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PREFACE

v-
4.

.

A.
. Irr November 1973, the National Avon uti.'.5 and Space Administration ,

'(NASA). "asked.the'National Academy'of Engin erin *J to conduct a summer study,
of utire,applications o$ space Systems, with particular emphasis on Practical
approaChes,:taking into consideration socioeconomictenefits. NAIA asked -

--thax the study also consider howethesi applications would influence dr'be
infIuencgd-b)t the Space Shuttle System, the principal space transportation
system of the 11980's.. In December 1913, the Academy agreed to-perfert the '

-study and assigned the task to the Space Applications Board (SAB)..--.'
.

' In the summers of,Z967 and 1968, the 4lational Academy of Sciences had
.

.

convened'? #oupf eminent scienyists and engineers tordetermjne what research
:and, development.was necessary to permit the eploitation of useful- applicatiops
Of earth-oriented satellites. The SAB concluded that since the AS study,,,

; ' operational weather and communications satellites and the successful first
:year of use of'r.h experiment4.1. Earth Resources Technology Sitellite'ha4 demon-

.'.s,tived conclusively a technological capability/that could form acfoundation
for expanding die useful applications Or spade-derived information and services,'
And that it waS now necessary to 6btain,.from a broad cross- section of Rotential. , .

users, new ideas and nseate4.1.1that might guide the develbpment of future space
.

.si'gtems'for practicat :cations.
t .

.

After discussions with NASA and other interested14ederal agencies, it
, WAS agreed that a major aim of the"'su#er study" should be to involve, and

to attempt to understand the needs of,resource managers and other-decision-
r` '.makers who had,as yet only considered space systems as experimental rather

-Shan.asNuseftil elements of. major day -to -day operational information and service
systems. Under the generAl direction of,the SAB, then,, a representative group
og users And potential users conducted an .intensive two-week study to definet .

userfieeds that might be met by informatiomoor services derived from earth*
orbiting satellites. This work was donein,July 1474 at Sne ass; Colorado.,

. For' the study, nine' user-oriented. panels were formed, c mprised of present
or potential public and private users, including businessmen state and local

''..\ goVernment officials, resource managers, aid other decision era. A number
. (

.

;-

*Effective July 1,'1974, ttm National Academy .4 Scj.qnces and .the National
Academy of Engineering restrganized the National Research Council into eight
assemblies and' commissions. All National Academy .ofIngineering program units,
including the SAB, became the Assembly ofEngineering.-c

6
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of scientists and techipologistg also participated, fuectioninr essentially
anas expert consultants.- The assi ent made toithe 'panels, included reviewing

prdgress in, space applications incethe NAS studyNf 1968.* an efining user
needs potenttaly capable of b ng met by space-system applica ns. User
spe'cialists, -drawn from federal, tate, and local governments and from business
and iAdustry, wert impane.led in the, olnwing fields:

. .

Panel 1: Weather and Climate
.

,Panel Uses of Communications
Pane' 3: Land Use Planning
Fan 4: Agriculture, Fefest, and Range =
Panel 5: Inland"Whter Resources
Panel Extractable Resairces'
Panel 7: Environmental Quality . -.

1

^ Panel 8: Mari\ne and Maritime Uses
Panel 9: Materials Processing in Space

In addiln, to study the socioeconomic benefits, the influence of tech-
noloe, pid.the interface with space transportation systems, the fdllowing

. panels (trilied interactive Panels) were convened:
I J.

Panel 10: Institutional ArrangeMeny
panel Costs.and Benefits
Panel 12: S ace Transportation
-Panel l3 formation Services'and Information Processing
Panel 14. Technology

As a basis for their deliberations, the litter groups used needs expressed
by the'user panels.' A substantial amount df interaction'with the user panels
was designed intp the study plan arid yeas found to both desirable and neces-

,\
sary.

The major part of the study was accqmplished.by the panels. The funCtion
of the SAR wats 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 papel reports, as'well as more general ones arrived at by
considering the'work of the 'study &Ica whole, are antained in a report pre-
pared by the Board.** .*

,

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

. .

*National Research Council. aefi.el Applications of Earth-Oriented Satellites,
. Report of the Central Review Carrtittee. National Academy of Sciences,

Washington, D.C., 1969.

**Space Applications Board,National Research Council. Practical Applications
of Sp.ace'Systems. National Academy of Sciences, Washington, D.C.,

iv
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institutional or organizational support may need to, 'be appraisedCmultiple
uses of systems may need to be evaluatedto athieve the most efficient'and
economic returns. In some cases, analyses of costs and benefits will be needed.
Inthis connection, *specific cost-benefit studies were not conducted as a part
of the two -seek study. Recommendations for certain such analyses, however,
appear in the Board's report, together with recommendations designed to provide
an improyed-bbsis.upon. which to make cost-benefit assessments.

