art 
of the two-week study . Re commendations for certain such analys es , however, 
appe ar in the Board's report , together wi th recommendations designed to provide 
an improved b as i s  upon which to make cos t-benefi t ass essments . 

In sum , the s tudy w as des igned to provide an opportuni ty for know ledgeab le 
and experienced users , expert in their fi e l ds , to expres s their needs for 
information or services which might (or might not )  be met by space systems , 
and to re l ate the pres ent and pot ential capab i li ties o f  space systems to their 
nee ds. The study did not attempt to examine in detai l the s ci enti fi c ,  techni
cal, or e conomi c  b ases for the needs express ed by the us ers . 

The SAB was impres s ed by the qua l i ty of the p ane ls' work and has asked 
th at their reports be made avai l ab l e  as supporting documents for the Board's 
report. Whi l e  the Board is in general accord with the panel reports, it do es 
not necess ari ly endors e  them in every det ai l. 

The conclus i ons and recommendations o f  this pane l  report should be con
s i dered within the context of the report prepared by the Space App l i c ations 
Board. The vi ews presented in th e panel report repres ent the general cons ensus 
of the p ane l. Some indi vidual members o f  the pane l may not agree with every 
conclusion or re commendation contained in the report . 
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INTRODUCTION 

During the 1974 Summer Study on Space Applications, the Panel on Weather 
and Climate undertook a review of existing operational and R&D programs. The 
Panel was impressed with the existing systems and the degree to which they have 
become an integral part of the meteorological program in the United States. 
Low-altitude and geostationary satellites provide timely and essential data to 
the operational forecasts of the National Meteorological Center; a carefully 
considered R&D program is directed toward the long-range improvement of the 
operational system. The National Aeronautics and Space Administration (NASA) 
and the National Oceanic and Atmospheric Administration (NOAA) are both to 
be congratulated on the success of the meteorological satellite program. 

In the field of meteorology, the existing space applications program has 
been constructively responsive to national initiatives. One set of goals was 
advanced by the Panel on Meteorology during the 1967-68 Summer Study on Space 
Applications.* The recommendations prepared during that study follow, together 
with an indication of the current status of each: 

1. The central recommendation of the 1967-68 report called for NASA 
to " • • •  continue to direct its meteorological satellite program to meeting the 
observational requirements of GARP (Global Atmospheric Research Program) and 
the World Weather Watch programs • • • •  "** To implement this program, and particu
larly to support the First GARP Global Experiment (FGGE) , it was proposed to 
develop an integrated space-based system to provide global coverage in the late 
1970's for synoptic-scale forecasting. *** There were to be four geostationary 
meteorological satellites and one or two sun-synchronous near-earth satellites , 
with associated ground (ocean buoy) and airborne (balloon) platforms to be 
interrogated from space. 

It is now planned that there will be five geostationary satellites 
in operation by early 19 78, two of which are to be operated by the U. S. 
(the first was successfully put into operation in May 19 74) ,  one by Japan, 
one by the European Space Agency (ESA) , and one by the U. S. S.R. The techni
cal characteristics of these satellites are being coordinated for optimum 

*National Research Council. UBefuZ AppZicationB of Earth-OPiented SateZZiteB: 
Report of the PaneZ on Meteol'oZogy (Panel 4) . National Academy of Sciences, 
Washington, D. C. , 1969. 

**Report of the Panel on Meteorology, p. 5. 
***See Table I (p. 5) for definition of meteorological scales. 
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compatibility of the information produced and for data-relay capabilities. 
Two sun-synchronous near-earth satellites with advanced sounding systems and 
platform-location and data-relay capabilities are scheduled for launch in late 
1977 and early 1978. Instrumented drifting buoys, constant-level balloons, and 
large carrier balloons with wind-finding dropsonde dispensers are under active 
development; extensive field tests will be carried out in 19 74-75 in conjunction 
with the NIMBUS-F satellite. Costs are anticipated to be within those recommend
ed in the 1967-68 study in order to make these techniques economically viable. 
The fir-st roeaorrunendation of the 1967-68 study is nearing fulfillment. 

2. A second major recommendation called for the development of a ful�y 
integrated meteorological geosynchronous satellite to be available by 1971. 
Both visible and infrared images were to be displayed in real time, and equipment 
was called for which would be able to present time-lapse views of the images.* 

The NASA and NOAA Synchronous Meteorological Satellite (SMS) and 
Geostationary Operational Environmental Satellite (GOES) series were inaugurated 
in May 1974 with high-resolution visible and medium-resolution infrared (IR) 
imaging capability. The first satellite is performing to specification. A 
limited operational ground display system has been developed and implemented, 
and equipment for high-resolution display and picture production is also operat
ing on an experimental basis. Various methods of time-lapse display of images 
have been used or are in process of development. This r-ecommendation has been 
implemented. 

3. A third recommendation called for IR and microwave vertical temperature 
sounders to be used on both polar-orbiting and geostationary satellites and to 
be capable of satisfying known data requirements for synoptic-scale numerical 
weather forecasting. 

