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o Im November 1973, the National ﬁq;on utiés and Space Administration ,
/(NASA} ‘asked.the 'National Academy of Engingeringﬁﬂto conduct a summer study .
of future .applications o$ space Systems, with patticular emphasis on practical
- approaches, “taking into consideration socioeconomic ‘benefits. NASA asked _ °

_* that the study also considey how #hese applications would influence o’ be

. influencéd by the Space Shuttle System, the principal space trahsportation
system of the 1980's.. In December 1973, the Academy agreed to-perfdrm the  *

. Study and agssigned the task to the Space Applications Board (SAB).™~

.7 1n the summers of ]967 and 1968, the National Academy of Sciences had T
convened a g¥oup 'of emineny scienpists and engineers to determjne what research

. -and development.was necessary to permit the exploitation of useful- applicatiogs

of earth-oriented satellites. The SAB concluded that since the NAS study,
operational weather and communications agtellites 'and the succesgfnl fipst
Jyear of use of the experimentgt Earth Resources Technology Satellite ha§ demon-

«""*sgrgred conclusively a technological cagﬁbility/that could form 4 :foundation
space-derived information and services,”
. And that it was now necessary to ébtain,.from a broad cross-section of Rotential

* for expanding the useful qpplica;@ons ¢

users, new ideas and needs that might guide the development of future space
syStems ' for practic@!nﬁpﬁrications. v L C e

., After discussions with NASA and other interested’ federal agencies, it
was agreed that a major aim of the "sumfier study" should be to involve, and
‘to attempt to understand the needs of, resource managers and other-decision-

"agkers who had .as yet only considered space systems as experimental rather

) ';fﬁan-as usefdl elements of, major day-to-day operational information afd service

systems. Under the general direction of,the SAB, then% a representative group

" of users and potential usets conducted an .ntensive two-week study to defipe:
user fieeds thdt might be met by informatipmeor services derived from earths .
orbiting satellites. This work was done. im July 1974 at Snewmass”, Colorado, |
", For' the study, nine user-oriented.panels were formed, cpmprised of present
or potential public and prxivafe users, including businessmen/ state and local
goVernmenttgffzcié153 resource managers, and other decision ers. A number

‘ o - |

*Effective July 1, ‘1974, the National Academy'of Scjgnces and .the National
Academy of Erfgineering rquganized the National Reséarch Council into eight
assemblies and commissions. ,All National Academy -of €ngineering program units,
including the SAB, became the Assembly of Engineering..
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of scientists and teehpolog1st9 also participated, funct1on1ng essentlally

as expert consultants.- The assignment made to the ‘pénels, included reviewing
progress in space applications gince the NAS studf’if 1968? .and defining user
needs otent ally capable of befing met by space-system appllca ns. User
spec1al1sts rawn from federal &tate, ard local governments and from business
and 1ﬁdustr}, we pe 1mpaneled in the, follo»1ng fields:

=
. [ 4
v *" Panel’ 1: Weather and Clinmaie .-
o, 4 . Panel 2. Uses of Communications '~ . '
. ) o Rané%i 3: Land Use Planning \
. L 4: Agr1cu1ture, Fefest, and Range- ‘
N Panel 5: [nland Water Resources .
: o Panel .61 Extractable Resdurces §
. Panel 7: Environmental Quality . . - .
~ 7 Pane! 8: Marinme and Maritime Uses N °

Panel 9: Materials PrOCessing in Space - '

In add1:§on to study the socioeconomic benefits, ‘the influence of tech-
nology, and:the 1nterface with space trarsportation systems, the féllowing
- panels (térmed interactive ﬁanels) were convenéd

! s
: ?anel 10: Inst1tut1onal Arrangements ' ’
° + Panel 11r Costs.and Benefits , _
' Panel 12: Space Transportation .
Panel 13};/T§formation Services ‘and Information Processing -
Panel 14 'Technology : .

As a ba51s for their ded1berat10ns ;pe latter groups used needs expressed
by. the user panels. A substantial amount f interaction With the user panels
was designed imtp the stud) plan and was found to be both des1rab1e and neces-
.+ sary, '
The major part of the s tudy was accqmpllshed .by the panels. The' function
of the SAB was to review the work of the panels, to evaluate their f1nd1ngs,
and to derive from their work an 1ntegrated set of major conclusions and recom-
mendations, The Board's findings; which include certain significant recommen-
dations from the papel reparts, as‘well as more general ones arrived at by
considering the'work of the study as‘a whole, are cdhta1ned in a report pre- .
pared by the Board.** - y
It should be emphasaged that the study was not de51gned tq make detailed
assessments of,ail of the factors which should be considered in establishing
priorities. 'In some cases, for example, options other than space systems far
accomplishing the same obJect1\es may need to be assessed, requirements for ¢

P * v . | ’
& s ’

-

. ' .
*National Research Council, Useful Applications of Earth-Criented Satellites,
. Report of the Central Review Committee. National Academy of Sciences,
Washington, D.C., 1969. ) \
**Space Applications Board,-National Research Council. Practical Applicdtions
of fruce’'Systems. National Academy of Sciences, Washington, D.C., 1938,
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. institutional or organizational support may need to be appraised; ‘multiple - R
- uses of systems may need to be evaluated.to athieve the most efficient ‘and
economic returns. In some cases, anilyses of costs and benefits will be needed.
In' this connection, speeific cost-benefit studies were not conducted as a part
of the two-week study., Recommendations for certain such aralyses, however, .
sppear in the Board's report, together with recommendations designed to provide ..
an improyed- basis -upon which to make cost-benefit assessments, .
" .In sum; the study was designed to provide an opportunity. for knowledgeable
aid experienced users, éxpert in their fields, to express™their needs, for . '
information or services which might (or'might not) be met by space systems, :
and to relate-the present and potential capabilities of space~systems to_ their
needs. The 'study did not attempt to.examine in detail the scientific, techni-
. cai, or economic bases for the needs.expressed by the users, . -
The SAB was impressed by the quality of the ﬁane}s"work and has asked
" that their reports be made available as supporting documents for the Bourd's .o
report. While the'Board is in general accord with the panél reports, it does \
not necessarily endorse them in every detail, .
.o The caonclusions and recommendations of this panel report should be com-
sidered'within the context of the report prepared by the Space Alplications
Board, The views presented in the panel report represent the general consensus
of the panel, Some individual members of the panel may not agree with eVery ‘
conclusion or recommendation contained in the report. i ) y et
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. , Johns. Hopki S'Univeréi‘ty
. Baltimore, Maryland