In sdmi the study was designed to-provide an opportunity. for knowledgeable
and experienced users, expert in their fields, to expresstheir needs, for
information or services which might (or'might not) be mat by spaceystems,
and to relatethe present and potential capabilities of space-systems to their
needs. The study did not attempt toexamine in derail the scientific, techni-
cal, or economic bases for the needs. expressed by the uses.. -

TLe SAB was impressed by the quality of the ianels'*work and has asked
that their reports be made available as supporting documents for the Bo .rd's ,

report. While the'Board is in general accord'with the panel reports, it does
not necessarily endorse them in every detail.

The conclusions and recommendations of this panel report should be con,-
sidered'within the context of the report prepared by the Space Applications
Board. The views presented in the panel report represent the general consensus
of the panel. Some indivthual members of the panel may not.agree with every
conclusion or recommendation contained in the report.

6
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INTRODUCTION:

/-

4 . ... -

During the 1474 SumMef6.Study on Space Applipations, the Panel on Weather '

-and Climate undertook a review of existing operationalandR&D Programs. The .

Panel was impressed with'the xisting-systeTs'and.the degiee to which they have
become an itegaral part of the meteorological program in the United States...
Low - altitude and geostationaty satelliteepsqvide timely and essential data ito

theoperational.forecasts.of the Natiopal Meteorological Center; 4.carefully, .

considered R&D mogram is directed towafd the /ong-range improvement of the
operational system. Tht,Nitional Aeronautics'and Spade Administration "(NASA).

.." and the National Oceanic and Atmospheric Administration (NOAA) are both to.
S be congratulated'On the success of the meteorological satellite program:

In the field of meteoroybOrf, the existing space. applications program has

. .
been constructive) responsive to national initiatiyes. One,setof goals was
advanced by.the Panel on Meteorology.during the 1967-68 Summer Study on Space

.. Applications. * 'the recommendations prepared during that study folio%., together
with im,indicatipn of the.'eurrent status of- each: .- ,

0t'
1. . a . ...

' . li's The cen.t,rarr... ,,, i e dation.qf the l9. 7 -(8 report called for NASA.
to "...contioeto direct ts Meteorological satellite program to meeting tha .
o bservational requirements'qf GARP .(GlohO. Atmospheric.Research Program) and
the World Wea;her Watch programs....'''* TO implement this program, and.particu-
larly to Support the Figst GARP GloW>Experiment (FGGE).,..it was proposed to

develop_4n integrated space-based system to piovide global coverage in the late.
1970's fax synoptit-scale forecasting.***. There were to be .four.geostationary
meteorological satellites and oneor'two sun-synchronovs.near-'arch satellites,

..... with ,associated glOund (oFean buoy) apd airtiorne(ba1160) platforms to be
- ilr interrogated from space; -

It As now planned thAt' there will be five geostationary satellites 4

in operation"by1tarly 1978, two of which are to by operated by the .S.

(the first was suqessf.ully put into operation in May 1974), one to Japan,
e.

one by the Europe0 Space agency (ESA),- one by the U.S.S.R. Tke techni-
cal characteristiOof th6se satellites are being-coordinated for optimum

.
I-

./
r

.
,

. .

1 . '-

.

; . .

, *.

..

.

*National Research Counicil.# Useful Appi ations of:Earth-Oriented Satellites.: :

Report of the PaneZ on Meteorology Panel 4). National Academy of Sciences,
: Washington, D.C.,0.969. - V . .

**Report of the Panel on Meteorology; p.
"'See Table I (p. 5) for definition of meteorological scales.-

. 1
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compatibility of the information produced and for data-relay capabilities.
Two sun - synchronous near-earth satellite§oeth '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
deyelopment; extensive field tests will be carried out in 1974-75 in conjunction
with the NIMIUS-*F satellite. Costs are anticipated to be within those recommend-
ed in the 19E/7-68 study in order to make these techniques economically viable:
The first recommendation of the ;967-68 studyisinearing fulfillment.

2. A second major recommendation called fo'r the - developmen ts of a fully
.

integrated meteorological geosynchronouS satellite to,be available by 1971;
Both visible aad infrar .ed 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.Syhchronous Meteorological Satellite (WS) and

''Geostationary Operational Environmental Satellite (GOES) series were inaugurated
in May 1974 with high-resolution visible and medium- resolution infrared (IR)

.

imaging suability. The first satellite is performing to specification, A
_ . limited oTratioual ground display system has beeli'deyeloped and',Implemented,.

and equipment for high-resolution display and picture production/is also operiat-
ing -on gn experiAntal basis. Various methods of tirk-lapse display of images

.

have been used or are in process of development. This recarziendation has been
iviemenved.

. .

. % .
--:-. ''- .V

. . ..."- '',. g:
.

.

S. A third recommendation called for IR and microwave ver4cal temperature
'soundets to bed on bOth polar-orbiting and gees;ationary satellites-and to
4p capable of satisfying known data requirements fpr synoptic-scale numerical
weather forecasting. . \ .

