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NOT ICE: The project  that is  the subjec t  of this  report 
was approved by the Governing Board of  the Nat iona l 
Re search Counc i l , whose members are drawn from the 
counc i l s  of the Nat iona l Academy of Sc iences , the Nat iona l 
Ac ademy of  Eng ineering , and the Ins t i tute of Med ic ine . 
The members of the pane l re sponsible for the report were 
chosen for the ir spec ial c ompetences  and with regard for 
appropriate ba lanc e .  

Th i s  report has heen reviewed b y  a group other than the 
authors according to procedures approved by a Report 
Review Comm i t tee cons ist ing of members of the Nat ional 
Academy o f  Sc ience s ,  the Nat iona l Ac ademy of Engineering , 
and the Ins t itute of  Med ic ine . 

The Nat ional Research Counc i l  was estab l ished by the 
Na t iona l Ac ademy of Sc iences  in 1916  to assoc iate the 
broad commun ity of sc ience and technology with the 
Ac ademy's purposes of  furthering knowledge and of advis ing 
the federa l government .  The Counc i l  operates in 
accordance with general pol ic ies determined by the Ac ademy 
under the authority of its  congress ional charter of 1863 , 
which estab l i shes the Ac ademy as a private , nonprofit , 
sel f-governing membership corporat ion .  The Counc i l  has 
become the princ ipal operat ing agency of both the Nat ional 
Ac ademy of Sc iences  and the Nat ional Ac ademy of  
Eng ineering in  the conduc t of the ir services to the 
government ,  the pub l ic , and the sc ien t i f ic and engineering 
communi t ies . It is  adminis tered j o intly by both Ac ademies 
and the Ins t itute of  Medic ine . The Nat ional Academy of 
Eng ineering and the Ins t i tute of Med ic ine were estab l ished 
in 1964 and 1970 , re spec t ivel y ,  under the charter of the 
Na t ional Ac ademy of Sc iences . 

This study by the Space Appl icat ions Board was 
conduc ted under Contrac t No.  NSR 09-012-106 with the 
Nat ional Aeronaut ics  and Space Adminis trat ion .  

Th i s  report is  avai lab le from the Space Appl icat ions 
Board , Nat iona l Research Counc il , 2 101 Const itut ion 
Avenue , N . W . , Washington DC 20418 . 
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PREFACE 

In the spring of  1 9 82 , the Space Appl icat ions Board wa s 
asked t o  conduc t a study about the potent ial uses o f  a 
space s tat ion for c ivi l and c ommerc ial appl icat ions . The 
reque s t  came from NASA ' s  Office of Space Sc ience and 
Appl icat ions . The s tudy was to be only one of several 
agency and contrac tor studies  aimed at  deve lop ing and 
evaluat ing requirements for a manned space  s tat ion 
program. In reques t ing the study , NASA made i t  c lear that 
the jus t i ficat ion for deve lopment of a space s t at ion must 
be based on many cons iderat ions , o f  wh ich space  
appl icat ions would be only a part . The Space App l icat ions 
Boa rd accepted the assignment , with a goal of providing an 
objec t ive a s sessment of a manned space s tat ion ,  or , 
alternately , a large unmanned space p lat form, for use in 
sat i s fying future appl icat ion program requirement s .  

To c onduc t the study , the Board brought together about 
30 recognized expert s from the various user communi t ies . 
The group spent a week at Snowmas s ,  Co lorado , engaged in 
an intens ive e f fort to  address  the fol lowing study tasks : 

Review space appl icat ions requirement s  for the 1990s 
Ident i fy des ired t echnological advances 
Ident i fy requirement s  for a space stat ion to 

fac i l itate appl icat ions programs 
Assess  the ut i l ity of a human pre sence to space 

appl icat ions 

The group was not asked to evaluate the cost 
e f fect ivene s s  of a space stat ion re lat ive to other 
pos s ible  a l ternat ive s .  The ass ignment was to determine 
poss ib le future app l icat ion program need s , and then to 
assess  how we l l  a space s t at ion might s a t i s fy those needs . 

ix 
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The summer study part ic ipant s were d ivided into pane l s  
repre sent ing five user-oriented communit ies , and a s ixth 
pane l dea l ing with system des ign cons iderat ions . The 
system design pane l examined requirements  of  the various 
ap� l icat ions miss ions from the standpoint of  commona l it y ,  
and with an objec t ive of  defining technical requirement s 
that could be used for the conceptual des ign of a space 
stat ion . 

Each o f  the five user panel s  was struc tured to 
represent appl icat ions programs with s imi lar 
charac teri s t ic s .  The Earth ' s  Re sources Pane l dealt with 
appl icat ions of remote sens ing for resource assessment in 
such user areas as agriculture , hydrology , and mineral 
explorat ion .  The Earth ' s  Environment Pane l dea l t  wi th the 
earth ' s  atmosphere and i t s  impac t on soc iety , and gave 
cons iderat ion to upper atmosphere research , globa l 
chemical  cyc les , weather ,  and c l imate .  The Ocean 
Operat ions Pane l looked at both sc ience and appl icat ions 
and cons idered subjects such as coastal pre servat ion , 
fisheries deve lopment , mineral extrac t ion , ocean 
pol lut ion , sea ice monitoring , o i l  and gas explorat ion ,  
and commerc ial sh ipping . The Sate l l ite Communicat ions 
Panel assessed the potent ial role of a space stat ion in 
the evolut ion of commerc ial telec ommunicat ion services up 
to the year 2000 . The Material s  Sc ienc e and Eng ineering 
Pane l focused on the u t i l ity of a space stat ion 
environment for materials  processing . One early prob lem 
for the pane l s  was lack of a c l ear definit ion of spac e 
s tat ion c apab i l ity or c onstraint s .  For purposes o f  the 
study , it was assumed that the stat ion wou ld be a large 
platform , c apab le of  hous ing a wide array of  d iverse 
instrument s ,  and could be either manned or unmanned . 

I take th is opportunity to expre ss  my deep apprec iat ion 
to the pane l cha irmen and the pane l members for the 
conc entrated e f fort that was required to produce the 
chapters of this  report . Observers and resource persons 
from NASA , NOAA , and other agenc ies of government and 
industry were he lpful in provid ing informat ion and 
comment . Fina l ly ,  I wish to thank the Space Appl icat ions 
Board staff  for the ir work in preparing th is report for 
pub l icat ion . 

X 

George A. Harter 
Chairman 
Space App l icat ions Board 
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OVERVIEW 

The demons trated capab i l i t ies  of the Space Shut t le and 
rap id advanc ement s  in both ground- and space-based 
techno logy offer new opportunit ies for deve loping space 
systems for prac tical use . It soon may be pos s ible , for 
example , to assemb le large s truc ture s in space , to revi s i t  
and re furb i sh spacecraft , and to provide the large amount s  
of  e lec tric power i n  space that some uses wou ld require . 
Large-scale integrated circuits  of fer new pos s ib i l i t ies 
for c ontrol of spacecraft func t ions and for data hand l ing 
that would be o f  great importance in certain 
appl icat ions . These and other capab i l i t ies  may make it 
pos s ible to  c arry out some ac t ivit ie s in space at  lower 
cost  than be fore , and a lso to ach ieve obj ec t ives not 
previous ly c ons idered realis tic . 

In view o f  the se capabi l i t ies and the ant ic ipated 
nat iona� requirement for human presence in space on a 
long-term bas i s ,  the Nat ional Aeronaut ics and Space 
Admin istration (NASA) i s  s tudying the pos s ib i l ity of 
deve loping a manned space s tation and , in conjunc t ion with 
the stat ion , one or more unmanned space plat forms . At 
NASA ' s  reques t ,  the Space Appl icat ions Board ( SAB ) of the 
Nat iona l Re search Counc il c onduc ted a study to determine 
the technic a l  requ irements  that shou ld be cons idered in 
the conceptual des ign of a space stat ion and/or space 
plat form so that , i f  developed , these spacecraft wou ld 
have ut i lity for prac t ical appl icat ions . 

The SAB study , conduc ted in Augus t 1 98 2 , cons isted of 
the de l iberations o f  f ive user-or iented pane l s , one in 
each of the fo l lowing areas : ( 1 )  earth ' s  resources , ( 2 ) 
earth ' s  environment ,  ( 3 ) oc ean operat ions , ( 4 ) sate l lite 
communicat ions , and (5) materials  sc ienc e and 
eng ineering . A s ixth pane l ,  �ich deal t with system 

1 
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2 

des i gn fac t or s , he lped examine areas of  commonal ity among 
the requirement s of  the various appl icat ions . 

Each user-oriented pane l was asked to  cons ider what 
prac t ical  appl icat ions of space systems may be expec ted in 
the ir part icul ar areas beginning about the year 1990 . The 
pane l s  were asked a l so to  ident i fy technological progres s  
that would need t o  b e  made and that shou ld b e  emphas ized 
in order for space systems wi th prac t ical uses to  have 
greater ut i l ity by the t ime a space stat ion or space 
plat form might be available . In add it ion ,  other is sues o f  
maj or importanc e--e . g . , the need for human pre sence in 
space , des ired orbits  of spacecraft , and major new device s  
that the various appl icat ions wou ld requ ire--were to be 
addre s sed . 

On 15 Oc tober 1982 , the Space Appl icat ions Board sent 
NASA an int erim re sponse based on the s tudy . Th is formal 
report of  the study cons ists  of s ix chapters , one for each 
use area and one on system des ign .  The fo l lowing overview 
is a summary of the f ind ings and recommendat ions of the 
s ix pane l s  and some overal l  conc lus ions . 

The Earth ' s  Re sources Panel c ons idered the appl icat ion o f  
remote sens ing for assess ing such resources  a s  c rops , 
fore s t s  and range lands , minerals  and petroleum, water , and 
land . Sate l l ite remote sens ing is  a re lat ive ly new 
information source , provid ing a means to survey and 
inventory a wide array of earth resources . It provide s a 
c apab i l ity to monitor changes and , by pred ic t ive mode l ing , 
to provide a foreca s t  for the future . Use of  thi s  new 
c apab i l ity is s t i l l  in i t s  in fancy , and much further study 
and deve lopment wi l l  be required for i t s  ful l  exploitati on . 

A d ivers ity of requirement s for the several appl icat ion 
areas were uncovered . However ,  some bas ic miss ion 
requirement s  seem to be c ommon for virtual ly a l l  
appl icat ions . Th e  most  important of  these are a space 
stat ion , or an unmanned plat form , in a low, near-polar , 
sun-synchronous orb i t ; a variety of sensors that can 
operate c ont inuously and interac t ive ly ; a data format that 
merges the outputs  from a d isparate set of  sensors ; t ime ly 
de l ivery and arch iving of data for the user communi t ies ; 
and a c ommitment to long-term cont inuity of dat a 
acquisit ion and d i stribut ion .  

Onboard data process ing is  important for almost al l 
remotely sensed data s treams , and a h igh ly trained 
ind ividua l might be use ful in the operat ion of the onboa rd 
process ing sys tem ,  a l though th is might be accomp l i shed by 
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ground contro l .  A human presence wou ld be mos t  important 
during the re search or exploratory phase of a new remote 
sensing program .  Even in an operat ional phase , man ' s  
ab i l ity t o  ident i fy t rans ient phenomena , to monitor data 
qual ity , to adjust ins truments  rapid l y ,  and to make 
in-situ  dec is ions on data hand l ing could prove use ful . 