Howard £. Barnes
_ " American Eigctric Power Service
., New York, New York" N

\
~
4,

’T:Lm Barnett
‘Scripps Institution of. Oceanography
c o, + La Jolla,‘CalzfornfE o

e Ray.E. Jehsen : C . . N I .
) National Weather Service ). e . : I ’

14
.

' "+Auburn, Alabama

Wayne E. McGovern . K . °
. , National Oceanid and Atmospherlc Administration o T
. " Rockville, Maryland - ) , Lo Voo
_ RE 1 . - i . LWL § e
“ . . A d .
‘ , Stanley Ruttenberg *° i ‘) ’
Univeisity Corporation for AtmOSpher1c Reséarch

Boulder, Foldrado ~ ‘ ~ t
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~ The Panel wishes to express its sincere appreciation to Harry Press, Chief
of Meteorology,Program Office of NASA's Goddard Space Flight Cefiter, who made, '
himself available '%or consultation and who contributed gignificantly to the work
of the Panel by providing backgﬁound information and briefings as -negded.
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DBuring the 1974 Summef\Study on Space Appllcatlons the Panel on Weather o
-and Cllmate undertook a review of existing operational-and ‘R&D programs. The . . '
Panel was impressed with the exlstlng-systems and the degree to which they have :
become an ipzegal part of the meteorological program in the United States. '
Low-a{tltude and geostationaty satellites" provide timely and essential data <o
the’ operational-forecasts .of the Natipgpal Meteorological Center; a carefully,
. considered R§D program is ditected togard the iong -range improvement of the
operational system. The, Ndtional Aeronautics 'and Spade Administration (hASA)
‘and the National Oceanic and Atmospherlc Administration (NOAA) are both to.
be congratulated on the success of the meteprologlcal satellitg program.

In the field of meteorok gy, 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’
" Applicatfons.*’ ﬁhe recammendations prepared durlng that study follow, together

. with am;lndlcatlpn of the. éurrent status of each » . v

¥
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‘ 4 The central r%m r}auon .of the 195‘/ 68 report called for NASA
to "...contigwe to direct 1ts meteorplogzcal satellite program to meetlng the .
" observationat 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 Gldbé;>Exper1menn (FGGE) » 4t was proposed to .
develop_zn integrated space-based system to provide global coverage in the late. »_ -
1970's far synoptit<scale forecas$1ng *** There were to be .four.geostationary
meteorological satellites and one or two sun- symchronoys near-qbrth satellites,
) with ,associated gfound (oFean buoyO and a1rborne (bailsoﬁ) platforms to be
. k interrogated from space; - . ‘
It is now planned th&t there will be five geostationary satellites ‘.
* in operation by%early 1978, two of which are to be operated by thed.S.

(the first was sugﬁessfully put into cpe:§§1on in May 1974), one by Japan, N
one by the Europed Space Agency (ESA) one by the U.S.S.R. The techni- .
+ cdl characteristi of thése satpllites are being' coordinated for optimum - L
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**Report of the Panel on Meteorology; p. 5.7 - - R
- . **%See Table I (g. S) for definition of meteorologlcal scales. -
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compat1b111t) of the information produced and for data- rela) capabilities,
Two sun-synchTonous near-earth satelliteggyith ‘advanced sounding systems and
- platform-location and data-relay capab111t1es are scheduled for launch in late
1977 and early 1978. Instrumented drifting buoys, <onstant-level balloons, and
large carrier balloons with wind-finding dropsonde dlspensers are under active
_development; extensive f1e1d tests will be carried out in 1974-75 in conjunction
with the NIMRUS-F satellite. Costs are anticipated to be within those recommend-
ed 1n the 1967-68 study In order to make these technlques economically v&able.
The first reccrmendation of the 1967-68 study is nearing fulfillment.
2. A second major recommendatlon called for the development’ of a fully
integrated meteorologlcal geosynchronous satellite to-be available by 1971.
Both visible amd infrared imiges'were to be displayed in real time, and equlpment
« . was called for which would be able to present time-lapse views of the images.*
The NASA®and NOAA Synchronous Meteorological Satellite (SMS) and
) ’Geostatlonary Operaulonal Environmental Satellite (GOES) series were inaugurated
in May 1974 with high-resolution visible and medium-resqlution infrared (IR)
imaging capability. The first satellite is performing to specification, A
¢ limited oﬂératlonal ground display system has beeﬁ'de&eloped and’ 'mplemented,
and equipment for high-resolution display and picture productloﬁ/1s also operat-
ing on an experzl!ntal basis. Various methods of time-lapse dlsplay of images
have been used or are in process of development. This reccmmendatiom has been
ufqzler'emea. , . . e -~ "‘
. ©t - ’ . a.”” ’3"
Ut 3. A th1r8 recommendation caktled for IR and microwave vertgcal 1emperature
** soundets to be(g d on both polar-orbiting and geosgationary satellltes'and to
be capable of satisfying known data requirements for synoptlc -scale numer1cal
weather forecasting., . ° P ‘
The IR sounders arg in operational use on polar- orbiting sate111tes. !
Hewe\er, the aecuracy of {emperature measurement is not adequate: errors average
betweeZii € -and 3°C compargd with a requirement of 1. °c. microwave sounder was -
flown cegsfully on NIMBUS-5 and it is planned to include microwave sounders,
along with advanced IR sound€rs (more clfannels and hlgher resolution) on a, néw
operational seties of low-altitude satellites starting in 1977-78. IR and micro- .
wave sounders have not yet be flown on geostationary satellites. IThus, the
© implementaiion of this rqco endat zon 18 still zncovaete.