The IR sounders are in operational use on polar-orbiting satellites. 
However, the accuracy of temperature measurement is not adequate: errors average 
between 2°C and 3°C compared with a requirement of l°C. A microwave sounder was 
flown successfully on NIMBUS-5 and it is planned to include microwave sounders, 
along with advanced IR sounders (more channels and higher resolution) on a new 
operational series of low-altitude satellites starting in 1977-78. IR and micro
wave sounders have not yet been flown on geostationary satellites. Thus# the 
implementation of this roeco1TI7lendation is stiU incomplete. 

4. The final two recommendations of the 1967-68 study dealt with develop
ment of light-weight, safe, low-cost meteorological packages for constant-level 
balloons, and for techniques of sounding the atmosphere through clouds by use of 
microwaves. The r-equir-ed developments are either- proven oro about to be tested# 
and the outlook is vezoy positive foro useful oper-ational systems. 

*Report of the Panel on Meteorology, p. 5. 
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In some other areas the meteorological satellite program has moved more 
rapidly than could have been anticipated in 1967-68. For example, data trans
mitted by geostationary satellites are now being used operationally by NOAA 
to determine atmospheric winds. This technique, which was not foreseen in 1967, 
has proven to be valuable in the preparation of weather forecasts. 

It has already been noted that developments in the meteorological space 
applications program have been closely coordinated with the objectives of the 
World Weather Watch program, especially GARP. Detailed plans for a meteorolog
ical Global Observing System are being readied for FGGE. Much of the current 
high-priority R&D in the meteorological space applications program is being 
undertaken to contribute to the success of FGGE. 

It is important to note, however, that the goals of meteorology are broader 
than the assessment of the feasibility of extending synoptic-scale forecasting. 
A major statement of these goals was set forth in a report published by the 
Committee on Atmospheric Sciences of the National Academy of Sciences. * These 
goals were (1) to extend useful forecasting capability, (2) to contribute to the 
development of the capability to manage and control the concentrations of air 
pollutants, (3) to establish mechanisms for the national examinations of delib
erate and inadvertent means for modifying weather and climate, and (4) to reduce 
social, economic, and human losses caused by weather. 

The recommendations in the present study deal explicitly with goals (1) 
and (4) . They also deal with goals ( 2) and (3) in areas where the monitoring 
of associated meteorological parameters from space has contributed to the 
development of useful management or modification techniques. 

*Co�ttee on Atm�spheric Scie�ce�, .National Research Council. The Atmospheric 
S�enoes and� s NeedS: �o�t�es foP the Future. National Academy of 
Sc1ences, Wash1ngton, D.C., 19 71. 
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SPACE APPLICATIONS TO METEOROLOGY 

Space and time scales of motion in operational meteorology range over a 
wide spectrum from local, transitory weather phenomena to global, climatic 
changes, as outlined in Table I. 

Table I 

Scale 

Local present weather 

Short range (mesoscale) 

Synoptic 

Long range and climate 

Range of Meteorological Scales 

Approximate Time Scale 

0 to 2 hours 

2 to 12 hours 

1 day to 1 week 

2 weeks or more 

Approximate Area 
of Influence 

150 km 

1000 km 

Hemispheric 

Global 

The observational methods and the prediction techniques vary markedly 
throughout the range from the smallest to the largest scale. 

PRESENT-WEA1HER DISPLAY 

In its 1971 report, the Committee on Atmospheric Sciences of the National 
Academy of Sciences placed a high priority on the development of comprehensive 
systems for monitoring present weather, with the information being made continu
ously available to broad categories of users. Input data might be derived from • 

satellite and radar observations and from a network of low-cost, unmanned 
weather stations interrogated by computer. The combined output could be dis
tributed to the general public and other users by television or other communica
tion systems. 

Information on localized weather for periods of up to 2 hours is becoming 
increasingly important to the decision-making processes of a wide variety of 
users. Additionally, the display of local present weather is vital in alerting 

5 

Copyright © National Academy of Sciences. All rights reserved.

Weather and Climate: The Report
http://www.nap.edu/catalog.php?record_id=18685

http://www.nap.edu/catalog.php?record_id=18685


the public to hazardous weather. Space platforms offer a practical source 
of data for the timely display of present-weather information and a possible 
vehicle for the rapid dissemination of warnings. 

The wide demand for present-weather data has been demonstrated by the 
extensive use of the Automatic Picture Transmission (APT) system, now part of 
the NOAA satellite series. Over 1, 000 users purchased or constructed specialized 
ground equipment in order to receive these pictures. This represents a voluntary 
expenditure of approximately $10 million. Since this weather data is obtained 
from low-altitude satellites, it is available only twice daily. The continuous 
flow of data from geostationary satellite systems would increase manyfold the 
utility of present-weather information. 

RECOMMENDA!riON - The Pane 'L on Weather and C'Limate recorrrnends the deve 'Lop
ment of a 'Low-cost readout system from three-axis-stabi'Lized geostationary 
sate'L'Lites for the disp'Lay of Zoca'L present weather in rea'L time. This cou'Ld 
be part of a broad present-weather info�tion network. To test the effective
ness of such a system� the PaneZ recommends that a present-weather pi'Lot 
project be undertaken in a region that inc'Ludes both urban and rura'L areas. 