The Earth ' s  Environment Pane l addre s sed four broad 
applicat ions of remote sens ing : upper atmosphere 
re search , g l obal chemical cyc les , weather ,  and c l imate . 

Several important ro les for a space s tat ion were 
fore seen . First , it c ould permit use of many d i f ferent 
sensors to make s imul taneous observations of chemic al 
spec ies , with onboard processing and merging of the data . 
Second , a human presence c ould enab le a frequent 
recal ibrat ion of ins trumentat ion .  In th is respec t ,  the 
stat ion cou ld play a va luab le ro le in comparing dat a from 
onboard sensors wi th that obtained by other free-fly ing 
sate l l ites . Other poss ibi lit ie s  are the servic ing o f  
ins truments , inc lud ing the repleni shment of c ryogenic 
coolant and the period ic maint enance ,  repair , and 
replacement of sensor packages .  Final ly , a space s t at ion 
could fac i l itate the use of  act ive sensor pay loads , such 
as l idar or microwave sounders , wh ich because of the ir 
large s ize and power requirement s  have been regarded as 
beyond the near-term capab i l it ies  of free-flying 
sate l l ites . Most  environmental  observations would pre fer 
a low, near-polar , sun-synchronous orbit . 

There are bene fits  and d isadvantages assoc iated with a 
human pre senc e .  On one hand , humans c an contribute to the 
cal ibration and servic ing of ins trument s .  On the other 
hand , a number of potent ial ly serious problems could 
develop , such as the impac t of human presence on sensor 
po int ing accuracy and s t ab i l ity , or the poss ib i lity o f  
contaminat ion i n  and around the veh ic l e .  More study of 
the human ro le is  required be fore a determinat ion can be 
made . 

The Oc ean Operat ions Pane l looked at a wide variety of 
space appl icat ions , inc lud ing coastal  preservat ion , 
f i sher ies , oil  and ga s explorat ion ,  ocean pol lut ion , sea 
ice moni toring ,  mineral extrac t ion , and commerc ia l 
shipping . There is a growing need for more and be tter 
da ta about the oceans . The needs are d iverse , and are 
c urrent ly d i spersed among many agenc ies , organizat ions , 
and ind ividual s . 
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Only sate l l ite-borne sensors can provide broad area 
data coverage of the world ' s  oceans . Hence , more emphas i s  
should b e  placed on col lect ing data and making it 
avai lab le to oc ean users in a time ly manner , on a daily 
bas i s  for some users . Since data i s  required for reg ions 
that extend to the earth ' s  po les , high-inc l ination orbits 
are de s ired for most app l ications . A low ,  near-polar , 
sun-synchronous orbit would fi l l  most requirements . 

With regard to the bene fits of a human pre sence , the 
Oc ean Operations and the Earth ' s  Environment pane l s  came 
to the same general  conc lus ion : there is no meaning fu l 
ro le for man in the acquis ition of  data . However ,  a 
manned space station could provide the capab i l ity for 
mod ification and repa ir of sensors and spacecraft in 
orb it . For example , the $125 mi l l ion Seasat oceanograph ic 
sate l l ite probab ly could have been re stored to operat ion 
i f  a means had been provided for its re trieval and repai r .  

The Sate l l ite Communications Pane l surveyed projected 
communications services for the period from 1990 to 2000 
and conc luded that a manned space station would offer 
l ittle bene f it during this period . In add i t ion ,  
communic at ion sate l l ites need to be located in 
synchronous ,  geostat ionary orb its . The launch capab i l ity 
provided by the Shuttle-Centaur comb inat ion is adequate 
for a l l  requ irements envis ioned prior to the year 2000 . 

However , some anc il lary uses of a space stat ion at low 
earth orb it were envis ioned . The stat ion might serve as  a 
fuel depot and base of operations for assemb l ing and 
launching sate l l ites to synchronous orb it , with the 
possible bene fit of reduc ing launch costs or al lowing 
launch of heavier payload s .  Al s o ,  u s e  of a low-orb it 
station for conduc t ing some communication experiments , 
such as the deployment and evaluation of  very large 
antennas , is poss ible . 

The Ma terial s Sc ience and Eng ineering Pane l envis ioned a 
space station that wou ld provide a laboratory sta ffed with 
technically trained operators . The mater ials community 
wou ld make good use of a space stat ion if it were to be 
developed . 

Several key requirement s for a space stat ion laboratory 
were ident ified . In add ition to a low-gravity 
environment , materials process ing require s a re latively 
large amount of  electric power and needs fac i l ities for 
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cool ing hot material s  in a controlled manner .  The 
use fulness  o f  a space stat ion laboratory would depend , in 
large part , on the qua l i f icat ions and experience of the 
technical staff  manning the fac i l i ty .  The need for one or 
more trained sc ient ists  to perform the materials  
experiments i s  foreseen ,  with at least  one experienced 
technic ian to maintain , repair , and mod i fy the proce ssing 
equipment . 

A space s t at ion could provide some important advantages 
over the current shutt le capab i l ity.  Ch ie f among the se 
would be the much longer f l ight t ime and the pos s ib i l ity 
of less  interference from firings of  the att itude control 
thrusters . The ab i lity to  carry out weeks , or even 
month s , of interact ive materia l s  experimentat ion in a 
space s tat ion would repre sent a great improvement over use 
of the Space Shut t le space lab . 

The System De s ign Pane l d id not address a spec ific 
appl icat ions are a ;  rather it focused on sys tem design and 
integrat ion i s sues that apply to the space stat ion 
c oncept . 

Two nove l concepts were ident i f ied for further study 
and analy s i s . One involves the use of  real-t ime 
communicat ion coupled with remote c ontrol to provide an 
operat or on the earth ' s  sur face the capab i l i ty to carry 
out c omplex operat ions wi th in the space stat ion . Thi s  
real-t ime , c losed-loop control is cal led telepresenc e ,  and 
is put forth as a complementary role to human pre sence for 
some space stat ion operat ions . It features two new 
technologies--wideband , h igh-data-rate te lecommunicat ions 
and computer-control led robot ic s .  

Another concept i s  the development o f  a space service 
stat ion , wh ich would tend the in-orbit  needs of unmanned 
satel l i tes  and space plat forms . Func t ional capab i l i t ies  
would inc lude repa ir , servic ing , and rep lacement of  
expendables  for various types of instrument s and 
spacecraft . 

The Sys tem De s ign Pane l recommended that NASA develop 
des i gn rules for a number of important space s tat ion 
concept s ,  inc lud ing system modular ity , subsys tem 
interfac e s , and techno logy upgrad ing . Early definit ion of 
modular system arch itec ture and subsys tem inter faces would 
be very he lpfu l  in guid ing industry ' s  deve lopmental work 
on a space s tat ion . 
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In summary , we find that mos t  remote  sensing appl icat ions· 
require sensor payloads in a low ,  near-polar , 
sun-synchronous orbit . This sugge s t s  that the apace 
stat ion program should inc lude a mu l t i func t ional sensor 
plat form in a near polar orb i t , with propulsion capabi l ity 
to accommodate mis s ion-dependent orbit  changes .  The 
plat form should inc lude a variety of sensors to serve the 
many earth re sourc e ,  mete�rological , and ocean operations 
communit ie s .  

We feel  that i f  a space s tat ion i s  deve loped , i ta 
e f fec t ive ut i lizat ion wi l l  need s i gnificant resources 
beyond those required for the space stat ion alone . There 
should be as much o f  a commitment to payload deve lopment 
as there is  to the stat ion i t se l f .  There fore , it  is  
essent ial  that NASA c ons ider not only the ant ic ipated 
coats of deve loping the stat ion , but also the envelope of 
total system cost s ,  inc lud ing payload deve lopment .  

Fina l ly ,  we recommend that NASA g ive serious 
cons iderat ion to a nove l sys tem concept that we call  
te lepre senc e .  At  a minimum , te lepre sence would provide an 
important complementary capab i l i ty to the funct ions made 
pos s ible by a human being in space . Rap id advances in 
space c ommunicat ions and robot ic s seems to offer great 
potent ial for real-t ime control of many space stat ion or 
space plat form operations by an operator on the ground . 
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EARTH ' S  RESOURCES 

INTRODUCTION 

The Earth ' s  Re source s  Panel cons idered the tradit ional 
areas inc luded in the study of the earth ' s  renewab le and 
nonrenewable re sources: agr icul ture , forestry ,  range land , 
geology , wat er resources , and land use . Remote sens ing 
involves such func t ions as locat ing features on the earth 
and mapping them , measuring geo log ic al phenomena , studying 
water qual ity and quant ity , and making s tud ies of l and use 
patt erns . The primary bene f i t  of sate l l ite  dat a to the 
earth ' s  resources community is that they provide a current 
synopt ic view from space that makes it  possible to detec t 
pat terns and to recognize features not read i ly seen in 
convent ional data . A notable geological  example is  the 
detect ion , in Landsat images ,  of previously unrecognized 
extensions of the San Andreas fau l t  in Cal i fornia . 

Ac t ivit ies re lated to re search on or management of  
renewable or  nonrenewab le resource s  may be grouped into 
three phases : inventory/ survey , monit oring , and pred ic t ive 
mode l ing . In the inventory/survey phase , the quant ity and 
qual i ty of the re source of intere s t  wi thin a spec ific area 
are determined--for example , fore s t  coverage in a 
part icular geograph ic area.  Monitoring involves  detec t ing 
change s in the resource  of intere s t , such as determining 
forest  coverage increase or decrease from year-to-year . 
Pred ict ive mode l ing yields an analys i s  o f  trends with in a 
g iven area that , when c oupled with environmental , 
soc ioeconomic , and pol i t ic a l  informat ion , would fac i l itate 
or improve management dec is ions . For example , data and 
informat ion from inventory/survey and monitoring 
ac t ivities  would be used to drive mathemat ical mode ls so 
that a dec is ion to cut a t imber stand in order to permit a 
re s ident ial deve lopment could be based on a rat iona l 
analys is . 

7 
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The degree to which a space station or space plat form 
contributes to  more e f fective or more e f fic ient production 
of remote ly sensed data wi l l  determine it s uti l ity for 
earth re sources  appl ications . The Pane l reviews each of  
the earth re sources areas ,  then comments on  what is  needed 
to improve the util ity of remote ly sensed data to the 
earth resources community and d iscusses the role of man in 
space . 

PRESENT STATUS 

Since the launch of the f irst Landsat in July 1 9 7 2 , many 
inve st igations have shown the usefulness  of remote sens ing 
for earth ' s  resources  explorat ion management .  In some 
cases , operat ional activities have been estab l ished us ing 
sate l lite data . For instanc e ,  there have been 
demonstrated bene fits from locating and mapping o f  
vegetat ive c over ( crops and fore sts ) ,  and from 
observations o f  geologic phenomena ,  water quant ity and 
qual ity , and land use patterns . 

Unfortunate ly , because o f  problems with data 
process ing , hand l ing ,  and d istr ibution--and more recent ly 
because the cont inuity of Landsat data is 
unpred ictab le--few of the se appl ications can be considered 
operational in terms of meeting users ' needs . Although 
process ing and d istribution have improved over the past 
ten years , at present the e l apsed t ime between data 
acquis ition and receipt of data by the potential user is  
s t i l l  too long for many important appl ications . In some 
case s , the amount o f  data c orrection that must be done by 
the user be fore information can be extracted from the data 
is substantia l .  