,.:

.

t The IR sowlers are in operational use on polar-orbiting satellites.
heWever, the accuracy of temperature measurement is not adequate: errors average
,betweeV°C-and 3°C compared with a requirement of 1%. 4 microwave sounder wag. .

flown-ntcessfully on NIMBUS-5 and it is planned to include microwave sounders,
along with advanced IR soundVrs :(more channels and higher resolution) on a.ntw
operational sehes of low - altitude satellites starting in 1977-78. IR a40 micro-
wave sounders, have not yet lie flown on geostationary satellites. Thus, the

. , ' implementatton of this rico endati'on is still incomplete.

i

.a
.

4. .The final two re mmendations of the 1967-68 s'tuay 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.. :he required developments are eith proven or about to be tested, ,

and the butWbk is.vepy positive for useful opera l systems.
.

.1

^
a

*Report of he Panel on Meteorology, p. S.,

14
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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 forecasti.

It has already been noted that developments in the meteorological space
applications program have been closely coordinated with the objectiv of the
World Xearher Watch program, .especially GARP. petalled plans for alMteorolog-
ical Global Observing System are being readied for FGGE. Much of the current
high-priority REID in the meteorological space applicatiohs program is being
Underta'ken to contribute to the succes'S'af FGGE.

Iti is important to note, however, that the goals of meteorology are broader
than the assessment of the feasibility of extending synopticrscale 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 ihe 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)/Ao reduce
social, economic, and human losses causedby 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 ofjseful management or modification techniques..

.1

*Committee on Atmospheric Sciences, National Research Council. The.AtmosphFricSciences and Man's Needs Priorities for the Future. National Academy ofSciences, hashingron, D.C., r971.

3
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SPACE APPLICATIONS TO METEOROLOGY

Splice and ti* scales of lotion in operational meteorology_range over a
wide spectrum from, lOcal, transitory weather phenomena to glob.l, climatic
Changes, as outlined in Table I.'

,
Tablk I Range Of Meteorological Scales

. -
Approximate Area

SOale Approximate TimeScale of influence,
1.

Local present weather 0to'2 hours 150 km

Short,range (mesoscale) 2 to 12 hours 1000 km

Synopt4C 1 day to 1 week Hemispheric

Long range and climate 2 weeks or more Global

4- ,.
. .

The observational methods and the prediction techniques vary markedly
'throughout the range from the smallest to the largest scal;. .% .

PRESENT- WEATHER 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 madd continu-
ously available to broad categories ofusers. Input data might be derived from
satellite and radar obser1Aions and from 'a network of low-cdst, unmanned
weather stations interrogated by computes. The combined output could be dis-
tributed to the general public and otherusersby television Or other communica-
-tion systems.

'Information on locali d weath'er 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 present weather.is vital in alerting

44.

5
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the public to hazardous weather. Space platforms offerja practical source
of data for the timely display of present-weather.infbrOation and a possible ,\
vehicle for the rapid dissemination of warnings. .

The wide demand for present-weather data has been demonstratekby the
extensive use of the Automatic Picture Transmission .tAlty system, now part of
the NOAA satellite series. Over 1,000 users purChase'Afor consfYucted specialized
ground equipmeni in order,to receive these pictures.(.41his represents a voluntary -
expenditure of pproximateIy $10 milli6n. Since thiiSiteather data is obtained
from'low-aititude satellites, it is available only trice daily. The continuous
flow of data froth geostationary satellite systems would increase manyfola the ,

utility of present-weather information. .

PE:C=ATT::: - The Panel on Weather and Climate reconnends the develop-
.

r-ent : a :cw-c,-.4s: radcu: s;5ster:from three-axis-stabilized geosta:ionarl,
sa:e::i:es for the displa:,, cf local present weather in real time. :his could
c e p ar: of a broad present-weather information ne,iwork.. Tc test the effective-

ness :f such a sidstez, the Panel recorends .that a present-weather pilot
%e undefita'Ken in a xegion that includes both urban and :rural areas.

SHORT-RANGEEoRECASTS

A simple extrapolation of the movement of smali-scale-weather systems;
such as thunderstorms, will usually provide a Successful weather forecast for
only.a short period of time, generally1 to 2 hours.' Beyond this, it willobd4
necessary for meteorologists to devise forecasting methods to modify extrapola-:

The result will be to change in an appropriate way projections ofthe
direction of motion, the speed, the rate of:development of existing weather
systems. With the addition of ne fecasting echniques, it is probable that
forecasts can be effectively extended to a ran 4e of from 3 to.6 hours.

In developing these forecasang tecHhique4,-it will be impoltant to have
infgrmation about the verticalStructure of the atmosphere inparticurtr
areas where short -term forecasts- are to be prepared. An Ik-iounaing capability .

from a geostatihrtary platform would be an effedtive way of obtaining such data.
The additional provision of tbree-axis-stabilizAtion would improve by one order
of magnitude the time available for observation and therefore would greatly
enhance the capability of the system.

-14tending forecasts into the 6-hour to 12-hour range will be a more .

difficult problem .4,nd will require increasingly sophisticated models and more
extensive obgervations, especially in the planetary boundary' layer. Various
experimental studies on this time scale will need to be undertaken: NOAA has
recently begun to develop.pans for a Severe Environmental Storm and Mesoscale .