SHORT-RANGE FORECASTS 

A simple extrapolation of the movement of small-scale weather systems, 
such as thunderstorms, will usually provide a successful weather forecast for 
only a short period of time, generally 1 to 2 hours. Beyond this, it will be 
necessary for meteorologists to devise forecasting methods to modify extrapola
tion. The result will be to change in an appropriate way projections of the 
direction of motion, the speed, and the rate of development of existing weather 
systems. With the addition of new forecasting techniques, it is probable that 
forecasts can be effectively extended to a range of from 3 to 6 hours. 

In developing these forecasting techniques, it will be important to have 
information about the vertical structure of the atmosphere in particular local 
areas where short-term forecasts are to be prepared. An IR-sounding capability 
from a geostationary platform would be an effective way of obtaining such data. 
The additional provision of three-axis-stabilization would improve by one order 
of magnitude the time available for observation and therefore would greatly 
enhance the capability of the system. 

Extending forecasts into the 6-hour to 12-hour range will be a more 
difficult problem and will require increasingly sophisticated models and more 
extensive observations, especially in the planetary boundary layer. Various 
experimental studies on this time scale will need to be undertaken. NOAA has 
recently begun to develop plans for a Severe Environmental Storm and Mesoscale 
Experiment (SESAME) to be carried out over a 3-year period beginning in 1977 
or 1978. Satellite support of such experimental programs is, of course, highly 
desirable. 

RECOMMENDA!riON - The Pane'L recommends that NASA deve'Lop IR-sounding capabi'L
ity from the geostationary Synchronous Meteoro'Logioa'L Sate'L'Lite in order to 
support the deve'Lopment of short-range forecasts of Zoca'L weather. The deve'Lop
ment of a three-axis-stabi'Lised geostationary p'Latform wi'LZ substantia'L'Ly improve 
the va'Lue of this system. 
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SYNOPTIC FORECASTS 

The synoptic-scale dynamics of the atmosphere are becoming better under
stood through international efforts such as GARP. These and similar efforts 
have made it possible to simulate the general characteristics of the global 
circulation of the atmosphere by numerical models for periods of 1 week or 
longer. Hemispheric operational versions of such models, which have more demand
ing data requirements, have led over the last 15 years to an extension of the 
effective predictability of synoptic-scale weather from 2 days to 3 days and 
have permitted the National Weather Service to provide general outlooks of the 
weather 4 and 5 days in advance. 

To extend synoptic forecasting capabilities to 5 days or beyond within 
the next decade, a world-wide atmosphere-ocean observing system is an absolute 
necessity. By the early 1980's GARP results should give better insight into 
the possibilities of extending synoptic-scale forecasts beyond 5 days and will 
also provide a critical assessment of the observational requirements necessary 
to support such extended forecasts. 

The costs associated with operating a global land-ocean-based synoptic 
observation network are prohibitively high, on the order of $1 billion or more 
per year. It is obvious that a more effective alternative is a mix of existing 
land-ocean-based observations and those from a satellite system; this mixed 
observing system should be capable of monitoring the atmosphere to measure the 
vertical temperature and humidity structure, the distribution and motion of 
clouds (from which atmospheric winds can be determined), and sea-surface tempera
ture. An extensive data-relay capability for remote, earth-based automatic 
stations is also required. 

RECOMMENDATION - The Pane'L on Weather- and C'Limte z-ecorrrnends (1) continued 
suppor-t for- GARP in or-der- to assess the possibitities of e�ending synoptic
sca'Le for-ecasts; {2) continusd R&D effor-t to improve temperature and humidity 
soundings6 measuz-ements of sea-sUPface tempemtures6 measUPements of tJi.nds using 
c 'Loud disp Zacements in orodez- to meet the acCUPaoy and z-eso Zution z-equiztements 
set for-th for- FGGE in 1978-79; and {3) continusd R&D effor-ts tOtlkn'd the use 
of space techniques to pr-ovide tJi.nd profi'Les in the equatoztia'L zone tJi.th bette!' 
veztticat z-eso'Lution than is � possib'Le by c'Loud-tz-acking methods6 inasmuch 
as the mi.3:ed battoon and satetzite obser-ving subsystem p'Lanned for- FGGE may 
not tend itse'Lf to opez-ationat use. 

LONG-RANGE WEA1HER AND CLIMATE PREDICTION 

It now appears that the ability to predict determinately the state of the 
atmosphere cannot be extended beyond approximately 2 weeks. Hence, the ability 
to make longer-range forecasts, if possible, may have to be handled in a statis
tical manner. This implies that meteorology will have to develop a different 
set of mathematical and descriptive tools if it is to attack the problem of long
range weather and climate prediction. This effort is now in its infancy. 