Agricul ture , Forestry , and Rangeland 

Agriculture , forestry , and range l and activit ies cover a 
var iety o f  renewable resources that are heavily dependent 
on human activity . In general ,  the se resource s  are 
managed on a cyc l ical basis  in which harvest , 
regeneration , and intermed iate cultural activity play 
dominant ro le s .  Al so , the management of agriculture , 
forest , and rangeland is severe ly affected by vagaries o f  
weather and by the e f fec t s  o f  fire , wind , and water . 

Earth observation programs employing remotely sensed 
data have been used extensive ly in agr icultural 
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app l ication s .  Landsat data have been used to produce 
detai led crop information for large areas . The LACIE 
( Large Area Crop Inventory Experiment )  proj ec t 
demons trated the ut il ity o f  proces sed Landsat information 
comb ined wi th other dat a  to deve lop e s t imate s  of wor ldwide 
wheat produc t ion. 

Other c ommon Landsat appl icat ions in agriculture 
inc lude the monitoring of irrigated lands and asse s sment 
of water needs , determinat ion of the locat ion and spread 
of c rop d i sease and insec t infestat ions , detec t ion o f  
sa l inity , and mapping o f  genera l agricul tural land 
capab i l i ty .  For example , Landsat dat a were used to update 
the inventory of four mi l lion acres o f  irrigated lands 
along the Snake River in Idaho--a task that the t ime and 
cost  of c onvent ional techniques had ruled out for -the past  
decade . 

Minera ls  and Petroleum Explorat ion 

Sate l l ite  images c ombined with other forms of data have 
he lped in ma intain ing inventories and surveys of ex ist ing 
mineral and pe troleum resources . Repeat c overage has 
provided surface change maps that he lp monitor mining 
operat ions and describe progres s .  

Landsat data have provided a new dimens ion in the 
ab i l ity to  se lec t l ike ly locat ions for explorat ion . 
Geo logic appl icat ions of remote sens ing inc lude geodet ic 
measurement s (name ly , historical  dat a ,  patterns of pas t  
tectonic ac t ivity , and c rus tal movement s ) , geologic 
environment s ( inc lud ing sed imentary bas ins , domes , and 
igneous and metamorph ic format ions ) ,  and episod ic events 
( such as lands l ide s , avalanches ,  volcan ic erupt ions , 
ero s ion ,  and c oastal change ) .  

Land Wat er Resources  

Wa ter i s  an important component o f  agricul ture , fores try , 
and rangeland use ; minera l s  and petroleum explorat ion ; and 
land use . Land water re sources are di fferent from oc ean 
and estuarine waters ;  land water resources  are those wat er 
bod ies , surface and subterranean , exist ing or or iginat ing 
on land . These inc lude rivers , streams and creeks , 
re servoirs , lake s ,  ponds or other s t and ing water bodies , 
groundwater and underground water , aqu i fers , and table s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P r a c t i c a l  A p p l i c a t i o n s  o f  a  S p a c e  S t a t i o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 3
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Landsat has been used to conduc t watershed inventories 
that have enab led s t ates to foresee fl ood prob lems , 
drought , and water supply fluc tuat ions . By integrat ing 
informat ion on snow depth from ground stat ions with the 
snow-covered area e s t imates obtained from the sate l l ite , 
accurate pred ict ions can be made of future water runoff 
and ant icipated wat er suppl ies wi th in dra inage bas ins . 

Landsat c an a l so help s tates inventory , measure , and 
monitor surface wat er leve l s .  As a re su l t  of  
congres s iona l legislat ion requiring the sa fety inspect ion 
of dams , numerous s tates have used Land sat computer 
analys i s  techniques to ident i fy and map wa ter re servoirs . 
As an example of the magnitude of  th is effort , Texas used 
Landsat data as an aid in the inventory of 4 , 240 dams , 
each impound ing 50 acre-fee t or more of  water.  

Landsat , wi th a 16- to 18-day c overage cyc le ,  i s  an 
excel lent tool for recording fluctuat ions in water leve l s  
c aused by drought o r  fl ood cond it ions . The availab i l ity 
of such current informat ion allows states t o  more quickly 
and e f fect ively deal with certain types of d isasters . 

Coa s t al Zone Management 

The c oastal zone programs , re sult ing from both federal and 
state leg i s lat ion , requ ire frequent and current 
informat ion . Thi s  in format ion may vary from de l ineat ion 
of the coas tal  zone and measurement of  the shore l ine , to 
mon itor ing its eros ion and mapping of  its vegetat ive c over 
and l and use change s . 

Al abama of fic ials found that convent ional methods of  
shore l ine measurement d id not meet the needs for 
repetit ive and t ime ly measurement of shore l ine eros ion . 
Through Landsat ' s  computerized informat ion , a 
cos t-e ffec t ive me thod to more accurately determine 
shore l ine leng th was deve loped.  

The New Jersey Department o f  Environmental Protec t ion 
has used a c omb inat ion of sate l l ites  and a ircra ft to 
detec t l and use changes in the coastal  zone . It a l so has 
monit ored ocean waste  d i sposal and measured shore l ine 
eros ion as required for the receipt of federal funds under 
the Coast a l  Zone Management Ac t .  

Land Re source Planning and Management 

Informat ion on current land deve lopment patterns is 
required for many urban , regiona l , s t ate , and nat ional 

Copyright © National Academy of Sciences. All rights reserved.

Practical Applications of a Space Station
http://www.nap.edu/catalog.php?record_id=18603

http://www.nap.edu/catalog.php?record_id=18603


11  

programs . Landsat can provide informat ion on  land use so 
that changes can be measured quickly and easily . 

To date , one of the mos t  succes s ful  and bene fic ial 
state appl icat ions o f  Landsat data has been in meet ing the 
requ irement s  for the Enviroment al  Protec t ion Agency ' s  
Sec t ion 208 Area-wide Wa ste-water Treatment Program.  A 
bas ic object ive of the program i s  to  determine the types 
and d istr ibut ion of nonpoint sources  of water pol lut ion as 
a bas i s  for deve loping a plan for the ir abatement .  The 
states of South Dakota ,  Oh io , and I l l inoi s ,  the North 
Caro l ina Tr iang le J, and the Ohio-Kentucky-Ind iana 
Regiona l Counc i l s  of Government s are among numerous s tate 
and loc al government s  that use information interpreted 
from Landsat data to he lp meet EPA Sec tion 208 
requirement s .  

States o ften encounter problems when gathering 
informat ion about the larger geographic areas used for 
re source d evelopment . Land and water inventor ies 
necessary for many deve lopment al dec is ions can be produced 
quick ly and inexpens ive ly us ing Landsat . In addition ,  
vegetat ion can be mapped to he lp determine land c apab i l ity 
and wi ld l i fe impac t .  Wh i le Landsat c an be used 
e f fec t ive ly for overviews and for se lec t ing areas that 
re quire more detai led analys is , more spec ific informat ion 
derived through high-alt itude photography or ground 
surveys may be needed for further detai led analysis . 
However , the genera l overview from Landsat data is  he lpful 
to  legis lators in determining the locat ion and extent o f  
area in need of  pol icy change.  

TECHNOLOGIES NEEDED 

The techno log ies for earth resourc e s  involve sensors , 
processors , s t orage , and communic at ions systems . It i s  
fe l t  that these technolog ies  are progre ss ing rap id ly ,  and 
should be ready for implementat ion and exploitat ion in the 
spac e s tat ion t ime period . 

Sensor Technology 

Space sensor techno logy has quickly shi fted from a 
photograph ic s i lver hal ide media to mult ispectral 
detec tors wi th digital output . Even the mul t i spectral 
s ensors  are chang ing . Complex mirror sc an sys tems are 
be ing replaced by l inear array "push broom" detec tors that 
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"sweep" the earth wi th the sate l l ite mot ion .  These 
s ensors represent the future techno logies , but have some 
de fic ienc ies . The sensors current ly used are l imited to 
the v i s ible  and near- infrared port ion o f  the 
e lec tomagnet ic spec trum. It  is  ant ic ipated that a broader 
spec tra l range is needed , inc lud ing the thermal IR . Some 
advanced push-broom sensors inc lude point ing capab i l i ty ,  
which i s  needed in order t o  b e  ab le t o  acquire images of 
opportunity that may be off-nadir . This capabil ity wi l l  
a l s o  provide a stereo type of  image , use ful  for geological 
explorat ion . Recent experiment s  have shown that a h igher 
spectral re so lut ion and many spec tral bands may be 
important for improved feature discrimination .  Because of  
the increased data rate that wou ld resul t , the ab il ity to 
se lec t the ''bes t  band s "  wi l l  bec ome increas ing ly important . 

Proces s ing Technology 

Dig ital computers are now used rout ine ly for process ing 
d igital  images .  Both general purpose and spec ial purpose 
comput ers are be ing used . Because of the large amount o f  
data t o  b e  proces sed and hand led in future earth 
obs ervat ion mi s s ions , it is l ike ly that the necessary 
proces sor arch itec ture wi l l  be one that can support both 
general and spec ial  purpose func t ions . For example , data 
management process ing can be hand led adequately wi th a 
general purpose computer , but some comp lex image 
process ing func t ions , such as mult ispec tral 
c l a s s i ficat ion , wi l l  require spec ial purpose computers . 
Some appl icat ions , involving many operat ions on the data , 
may require parallel  proces sor architec ture . 

An increas ingly important func t ion is to geometr ical ly 
"merge " diverse data sets into the same geographic 
coord inate s ,  such that a mu ltit ier data base results . 
This  invo lve s geome tric manipulat ion o f  a l l  sensor data 
sets for a part icular geographic region .  This type of 
data set is part icu larly useful for analysis  and 
informat ion extrac t ion ,  but it requires s igni ficant 
processor power . 

Once al l space s t at ion func t ions have been de fined , 
such as cal ibrat ion , geometric c orrec t ion , informat ion 
extrac t ion , data compre ss ion , data presentat ion , and data 
hand l ing ,  an appropriate architec ture c an be deve loped . 
Low power and we ight and high performance will  be a 
difficul t but import.ant obj ect ive . 
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Storage 

The space s tat ion can serve as an orbit ing arch ive . At 
the leas t , i t  wi l l  be neces sary to store and assemb le data 
from mul t iple sensors be fore d i s tr ibut ion to  the users . 
Thus , l arge memory requirement s  c an resul t .  A current 
Landsat-4 Themat ic Mapper scene consists  of about 260 
mi l l ion byt e s , wh ich corresponds to about 2 b i l l ion bit s .  
I f  mu l t iple scenes from d i fferent sensor s are to  be 
c omb ined in the sate l l i te , the onboard requ irement s  could 
be about 10 b i l l ion bits . If the space stat ion serve s a s  
an orbit ing arch ive , the storage requirement s  can b e  
orders of magn itude larger . Low-power st orage 
techno logies would be necessary to support these 
operat ions . 