Experiment (SESAME) to be tarried out over a 37year period beginning in 1977
or 1978. 4tellit$ support of such expeririental programs is, of course, highly
desirable.

6

s

PICCATEZATICN - The Panel reoonends that WA dgve:op 1R-sounding capabiZ-
,

it9 f ron the wostaitionar?,51.nchPonous Meteorological Satollite in order \to
support the develcpnent of short-range forecasts of 'Local weather. The deveS44.
men: cf a t,hree-axis-stabilized geostat;:cnary,piatforn *Trove
the value of the skstem.
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SYNOPTIC FORECAST

The synoptic-scale dynamics of the atmosphere are becoming better under-
stood.through international efforts such as GARS. 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 odtlooks of the
weather 4 and 5 days'in advance. , . .

To extend synoptic forecasting capabilities to5.days or beyond within
the next decade, t world -wide atmosphere-ocean observing system is an absolute
necessity. By the early 1980's GARP result /should gie better insight into
the possibilities of extAling synoptic-scale forecasts beyond 5 days and will
also provide a critical assessment of Are abservational:.6equireMents necessary
to support suchtipxteoded forecasts.. .

-

The. costs associated witti_opefatinga global Nnd-ocean-based synoptic
olt4ervation network.are preRibitively high, om 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 t satellite system; this mixed
observing, system should be capable of monitoring the atmogPhere to measure the ,

vertical 'temperature and humidity aructue, the distribution and motion of .

tclpuds (from which atmospheric Winds can.lbe determined)? and sea-surface tempera-
ture. .An .extensive datarrelay capability far remote, earth -based automatic" .

station's is also. required. ,

REXMMENDATTON r The Pan on Weather and Climate recommends (1) continue
support.for GARP in order to assess the possibilities of extending synoptib-.
scale forecasts; (2) continued R&Ete.ffort to improve temperature and humidity
soundings, measuremnts of sea-suPl'ace tenperatures, measurements of winds using ;
c:cud disp:acemerits in order to meet the acc'racy and resolution requirements
set forth for FGGE in Y978-79; and (3) continued R&D 'efforts toz,Ard the use
of space techniques. to provide *wind profiles in the eqyatorial zone with better

vertical' resolution than is now possible by cloud-tracking methods, inasmuch
as the mixed balloon.' and satellite pbserving subsystem planned for FGGE may
not :end itself to operational use.

LONG-RANtE WEATHER AND CLIMATE PREDICTION

It ROW appears that the ability to predict determinately the state of the
atmosphere cannot be extended beyond approximately 2 weeks. Hence, the ability
to make lohger-range forecasts, if po$sfble, 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 tdattack 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 oflhonths, seasons, and years.
Suffice it to say, the consensus of the Panel.is ihathis capability is desper-
ately needed by a growing Civilization that has seriously strained its food

10
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/e
supplies, na tural 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),

Tbe 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, malty of the necessary observations are now or will soon
be taken on %routine, operational basis (e.g., atmospheric temperaturepro-
files, watt -vapor content, snew-ice cover, and cloud cover). This fortuitous
circumstance isa direct result of satellite capabilities developed for GARP.
However, some necessary observations are not now being obtained. For instalVe,

. .thereds a need to monitor the energy budget of the earth, for it is 'the net.
energy (incoming minus outgoing) that is available to drive theaSysteM. For
the same reason, the surveillance of the world's oceans must be greatly im-
proved( for their, great heat dapacity'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_Xfietsurface.winds.

The parameters that characterize the climate of the land-air-ocean system
must .be'obsered ona global basis over time periods ranging from years.to'

,

'dec4des. Such observations are perhaps thp 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, ten-
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 effecttvt pursuit .

of a climate prqdiaion capability will require an explicit management commit -
gent at.the highest level of government. ;

1

RE:d=Afi,,WS - :he 'Panel reco7mends that (1).a program of measuring
the gtobal 4:adiation bidet "must be instituted as soon as possible; this mist'
include long -ter- r4easure7a-hts of solaac radiation,_ abedo, 672d terrestmal.1R

,

e7ission; (2) ocean monitoring capability mast be greatly improved; highest.,
prioriql should be given-to.measurg,nent of the heat content and field of.motiln
of the nixed Layer'and of Surfafe wind.; and (3) quantitative surveillance of
the atmospheric constituents ;hat play a role in the global radiation balance
rust be instituted.

1
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APPLICATIONS TO FIENDS OTHER THAN METEOROLOGY.