A treatise is not undertaken here concerning the vital importance of the 
ability to predict weather on the time scales of months, seasons, and years. 
Suffice it to say, the consensus of the Panel is that this capability is desper
ately needed by a growing civilization that has seriously strained its food 
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supplies, natural resources, and distribution systems. Substantial efforts in 
long-range weather and climate prediction must now begin in order to aid man 
in coping with the consequences of climatological vagaries (e. g., failure of 
food and fiber crops). 

The development and application of a method of long-range weather and 
climate prediction require a comprehensive understanding of the interactions 
of the land-air-ocean system. In order to elucidate these interactions, a 
capability must be developed to observe all important aspects of this complex 
system. Fortunately, many of the necessary observations are now or will soon 
be taken on a routine, operational basis (e.g., atmospheric temperature pro
files, water-vapor content, snow-ice cover, and cloud cover). This fortuitous 
circumstance is a direct result of satellite capabilities developed for GARP. 
However, some necessary observations are not now being obtained. For instance, 
there is a need to monitor the energy budget of the earth, for it is the net 
energy (incoming minus outgoing) that is available to drive the system. For 
the same reason, the surveillance of the world's oceans must be greatly im
proved, for their great heat capacity and inertia have an importance influence 
on the atmosphere. Thus, it is important to know the heat content and field 
of motion of the mixed layer and of the surface winds. 

The parameters that characterize the climate of the land-air-ocean system 
must be observed on a global basis over time periods ranging from years to 
decades. Such observations are perhaps the key to development and verification 
of predictions of climate. Satellites and related systems offer the only cost
effective hope of obtaining these data but, because of the requirements for 
longtime records, stringent demands will be imposed on sensor stability, reli
ability, and calibration. The huge amount of data to be collected requires a 
data-management capability that is not now in existence. (See section entitled 
"DATA MANAGEMENT," page 17. ) Finally, it must be noted that effective pursuit 
of a climate prediction capability will require an explicit management commit
ment at the highest level of government. 

RECOMMENDATIONS - The Panel PecOfTITlends that (1) a program of measuring 
the global Padiation budget must be instituted as soon as possible; this must 
include long-term measurements of solar radiation. albedo. and tel'l'estrial IR 
emission; (2) ocean�onitoring capability must be greatly impl'oved; highest 
prioPity should be given to measurement of the heat content and field of motion 
of the mi.J:ed Zayel' and of surface tJind; and (3) quantitative surveiZZance of 
the atmospheric constituents that play a role in the global radiation balance 
must be instituted. 
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APPLICATIONS TO FIELDS OTHER THAN METEOROLOGY 

The close and effective cooperation between NASA and NOAA has been largely 
responsible for the development during the past several years of an extremely 
successful environmental satellite system. Nevertheless, the Panel recognizes 
that this cooperation has resulted in an almost exclusive focus of attention on 
defining sensors and using satellite data for operational synoptic forecasting. 
NOAA is in the unique position of being the collector, the disseminator, the 
archivist, and the principal user of satellite meteorological data. NOAA also 
defines meteorological requirements for operational satellite systems. This 
situation has resulted in the efficient use of satellite weather data for fore
cast purposes, but in minimal use of these data by other users for other purposes. 

Disciplines in which meteorology is an extremely important component (such 
as environmental quality, agricultural meteorology, hydrology, and oceanography) 
could benefit from available satellite meteorological data in their research 
and operational programs. In addition, these data could be used effectively by 
industry and commerce. Indeed, the potential economic benefit of the use of 
meteorological data for such purposes may equal or exceed their use for forecast 
purposes. 

There is a substantial need for the development of sensors to measure para
meters important to other users; for example, the amount, nature, and intensity 
of precipitation; soil and snow moisture content; and sea-surface temperatures 
and winds. None of these data can be obtained with the required accuracy from 
existing sensors. 

Scientists and engineers in fields in which meteorological and climatological 
factors are important should also have greater voice in the formulation of 
requirements for meteorological data and sensors as well as in the management of 
operational systems. Some appropriate mechanism must be found to focus needed 
attention on such requirements without losing the benefits of the present close 
cooperation between NASA and NOAA. 

RECOMMENDATION - The Panel. reccmmends that formal. mechanisms be establ.ished 
to broaden the utiZ.ity of the meteoroZ.ogicaZ. sateZ.Z.ite program. The broadening 
shouZ.d provide for participation in program pZ.anning by users of meteoroZ.OgicaZ. 
data in such fieZds as agricuZ.ture� transportation� hydroZ.ogy� and oceanography. 
The operational. meteoroZ.ogicaZ. system shouZ.d aZ.so be responsive to the needs of 
such discipZ.ines for reaZ.-time data. 
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HIGH-PRIORITY NE EDS WITHIN PRE S E NT S YS TE MS 

An extensive R&D program in support of operational weather satellites is 
already in existence. This program has been thoughtfully constructed over a 
period of many years by a capable, dedicated group of meteorologists and 
engineers. A substantial group of R&D initiatives is well under way; others 
are under consideration. 