Communicat ions 

Communicat ions technology has kept  up with the demand s o f  
space sys tems . The Track ing and Da t a  Re lay Sate l l ite  
Sys t em now support s data rat es  of  85 mi l l ion bits  per 
second for Landsat-4 , and c ould provide even greater data 
rates . However , future operat ional systems may swamp 
these capab i l i t ies , as there are phy s ical  l imit s  to  the 
number of  channe l s  and the data rates  that they can 
support . In add it ion , interference is  an increas ingly 
serious prob lem .  When current and future app l icat ions are 
t aken into c ons iderat ion , there wi l l  be a de fic it o f  
c ommun icat ions channe l s .  I t  is l ike ly that the space 
s t at ion may decrease the demands upon communicat ions in 
that the potent ial exists  to convert sensed dat a into 
informat ion produc ts  that have several orders o f  magnitude 
fewer b i t s  than the raw dat a .  If the in format ion produc t s  
are sent d irec t ly t o  the users , a reduc t ion in the 
c ommunicat ions and process ing requirements  may resu l t . 

POSSIBLE USES OF A SPACE STATION TO SUPPORT DATA 
ACQUISITION AND PROCESS ING 

Previous unmanned sys tems for earth observat ion data 
acqu i s i t ion , proc e s s ing , and d is tribut ion have suffered 
from several problems: 

An excess  of data 
Incomplete c a l ibrat ion of  the sensor data 
A smal l percent age of the acquired data processed 
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Nont ime ly d i s tribut ion of the data to the 
user community 

High data cos ts  

The space s tat ion may offer an opportunity to improve 
th is  s ituat ion .  At leas t , it c an exp lore methods , 
technolog ies , and procedures to improve and make more 
e ffic ient the flow of data to the users . 

Reduc ing the Excess  of  Data  

Pas t unmanned sensor operat ion would acquire data  during 
the t ime the sensor has been programmed to be on . Wi th 
human control of the operat ion of space s tat ion sensors 
and systems , there could be a reduc t ion in the amount of 
data that is  acquired . Cloud c over , fai led or faulty 
sensor operat ion , and other conditions that should inhib i t  
sens or operat ion could b e  monitored b y  a human i n  the 
space stat ion and used to c ontro l the data acquisit ion 
period s .  It  is l ike ly that images of  opportunity c ould  b e  
acquired b y  a n  attent ive operator , such a s  fire , s torm , 
and other cond it ions . In this  way , the sensor is focused 
on the event of interest , improving the 
informat ion-to-data rat io . 

El iminat ing or Reduc ing De fec t ive Sensor Data 

Sensor problems , such as a fai led detec tor , noisy 
detec tors , or incomplete or improper radiometric 
cal ibrat ion , are frequently not detec ted unt i l  the data 
have been received by the ground system. If these 
prob lems are not detec ted on a t ime ly basis , repeat 
observat ions need to  be scheduled . With an at tent ive 
operator in the spac e stat ion , the se kinds of problems 
could be detec ted immed iately and correc ted , reduc ing the 
amount of  de fec t ive data transmitted to the ground . 

Improving the Percentage of  Proc essed Data 
That I s  Acquired 

The space stat ion provides the potent ial for having an 
inte l l igent ly contro l led platform and sensor . Thus , 
nearly a l l  data that are requested are re l iable and c an be 
used and proces sed . Further spec i f ic data requests  could  
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b e  s cheduled , acqu ired , and spec ial ly processed for the 
user . These data could be d irec t ly d i sseminated to the 
user after acquisit ion and preproc e s s ing , thus reduc ing 
the need for add it ional backup data . With suffic ient 
process ing capab i l ity  on the spac e s tation ,  informat ion 
extrac t ion operat ions , such as mu l t i spec tral 
clas s i ficat ion and pr inc ipal component analys is , cou ld be 
performed , thus reduc ing the amount of b i t s  that need to 
be transmit ted and prov id ing informat ion produc t s  d irec t ly 
to the user . 

Provid ing Data  on a Timely Ba sis  to the User 

Previous systems have provided data to the user late ; 
weeks or even months have e l apsed from the t ime o f  data 
acquisit ion . As some of the data are perishab le--that i s , 
they have l i t t le value i f  c ond i t i ons have changed ( this  i s  
part icularly important i n  agriculture and hydrology) --th i s  
can b e  a serious prob lem to the user . I t  is l ikely that , 
i f  suffic ient data process ing c apab i l ity exi s t s  on the 
space stat ion , proce ssed data and even informat ion 
produc ts c ould  be sent d irec t ly to the user in nearly 
real-t ime . In any event , a space s tat ion could support 
experiment s involving ground-based user c ontro l of  the 
sensors and processing equipment . The space stat ion 
operat or woul d  serve as a backup in an experiment d irec ted 
toward future automated and user-control led data 
acqu i s it ion systems . 

Reduc ing Cost s  

Th e  concen trat ion o f  mach ine and human resourc es  at the 
point of data acqui s it ion could reduce costs . Current 
approaches invo lve mu l t iple  proc e s s ing , c ommunicat ions , 
and data d i str ibut ion nodes . There are many peopl e and 
systems in the data path that increase the final cos t o f  
the data . Data preparat ion , record ing , mai l ing , and 
hand l ing are expens ive . I f  the data flows through a 
minimum number of  nodes , cost  minimizat ion i s  poss ib l e .  A 
manned spac e stat ion o f fers th is pos s ib i l ity.  An 
intere s t ing concept is the use o f  the space s tat ion as an 
orbit ing arch ive , thus al lowing a user to query and 
rec e ive data d irec t ly from a large data base and 
e l iminat ing convent ional method s of physical  data 
hand l ing ,  such as  shipping , inspec t ion , rece iving , etc . 
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Orbit  Cons iderat ions 

Remote sens ing s a t e l l ites have been flown in the fo l lowing 
types of orb i t s: 

Near-polar , c ircular , sun-synchronous , low earth 
orb i t s  near or below 1 , 000 km (exemp l i f ied by Nimbus , 
TIROS , Landsat , Seasat , and De fense Me teorological 
Sat e l l i te spacecraft ) 

Low-inc l inat ion ,  asynchronous , low earth orb its 
(exempl i f ied by Shut t le and Explorer-type miss ions ) 

Geostat ionary orbits--e ither zero or very low 
inc l ination ( exempl i f ied by both c ommunicat ions and 
weather sate l l ites  primarily de s igned as 
operat ional-type mis sions ) 

Sun-synchronous ,  low earth orb its  are most important to 
earth resources  users . Land sat uses an orb it that 
provides synopt ic coverage because the satel l ite over fly& 
the same point on earth at the same t ime of day at 16- to 
18-d ay intervals . 

In summary , a near-polar ,  sun-synchronous orbit is  
essent ial for mos t  remote sens ing o f  the earth , but  some 
sensor s wi l l  have to be in geosynchronous orbit . Orb its  
g iving skip coverage can bett er record episod ic event s ,  
because the same general area is observed more 
frequently .  Adj acent orb i t s  are useful for mosaic s and 
for s i gnature extens ion ( Landsat& 1 ,  2 ,  and 3 were in 
adjacent orb it s ;  Landsat 4 is in a skip orb i t , i . e . , 
where succes s ive meridional paths are separated by one 
frame-wid th ) . For mos t  sensors , equator cros s ing t imes 
should be in day l ight , but thermal infrared sensors may 
requ ire night cross ing t ime s .  C ircular or near-c ircul ar 
orb its are es sent ial . 

THE ROLE OF MAN 

The Pane l c an ident i fy a number of  roles for a human in 
space wh ich may be grouped under the fo l lowing headings: 
trans ient-phenomena ident ificat ion; data-qual ity 
assuranc e; data processing ,  c ompress ion ,  and s t orage ; 
experimentation; and repair ,  maintenance , and servic ing . 
These roles are described in ensuing paragraphs .  
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Trans ient-Phenomena Ident i f icat ion 

Trans ient phenomena or episod ic events such as hurricanes , 
volcanic ac t ivity , tornadoes ,  and floods cannot be 
predetermined as t o  prec ise t ime o f  occurrence or 
locat ion , but a human in space could t e l l  when a 
phenomenon wa s in progress  or imminent , and could selec t  
the appropriate mode of  data co llec t ion .  For some event s , 
the alert ing of ground-based agenc ies could provide for 
bet t er emergency planning . Direc t not i f icat ion of  pub l ic 
c ommunicat ions channe ls  as to  the width , path , and 
d irec t ion of  a natural di sas t er may he l p  save lives and 
protec t propert y .  

Dat a-Qua l i ty As surance 

Man could be used to  monitor the qual ity o f  data col lec ted 
in a space stat ion. A human in space wi l l  be nearer to 
the sensors and there fore c ould more read i ly ident i fy the 
s ource of any sens ing or measur ing problem and make the 
necessary c orrec t ion . He c ould a l so c ontrol  the 
ins truments by chang ing bandwidth , re sponse intens ity , and 
fide l ity  range . Further and more rapid improvement o f  
data qual ity could b e  achieved if  a person i s  observing 
the ins truments as they perform. 

Da ta Proces s ing ,  Compress ion , and Storage 

As previously noted , a tra ined human operator in a space 
s tat ion c ould accept or rej ec t  data , dec ide to apply 
data-compress ion technique s , and dec ide whe ther to s tore 
data onboard or transmit it to the ground . Al l of these 
func t ions could result in a substant ial reduc t ion of the 
enormous vo lume of  data that would otherwise be 
transmit ted t o  earth and would have to  be processed be fore 
its ut i l ity could be evaluated . The s avings in data re lay 
demands and data process ing cos t s  c ou ld be s ignificant . 

Repa ir and Servic ing 

The in-flight repa ir of Skylab not only saved the mi s s ion 
from a d i sas ter , but also enabled the as tronauts to 
complete mos t  of the experimental objec t ives . Many of  the 
solutions for fai lures or prob lems in a space stat ion 
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would l ikely be det ermined on the ground , but a human in 
space would be needed to make the ac tual repairs . When 
one cons iders the variety of  ins trument s and sensors that 
c ould be used for remote sens ing from space , the value o f  
a human for in-s itu repair and servic ing becomes 
apparent . 

CONCLUSIONS 

The Panel has identi fied some of the potent ial benefits  t o  
b e  derived from a manned space station . The Pane l has 
ident ified some roles for man , al though we cannot jus t i fy 
a space s tat ion solely on the basis  of earth resources 
app l ication s .  

A space stat ion o r  unmanned plat form would need to b e  
i n  a low ,  near-polar , sun-synchronous orbit ; some future 
provis ion should be made for a geos tat ionary orbit ing 
sys tem .  The sensor payload should be designed to operate 
interac t ive ly .  Cont inuity of  data should be as sured and 
data formats should fac i l itate the integrat ion of data 
from d i fferent sensor systems . 
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EARTH ' S  ENVIRONMENT* 

INTRODUCTION 

The use o f  space vehic les as plat forms from wh ich to 
observe the earth ' s  environment has led to a new 
perspect ive o f  our atmosphere . As a re sult of  
obs ervat ions from space and other advances , s igni f icant 
progre ss  has been made in our ab i l i ty to observe and 
forecast  changes in the earth ' s  environment . 

In preparing th is  report , the Panel examined the 
present state of sc ient i f ic unders tand ing in four maj or 
areas o f  intere s t--upper-atmospheric research , global 
chemical  cyc les , weather , and c l imate--for the purpose of  
defining requirements for future observat ional data . In 
each of these four areas , the Pane l ind icates the 
charac ter i s t ics  that would be needed in a space s tat ion or 
space plat form to  mee t  future data requirements . 