The close and effective cooperation between NASA and NOAA has teen largely
responsible for the development during the past leveral years of an extremely
successful environmental satellite' system. Nev7ttheless, the Panel.recognizes
that this cooperation has resulted in%aa4post exclusive focus_qf atfeption.on

". defining sensors and using satellite data.for perational synoptic forecasting.
NOAA is in the unique position of being the c Hector., the disseminator, the
archivist, and the principal user of satelli e meteoiolggical data. NOAA also
defines meteorological requirements for ope ational atelk..ite systems., This
situation has resulted in the efficient us of satellite woat er.data%for fore-
cast purposes, but in minimal use of these data by other useis for oiher purposes,

Disciplines in which meteorology is an extremeit important component (such
e-as environmental quality, agricultural meteorology, hydrAogy, and oceanography)

could benefit from available satellite meteorological data in their research 4.

and operational prograts. In addition, these data could be used effectely by
industry and commerce, Indeed, the potential economic benefitof 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 other users; for example, the amount,.nature, and intensity
of precipitation; soil and snow moisture content; and sea-surface.temperatures
and winds. None of t ese data cah be'obtained with the requireciaccuracy from
existing sensors.

1Sci tists engineers in fields in which meteorological and climatological/
factors ar ortant should also have greater voice in the formulation of
'requirements for meteorological data and.ten'iors as well as in the management of
operational systems. Some approprilte mechanism must be found to focus needed
attention on such requirements without losing the benefits of the present close
cooperation between NASA and NOAA.

RECOMENLATION - The Panel recommends that forml mechanisms be established
to broaden the utility of the mete4clogigaZ satellite program. The broadening
shc2477d provide for participation-in program planning by users of meteorological
data in such fields as wiculture, transportation, hydrology, and oceanography.

4tne operational reteorological system sheuld also be responsive to-the needs of
-such disciplines for real-time data.

4
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HIGH-PRIORITY NEEDS WITHIN PRESENT SYSTEMS

I

0 'RO

An e4ensivel§0- ogram n support'ofoperational weather satellites is
.."4

already'in
,

existen ogram has been thoughtfully constructed over a
'period of many.years a c able, dedicated group of meteorologists and
engineets t ubstant'3c81 gip.of R&D;initiatiftOs well under way; others
are wiper consi Brat W. --. ,

t:
..

In these circumstances-;;it would be surprising'ipdeedif the Panel on
Weather and Climate should finemajor deficiencies in the,program as a result
of this- comparatively limited-review. Many of the following'recommendations

k are, thtrefore, desighed to, emphasize high-priority'neVs in areas, where work
is already under way. /t is clearly recognized that many of the recommendations
will require an extensive R&D commitment over an extended period of ti1116.

IMPROVED SOUNDING OF THE ATMOSPHERE
e.

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 1°C) wouId.be more useful'. The resolution of present satellite .

observations in, clear air is approximately 40 km,' a figure satisfactory for
synoptic forecasts.

However, difficultitS 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,finde0d, such a'system is being developed for operational use.
'lNeitherithe IR zufr the microwave sounder, however; locates temperature inversions
wpll, especially the important inversion at the tropopauselithe boundary between
the troposphere and the stratosphere). A limb - scanning Irsounder is being
prepared for lam& on ,NIMBUS -F in late 1974; A test of this instrument'on
a balloon flight has proved its ability to 12cate the height of the topopause
and to obtain an accurate temperature grofi4.

With respect to humidity profil6STthe 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 to-parameter vertical profile with

4
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an accuracy of 20% to :10%. .The sounding; however, will be limi00 to the middy'.. -

and lower troposphere, since the,upper troposphere is too dry to emit adeqA46.64.,
signals in this band.. A limb::scanning sounder may make itpossible to extend.
the humidity profile upward ftoe,the middle troposphere,to the stratosphere.

PECatVENDATION - he Pani:l t,eolommends that the ver kcal temperature sounding
, capability be improved to appriaaph more closely a 1°C ac uracy requirement.

-,?" The Panel strongly supports th, concept of.a cOmb'ined IP and picrowdve sounder '
'for futun operational systems:and recommends that the possibility,be kepfr open ,

o: adding Zimb-scanning sounders as will.

IMPROVED GEdSTATIONARY SATELLITES

Geostationary meteorological satellites will become increasingly important.
in tht operational meteorological system. Observational coverage is virtually
continuous. These satellites are ideal for ftequent monitoring of such phenomena
as local severestorms; 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 td synoptic forecasts; Such inormation will also be valuable in the
ddgplay of present-weather information to a wide variety of users. . ,

Four important improvements should be m in the geostalionary satellite .

.

-....

.! ,........ -' - - ,
,

-IR sounders should be incorporated into'the exiting satellite
,

' 9vstem as soon as possible.

system:

10 Threa-axis-stabilized geostationary satellites should be used
.

. to replace the existing spin-stablized operational satellites.
.,.This inprovementWouid make iloossible to view,tht earth .

vsntinuously, with a gain in viewing efficiency, by a factor of
Orto 20. ,

. .
.

Microwave sounders should be added to three-axis-stabiliied
geostationary satellixes.as don as possible. Y

ft .

A low-cost local readout system should be developed to bring ,

the information directly to.many users, public agencies and
. f

private organizations. . .

.

4

RECOMMENDAIION - The Panel, recommends that high,priority be given to a : ,-

long -term R&D effort to provide a new generation of geostationary satellite. .