4« .The f1nal tuo reqommendations of the 1967-68 s'tudy dealt with develop-
ment of llght-weight, safe, low-cost meteorological packages for constant-level
balloons, and for techn1ques “of sounding the atmosphere' through clouds by use of
microwaves. . The requi .red developmen s are eith&y proven or about to be tested,

and the outlobk is. veépy positive Jor ugeful opera 1 systems.
‘. . ‘
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In some other areas the meteorological satellite program has moved more
rapidly than cduld have been-anticipated in 1967-68, For example, data trans-
mitted by gdeostationary satellites are now being used bperationally by NOAA
to determine atmospheric winds. This technique, which was ndt foreseen in 1867,
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, .espeaially GARP, Detailed plams for, a teorolog-
ical Global Observing System are being readied for FGGE. Much of the current
h}gh-pr;orlty R&D in the meteorological space applicatiohs program is being

. . undertaken to contribute to the success.0f FGGE,
v I¥ is important to note, however, that the goals of meteorology are brvader
J than the assessment of the feasibility of extending synopticyscale forecasting. g
A major statement of thesergoals was set forth in a report published by the
Copmittee 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 nationel examinations of delib-
. erate and inadvertent means for modifyingjweather,gnd climate, and (4)ﬁ59 reduce
social, economic, and human*losses caused-.by weather. - .
The recommendations in the present study deal explicitly with geals (1)

. v . - L . .
. . and (4). They also deal with goals (2) and (3)-in areas where the monitoring 1
¢ 'of gssociated meteorological parameters from space has contributed to the
developmgnt ogspseful management or modification techniques., ' ¢
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transitory weather phenomena to

changes, as outlined in Table I.- .

%

perational meteorology range over a

globdl, climatic

~ . Tablel

Scale - .

Range of Meteorologi'cal Scales

A
L]

Approximate Time.Scale ,

-

Approximate Area
of influence

" "Local present weather

Short ,range (mesoscale)
Synoptic

tbng range and cli@ate

N .

0 to’2 hours
2 to 12 hours
1 day to 1 week

2 weeks or more

29 4L

150 km

1000 km

Hemispheric ,
Global ' -

The observational methods and the
‘throughout the range from the smallest

) #

«

prediction techniques vary markedly
to the largest scale, o L
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PRESENT-WEATHER DISPLAY

4
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In i%s 1971 report, the Committee on Atmbspheric Sciences of the Naf&onal
Academy of Sciences placed a high piiority on the devélopment of comprehensive

systems for monitoring present weather,’

with the informati

on being madé continu-

ously available to broad categqries of users.’
satellite and radar observations and from a net

Input data might be derived from
work of low-cdst, unmanned ~

weather stations interrogated by computes,
tributed to the
'tion.syﬁkems. N

Information on localized weather for

The combined output could be dis-

general public and other users.by television é6r other communica-

periods of up to 2 hours is becoming,

increasingly important to the decision-naking processes of a wide variety of
users, Additionally, the diSplay\oﬁ.lgggl‘present weather is vital in alerting
. .N ) - ’
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desirable. .

the public to hazardous weather. Space platfo s offer}a practical source '

of data for the timely display of present- weatﬁmr 1nforﬁat10n and a possible . \

vehicle for the rapid dissemination of warnings. ’
The wide Yemand for present-heather data has been Bemonstrate&\by the

extensive use of the Automatic Picture Transmission {% ) system, now part of

the NOAA satellite séries. Over 1,000 users purchasaa or constructed specialized

ground equipment in order to receive these pictures. 4h15 represents a voluntary .

expenditure of gpprox1mateiy $10 millién. Since’ thns veather data is obtained -

from'low-aititude satellites, it is available only twlce daily. The continuous

+ flow of data from geostationary satellite systems would increase nanyfold the -

utility of’present-weather information,

N

. . 4

FEG??:?C%TISU - The Parel on heacher and ! (lirmate recormends the develop-
rent 27 a lov-east reéadcus sysier- From three-aris-stabilized geostazionary
sareslizes Tor the display ¢7 local Ppresen: veatler in real time. Ihis could
Ze rars 7 2 tread gresen:-weatPer inforrazion network,. Tc test the effective-

¢ suon a systex, the Panel recommends that a present-veather pilot
ect e wideBraxen in a region that ineludes both wrban and ‘rural areas. \

- - ' - E \) .
SHORT-RANGE* EORECASTS

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 willebe~ *
necessary for meteorologists to devise forecasting methods to modify extrapola-
tion. - Tke result will be to change in an appropriate way projections Qf 'the

direction of motibn, the speed, the rate of. development of existing weather
systems. With the addition of ne Yecasting, techniques, it is probable that -
, forecasts can be effectlvely extended to a range of from 3 to.6 hours. -

* In developing these forecastfhg tectthiques,- it will be 1mporéan; to have
infgrmation about the vertical structure of th atmosphere in partlcurﬁr local -
areéas where short-term ferecasts are to be pre jared. An IR-sounalng capability .
from a geostatybnary platﬁprm would be an effective way of obtalnlng sach data.
The additional provisior 6f three-axis-stabilization would improve by ope order
of magnitude the time available for observation and therefore would greatly
‘enhance the capabi’lity of the system.