Advances in t echnology that should be explored are 
ident ified at  the end of  each sec t ion . Orb it  
cons iderat ions and the role o f  man in space are d i scussed 
where appropriate . 

*The Pane l acknowledges the assistance of many persons , 
e spec ially Dixon But ler and Dud ley McConne l l  of the 
Nat ional Aeronaut ics and Space Adminis trat ion , James 
Purdom and Harold Yates of the Nat ional Ocean ic and 
Atmospheric Adminis trat ion ,  and Norman Ph i l lips of the 
Nat ional Weather Serv ic e .  
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UPPER ATMOSPHERIC RESEARCH 

Introduc t ion 

A ma j or use o f  space systems nov and for the foreseeab le 
future is  to  observe and measure the character i s t ic s  of 
the upper atmosphere ( pr inc ipal ly the s tratosphere ) .  The 
general s tate o f  understand ing o f  this area has been 
recent ly reviewed in The S tratos here 198 1 :  Theor and 
Me asurements ( World Me teorolog1cal Organ1zat ion , 198 1  • 

During the pas t decade , the s tratospheric ozone layer 
has become a focus of c oncern and a matter of regulatory 
ac t ivity . One conc e rn  is that humanly caused pol lutants  
in  the stratosphere could decrease the  average amount o f  
ozone , thereby admi tt ing increased amount s  o f  b iological ly 
harmful  u l traviolet l ight to the surface of the earth . 
Aft er atmospheric sc ient ists  pred ic ted that 
ch loro fluorocarbons d i f fuse to the s tratosphere and 
contribute to ozone deple t ion ,  the Environmental 
P rotect ion Agency (EPA) regu lated some uses of these 
substances . 

A second area of concern arises from the fact that , in 
add it ion to screening out harmful rad iat ion ,  the ozone 
layer plays a part in control ling the thermal struc ture o f  
the s tratosphere and mesosphere . Both dynamic and 
radiat ive mechanisms have been ident i fied through wh ich 
long-t erm changes in ozone could pos s ibly affec t weather 
pat terns of the lover atmosphere--and hence c l imate . 

Thus the study o f  the s tratosphere has taken on a sens e  
o f  urgenc y .  There is need to predict  re l iab ly the impac t 
o f  various substance s  generated by an indus trial soc iety 
on s tratospheric chemis try . 

What Is Required for Advancement ? 

Theory Needed 

There is need for cont inued e f fort in atmospheric 
mode l ing .  During recent years , one- and two-dimens ional 
model s--photochemical mode ls with a highly parametric 
treatment o f  dynamic s--have been deve loped and used to 
describe and forecast the state of the upper atmosphere . 
The chemical  mechanisms incorporated in these mode ls  are 
reasonably rea l i s t ic , al though in many cases - they have no t 
been val idated by comparisons with in-s itu s tratospheric  
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measurement s .  Al though these mode l s  may prove to be 
cor rect  in certain type s  of calculat ions , the ir 
re l iab i l ity  in such app l icat ions may be demonstrated only 
after s igni ficant s tratospher ic changes have taken place . 
There fore , an alternat ive approach is  be ing used in wh ich 
the s impl i fied parameters used in the earlier mode l s  are 
replaced wi th exp l ic i t  phy s ical  or chemical  calculat ions . 
These new mode l s  operate in three d imens ions , but s t i l l  
use primit ive equat ions of  dynamic s , and have chemis try 
coupled to the dynamic s as we l l .  

Deve loping such a mode l i s  a d i fficul t task . However , 
in a mode l with cons i s tent calculat ions of the important 
processes , the val idat ion of each process  resu l t s  in 
c ons iderab le conf idence in the total model output ; thus , 
these new mode l s  may achieve a leve l of c redib i l ity that 
wil l make them more useful than the o lder , s impler 
mode l s .  Hence ari se the need for cont inuing vigorous 
e f fort on three-d imens ional mode l s  and the challenging 
requ irement to accumu late extens ive g lobal data set s , 
inc lud ing s imu l taneous observat ions of s tratospheric 
s truc ture , mot ions , and composit ion . 

Laboratory Work Required 

The measurement of key chemica l  reac t i on rates and 
spec troscopic parameter s  in upper-atmospheric research has 
progre s sed we l l .  In the future , measurement of  the 
variab i l ity of a l l  re levant rate constants with 
temperature and pre s sure wi l l  be e s sent ial . Further ,  
deve lopment and ut i l izat ion o f  remote techniques for 
g l obally  ob serving the upper atmosphere depend on 
measuring rad iat ion or absorpt ion by trace mo lecules 
( e . g . , H202 , ClO and N02 ) ;  the de terminat ion of  the 
spec troscopic parameters o f  such mo lecules represents 
another important area of laboratory re search . Fina l ly , 
there is a need for measurements of the kinet ic s of  
gas-to-part ic le convers ion for several  important gases 
found in the upper atmosphere . 

Needed Fie ld Measurements  

There i s  need for s imul taneous upper-atmospheric 
obs ervat ions on a g lobal scale . Important informat ion on 
the pre senc e and d istr ibut ion of many subs tance s  in the 
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upper atmosphere has been provided by measurements in 
add it ion to  those from sate l l i tes . For example , 
balloon-borne sensor s  have confirmed the presence and 
measured the re lat ive abundances  o f  chemical spec ies that 
int eract  wi th one another in the cat alyt ic cyc les 
governing ozone de struc t ion (e . g . , NO , N02 , OH, Cl , ClO , 
HCl ) .  In addit ion , balloon f l ights  have served as the 
princ ipal  means for deve lopmenta l  t e s t ing of  
upper-atmospheric remote sensors . Aircraft have provided 
valuable data on atmospheric dynamic s , and in part icular 
on exchange be tween the s tratosphere and the troposphere . 

Bal loon fl ight s and aircraft wi l l  cont inue to be needed 
as important sources  of data for cal ibrat ing remote 
observat ions and for making de tailed measurements  that are 
beyond the present abi l i t ie s  of sate l l ite remote sensors . 
However , i t  i s  only with s imul taneous observat ions on a 
global  scale that the complex interplay of  chemis try and 
dynamics o f  the upper atmosphere can be truly s tud ied . 
The only prac t ical  means of col lec t ing th is data set i s  by 
remote detect ion from space . 

Research sate l l ites have demons trated that remote 
techniques can be used to observe some of the important 
spec ies , such as o3 , NO , N02 , and H2o ,  as we l l  as 
aerosol s .  The next s tep in unders tanding the 
s tratospheric ozone quest ion requires s imul taneous 
observations to check the comple tene s s  of the 
th ree-d imens ional model and to val idate the treatment o f  
the int erac t ions . 

The required data se t mus t  inc lude measurements  o f  a 
larger l i s t  of  key spec ies ( HN03 , N20 ,  F- 1 1 , F- 1 2 ,  
HC l ,  ClO , H202 , CH4 , in add it ion t o  03 , N2 , 
N02 , and H20) , toge ther wi th measurement s of  
upper-atmospheric winds , stratospheric thermal s tructure , 
and solar out put . NASA ' s  planned Upper Atmosphere 
Re search Sat e l l ite (UARS) is  de s igned to make the needed 
atmospheric measurement s .  After UARS , the next maj or s tep 
needed is  deve lopment of a system that wi l l  permit 
cont inuous data sets to be accumu lated over a decade or 
more . 

Charac ter i s t ic s  Required of a Space Stat ion 
or a Space Plat form 

There are several ways in which a space stat ion or space 
plat form cou ld prove use ful in ach ieving long-term 
upper-atmospher ic measurements . One involves cool ing 
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sys tems . Shou l d  coo led sensors prove e ssent ial for 
long-term observations , on-orb it  replenishment of cryogens 
may be imperat ive . On the other hand , ac t ive cooling 
sys tems may be more e f fec t ive , even though they are heavy 
and h i gh in energy consumpt ion. 

Another prob lem of long-term observat ions wi th any 
quant itat ive sys tem would be the need to val idate 
ins trument c a l ibrat ion period ica l ly .  Direc t access to the 
ins truments would grea t ly improve the re l iab i l ity and 
cred ib i l ity of l ong-t erm ob servat ions . Re pairing fa i led 
ins trument s  on orb i t  would perhaps prove to be 
cos t-e ffec t ive , but further s tudy would be required to 
estab l ish thi s .  Al l of  thes e  ac t ivit ies would require 
nove l features in instrument des ign and an on-orbit 
infrastruc ture that would make them both pos s ib le and 
af fordab le . 

Human pre sence on-orbi t  migh t  prove cost-e f fec t ive for 
s ervic ing , repleni shing , and c a l ibrat ing. However , 
c aut ion would be required in des ign ing the human 
int erface , s ince observat ions of  the type de scribed in 
th is sect ion would be quite sens it ive to the chemical  or 
part icul ate c ontaminat ion and the vibration that would be 
a s soc iated with human pre sence . 

Acquis it ion of  the needed long-term globa l  observat ions 
o f the upper atmosphere may require a low earth orbit  that 
provides l imb-scanning c overage at various local  t imes . 
There i s  a l so the pos s ib i l i ty that the needed measurement s 
wou ld require a number of  spec ial-purpose remote sensors 
mak ing s imu ltaneous , co l located ob servat ions . 
Requirement s  o f  some or a l l  sensors for a c lear fie ld of 
view could a f fect  the s ize or configuration of a pl at form 
or a stat ion used for upper-atmospheric observat ions . 

Technologies Needed 

Beyond those to be used on UARS , techno log ies needed in 
upper-a tmospheric ob servat ions can be d ivided into three 
c ategorie s: remote sens ing , data systems , and operat iona l 
s upport . 

Examples of  remote sens ing technology inc lude the 
deve lopment of remot e-measurement techn ique s for OH and 
N02 and the measurement of HC l with bet ter coverage (not 
u s ing occul tat ion ) . Various technique s , inc lud ing l idar , 
need to be cons idered to  make pos s ib le higher prec i s ion or 
h i gher re so lut ion or new k inds of observat ions . 

The c apac ity o f  data systems mus t  be increased to 
h and le th e mu l t iple-data-stream mode of operat ion that 
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wil l  be increas ing ly required i f  s imultaneous measurement s  
o f  a large number o f  spec ies  and parameters are to be 
made . The need for high-spectral-resolut ion measurement s 
and the need to survey broad spec tra l regions to determine 
upper-atmospheric composit ion have the potential for 
creat ing large data s treams cons i s t ing of new kinds of 
data ( for example , complete interferograms ) .  Data systems 
that inc luded onboard process ing might be essent ial in 
order for such devices to be used with maximum 
e f fec t ivenes s .  

Operat ional support techno logies would b e  needed for 
the new generation of observat ions discussed here to 
become a real ity .  Larger space-borne power sys tems may be 
required by l idar ins trument s and stable , large structures 
wou ld have to  be deve loped to  permi t flying a large 
col lec t ion of sensors on one spacecraft . 

GLOBAL CHEMICAL CYCLES 

Introduc t ion 

This  sect ion focuses on the appl icat ion of  space sys tems 
to the study of the lower-atmospheric ( i . e . , tropospheric ) 
por t i on of g l obal chemical cyc les . The preced ing 
d iscuss ion o f  upper-atmospher ic chemis try is separate  from 
th i s  sect ion on the troposphere only for 
convenience--these sys tems are in fac t coupled , and 
re search in the two areas needs to proceed in paral l e l . 