These ir-proved satellites should be three-axis-stabilized, have phe capability
to view lelectively seaters Of the earth's disk, be provid&i. with a low-cost w

local readout syiteT, and i'nogrporate advanced capability in temperature
...and* /4

humidity-sounding.. .

- ..
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1

..

OP RATIONAIIRAWATION-BUDGET OBSERVATIONS

Preparation of s optic. forAgts,a0 clixiate predictions requ'ressubsten.-:.
t ally improved under tending of the radiation budget of the eatth. dget-
eterminkicn include the' measurement of solar radiation, the determ nation of

-%
the earth's albedo, nd the measurement' of outgoing IR emissions. These measure-
-ments will, ultimatel 'be used to establish parameters for theNenergy budget in
terms.siother measurements of the 'S to of the atmosphere, such as the nature
and distribution'of clOud cover and t verticalistructure of temperapre and, ..
humidity.

,
.

,

.. .

Considerablework has already been undertaken in the development of-the ,

-,,,'
'necessary sensors,and experiMental determinations of the earth's energy budget ,

*ill be taken from,NIMBUS-F. 14ouever, accurate measurements from spaceof the ,

earth's 'radiation.balAnce will not be (achieved easily. A host of Special, p'rob- t-
...,. lens exists, such as the effect of viewing angle on albedo measurements. In ..,,

'addition, the use'of.polar-Orbiting sun- synchronous sat litAs vib uld introduce 1. ..

consistent '(diufnal)errors into 4he energy-budget dete inatiar. The elimina- ia c
..tion of Such problems will Sequire partiCulan care. t

. . .- 4\!--,e

. .

iE.:7C:n.E.V.;.-17.7C,N - The Pane recoNmends that an operational capability to ., ,

, . -,kmeasure the radiation budget of )the earth be developed as quickly ds possible. ,,.., ,
-.Studies shcu d :5e:unae'rtaken to determine the kind of multiple-satellite )

. muitip:,,e-orb.it -7-ter required to obtain good of: times o!n.d of .1
iief'lectak:ce angles, to..permit accurate Oetermtnation.of-the average planetary
-a:edC.Ne, 5,-erat::onal system must provide long-term.(that is, over decades)

.

.

cont::nuit. y a.:a consistency of radiation measurements.
, ..

.
.

. , .

:
1

.

.
e

%

I

MON'ITORING MEANS
.

01
. -The ability of the oceans o,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
bbserved routinely. Also required are estimates of surface winds over the ocean
and of near-surface currents. These data are vital to the development of model-S-
of climate. - :

.

Present measurements of sea-surface temperature, while encouraging, are not
accurate enodgh, to be of major use. poweVer, future.systeM improvementspromise
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.

- RECMENDA":70 - The P;anel recommends that an operational capability be
undertaken as quickly at possible to measure climatically important oceanic
variables. , ,..

. ,

13
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MONITONING-ATMOSPHERIC-CONSTITUENTS,
PARTICULATE LOADWG, AND AEROSOLS'0, .

Theoretical studies
the atmospliere.with,regar

;aerosols 'calthave a.mafor

carbon dioxide has jncre
variations ih st2;atospher

loading and aerosol conce
. reliable gata are lacking.

activities requires caref
a baseline, to detect tab

sensing technique provid
program. A wober of pro
demonstrate their effecti

R EC AgENDATION, - An
ii-iportan .atmospheric cons

w

ave indicated that Changes in theacospposaion of
to minor constitutents,parthjklffte loading, and

effect ohclimate. The measuredcontentration of
ed about 25% in the last century. Substantial
c ozone' concentration are also sulpected. Particufate
tration are also believed to.be increasing, although
..Clearly, the ihteiligent management ofman's

1 monitoring of the atmosphere.in order to establish
.

s, and to detect climatic changes. Satelrite remote-
a:possible major contribution to such a monitoring
sing techniques are to be tested on NIMBUS-G to
ness.

If . .
' -

erational capability to monitor climatically
tituents, particulate rloading',\''and aerosols should

be undertaken as quickly as possible.
. '-

. 1 .

ACCURATE DETERMINATION OF OCCUiRENCE`AND INTENSITY OF PRECIPITATION,
SOIL MOISTURE, AND JOATER CONTENT OF SNOW . ,

.

,
.-

4
,

....

Microwave emissioQ'has been used experimentally to delineate areas where i

i

he vy precipitation istccurrini. Such observations are.'most easily made over
th ocean where there ,is substantially lower surface emission at these-frequen-,I
ci s. Results havebqpn sufficiently encouraging to warrant the development og,
an R&D program to measureprocipitation Onla wo&d-wide basis Such observations-
'wo ld b.particularly valuable not only in meteorology but als .in a variety of
of erdisciplines, such as water resources and agriculturgi Soil moisture and
th water content f siloW may also be measurable through the Use of microwaves.
Th difficulties of i trumentation arefmany. Neyertheless, these types of

1
ob ervations, whict can best be made,from meteorological satellites, would
pr.vide invaluable ihformation. An appropriate R&D program shotild be initiated.