In these circumstances, it would be surprising indeed if the Panel on 
Weather and Climate should find major deficiencies in the program as a result 
of this comparatively limited review. Many of the following recommendations 
are, therefore, designed to emphasize high-priority needs in areas where work 
is already under way. It is clearly recognized that many of the recommendations 
will require an extensive R&D commitment over an extended period of time. 

IMPROVED SOUNDING OF THE A1MOSPHERE 

The primary contribution of operational satellites to weather forecasting 
is the determination of the vertical structure of the atmosphere, especially 
temperature and humidity. Present IR soundings indicate the temperature struc
ture with an accuracy of about 2°C or 3°C; an accuracy approaching that of radio
sondes (about l°C) would be more useful. The resolution of present satellite 
observations in clear air is approximately 40 km, a figure satisfactory for 
synoptic forecasts. 

However, difficulties are encountered when substantial cloud cover exists. 
The use of microwave sounders will to a considerable extent overcome these 
problems. The successful operation of a non-scanning microwave sounder on 
NIMBUS-5 opens the way to development of a combined IR and microwave sounding 
system and, indeed, such a system is being developed for operational use. 
Neither the IR nor the microwave sounder, however, locates temperature inversions 
well, especially the important inversion at the tropopause (the boundary between 
the troposphere and the stratosphere) . A limb-scanning IR sounder is being 
prepared for launch on NIMBUS-F in late 19 74. A test of this instrument on 
a balloon flight has proved its ability to locate the height of the tropopause 
and to obtain an accurate temperature profile. 

With respect to humidity profiles, the total water vapor in a column is 
measurable to about 20% accuracy by present vertical sounders, and a future 
sounder will include two channels for water vapor determination. By 1978 it 
should be possible to construct a crude two-parameter vertical profile with 
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an accuracy of 20\ to 30%. The sounding, however, will be limited to the middle 
and lower troposphere, since the upper troposphere is too dry to emit adequate 
signals in this band. A limb-scanning sounder may make it possible to extend 
the humidity profile upward from the middle troposphere to the stratosphere. 

RECOMMENDATION - The Panel. recorrvnends that the vertical. temperature sounding 
capability be improved to approach more cZoseZy a 1°C accuracy requirement. 
The Panel. strongly supports the concept of a combined IR and micrOI.r)ave sounder 
for future operational. systems and recommends that the possibility be kept open 
of adding limb-scanning sounders as we ZZ. 

IMPROVED GEOSTATIONARY SATELLITES 

Geostationary meteorological satellites will become increasingly important 
in the operational meteorological system. Observational coverage is virtually 
continuous. These satellites are ideal for frequent monitoring of such phenomena 
as local severe storms; generally, these platforms are capable of repeated and 
detailed examination of portions of the earth's atmosphere which are of particu
lar interest or concern. Data from geostationary satellites are of key 
importance to synoptic forecasts; such information will also be valuable in the 
display of present-weather information to a wide variety of users. 

Four important improvements should be made in the geostationary satellite 
system: 

IR sounders should be incorporated into the existing satellite 
system as soon as possible. 

Three-axis-stabilized geostationary satellites should be used 
to replace the existing spin-stablized operational satellites. 
This improvement would make it possible to view the earth 
continuously, with a gain in viewing efficiency by a factor of 
10 to 20. 

Microwave sounders should be added to three-axis-stabilized 
geostationary satellites as soon as possible. 

A low-cost local readout system should be developed to bring 
the information directly to many users, public agencies and 
private organizations. 

RECOMMENDATION - The Panel. recorrmends that high priority be given to a 
Zong-term R&D effort to provide a new generation of geostationary satellites. 
These improved satellites shouZd be three-a:x:is-stabiliaed� have the capability 
to view seZectiveZy sectors of the earth's disk� be provided with a Zow-cost 
ZocaZ readout system� and incorporate advanced capability in temperature and 
humidity sounding. 
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OPERATIONAL RADIATION-BUDGET OBSERVATIONS 

Preparation of synoptic forecasts and climate predictions requires substan
tially improved understanding of the radiation budget of the earth. Budget 
determination includes the measurement of solar radiation, the determination of 
the earth's albedo, and the measurement of outgoing IR emissions. These measure
ments will ultimately be used to establish parameters for the energy budget in 
terms of other measurements of the state of the atmosphere, such as the nature 
and distribution of cloud cover and the vertical structure of temperature and 
humidity. 

Considerable work has already been undertaken in the development of the 
necessary sensors, and experimental determinations of the earth's energy budget 
will be taken from NIMBUS-F. However, accurate measurements from space of the 
earth's radiation balance will not be achieved easily. A host of special prob
lems exists, such as the effect of viewing angle on albedo measurements. In 
addition, the use of polar-orbiting sun-synchronous satellites would introduce 
consistent (diurnal) errors into the energy-budget determination. The elimina
tion of such problems will require particular care. 

RECOMMENDATION - The Panel, recormtends that an operational. capabiLity to 
measure the radiation budget of the earth be deveLoped as quickZy as possibZe. 
Studies shouLd be undertaken to determine the kind of muZtipZe-sateZZite� 
muUipZe-orbit system required to obtain good sampLings of ZocaZ times and of 
refLectance angLes� to pemit acczatate detemination of the average pLanetary 
aLbedo. The operational. system must provide Zong-tem (that is� over decades) 
continuity and consistency of radiation measurements. 