Cyc l ing o f  chemic al spec ies in the troposphere is  
frequently charac terized by emis s ion from the earth ' s  
sur face  of  chemical s in part ly oxid ized states ( e . g . , 
CH4 , NH3 , H2S ) , trans format ion o f  these compounds by 
the atmospheric free radical OH t o  h ighly oxid ized states  
(e . g . , CO� , HN03 , H2so4 ) ,  and subsequent remova l 
o f  the ox1d ized compounds from the atmosphere by rainout 
and washout . Global chemical cyc les  are c losely coupled 
with the global hydrological cyc le . Thus ,  complete 
unders tanding o f  global chemic al cyc les requires a 
corre sponding understand ing of hydrology as  we l l  as o f  the 
chemis try of the a ir and the oceans . 

Global chemical cyc les affec t many areas of  human and 
environmental  concern , inc lud ing human heal th , 
agricul ture , weather , and c l imate . Concerns range from 
global que s t ions ( e . g . , Wi l l  increases in c arbon dioxide 
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in the upper atmosphere cause c l imate change ? )  to more 
local ized prob lems (e . g . , How does ac id rain occur , and 
what are the mos t e f fec t ive steps to reduce its  occurrence 
and re sul t ing damage ? ) . A quant i tat ive under stand ing of  
biogeochemical cyc l e s  and the ir t ime change wi l l  he lp to  
determine the  impac t o f  human ac t ivit ies  on the biosphere 
and to prevent or ame l iorate the unintended consequences  
o f  human ac t ivity .  

What Is  Required for Advancement ? 

Theoret ical Stud ies* 

Theore t ical  s tud ies of g l obal chemical cyc les are an 
essent ial e lement o f  an e ffec t ive research s trategy . 
Tropospheric  photochemical mode ls  for instance , have 
l arge ly been respons ib le for de l ineat ing the centra l ro le 
of  free rad ica l s  such as OR in the atmospheric chemical  
sys tems . A maj or goal for the future is to make these 
mode l s  chemical ly more soph i s t icated and dynamica l ly more 
real i s t i c . Stud ies  are needed of the coupling o f  
gas-phase atmospheric chemi stry with c loud processes , 
inc lud ing c loud microphys ic s ,  l iquid-phase c loud 
chemi stry , and c l oud dynamics . The mechanisms that c ouple 
atmospheric chemis try with ocean and soi l chemis try as 
we l l  as wi th b iospheric processes also  need to be 
addres sed . More soph i s t icated two- and three-d imens ional 
model s  that s imu ltaneously t reat chemistry and atmospheric 
dynamic s  are needed . 

Laboratory Stud ies 

Laboratory stud ies to determine the k inet ics o f  a wide 
variety of  gas-phase ,  and aqueous-phase , reac t ions under 
atmospheric  cond i t ions have been and c ont inue to be an 
important research area.  One important examp le is the 
need to study the k inet ic mechan isms that control the 
ox idat ion of  gaseous so2 to d issolved so4 in a c loud . 

*For a more detai led presentat ion ,  see Se infe ld and 
coau thors , 198 1 .  
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Fie ld Measurement s  

Fie ld measurements are required t o  develop a global 
chemic a l  data base , t o  quant i fy the exchange rat e s  o f  
chemicals  be tween the b iosphere , atmosphere , l i thosphere , 
and hydrosphere , and to tes t the accuracy o f  pred ict ions 
us ing atmospher ic photochemical mode l s--such as 
pred ict ions concerning the free radical  OR . Such 
measurements--e i ther ground-ba s ed , shipboard , or 
a irborne--have a lready he lped e s tab l i sh a rough 
under s tand ing of the latitud inal and long itud ina l 
d is tr ibut ion o f  many atmospheric spec ies  o f  int ere s t  
(e . g . , 03 , CO ,  CH4 , HN03 , so2 , CH3 , CC1 3 ) .  

Un fortunate ly , our ab i l ity to use  space techno logy t o  
s tudy atmo s pheric chemic al compo s i t ion i s  a t  present 
l imited by the s tate o f  the art of remote sens ing 
technology . Based upon recent report s  ( e . g . , Nat ional 
Aeronautics  and Space Admini s tration ,  1979 ; Ke afer , 1982) , 
i t  appears l ike ly that by the 1990 s  i t  wi l l  be pos s ib le to 
measure remotely from space on ly a sma l l  subset of the 
tropos pheric spec ies  l i s ted above . Th is subset may 
inc lude on ly CO, ca4o3 , HN03 , H20 ,  N02 , S02 , 
NH3 , and aerosol s .  Neverthe les s , the ab ility  t o  measure 
remote ly even th i s  l imited set of a tmospheric spec ies 
could  s i gn i fican t ly enhance our g lobal chemical data 
base . Thus , the Pane l recommends that e f forts  be 
cont inued to deve lop tropospheric remote sens ing 
technology ; these e f forts shou ld inc lude the use of the 
Space Shutt le t o  tes t each ins trument under f l ight 
c ondit ions . To cal ibrate the remote measurement s , as we l l 
a s  to monitor those subs tance s  that can only be detec ted 
by sample analys i s , a field measurement program us ing 
a ircra ft and ground-based obs ervat ion plat forms wi l l  be 
needed in conj unc t ion wi th the deve lopment of the remote 
sens ing technology . 

Pos s ib le Us es o f  a Space Plat form or a Space Stat ion 

Once a remote sens ing techno logy for tropospheric chemical 
spec ies has  been successful ly deve loped and tes ted , the 
ins trumentat ion could be placed very usefu l ly on a s pace 
plat form. The advantages o f  a space plat form would 
inc lude : ( 1 )  the abi l i ty to have a large number o f 
ins truments on a s ingle plat form so that s imultaneous 
measurement s  could be made o f  several atmospher ic spec ies 
and related me teorological parameters such as temperature , 
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wind s , c loud cover , and prec ipi tat ion ; ( 2 ) the ab i l i ty to 
have a crew per iod ical ly v i s i t , service , and c a l ibrate the 
ins trumentat ion , mak ing it pos s ible to obt a in continuous 
data over a long t ime period and thus to s tudy atmospheric 
tempora l  var iab i l i t y ;  and ( 3 ) the abi l i ty to use large , 
powerfu l ,  and heavy ac t ive s ensor s  ( s uch as l idar ) t o  
meas ure spec ies  tha t cannot b e  sensed b y  pas s ive 
techniques . 

For remote sens ing o f  the lower a tmosphere , a space 
plat form should be placed pre ferab ly in a near-polar orb i t  
that would a f ford complete global coverage . However , a 
h i gh-inc l ina t i on orb i t  ( e . g . , 5 7 ° ) would probab ly yield a 
l arge body o f  va luab le in forma t ion . Spacecra ft  in 
low-inc l inat ion low e arth orb i t s  woul d  be use ful  for 
tropica l measurement s ; however ,  the usefu lne s s  of  a 
low-inc l inat i on orb i t  ( e . g . , 28 . 5° )  a lone would be 
l imited . 

Beyond the 1990s , another very he lpfu l  configurat ion 
wou l d  be a s erie s o f  plat forms in various geosynchronous 
orb i t s  th at wou ld permi t study o f  the e f fe c t s  o f  epi sod ic 
event s  ( such as  fore s t  f ire s and rain sys tems ) on chemic al 
c ompo s i t ion , and that wou ld a l so a l low for monitoring the 
d i spers ion of man-created emi s s ions in the g loba l 
atmosphere . 

At th is  t ime , the Panel has ident i fied only per iod ic 
maintenance and cal ibrat ion tasks for wh ich human pre sence 
in space would be h e lpfu l  in the operat ion of remote 
sensors for env ironment al obs erva t ions . 

Techno logies  Needed 

The greates t te chno logical need in the s tudy of 
tropospher i c  chemical cyc les is  the deve lopment of remote 
s ens ing techno logy . The current s ta t e  o f  the ar t and 
l ikely near-future advance s  in th is  techno logy have been 
s ummarized in s everal  recent repor t s  ( inc lud ing 
Tropospheric Pa s s ive Remote Sens ing [ Ke a fer , 1982 ) ; 
Shu t t le Atmospher ic Lidar Research Program [ Nat ional 
Aeronaut ic s  and Space Adminis trat ion , 1979 ) ; and The 
G lobal Tro os here : Bio eochemica l  c le s , Chemis� and 
Remote Sens ing [ Levine and Al lario , 1982 ) • 

Based on the se report s ,  the fo l lowing l i s t  ind icates 
th e remote s ens ing techniques that present ly look mos t  
promi s ing for measur ing da ta  on g lobal chemical cyc le s .  
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Technigue To Measure 

Optical fi lter rad iometer Temperature , H2o ,  o3 , 
aeroso l s  

Gas f i l t er rad iomet er CO , CH4 , and poss ibly HN03 , 
NO , H2CO 

Las er het erodyne H2o,  CH4 , and poss ibly 
03 , HN03 

Orb it ing spec trometer Spec tral survey 

Interferome ter Spec tral survey 

Lidar o3 , aeroso l s , temperature , 
winds , poss ibly N02 and 
so2 

WEATHER 

Introduc t i on 

For more than 100 years , the United State s  has operated an 
observing sys tem for weather forecast ing . Today thi s  
sys tem inc ludes data from pass ive radiat ion sensors on 
geostat ionary and polar-orb it ing sate l l ites . These 
sate l l ite data inc lude in format ion on c louds ( from v i sua l 
and infrared image s ) , on vert ical profi les o f  temperatures 
and moi s ture ( in frared supplemented by some microwave on 
the polar-orb i t er spacecra ft ) , and on sea sur face 
temperature ( i n frared ) .  Hal f-hour ly c loud images from the 
geos tat ionary sate l l ites enab l e  wind e s t imates to be made 
in those parts o f  the atmosphere where c l early 
iden t i fiab le c loud element s  exist and are trackab le from 
one image t o  the next . 

Under the auspices of  the Wor ld Me teoro logical 
Organ izat ion (WMO ) and Internat iona l Counc i l  o f  Sc ient i f ic 
Un ions ( ICSU) , the Global Atmospher ic Re search Program , 
culminat ing in the Global Weather Experiment in 1979 , 
provided the framework for deve lopment and test ing o f  
globa l remote sens ing techniques , for improvement o f  
mode l s , and for acqu i s i t ion o f  the mos t  advanced computer 
systems by meteoro log ical research groups and weather 
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servic e s . The improved understand ing and c apab i l i ty th at 
re sulted from these ac t ivi t ie s  are increas ing the ab i l i ty 
to forec a s t  large-scale  feature s o f  the we ather . 

Forecast ing for s ix to e ight days i s  done rout ine ly . A 
recent s tudy by Lorenz ( 198 3 ) c onc ludes  that further 
improvement of init ial analyses ( i . e . , data) could extend 
th i s  predictab i l ity l imit to about two weeks . 

On the nonsynopt ic scale--the me sosc ale and s t orm 
scale--there i s  ne i ther the l ong h i s t ory o f  cont inuous 
observat ions that ex i s t s  on the synop t ic scale , nor the 
ab i l ity to mode l  rea l i s t ical ly the complex and nonl ine ar 
processes that become more and more important as  one moves 
to progre s s ive ly sma l l er scales  in the atmo sphere . 