“Extending forecasts into the 6é-hour to 12-hour range wiil be 2 more - . :
difficult problem and will requg{e 1ncrea51ng1) sophisticatéd models and more
extensiye observatlons, especially in the planetary boundary’ fayer. Various
gxperimental studies on this time scale will need to be undertaken. NOAA has
recently begun to develop plahs for a Severe Environmental Storm and Mesoscale ..
Experiment (SESAME) to be tarried out over a 3syear period beginning in 1977
or 1978. Sate111t$ support of such experimental progrars is, of course, hlghly

RECOMMENDRTICN - The " Panel reoormends that W4Si develop IR-soun 'r.g ecapabi -
ity Srom the qeosta»»onaru\Suncnronous ’epeoroloazcav S&zeuzvue in order %o
SuDDurt the development of sheri-range ‘brecasus of local weather. Ihe develop< .
-’

ment ¢ a three-aris- -statilized geostaticrary r&a"ﬂrf wiol subsiantiaciy improve -
w‘: Juv«(e O; ‘n*s de(re”z ’
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SYNOPTIC FORECASTS

The synoptic-scale dynamics of the atmosphere are becoming better under-
stood.through international efforts such as GARR. These and similar efforts
“have made it possible to simulate the general characteristics of the global *
circulation’ of the atmosphere by numerical.models for per;ods of 1 week or
longer, Hemispheric operational versions of such models, which have more démand-
ing data requirements, .have led over the last 15 years'to an extension 0f the. .
effective predictability of synoptic-scale weather from 2 days to -3 days and
have permltted the National Weather Service to provide general odtlooks of the
; - weather 4 and 5 days in advance. .
N To exténd synoptic forecastshg capabllitles to.5.days or beyond w1th1n
the next decade, a world-wide atmosphere-ocean obser\1ng system is an absolute
. necessity. By the early 1980's GARP resulty/should give better insight into b ’ .
‘ the possibilities of extsfding synopt1c scale forecasts beyond $ days and will )
also provide a critical assessment of ‘xe pbservatlonal zrequ1renients necessany
to support such gkteuded forecasts.’
The. costs associated with Operating:a global ﬂ!nd-ocean-based synoptic
obggrvation network .are proRibitively high, om the order of $1 billion or more .
. . per year, It is obvious tha? a more effective alternative is a mix of existing
land- ocean-based observations and those from % Satellite system; this mixed
obserW1ng system should be capable of monltorlng the atmosPhere to measure the
vertical ‘temperature and hun1d1ty ructure, the distribution and motion of
(Clpuds (frem which atmospheric winds can.be determ1ned)' and sea-surface tempera-~
ture, An extensive datarrelay capab111ty for remote, earth-based automat1c '
stations 1s also, requ1red o . '

. . . N ~
' . - .

Haca NDATION ~ She Pangllon Weatker and Climate recommends (1) cowmtinue }i
support * ‘br GARP in order to ‘assess the posszozlztzes of extending 3unoptzb-
seale ‘brecas*s, (2) continued R&D'ej}or to improve temperature and humzdzty
sognd,ngs, m3234reman+s of sea-subdce terperatures, measurements of winds using - ?
elcud displacerents in order to meet the acciracy and resolwtion requirerients
set forth for FGGE in 9978-79y and (3) continued RED ‘efforts toward the use
of srace *egnnoques ‘o grcv,ae wind pro;zles in the equatorial zone with better

. vertical resciytion than is nov posszove Cg eloud-trac qZ?ng methods, inasruch

- as the aized anpoon and satellite pbserving subsysuer pZanned fbr FGGE may :
.not lend itself to operational use. & =, . . )
. . ? . v
- .“ "’ .
LONG-RANGE WEATHER AND CLTMATE 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 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 tlimate prediction. This effort is noyw in its infancy.

A treatise is not undertaken here concern1ng the vital impgrtance of the

. ability to pred1ct wegather on the time scales of nonths, seasons, and years.
R * Suffite it to say, the consensus of the Panel ‘is that this capability is desper-
l ately needed by a grbw1ng ¢iwilizatien that has Serlously strained its food
\
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SJ;plzes, natural resources, and distribution systems. Substantial efforts in
long-range weather and climate prediction must now begin in order to aid man
1n 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 ]
clinate prediction require a comprehensive understanding of the interactions °*
of the land-air-olean system. In order to elucidate these interactions, a
capability must be developed to observe all important aspects of this complex
"system. Fortunately, mary of the ngcessary observations are now or will soon
be taken on % routine, operational basis (e.g., atmospheric temperature ‘pro-
files, watar-vapor centent, snew-ice cover, and cloud cover). This fortuitous
circumstance is-a direct resuit of satellite capabilities developed for GARP.
However, Some necessary observations are not now being obtained. For instare,
. .there.is a need to monitor the energy budget of the earth, for i; is ‘the net"

‘energy (incoming minus outgoing) that is available to drive theasystem. For

the same reason, the surveillance of the world 3 oceans must be greatly im-

proved, for their, great heat Capacity’ and iriertia-have an importance influence

" an the ‘atmosphére. Thus, it is important to know the heat content and field
+ .of motiorn of thé mixed layer and of.Zhe urface.winds. :
-+ Thg parameters that characterize the climate of the land-dir-ocean system’
must be ‘observed on.-a global basis over time periods ranging from years.to" ,
"decides. Such observations are perhaps the key to development and verification
» of *predictions of climate. Satellites and rélated systems offer the,only cost-
effective hope of obtaining these data but, bécaqse of the requirements for _
lpngfime records, stringent demands will be imposed on sensor stability, teli-

ability, and calibration. The huge amount of datz 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

- ~f a climate prediction capability will require an explicit management commit-

geh{ Ft,the highest level of government, H X ‘ .

[

. N
EECCMMERDATIZNS - The ‘Panel reccrmends that (1) a program of measuring
the gtobal gadiation budzet must be instituted as soom as possible; this must
iralude long-term rieasurererts of solay radiation, albedo, dnd terrestrial.ir
emissions () ocean-monitorirg capability must, be greatly impyoved; highest:
priority should be given: to measurdmernt of the heat content and Field of.mot
of the mized layer and of suriage wind; and (3) quantetative swrveillance of Rk
trne aitrospheric ccnstituents ‘that play a role in the global radiation balance
rust be instituted. '
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® The cperational meteorological systerm should also be responsive to“the needs of

-
B

\ « * N .

- . .

OTHER THAN METEOROLOGY .