MONITORING OCEANS 

The ability of the oceans to store, redistribute, and release heat makes 
them a prime factor in climate prediction. It is therefore vital that the sea
surface temperature and the heat content of the upper layer of the ocean be 
observed routinely. Also required are estimates of surface winds over the ocean 
and of near-surface currents. These data are vital to the development of models 
of climate. 

Present measurements of sea-surface temperature, while encouraging, are not 
accurate enough to be of major use. However, future system improvements promise 
to provide the accuracy required. Considerable effort must be expended to 
develop a wind-measuring capability. The estimation of near-surface currents 
poses an even more difficult problem that has yet to be addressed. 

RECOMMENDATION - The Panel, recommends that an operational, capabiLity be 
undertaken as quickLy as possibLe to measure cZimaticaZZy important oceanic 
variab Zes. 
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MONITORING ATMOSPHERIC CONSTITUENTS, 
PARTICULATE LOADING, AND AEROSOLS 

Theoretical studies have indicated that changes in the composition of 
the atmosphere with regard to minor constitutents, particulate loading, and 
aerosols can have a major effect on climate. The measured concentration of 
carbon dioxide has increased about 25% in the last century. Substantial 
variations in stratospheric ozone concentration are also suspected. Particulate 
loading and aerosol concentration are also believed to be increasing, although 
reliable data are lacking. Clearly, the intelligent management of man's 
activities requires careful monitoring of the atmosphere in order to establish 
a baseline, to detect trends, and to detect climatic changes. Satellite remote
sensing techniques provide a possible major contribution to such a monitoring 
program. A number of promising techniques are to be tested on NIMBUS-G to 
demonstrate their effectiveness. 

RECOMMEND/triON - An opemtionaZ capabi"Lity to monitozt c"LimaticaZ"Ly 
impozttant atmospheztic constituents� pazttiau"Late "Loading� and aerosoZs shou"Ld 
be undSzttaken as quickZy as possibZe. 

ACCURATE DETERM[NATION OF OCCURRENCE AND INTENSITY OF PRECIPITATION, 
SOl L MOISTURE, AND WATER CONTENT OF SNOW 

Microwave emission has been used experimentally to delineate areas where 
heavy precipitation is occurring. Such observations are most easily made over 
the ocean where there is substantially lower surface emission at these frequen
cies. Results have been sufficiently encouraging to warrant the development of 
an R&D program to measure precipitation on a world-wide basis. Such observations 
would be particularly valuable not only in meteorology but also in a variety of 
other disciplines, such as water resources and agriculture. Soil moisture and 
the water content of snow may also be measurable through the use of microwaves. 
The difficulties of instrumentation are many. Nevertheless, these types of 
observations, which can best be made from meteorological satellites, would 
provide invaluable information. An appropriate R&D program should be initiated 
to determine the feasibility of such measurements. 

RECOMMEND/triON - The Pane Z ztecormtends an R&D effoztt to produce sensing 
and processing systems to pztovidS information on the ocCUl'l'ence and intensity 
of pzteeipitation and on the moistuzte content of soiZ and snozu covezt. 

IMPROVED DETERMINATION AND EVALUATION OF 
1HE ACCURACY OF EARTH OBSERVATIONS FROM SPACE 

It is essential that users have access to detailed information concerning 
the accuracy of meteorological measurements derived from satellite sensor 
systems. A series of carefully planned ground-air-verification experiments 
will be needed to compare the satellite-based observations with those obtained 
by the various land-based techniques. Information should also be provided on 
the horizontal and vertical resolutions of the sensor systems and the derived 
observations. 
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RECOMMENDATION - The Pane'l recorrrnends that obsel'Vations obtained or derived 
from sate'l'lite sensors be checked regu'lar'ly against those from ground-based 
observing methods with knorm degrees of accu:ttacy. Resu'lts of such verification 
tests shou'ld be pub'lished and furnished to users a'long with the data. Informa
tion on the effective hol'izonta'l and vel'tica'l reso'lutions of the obsel'Vations 
shou'ld be provided as we 7,7,. 
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DATA MANAGEME NT 

It is evident that meteorological satellites of the future will necessarily 
provide information to a much broader category of users than does the present 
system. New data-management techniques will have to be implemented to disseminate 
appropriate data to a variety of users on a current basis. In addition, the 
categorizing and storing of historical data for climate-prediction models and 
other future uses will need to be more comprehensive and flexible. This is by 
no means a trivial problem. The vast amount of raw data transmitted to the 
ground by weather satellites makes it mandatory to undertake a substantial amount 
of processing before the data are stored. A great deal of thought must go into 
determining the optimum method and system of processing in order to achieve maxi
mum compression of data with a minimum loss of flexibility to potential users. 
In studying this problem, the needs of fields other than weather forecasting 
must be fully considered. Finally, in the design of the total system, considera
tion must also be given to the output of certain standard products such as 
average-cloud charts, mean temperature, or average IR emission. 