Th i s  sect ion d i scusses the po s s ible  ro les  for space 
s t at ions or spac e plat forms in produc ing further 
improvement s  in synopt ic-sc ale foreca s t ing and in 
undertaking the range of ac t ivit ie s requ ired to deve l op a 
nat iona l c apab i l i ty in me sosc ale ob serving and forecast ing . 

What I s  Requ ired to Advanc e the Nat ion ' s 
Weather Services ? 

In the United State s ,  there are need s for weather 
forecas t s  over a wide range of t ime and space-- i . e . , from 
minutes t o  weeks t o  c l imat ic t ime sc a l e s ,  and from 
t ornad ic and a i rport-s ize to g loba l  scales . The needs 
i nc lude tho s e  o f  pub l ic safe t y  (warnings o f  haz ardous 
weather such as hurricane s , tornadoes ,  f l ash floods , and 
s evere thunders torms ) ; those of various indus trie s for 
weather in format ion to  a id the e f fic iency of the ir 
operat ions ( e . g . , a i r ,  land , and sea tran sportat ion ; 
agr icu lture ; cons truc t ion ; energy generat ion and use) ; the 
c onven ienc e of the pub l ic , wh ich bene f i t s  in many way s 
from knowledge o f  ant ic ipated changes in weather 
( e spec ia l ly temperature and prec i p i t at ion ) ; and the b road 
and c omp lex needs of the De partment of De fense for weather 
informat ion tha t  could  affec t mi l i tary operations . 

Theore t ic a l  Advanc es Required 

Al l forec a s t  mode l s , large-sc a le or sma l l-sc a l e , requ i re 
s ome re pre sentat ion o f  the e f fe c t  o f  mot ions on a scale 
t oo sma l l  t o  be repre sented exp l ic it ly in the mode l .  The 
mos t  import ant example o f  th i s  "parameterizat ion" prob lem 
c oncerns the e f fec t o f  convect ive c louds . One c loud o f  
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thi s  type c an d i ffer not iceab ly from anothe r .  
Furthermore , the bas ic equat ion for c loud processes  
extend s from the ind ividua l drops and ice  part ic le s to  the 
l arger-scale mot ion fields that may be concentrat ing the 
supply o f  water vapor in the convec t ive reg ion. Slow 
advances  in so lving this prob lem may be expec ted , 
e spec ial ly from the detai led p ic ture s o f  c l oud mot ion that 
wi l l  be provided by new ground-based sys tems such as 
Doppler radar and wind profiler systems . 

Laboratory Advanc es Requ ired 

In ground-ba sed laboratory s tud ies of weather phenomena , 
the primary needs are for stud i e s  o f  the microphy s ic a l  
processes  that  occur in c l oud s . Such s tud ies wi l l  lead t o  
a bet t er understand ing o f  heat re lease and formation o f  
prec ip itat ion ,  wh ich i n  turn wi l l  improve understand ing o f  
scal e-t o-scale interac t ion.  Add it iona l l y , the se stud ie s  
wi l l  lead t o  improvement in the ab i l ity t o  measure 
remote ly the re levant proper t i e s  of c loud s . 

Field Me asurement s 

Advancement s  in f ield measurement s require a compos i t e  
system that take s advantage o f  b o t h  space-borne and 
ground-ba sed systems . For example , great ly improved 
informat ion on me sosca le atmo spheric s t ruc ture wi l l  become 
ava i l able through the integrat ion o f  sate l l ite c loud-type 
and s ound ing informat ion wi th wind and sound ing 
informat ion from ground-based pro f i lers . Automated 
surfac e observat ions in comb inat ion wi th Doppler rad ar and 
sate l l i te data wi l l  improve our ab il ity to d iagnose seve re 
and tornad ic s t orms . 

Ground-based pro f i lers , Dopp ler radar , and automated 
data-c o l lect ion plat forms wi l l  have a maj or impact on 
weather re search and services o f  the future . However , 
obs ervat ional s tud i e s  o f  c loud and prec ipitat ion proc e s s e s  
are needed . These wi l l  require a combinat ion o f  
ground-based remote sensors and a irborne in-s itu remote 
sensors . 
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Spac e-Borne Sys tem Advance s  

Space-borne sys tem advances needed in the f i e l d  o f  weather 
can be d ivided int o  three aspec t s : 

1 .  Incre ased accuracy and vert ical re solut ion o f  
sate l l i t e-measured profi l e s  o f  temperature and moi s ture 
are needed . Pre sent operat iona l sys tems are not 
compe t i t ive wi th the convent iona l  rad iosonde , 
e spec ial ly in the measurement o f  convect ive instab i l ity 
( the latent ins tab i l ity o f  the atmosphere in the 
pre sence of mo i s t-a i r  convec t ion) . 

2 .  There shou ld be a great er explo itat i on of  
microwave sensors , not  only  t o  provide t emperature and 
wat er vapor measuremen t s  in c loudy areas , but a l s o  t o  
increase the accuracy o f  measurement s  o f  prec ipitat ion 
and ground we tne s s  from sate l l i te s . 

3 . Di rec t me asurement o f  wind by sat e l l i te-borne 
Doppler l idar wou ld great ly enhance the accuracy o f  
l arge-s c a le me teoro logical  ana lys e s . In mid l at itude s ,  
winds a re now derived by s t art ing with in frared 
temperature pro f i l e s  and then u s ing the geos troph ic 
a s sumpt ion . In typic a l  mid lat i tude s ituat ions , a 
t emperature measurement with a l ° C  error is eas i l y  
mat ched in informat ion conten t b y  a wind measurement 
wi th an error of 3 . 5 m/ s (Lorenz , 1 9 8 3 ) . Bu t 
accurac i e s  of  l °C or be t t e r  are un l ike ly t o  be ach ieved 
operat iona l l y  in the near future . On the other hand , 
Doppler l idar can measure wind s d i rec t ly wi th an error 
o f  1 m/ s and hence wou ld be much more va luable for wind 
mea surement . At low lat i tude s ,  the temperature 
measurement error must  decrease s ign i f icant ly t o  y i e ld 
good wind informat ion ( see , for example , Ph i l l i ps , 
1 9 8 3 ) . 

New and d i fferent sens ing sys tems and s pacecraft wi l l  
b e  requ ired t o  make the needed measu rement s .  For example , 
a pos s ible ob serving sys tem might  inc lude the fo llowing : 

• Spacecra f t  in h i gh-inc l inat ion ( po l a r )  low earth 
orb i t  t o  provide data advanced over that provided by 
T IROS N (one of the sate l l i t e s  in the Nat ional Wea ther 
Service opera t i onal sys tem) 
• Spacecra ft  in low- inc lina t i on ( trop ica l )  low earth 
orb it  e spec i a l ly for the measurement of winds and 
prec ipitat ion 
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• Spacecra f t  in geo s t at ionary orb i t  carry i ng imaging 
and pro f i l ing sys tems us ing microwave channe l s  a s  we l l  
as  infrared , and thus provid ing pro f i l ing capab i l it ie s  
th rough c loud s 

Space p l a t forms or space s t at ions may be use fu l  for 
some of the s e  sensor systems , because  they may requ ire 
l arge am�unt s  of power (more than 1 kW for a 
sate l l i te-borne l idar des igned t o  measure wind s ) , the ir 
we ight may be h i gh ,  and they may need l arge antennas ( for 
ac t ive or pas s ive microwave sensors of adequa te spat i a l  
re so lut ion ) . 

The operat iona l payload s  at l ow earth orb i t  and 
geosynchronous orb i t  that wi l l  be required to monitor the 
atmosphere adequa t e ly wi l l  be c ons iderab ly larger and more 
expens ive than exi s t ing systems . I t  seems probable , 
there fore , that i f  manned space s t a t ions were pl aced in 
low earth orb i t  for o ther purposes , it wou ld be 
cos t-e f fec t ive to use  the s tat ions to  update sensors or 
other sys tem c omponent s , t o  repa ir and /or re trieve the 
payload s , and to cons truc t larger s truc ture s for trans fer 
to geostationary orbi t .  

Techno log ies Needed 

Current ly , in the lowe s t  leve l s  of the atmosphere over 
l and , and in regions of c loud s , sate l l ite  sound ing s y s t ems 
are not ab l e  to define the three-d imens ional f ie ld s  o f  
wind , temperature , and humid ity with the accuracy des ired 
for numeric a l  wea ther predict ion . There fore , for the 
pre sent , the s a t e l l ite observ ing systems shou ld be 
complemented over land by cont inuou s , automat ic , 
ground-ba sed pro f i ler systems , wh ich are ab le t o  measure 
the de s ired f ie lds  in the se region s  wi th the necessary 
accuracy ( Hogg and coauthors , 1983) . In the future , an 
improved global wind-measuring sys t em is needed to measure 
the tropospheric wind f ie ld . Th i s  i s  part icularly 
nec e s s ary in the trop ic s ,  becau se in that reg i on winds 
derived from temperature pro f i l e s  are inaccurate and hence 
o f  l i t t le use . Infrared Doppler l idar o f fers a means of  
ach ieving a grea t ly improved wind-mea suring sys tem .  

Improved microwave rad iome t ry on low-earth-orb i t  
sate l l ites  i s  needed t o  enhance sate l l i te t emperature and 
humid i ty pro f i l ing c apab i l it ie s  under c loudy cond i t ions . 

A me thod o f  measuring rainfa l l  rate from sate l l it e s  
needs to  b e  deve loped and tested . No genera l ly accepted 
me thod o f  ach ieving this has yet been ident i fied . 
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A h i gh-spat i a l-re so lut ion microwave sound ing and 
prec ipitat ion monitoring sys tem need s to be deve loped for 
u s e  on geostat ionary-orb i t  sate l l i t e s . Th i s  wi l l  requ ire 
a large microwave antenna sys tem , for wh ich some concept s 
a l ready ex i s t . 

CLIMATE 

Introduc t ion 

C l imate  i s  usua l ly defined as the weather that occurs at a 
part icu lar loc a l e  over an extended period o f  t ime . For 
the purpo ses of th i s  report , a 30-d ay period i s  used as a 
lower l imi t t o  d i s t ingu i sh c l ima te from weather . 

The Sahe l ian drought and the o i l  embargoe s o f  the 19 70s 
focused wor ldwide a t t ent i on on the e f fec t s  o f  c l ima t e  on 
our u t i l izat ion of  s c arce resourc e s . In 1 9 79 , recogn i z ing 
the c r i t i c a l  ro le of c l imate  in soc ietal  and economi c 
a f fa irs , Congre s s  enac ted the Na t iona l C l imat e  Progr am 
Ac t .  More recen t ly , a Wor ld Cl ima t e  Program has been 
e s tab l i shed j o intly by the WMO , the ICSU , and the Uni ted 
Nat ions Env ironment Program ( UNEP ) . 

Improved forec a s t s  o f  c l imate would pe rmi t more 
e f fic ient u s e  of scarce re sources . For example , they 
wou ld c ontr ibute to more e f fec t ive pl anning of irriga t ion ,  
more c o s t -e f fect ive d i s tribut ion o f  fue l s , and be tter  
management of  commod ity invent or ie s .  