-

N Al - )

The close and effective cooperdtion between NASA and NOAA has Heen largely
responsible for the development during the past several years of an extremely
successful environmental satellite'system, Nev heless, the Panel.recognizes
that this cooperation has resulted iman alpost exclusive focus of attemtion.on
defining sensors and using-satellite data.for Aperational synoptic forecasting.
NOAA is in the unique position of being the c llector, the disseminator,. the
archivist, and ¢he principal user of satellife meteorolggical data, NOAA also
defines meteorological requirements for opeyatignal satellite systems,  This
situation has resulted in the efficient usef of satelIlite wgather.data-for fore-

cgst purposes, but in minimal use of these data by other users\for other purposes,

. . Disciplines in which meteorology is an extremely. important cotiponent (such .,

-as environmental quality, agricultural meteorology, hydro}ogy, and ééqhnography)
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, 3Indeed, the potential economic benefit of the'use of
meteorological data for such purposes may equal or exceed their. use for forecast
purposes, . ' ‘ CoveL '
There is a substantial need for the development of sensors to measure para-
meters }mpSrtant t# other users; for example, the amount, nature, and intensity .
-of precipitation; soil and snow moisture content; and sea~-surface" temperatuzres
and winds. None of these data cah be obtained ﬁith the required accuracy from

4

ortant should also have greater voice in the formulation of
‘requirements for meteorologi¢al 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 benéefits of the present_close
cooperation between NASA and NOAA. ' ' .

L

(3

RECOMMENZATION - The Panel recormends that formal mechanisms be established
to broaden the utility of the meteorclogigal satellite program. The broadening
sheuld provide for participation.in program planning by users of meteoroldgical
data ix such fields as agrieulture, transportation, hydrology, and dceanography.

-8uch discirlines for real-time data. ’

Y ‘.
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engineers in fields in which meteoralogical and climatological
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An eixen51ve'R6ﬁ ogram n support of'pperat1onal weather sate111tes is .
. alreaay in ex1stenc&%§§§h ogram has been thoughtfully constructed over a
"period of many years’ able, dedicated group of meteorologists and .
eng1neers*\A\§Egztant§EI grogp of R&D 1n1t1at1¢et is well under way; others .
are under consleratidn, - -. ,
In these circumstances;. it would be surprising’ 1ndeed if the Panel on
Weather and Climate should find’ major deficiencies, in the program as a result
. of ;hls\comparaxlvely limited Teview, Many of the’ followlng recormendations
\ are, refore, desighed to emphasize high-priority needs in areas where work
1s already under way, It is clearly récognized that many of the recommendat1ons
will require an extensive R&D commitment over an extended period of time, i
”~ e i~ R _/ » [ . -~

4 -

IMPROVED SOUNDING OF THE AJMOSPHERE - o
A:‘ .
The prlmary Gontrlbutlon of operational satellites to ‘weather forecasting '
is the determination of the vertical structure, of the atmosphere, especially . .
, temperature and humidity. Present IR soundzngs indicate the temperature struc- .
\ ture with an acguracy of about 2°C or 3°C; an accuracy approaching that of radio- -
sondes {about 1°C) would,be more useful. The resolut1on of present satellite
observations in clear air is approximately 40 km, a figure satisfactory for
gynoptic foregasts. . Lot
However, difficulti¥s are encountered when substantial cloud cover exists,
The use of microwave sounders will to a considerable extent overcome these
ptoblems. ‘The successful operation of a non-scanning microwave sounder on, =
NIMBUS-5 opens tHe way to development of a combined IR and microwave sound1ng
3 system and¥inde¢d, such a’ system is being developed for operational use,
‘“Neither' the IR ndr the microwave sounder, however, locates temperature inversions
well, especially the important inversion at the tropopauseythe boundary between
the troposphere and the saratosphere) A limb-scanning IR sounder is belng
prepared for launch on NIMBUS-F in late 1974, A test of this instrument on )
a balloont flight has proved its ability to locate the height of the typpopause
and to obtain an accurate temperature Erof1lq. :
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 determ1nat1on. By 1978 -it ,
should be possible to construct a crude two-parameter vertical profile with' R

v
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an accuracy of 20% to 30%. . The sounding, Bowever, will be 1imif§§ to the midd%ﬁj-. -
and lower troposphere, since ‘the. upper troposphere is too dry to emit adeqﬁabé‘k;
signals in this band.- A limbzscanning sounder may make it.possible to extend, -

the humidity profile upward fiom'the middle trdposphere ‘to the stratosphere, '

EECOMMENDATION - The Panel becommends that the vertical temperature sounding -
capability be improved to approagh more closely a 1°C acuracy requirement. _ r
The Panel strongly supports the concept of a combined IB/ and microwdve sounder **

" Jer Future operational systems:and recommends that the possibility,be kept open
of adding limb-scanning sownders as well. °

\

IMPROVED GEOSTATIONARY SATELLITES e

Geostationary meteorolpgical satellites will become increasingly important:
’in th® operational meteorofbgical 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 repéaged and’
detailed examination of portions of the earth's atmosphere which are of particu-
lar interest or concérn. Data from geostationary satellites are of key .
importance to' synoptic forecasts; such infprmation will also be valuable in the

-display of present-weather information to a wide variety of users. v, . - ¢
Four important improvements should bg,magé?gn the geostationary satellite .
S)'S tem . e o . ,. :‘tr""‘ ‘: . . L

-IR sounders should be incorﬁ%rated into the existing satellite
’ gystem as soon as possible. ) .-

©

%i Three-axis-stabilized geostatjonary satellites should be used Tt

P S to réplace the existing spin-stablized operational satelljtes. _
"~ .- This improvement wouid make it possible to view:th€ earth ., “ .
\$optinuously, with a gain in viewing efficiency by a factor of - S
;.‘gg'tozo. o . o, . .
Microwave sounders sheuld be addéd to three-axis-stabilized = °
/ geostationary satellites as soon as possible. X v
L) ‘ PR
A low-cost local readout system should be developed to bring - '
the information directly to .many users, public agencies and R *
private organizationms, .- * *

“ - [ ]
RECOMMERDATION - Thé Panel recommends that high.priority be given to a | =
long-term R&D effort to provide a new geMeration of geostatieriary satéllites. .
These iqgncved satellites should be three-axis-stabilized, have the capability
to view s¢lectively sectfrs Of the earth's disk, be providéd.with a low-cost . ° .
Local regdout system, and {negrporate advanced capability in temperature ande ./
humidi ty~sounding. . : . ’ o
© . . .