-,

S

1
t

to'-determine the feasibility of such measurements. rf

of

?COMMENDATION - The Pa7i0Ljeqammends an R&Deffopt-to produce sensing
processing systems to provide information on the occurrence anZintensity

precipitation:and on the moisture content of saf_l and snow cover.
. V

IMP1OVED DETERMINATION AND EVALUATIONOF
THE AC CY OF EARTH OBSERVATbNS FROM SPACE 1 °.:

It is essential it usert have access to detailed information concerning.
"the accuracy oE meteo ological measurements derived from satellite sensor
systems. A series of carefully planned ground-air-verification experiments

will be needed to comparAhe satellite-based obstrvations with those obtained
'by the various land based techniques. ,Information should also be provided on
the, horizontal and ertical resolutions of the sensor `systems and the derived
obsesvations.
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:1 .

'RECOMME35ATION - The Pariel recomends that observations obtained .or

_from Satellite sensors bd checked regular4 against those from ground -b
observing methcds,with knmm.degrees of accuracy. ,Results of such perif
tests piSlished and furnished to users along with the dafa. In
tion on the fective horizontal and vertical resolutions of the observa
should be provided as well. . '

.
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DATA MANAGEMENT

.,..

'?
,'-,

. It is'evident lpt meteorological satellites of the future wilAnecessarily,
provide .information to a much broader category of users than does°106 presvt
system. New data - management techniques will have to blimplemeAted to disseminate.
ppiopriate data to a variety of users do a,current billis. In additibn, the
cat4gpriziniand.storingof a anhistoriCeil data for climate- prediction models and ,.
other fat* uses will reed flto be more comprehensive aid flexible. This'is by
no means a trivial' problem. ''Th )iast.imount,,,of raw data transmittal to the

. ground by.weaiher satellitevmakesJtmandatory to undertake a substantial oufft .

of processing before the ,data areltpred. .A peat deal of thought must go ilito
''dete ininR the optimum niethOd aud(system of processing imorder to achievemaxi-Imp
mum c restion of data with asAinimum los.of flexibility to. potent-4.1 users:

In studying_this Ilrobree ilimr.:zaf_-j.f4ds othg-,11,4anweatIler forecasting' l
must b6 fialy conBdaWed. lalarfy.;-1-if-itht---dblIti775Vthe total system, considera-
, . . , . .

Von must'also'be given to ;he output of certain standard products such as , ,

average-cloud charts, mean temperature, or'average IR emission.
_ `:'.

*

RECOMMENDATION The Panel recoMmends that a comprehensive. data - management
scheme to i0plemepeed to utilize and store morigeff'ectively fge vast quantities ,

of WOrmation being obtained by ;meteorological satellites.. '11e data system ..

should function to M) Apvide m- orcio4iCel informatioli to the.broced categorp
of users pot directly in weather '2.c4dting, (-2)' catalog and store information.,
for future U:se,'and.(3) design, develop, disgeminate, and store sets of infCrma- , .

tion.productp derived from satellite, :- 4-
-.

,,,
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USE OF SPACE SHUTTLE AND SPACELAB

d.

Thp space shuttle and spacelab will be useful for three kinds of activity
important to meteoro gy and climate:

1. As a convenient test bed for very exploratory experiments\
such as high-power laser Ranian spectroscopy to Betermine the

. gas composition of the stratosphere, high-power-laser experi-
..ments to map stratospheric aerosol layers, and active radar
experiments to map precipitition 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
.safellite.inSttuments:

. :3. As a means of conducting ieroLg,experimehts. 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 conceping their importance'to cloud-physics
problems and their desirability for inclusion in the spacelab
program.

In add ition, the space shuttle is expected to have adequate'performance

foj. emplacement, servicing and replacement of operational low-altitude weather
satellites. Tug servic is required for emplacement of geostationary weather
satellites. These sere ces will be viable only if means can be provided to
share shuttle and tug p yload-space and costs so that services are affordable.

19
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FUTURE APP CATIONS

4

3 (
The space applications program in meteorology is a mature effort. In

addition to the operational system, a well developed R&D program exists. Mosf

novel ideas for meteorological observations from space have at least been dis-
cussed. Under the circumstances, it would be surprising indeed if the present'
Panel,were able to idfntify major new opportunities for future development. It
should be noted', however, that some of the recommendations set forth herein
involve advanced technology and may require two or more decades to implement
farly.

This report would be deeficient, however, if additional comments were not
presented with regard to observational techniques.which look promising for the
future but have not been mentioned in the recommendations of the Panel. The

first of these is radar, which might be used effectively in the global measure-

'tent .of precipitation occurrence and intensity. Problems of background inter-
ference and power demand must be overcome. Doppler radar conceivably copld be

used to measure the wind velocity in'clouds. A related long-term potefitial is

the use of laers.and the Doppler principle for wind deteimination in 'clear air.
A different kind of possibility is the establishment of an earth- oriented
meteorological observatory on the oon A simple first experiment for such an
observatory might be the measurement of the earth's albedo.