RECOMMENDATION - The Panel rec011UT1ends that a comprehensive data-management 
scheme be implemented to utilize and store more effectively the vast quantities 
of info1'f1Kltion being obtained by meteorological satellites. The data system 
should function to ( 1) provide meteorological info1'f1Kltion to the broad category 
of users not directly in weather forecasting� (2) catalog and store information 
for future use� and (3) design� develop� disseminate� and store sets of informa
tion products derived from satellite data. 
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US E OF S PACE S HUTTLE AND SPACELAB 

The space shuttle and spacelab will be useful for three kinds of activity 
important to meteorology and climate: 

1. As a convenient test bed for very exploratory experiments, 
such as high-power laser Raman spectroscopy to determine the 
gas composition of the stratosphere, high-power laser experi
ments to map stratospheric aerosol layers, and active radar 
experiments to map precipitation intensity. 

2. As the only way now contemplated of providing means to obtain 
accurate absolute calibration of radiation sensors observing 
both incoming solar and out-going terrestrial radiation. 
Secondary or even primary laboratory-type radiation standards 
can be carried, perhaps once per year, on space-shuttle flights 
to obtain accurate observations against which to calibrate the 
satellite instruments. 

3. As a means of conducting zero-g experiments. A series of 
specialized zero-g cloud-physics experiments has been proposed, 
which is the subject of a current feasibility study. These 
experiments look promising but it is premature to draw any 
firm conclusions concerning their importance to cloud-physics 
problems and their desirability for inclusion in the spacelab 
program. 

In addition, the space shuttle is expected to have adequate performance 
for emplacement, servicing and replacement of operational low-altitude weather 
satellites. Tug service is required for emplacement of geostationary weather 
satellites. These services will be viable only if means can be provided to 
share shuttle and tug payload-space and costs so that services are affordable. 
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FUTURE APPLICATIONS 

The space app l i cat i ons program in met eorol ogy i s  a mature effort . In 
addi tion t o  the operat ional sys t em ,  a we l l  developed R&D program exi s ts . Mos t 
nove l i deas for meteorological obs ervat i ons from space h ave at l eas t been dis 
cussed . Under the circums tances , i t  would be surpri s i ng indeed i f  the pres ent 
Panel were ab l e  t o  i denti fy maj or new opportunities for future deve l opment . It 
sl1ou ld be noted , however , that s ome of the recommendat i ons s et forth herein 
invo lve advanced t e chno l ogy and may require two or more decades to imp l ement 
ful ly .  

This report would b e  deficient , however , i f  addit ional comment s were not 
pres ent ed with regard to obs ervat i onal techniques whi ch l ook promis ing for the 
future but have not been ment ioned in the recommendat i ons o f  the Pane l .  The 
first o f  thes e is radar , whi ch might be us ed effect ively in the g lobal measure 
ment o f  pre cipi tat i on occurrence and intens i ty . Prob lems of b ackground inter
ference and power demand mus t be overcome . Dopp ler radar conceivab ly could be 
us ed to measure the wind vel o ci ty in clouds . A re lat ed l ong-t erm pot ent ial is 
the us e of l asers and the Dopp ler princip le for wind det erminat i on in cl ear ai r .  
A di fferent kind of possibi l ity is the estab l ishment of an earth- ori ented 
met eoro l ogi cal obs ervatory on the moon . A simp l e  first experiment for such an 
obs ervatory mi ght b e  the measurement o f  the earth ' s  albedo . 
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S UMMARY 

Many of the import ant recommendations made in the 196 7-68 Summer Study on 
Space App l i cat i ons * have been imp lemented and h ave be come or are now becoming 
int egral parts of the u . s .  met eorol ogy program . Other recommended deve l opments 
have not yet reached maturity . They are s ti l l  in the research and deve lopment 
( R&D) phase , although the out look is promis i ng that they wi l l  be incorporated 
into the next generat ion of operational s atel l it e  sys t ems . The emergence of 
an internat ional program, the G lob al Atmospheric Research Program { GARP) , with 
specifi c  obs ervat ional requi rements has he lped to s timu l at e  and acce l erate much 
of thi s deve l opment . Th e  Firs t  GARP G l obal Experiment ( FGGE) wi l l  provide in 
1978-79 an intens ive programmat i c  t es t  of the app li c abi l i ty of thes e sys tems to 
specifi c research and to prot otype operational needs on a g l ob al bas i s . 

New needs are now apparent that are much broader than the GARP obs erva
ti onal experiments and a l s o  encompass a much bro ader range of us ers than the 
weather-forecast ing community . The Pane l on We ather and Cl imat e has spe ci fic 
recommendat ions in the fo l lowing areas : 

PRESENT- WEATHE R D ISPLAY 

Current and proj ected s at e l l i t e  sys tems provide the possibi l i ty of supp ly
ing t ime ly , n early instantaneous monitoring o f  smal l t o  medium weath er sys tems 
whose oc currence impacts divers e indus tri al , commercia l , and agr i cu l tural 
communit i es , as we l l  as the general pub l i c .  The proj ected three- axi s - s tabi l i zed 
geostat ionary s at e l l i t e  w i th hi gh-resolution imaging and sounding capabi l i ty 
wi l l  be a central obs ervational tool for such app l ications . The information 
from thi s  sys tem wi l l  be gre at ly enhanced in va lue i f  coup l ed wi th economi cal 
equipment for direct ground readout and process ing and wi th means of automat ic 
di s s eminat ion of a vari ety of products t o  end us ers . The PaneZ recommendS R&D 
of suah a aapabiZity for pubZia information distribution. 