. ' .
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.. h ' OPHRATIONAL RADIATION-BUDGET OBSERVATIONS . | . 2R

ally improved undergtanding of the radiation budget of the eafth; dget
termination includef the measurement of solar radiation, the determination of
. the earth's albedo, gnd the measurement’ of outgoing IR emissions, These measure- o\
megnts will ultimatelly 'be used to establish parameters, for the.energy budget in e
‘ terlng .of- other measurements of the ‘sgate of the atmosphere, such as the nature
and distribyt{en"qf ¢loud cover and :i&/yerticalistructu;e of'tempera;p;e and
. humidity. o - P

Preparation of s qpt}c'fo;ﬁzaﬁts\agd climate predictions requjres- substan-., :)
. :
i =

.
\.
-

Considerable-work has already been undertaken in the development of.the ~ , "
‘necessary sensors,-and experimental determinations of the earth's energy budget . N
! £ill1 be taken from, NIMBUS-F. 'houever, accurate measyrements from space'of the ., ot :
earth's radiation ballnce will not be fchieved easily. A host of special prob- - A
. lems exists, suclr as the effect of viewing angle on albedo measurements. In Py

, addition, tPe use ‘of .polar-orbiting sun-synchronous satqllités would introduce LT "
. consistent (diurhal) ‘errors into ghe energy-budget deterhinatiom. The elimina- ¥» 1 «°

+tion of such problems will Fequire particulan care. - . . - ‘\L‘z
. —— N - . * T M ’ T v "".
¢ FESOMENIATICN - The Panel recorrends thai dn operationct eapability to oo 4

" Studies sheuld be ‘undertaken to determine the kind of multiple-satellite, 5
«  Tuliiple-criiTsyster required to obtain good samplings of. local times ard of :
. 2 ., > . * . - ‘ A .
reflectdice angles, towermit accurate yietermination.of. the averagé planetary -

-

s actede. Tve, oreratiorcl systverm must provide long-term (that is, over decades)

measure tne rallation budgetr of mhe earth be developed as quickly ds possible. I, ' ﬁ

ecriinuity and consistency of radiation megsurements.,
; ! .

.. o~ : : a , v o
PR . \ . - . -
‘Y e ,ﬁ\‘. . MONITORING OCEANS Lot '
v .

. -The aQiiity of the oceans to store, redistribute, and release heat makes . 7
‘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 oce

and of near-surface currents. These data are vital to the development, of models” ) .
of climate. - - s o e -
’ . Présentémeasurements of sea-surface temperature, while encouraging, are not

accuraté enpdgh to be of major use. Hopever, future .system improvementsspromise
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, '
RECCMYERDALICY - The Panel recommends that an operatiomal capability be °
- wndertaken as quickly ad possible to reasure climatically important oceanic W RYe
variables. . , ’ ok e ;
. , . . i.‘ .
’ \k . v. . . . . ’ .. .'.,
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be Qtdertaken as qazekly as possible.

, ob

—~ \ MONITORING - ATMOSPHERIC CONSTITUENTS, PR | -
. PARTICULATE LOADING, AND AEROSOLS' -

. N

-0

Theoretical studies have indicated that changes 1n the composllyon of .
the atmosphere with regar to minor <onstitutents, part1 1§Ee loading, and
perosols ‘ca® have a.majbr|effect on'climate. The mea.sured contentration of _

' carbon dioxide has jncreased about 25% in the last century. Substantial °*
. variatioms ih Stﬁatospher c ozone concentration are also suﬁpected Particulate -

loading and aerosol concertration are also believed to . be 1ncreaS1ng, although

. reliable fata are lacking, Clearly, the 1hte111gent management of -man's ?

activities requ1res carefut monitoring of the atmosphere.in order to estgblish

a baseliné, to detect t s, and to detect climatic changes. Satellite remote- °
sensing techn14ues prov1d a' possible major contribution to such a monitoring
program. A awmber of promising techn1ques are to be tested on NIMBUS-G to
demonstrate their effectivieness, S '

_ " RE€, MPENDATION, - An eratzonal eapability to monitor cszatzcaZZy

trportan .atmospheric constituents, particulate Zoadzng;Land aerosols 8houZd

£
)

v - . V.
el \
ACCURATE DETERMINATION OF OCCURRENCE *AND INTENSITY OF PRECIPITATION
‘ SOIL MOISTURE AND 'ATER CONTENT OF SNOW : .
- / l "

. i Microwave emissi has been used exper1menta11y to délrn@ate areas where
hegdvy prec1p1tat10n 12‘%ccurr1ng. Such observatiors are‘most eas11y made over
th¢ ocean where there is substantially lower surface emission at tRese- frequen-
ciés, Results have bgen sufficiently encouraging to warrant the development of
an R&D progxam to measure- prec1pitat10n onla woddld-wide basis) Such qbservatlons
wogld be .particularly valuable not only in metedbrology but als .in a variety of

|
i

other disciplines, such as water resources and agricuktur » $o0il moisture and

thg water content-Qf sMow may alsd be measurable through the use of microwaves.,
Thg difficulti®s of Instrumentation ard many. Neyertheless,. these types of N
ervations, which can best be made.from meteerological satellrtes would
provide invaluable ihformation. An appropriate R§D program shoﬁld be 1ﬁ1t1ated
to’ detemm1ne the feas1b111ty of such measurgments, "
/’\“RECOMMEHDA TICN - The Pangl_iecommends an Ré&D eff};j_to produée senszng ‘
oo predessing systems, tc provide information on the becurrence and.intensity

of |precipitation iand on the moisture content of scil ang snow cover, :

1}
IMPROVED DETERMINATION AND EVALUATION OF .
THE ACGORACY OF EARTH OBSERVATIONS FROM SPACE | * %

-

, It is essentbal that user$ have access to detailed 1nformat1on concerning.
‘thle accuracy of meteorological measurements derived from satellite ‘sensar
systems. A series of carefully planned ground-eir-verification experiments
will be needed to comparb'fhe satellite-based obsqrvatlons with those obtained
" by the various 1and§fased techniques, Information should also be provided on

“the. horizontal and (ertical resolutions of the sensor.systems and the derived
observations.