0 ' 4 1 .

. . .
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SUMMARY

4

Many of the important recommendations made in the 1967-68 Summer Study on
Space Applications* have been implemented and have Wome or are no becoming
integral parts of the U.S. meteorology program. Other recommended developments
have not yet reached maturity. They are still in the research and development
(RED) phase, although the outlook is promising that they Nill be incorporated
into the next generation of operational satellite systems. The emergende of
an international program, the Global A5pospheric Research Program (GARP), with
specific observational requirements has yelped to stimulate and accelerate much
of this deyelopment. The First GARP Global Experiment.(FGGE) will. provide in
1978-79 an intensive programmatic test of the applicability of these systems to
specific research and to prototype operational 'needs on a global basis.

New needs are now apparent that are much broader than the GARP observa-
tional experiments and also encompass a much broader range of users than the
weather-forecasting community. The Panel on Wealler and Climate has specific
recommendations in the 'following/areas:

PRESENT - WEATHER. DISPLAY
'?z

, Current and projected satellite systems provide the possibility of supply-
ing timely, nearly instantaneous monitoring of small to medium weather systems
whose occurrence impacts diverie industrial, commercial, and Nriciltural
communities, as well as the general public. The projected three-axis-stabilizedk
geostationary satellite with high-resolution imaging and sounding _capability
will be a central observational tool.for such applications. The information,
from this system will be greatly enhanced in value if coupled with economical
equipment for direct ground readout And proceAing and, with means of automatic
dissemination of a variety of products to end users. he Panel recommends R&D
of such a capability for public information distribution.

*National Research Council. Useful Applications ofEarth-Oriented Satellites: .

Report of the Panel on Meteorology (Panel 4). National Academy of Sciences,'

Washington, D.C., 1969.
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SNORT-RANGE FORECASTS (2 to 12 HOURS)

The advanced geostationary-satellite system could-be used in conjunction
with land-based systems to identify and develop very short-range forecasts of
severe storms and weather systems that produce floods, heavy snows; and other
events of important impact.

#
SYNOPTIC FORECASTS (1 to 7 DAYS)

The First GARP Global Experiment (FGGE), scheduled in 1978-79, is designated
td study the synoptic range of weather systems (systems of 1 to 7 days in
duration). Projected performance of,sensor systems for that period indicates
that the FGGE requirements will be met only marginally: :277ne Fanel(recommends
continued R& .efforrs on rencte-sensing techniques to assure that FGGE require-
nents wilZ be met.

LONG-RANGE WEATHER AND CLIMATE PREDICTIM

LonK.:nge weather and climate prediction is an important area of activity
which is now receiving much attention and is ripe for scientific investigation.
Satellite systems will make it possible to observe and monitor on along -term
basis many of the physical factors thought to be critical to establishing the
mean or statistical state of the atmosphere for seasons, years, or decades.
Many of these factois are manifested in their effects on the radiation budget
of the land-air-ocean system. Hence, crAtical attention must be paid to calibre-
tion, intercomparison, and periodic in situ recalibration .of radiation sensors
on spacecraft. The Panel recommends initiation of observation of a number of
W2ese cii tic .factcre;an intensive programgto.investigate the time and space
sampZing needed to produce meaningful average values for Lave regions, as weZZ
as for the'eritire globe; and tke development of comparison and in-flight,
recalibraton procedures, that win make it popsible to identify secular changes .

that may be reZated tplolix-sa trends or variations. Among such important long-
term climatic factors are th incoming and outgoing radiation; the planetary
albedo; the heat content of the mixed layer in the oceans;sthe distribution of
clouds at low, middle, and high levels; and any significant changes imp surface
features such as vegetation, land use, and snow and ice cover.

OTHER USES OF WEATHER DATA

Much 9e the information gathered by satellites for metedrological forecast-
ing use can also be processed for use by: other groups. Moreover, there are
additional parameters that could be obtained that would be of great use yin agri-
culture and hydrology, to nine but two fields. The Panel recommends .that addi-
tional user groUps be brought into the decision-making process Of setting
priorities for the deueLcpment of new observing techniqued and for the processifrig
and storing of meteorological data, so that as wide as possible 12 spectrum of Z

user groups can benefit 'from the space-based meteorological satellite systems
of\the future.

1 24
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INTERFACE WITH SPACE TRANSPORTATION SYSTEM

-
The Panel belipves that the spacetshuttle and spacelab can contribute

uniqwely to solutionipf the.radiation calibration problem by permitting secondary
and (in the future) even2arimary standards to be used for in-flight calibration
of satellite sensor systems. Spacelati'can also be used for accelerating RO
sensor system develotmient.f.

The space shuttle is expected to have'adequate perfo4mance'for emplacement,
servicing, and, replacement of operational low=altitude weaMher satellites. Tug
serice is required for emplacement of geostatiOnary weathRr satellites. These
services will be viable only if means.cari be provided to share the shuttle and
tug payloqApace and costs' so that the services are affordable.

."
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