*National Res earch Counci l .  UsefuZ AppZ iaations of Earth-Oriented SateZZites : 
Report of the PaneZ on MeteoroZogy (Panel 4) . Nat ional Academy o f  Sciences , 
Washington , D . C . , 196 9. 
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SHORT- RANGE FORE CASTS (2  to 1 2  HOURS) 

The advanced geos t at ionary-s at e l lite sys tem . coul d  be used in conj unc t i on 
wi th l and-bas ed sys tems to i dent i fy and deve lop very short -range forecasts of 
s evere s torms and weather sys tems that produce f loods , heavy snows , and other 
events of important impact . 

SYNOPTIC FORECASTS (1 to 7 DAYS) 

Th e  First GARP G l obal Experiment (FGGE) , s chedu l ed in 1978- 79 , is des i gnated 
to s tudy the synop t i c  range of weather sys tems (sys t ems of 1 to 7 days in 
durat i on) . Proj ect ed performance of s ensor sys t ems for that period indicat es 
that the FGGE requ irements wi l l  be met only marginal ly . The Pane l recommendS 
continued R&D effo�ts on �emote-sensing techniques to assUPe that FGGE �equi�e
ments lAJi ZZ be met. 

LONG - RANGE WEATHER AND CLIMATE PREDICTION 

Long- range weather and cl imate predi ct ion is an important area o f  act ivity 
wh i ch  is now receiving much attention and i s  ripe for s cienti fi c  inves tigation . 
Sat e l l i t e  sys tems wi l l  make i t  poss ib l e  to obs erve and monitor on a l ong-term 
bas i s  many of the phys i cal fact ors thought to be crit i cal to es tab lishing the 
mean or s tat i s t i cal s t at e  of the atmosphere for s easons , years , or de cades . 
Many o f  these factors are man i fested in thei r  e ffects on the radiation budget 
of the l and-air-oc ean sys t em . Hence , cri t ical att ent ion mus t be paid to calibra
tion ,  intercomparis on ,  and periodic in situ recalibrati on of radiat ion s ens ors 
on space craft . The Pane l �ecommendB initiation of observation of a numbe� of 
these c limatic facto�s; an intensive prog�am to investigate the time and space 
sampling needed to produce meaningfu l ave�age values fo� large regions� as wel l 
as fo� the enti�e globe; and the deveLopment of comp�on and in-f light 
�ecalib�ation proce�es that will make it possible to identify secular changes 
that may be �e lated to climatic t�ends o� v�ations. Among such important l ong
term cl imati c  factors are the i ncoming and outgoing radiation ; the p l anetary 
albedo ; the heat content of the mixed l ayer in the o ceans ; the dis tribut i on of 
clouds at l ow ,  midd l e ,  and hi gh l eve l s ; and any s i gni fi cant changes in surface 
features such as vegetat ion ,  l and us e ,  and snow and i ce cover . 

OTHER USES OF WEATHER DATA 

Much of the informat ion gathered by s at e l l i tes for met eorological forecas t
ing us e can also be processed for us e by other groups . Moreover , there are 
addi t ional paramet ers that could be obtained that would be of great us e in agri
culture and hydro logy , t o  name but two fi elds . The Panel �ecorrrnends that addi
tional use� g�oups be brought into the decision-rNlking process of setting 
p�o�ties fo� the deveLopment of nelJJ observing techniques and fo� the p�ocessing 
and sto�ng of meteo�ological data� so that as wide as possible a spectztwn of 
use� g�oups can benefit f�om the space-based meteo�o togica l sate llite sys tems 
of the futUPe. 
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INTERFACE WITH SPACE TRANSPORTAT ION SYSTEM 

The Pane l b e l i eve s that the space shut t l e  and space l ab  can contribute 
unique ly to s o lution o f  the radiat ion calibration prob l em by permi tting secondary 
and (in the future) even primary s tandards to be used for in-flight cal ibration 
of sate l l ite s ensor sys tems . Space lab can a l so be used for acce l erat ing R&D 
sensor sys tem deve lopment . 

The space shutt l e  is expected to have adequat e  performance for emp l acement , 
s ervi cing , and rep l acement of operational low- al t i tude weather s at e l l ites . Tug 
service i s  required for emp l acement of geos t at ionary we ather s ate l l i t es . These 
servi ces wi l l  be vi ab le only i f  means can be p rovi ded to share the shut t l e  and 
tug payload- space and cos ts so th at the s ervi ces are affo rdab le . 
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