Q ‘ ) _
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" RECOMMEUDATION - I

he Parel recommends that observations obtaiped or deri
.from satellite sensors be checked regulaylﬁ against those from ground-baged
> observing metheds with knpwn.degrees of accuracy. Resylts of such perification

tests should bg pwblished and furniskhed to users alony with the datda. Infprma-
tion on the

.

fective horizontal and vertical resolutions of the observattbons
should be provided as well. o ’ , « )
; . I
. > o~
o1 o ’ t / '
. N L, U
- . .
. ° . ) ' . g‘u
< . Y
* / ' IL 1y
.. . - . o
. b} ] N ’
/ « . ) 3 ] o / / Fy _‘
. - .
‘ . - ° ‘ 1 . g -
‘e / R N \/ 4 )
” RN . 14 4 \,‘ Iy
Y . . . - . .
v - N - 5 [N +
i ¢ ¢ N R ‘\"{‘ .
' N N o .
' . — .
, ] ' . . , I /
1 . A
* : "
. & N
» 1 ’ N . .‘ " .l i ’
.. . . . N . ’ R
A S ¢ an - ' ' K
) - - i_"-: . DY N L
.. {/ B3 - . nk . o - ~ RN
\ . . - 2 N R
. . . .- . ‘ - ~ *
, . . . 2 “ ) ]
. [ - ot . ) ' ’ .3 '
. - e . . .
. . ' ) 7/' -7“.- ‘ . .
' M | : s
L4 . . ’ - 4 »
. 'S ' I . ‘ o ‘
ol . ( Ll . . . Y
L} - ’ t. 4 ¢ b
] / ° by { y ¢ . ’ . . ] .
. . 1
. . , . )
. St . ' 2
[ . i “ R . Q ) Q
\ . !‘ "“’ ~ . ’
\ ko . - 4
R ) - i
* - -
\Y
RIS LAt .
ot } . - .
e \
. i' . .
C »
ZaX L s é) \' . 1;. <
N \ | e
Sy
i’.‘ N ’ /
. : -’ I ° o
Y 4 ( Is - .
3 . i v
1, - . ¢
\ s ) .
. . ¢} -~
. ' i Qo
N Q ¢ ~\§ ¢ ' ,
EMC Yo h * - . i '
e e ® R . .
%

i

I

i

!

{
Led

PE 2 4
Ay
4,
, ‘.
N
.
L 'y
AT
e
e
AE]
e
L
. Y
4
H
R
2.
i
(I
\
.
'

L.




.

©

o, ’ . )
) * ) -~ ‘i\ ) . ':* A) ' [CNPY
' ) DATA MANAGEMENT : ool
. - . ' N ."‘“Q’,
A 1, e, : -
. X .1: ~ \
. - " @ - -~ N '
\ * . R
' .t & ‘
N : -~ . [
. - e 9 ""’ "" . ’

. It is’ e\'1dent that meteorolog.n;al sgate].l:r.tes of the future wﬂ{ nécessarily

{ provide information to a much broader category of users than does”the present

systeém, New data-managément techniques will have to be 1mp1emented to dlssemnate,
approprlate data to a variety of users on a current is, +In additidn, the -
categonzmg and_storing of historica data for climate- ~-prediction snodels and
* other future uses will need to be more comprehensn'e and flexible, This'is by ,
no means a trivial problem, "The Vast dmount.of raw data transmittel to the T,
. .ground by. weather satellites makes ‘it mandafor) to undertake a substantial @hourt
of processing hgfore the data are- $tored. A great deal of thought must go 1nto
" dete ining the optimum method and'« system of processing in. order to ac.hl-eve max1-4
mum cempression of data with a‘hmmmum losg of flexibility to. potential users.
In stydying this probf e, dze nce_q:j,sf f;?%dz other “than weather forecasting’
_Just bs fully consgdered, L‘I’ﬁa’:%'_i?ﬁfh—e'ﬂ“’s”f‘gn 6F ‘the total systém, considera-
jon must ‘alse be given to ;he outpu,t of certain standard products such as .
r average-cloud charts mean taer:perat;ure, or’ -average IR emlss:Lon. -

: RE‘C‘OMJE‘NDATION = The Panel recotmends that a comprehenswe data-managemest
scheme ke w?pZemezzted to utilize and store moregeffectively he vast quantities’ .
of 'Lnfomtwn being obtained by metéorological satellites. . The data systém .
should function to: (1) pnavzde m oromgzcgl information to the broad gategory
of users not dzrectly in wveather forecasting, (2) catalog and store information .

. J

' for future ise,’ and: (3) design, develop, dzssemznate, and store sets of mfoma- e

‘tion produots derived from sateZZ'Lte data., - R -
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’ USE OF SPACE SHUTTLE AND SPACELAB
. . . - t

’
. A ]
The space shuttle and Spacelab will be useful for three kinds of activity
important tq meteo?g}bgy and climate: . - .

1. As a convenient test bed for very exploratoxy experiments\ . . ’

such as high-power laser Raman spectroscopy to @étermine the o
. gas composition of the stratosphere, high-powef laser experi- .
) .‘ments to map stratospheric aerosol layers, and active radar :

experiments to map precipitation intensity. e

2. As the only way now cantemplated 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

Jto obtain accurate observations against which to calibrate the

’ satelllte .instruments.

»

:3. As a means of conducting Zero-g, experimehts. A series of

SpeC1al1zed zero-g cloud-physics experiments has been proposed,

- which is the subject of a current feasibility study. These
experiments look prom151ng 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 %o have adequate™performance
for emplacément, servicing and replacement of opetational low-altitude Weather
sate111tes Tug servicq is required for emplacement of geostationary weather
satellites. These servjces will be viable only if means can be provided to
share shuttle and tug ppyload-space and costs so that services are affordable.

19 : .
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FUTURE APPLICATIONS " .’

’ : ’ .-
X! r 4 .

The space applications program in meteorology Is a mature effort, In .
addition to the operational system, a well developed RGD program exists., Mos€
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 idéntjfy major new opportunities for future development. It
sliould be noted, houever, that some of the recommendations set forth herein
;gvolve advanced technology and may requ1re two or more decades .to 1mp1ement

Iiy. .

. This report would be’ def1c1ent 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 raflar, which might be used effectively in the global measure-
ment of precipitation occurrence and intensity, Problems of background inter-
ference and power demand must be overcome, Doppler radar conceivably coupld be -
used to measure the wind velocity in clouds. A related long-term poteritial is
tle use of lasers.and the Dopplet principle for wind determinatiof in-“clear air.
A different kind of possibility is the establishment of an earfh-oriented
meteorological observatory on the moon. A simple first experiment *for such an
observatory might be the measurement of the earth's albedo.

1Y
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Many of the important recommendations made in the 1967-68 Summer Study on
Space_Apglicétions* have been implemented and have become or are now becoming
integral parts of the U.S. meteorology program. Other recommended dévelopments
have not yet reached maturity. They are still in the research and development
(R&D) phase, although the outlook is promising that they will be incorporated
into the next generation of operational satellite systems. The emergence of !
an international program, the Global Atmospheric Research Program (GARP), with
specific observational requirements has‘helped to stimulate and accelerate much
of this development. 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 dpparent that are much broader than the GARP observa-
tional experiments and also encompass a much broader range of users than the

weather- forecast1ng copmumity .

The Panel on Weather and Climate has specific

recommendations in the follow1ng’areas

¥

PRESENT-EEATHER,DISPLAY

%

Current and projected satellite systems provide the possibility of supply-
ing t1me1y, nearly instantaneous monitoring of small to medium weather systems
whose occurrence impacts diverse industrial, commercial, and dgricyltural
communities, as well as the general public. The projected three-aRis-stabilized.
geostationary satellite with high-resolution imagihg and sounding gapability
p wild be a central observdtional tool. for such applications. The 1nformat1on
from this system will be greatly enhanced in value if coupled with "economical
equipmént for direct ground readout dnd procedbing and, with means of automatic
dissemination of a Variety of products to end users. The Panel recaﬂmends R&p
of such a capability fbr public information distribution. . .

T e

*National Research Council. - Useful

Report of the Panel on Meteorclogy (Panel 4).

‘Washington, D.C., 1969.

v

\d

Applications of°Earth-0rfented Satellites:
National Academy of Sciences,

L
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. SHORT-RANGE FORECASTS (2 to 12 HOURS)

The advanced geostationary-satellite system could.be used in conjunciibn
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
tJ 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. ZIFe Panel( recommends

| continued R4S =277orvs on rercte-sensing techniques to assure that FGGE require- )

| rents will be met, . N \ . .

* &

LONG-RANGE WEATHER AND CLIMATE PREDICTION

Lonffg;nge weather and climate prediction is an important area of activity
which is now receiving much attention and is ripe for scientific investigation.
s Satellite systens wil%xnake it possible to observe and monitor on a“long-tern
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 factor's are manifested in their effects on the radiation budget
of the land-air-ocean system, Hence, critical attentian pust be paid to calibra-
tion, intercomparison, and petriodic in situ recalibration .of radiation sensors
on spacecraft. The Panel recowmends iniiiation of observation of a number of
Yhese climatic facteors; an intensive programgto.investigate the time and space
sarling needsd to produce reaningful average values for large regions, as well
as for the entire globes and tke development of comparison and in-flight. :
i recalitraticn preeedures that yill make it possible té identify secular changes
that may Le related tp climatiie trends or variations. Among such important iong-
[ term climatic factors are th€ incoming and outgoing radiation; the planetary’
| albedo; the heat content of the mixed layer in the oceans; the distribution of
; clouds at low, middle, angd high levels; and any significant changes ig surface
' , features such as vegetation, land use, and snow and ice cover,
|

. _ - f
. . OTHER USES OF WEATHER DATA

Much ¢f the information ga?ﬁered by satellit'es for metéorological forecast-
{ " ing use can also be procgssed for use by other groups. Moreover, there are
| additional parameters that could be obtained that would be of great use in agri-
} culture and hydrology, to name but two fields. The Panel recommends that addi-
| tional user greups be brought into the decision-making process of setting .
| gricrities for the development of new observing techniquesd and for the processtng
| and storing cf meteorolégical data, so that as wide as possible a spectrum of: i
| user groupe ean benefit ‘from the space-based meteorological satellite sy&tems

of \the future. <. .

4
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INTERFACE WITH SPACE TRANSPORTATION SYSTEM

, i} The Panel beli;ve§ that the spacet shuttle and spacelab can contribute
uniquely to solution of tpe.radiation- calibration problem by permitting secondary
and (in the future) even primary standards to be used for in-flight calibration
of satellite sensor systems. Spacelab-can also be used for accelerating RED
sensor systen development. . ‘

. The space shuttle is éxpected to have’ adequate performance for emplacement,
servicing, and, replacement of operational low-altitude weather satellites. Tug
service is required for emplacement of geostationary weather satellitgs. These
services will be viable only if means.can be provided to share the shuttle and
tug payloag)gaace and costs so that the services are affordable. ‘.

'
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