Forecas t ing l arge-scale c l ima te depend s on progre s s  in 
under s t and ing a range of phenomena , such as s trat ospheric 
o zone , c l oud/rad iat i on proce s se s , ocean temperature , 
oc ean/ a i r  interface cond i t ions , and ocean ice cover . Many 
s tud i e s  of c l ima te  and of the advanc e s  required to pred i c t  
i t  have been d one b y  t h e  Na t iona l Re search Counc i l  ( U . S .  
Commi t t ee for the Global Atmo s pher ic Re search Program , 
1 9 7 5a , b )  and others ( Ra smus s on and Carpenter , 1 9 82 ; 
Nat iona l Cent er for Atmospher ic Re se arch , 1980 ; and 
Na t iona l Ae ronaut ics and S pace Admini s trat ion ,  1 9 7 7 ) . 
These s t ud i e s  led to the Pane l ' s  sugge s t ions for fie ld 
mea surement s .  

Fie ld Measurement s 

Re quiremen t s  for f ield me asurement s are we l l  def ined by 
the U . S .  Nat iona l C l ima t e  Program Plan and by the Wor ld 
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C l ima te Program ment ioned above . Long-term ( greater than 
10 years ) , s tab le , re l iable measurement s are needed with 
h i gh prec i s ion . In some case s , absolute accuracy i s  le s s  
important than are re liab l e  measurements o f  trend s , 
cyc le s , rat e s  o f  change , or spat i a l  grad ien t s . 
Me asurement s  are needed for three reasons : ( 1 )  to monitor 
chang i ng c l imate (what i s  happening ) ;  ( 2 ) t o  study ocean 
and a tmospheric processes  that a f fec t c l imate (why c l imat e  
change s ) ; and ( 3 )  t o  guide and t e s t  c l ima te mode l 
exper iments  (how c l imate migh t  change in the future ) .  

Advanc e s  in measuremen t s  for c l ima te  purposes  are 
cons idered be low for the fo l lowing c l as se s  o f  
obs ervat ion s :  earth and solar rad iat ion , internal 
atmospher i c  parameters ( e . g . , c louds , prec ipitat �on ) , 
ocean parame ters ( e . g . , energy transpor t , biochemi s t ry ) , 
ice and snow ,  and aerosols  and gase s . Ground-based and 
space-based contribut ions to the f ie ld measurement s  are 
d i scus sed for each of the se c l as s e s  of observat ions . 

Ear th and so l ar rad iat ion measurement s are important in 
s t udying the energe t ic s  of the a tmosphere . Ne t s o lar 
radiat ion has been found to corre l a t e  very c lose ly wi th 
evaporation from p l ants and crops ; re l iab le rad iat ion data  
could  improve crop mode l s .  However ,  rad iat ion 
measurement s  are sparse over mos t  of the cont inents and 
are e s sent ial ly absent over the oceans . 

Da ta  sets  of  internal atmospheric processes for per i od s  
o f  t ime approach ing 100 years are avai lab le from wea th e r  
s tat ions . However , these d a t a  s e t s  are avai l able on ly 
over land area s .  Global data are needed . 

Regard ing oc eanic data , in-s itu measurement s wi l l  be 
needed for subsurface curren t s , hea t  flux , s a l inity , and 
chemic al  compo s i t ion for s t ud ie s  o f  g l obal geochemical 
cyc le s .  

For ice and snow,  ground-based measurements wi l l  be 
needed for snow dep th and snow-water equivalent . Pas s ive 
and ac t ive systems are be ing inve s t igated for deriving 
water-equivalent snow depth . 

For ga ses and aeroso l s , ground-based me asurement s  and 
a ircra ft  and bal loon measuremen t s  wi l l  cont inue to be 
needed for init i a l  deve lopment o f  s ensors and technique s 
and for veri ficat ion o f  sate l l i t e  mea surement s , a s  we l l  as  
to  aid in fundamenta l re search . 

Earth and solar rad iat ion mea surement s  at the "top " and 
the ' 'bottom" of the atmosphere are very important . On the 
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c l imat ic t ime scale , c irculat ions in the oceans and the 
atmosphere are dr iven by therma l  forces  due pr imari ly to 
radiat i on from the earth and the sun . At the top of the 
atmosphere , s a te l l i te me asurements of the ne t energy 
exchange be tween earth and space and i t s  variation are 
e s sent ia l ,  and are be ing made . 

Measurement s  by sate l l i t e s  o f  the solar energy output 
mu s t  be made by po int ing at  or tracking acro s s  the sun . 
Recent solar irrad iance measurement s  from Nimbus 7 and 
from the So l ar Maximum M i s s ion spacecra f t  ident i f ied 
d i s t inc t epi sod ic variat ions of solar outpu t on scales  of 
d ays ; the variat ions are h i ghly corre l ated with vi s ible 
sunspo t s . The earth rad iat i on budge t s  t o  be mea sured from 
sate l l i t e s  should pl ace part icular emphas i s  on the 
trop ic al  reg ions ( la t i tud es  c loser to the equator than 
30 ° ) .  The me asurements are required at a re solut ion o f  
2 50 b y  2 50 km , wi th sampl ing severa l t ime s p e r  day . The 
rad iat ion budge t and c l imato log ical wind and pre c i p i t a t ion 
requ irement s genera te  demand s for d a t a  in the t rop ic a l  
re gions and may make a low- inc l inat ion orb i t  use ful . 

For c l imate , certa in sate l l i t e  measurement s  ( e . g . , the 
Ear th Rad i a t ion Budget Experiment [ ERBE ] and measurement 
of the sun ' s  rad iat ion in the So l ar Maximum Mi s s ion )  
should b e  c ont inued th rough t h e  coming ye ars . 

In add it ion , the atmospheric parameters o f  wind s , 
atmospher ic mo i s ture , and atmospheric temperature , in  
add i t i on t o  c loud s and prec ip itat ion ,  need to  be measured 
from sat e l l i t e s . It i s  part icu lar ly import ant to ob t a in 
d a t a  on atmo s pheric prec ipitat ion pat t erns and c loud ine s s 
( VonderHaar and coauthors , 198 2 ; Nat iona l Center for 
Atmo s pher ic Re search , 1980 ; Nat iona l Aeronaut ic s and Space 
Admini strat ion , 19 7 7 ) , e s pec i a l ly over oc ean areas . 

Und ers tand ing the inf luenc e o f  the oceans on c l ima te i s  
key to improving t h e  ent ire s t ate o f  knowledge re gard ing 
c l ima te . Of spec i a l  importance is the need to unders t and 
the transport of heat t oward the po les and the influence 
on atmospheric dynamic s of vert ic a l  exchange o f  heat  and 
mo i s ture at the a i r/sea inter face . Fina l ly ,  there i s  
speculat ion that re lat ionsh i p s  ex i s t  between E l  Nino 
oceanic warmings , l arge-sc a l e  atmospheric dynamic s 
( southern osc i l lat ion )  and upper-atmo spheric f l ow over 
Nor th Amer ica ( Ra smus sen and Carpenter , 1 9 82 ) .  The 
requ iremen t s  for mod e l ing and empiric a l  stud i e s  are 
documented in severa l s t ud ies , such a s  the s t udy of  the 
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Nat iona l Center for Atmospher ic Re search ( 1980)  and the 
Proposed NASA Contr ibut ion t o  the Cl imate Program 
( Nat iona l Aeronaut i c s  and Space Adminis trat ion , 1 9 7 7 ) . 

Maj or ocean c l imate experiments are be ing p l anned for 
the late 1980s through the 1990s . Space-borne 
measurement s are expec ted to p l ay maj or ro le s in c overing 
the remo te ocean area s .  The se experiment s ,  i f  succes s fu l , 
are l ike ly to lead to new and extens ive ocean-monitoring 
requ irement s .  

The earth ' s  cryosphere i s  though t t o  b e  an in terac t ive 
ind ica t or of the earth ' s  c l imate , but in order for the 
subject  to be explored fu l ly it  is necessary to know the 
extent of cont inent a l  snow cover , the extent of po lar 
icepacks , and po lar sea-ice concentrat ions . Because these 
areas  are o ft en heavi ly c l oud-covered , microwave 
me asurement s  th at c an penetrate the c l ouds are va luable . 
Even though snow and ice mea surement s so  far have employed 
spa t ial  re so lut ion on the order o f  tens o f  ki lome ters , 
they have been useful for research and for some 
operat iona l need s . Higher re solut ion is required , 
however ,  for future improvement s in unders tand ing--and 
perhaps moni toring--c l imate change . 

Pos s ib l e  Ro le o f  a Space Plat form or a Space Stat ion 
in C l ima te Re search and Appl icat ions 

As noted ear l ier , a c l imate measurement program requ ire s 
long-t erm , s tab le , and re l iab le mea surement s . A space 
plat form imp l i e s  a long-term e f fort and thus i s  consonant 
with c l ima t e  ob j ec t ive s . Several po s s ib l e  uses of  a 
plat form for c l imat e  re search and app l icat ions are 
spec i f ied be low.  

Inter s a t e l l ite Cal ibration Fac i l i ty 

Because c l imate measurement s  require very care ful 
a t tent ion to t ime and space sampl ing ,  sy stems of 
sate l l i t e s  are now be ing planned for c l imate  purpose s .  
The Int ernat ional Sa t e l l ite  C loud C l imatology Proj ec t 
( ga thering data from 1983 through 1 9 8 7 )  proposes to use  
s ix sate l l ites  ( f ive geostat ionary , one sun synchronous )  
to ob tain required informat ion abou t c louds . During 1 984 
th rough 1986 , two or three sate l l i te s  (one wi th a 5 7 °  
orb i t  and the o thers sun synchronous )  are planned t o  be 
u sed in th e ERBE proj ec t t o  me asure the energy exchange 
be tween earth and space and to mon i t or d irec t solar energy 
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output . Such sys tems o f  sate l l i t e s  are e s sent i a l  t o  mee t  
c l imate ( and s ome weather)  re quirements . Of ten such 
sate l l i te systems may inc lude some non-u . s .  sate l l it e s . 
In such cases , there i s  a spec ial need for each s a te l l i t e  
sys tem to be norma l ized so that c a l ibrat ion sh i f t s  o f  
ind ividual sensors , should they occur , do no t inval idate 
the overa l l  sys tem.  A sensor package on  board a spac e 
stat ion wou ld serve a s  an exc e l lent c a l ibra t i on s tandard 
becau se it cou l d  be rout ine ly te s t ed in space or even 
re turned to earth i f  neces sary .  

Th e  sensor s ' footprint s on the earth wou ld have to  be 
matched , and a space p l at form ( for example , on an orb i t  
inc l ined a t  28 . 5 ° )  wou ld have to underfly free- f lying 
sate l l i te s  in the sys tem t o  permit in terc a l ibrat ion at 
each encounter .  

Low S i gna l-Above-Background Me asurement 

Some c l imat e-re lated measurement s , such as those for very 
deta i led wind s , certain vo lcanic gases  and aeroso l s , and 
low-leve l moi s ture , have a very low s ignal-above­
background leve l .  To de tec t the se f ine-sc ale , ye t 
important , c l ima t e  feature s , spec i a l  ins trument s  ( e . g . , 
l idar s )  may be needed . Powe r and other requirement s for 
the se sensors may prec lude the ir use on a free-flyer , 
wh ich would perhaps be too smal l  to  support such sensors ; 
thus , a space plat form may be the opt imum sate l l i te for 
th i s  purpose . Norma l l y ,  g l obal coverage wou ld be required 
for c l ima t e  m0del ing and mon i t oring . However ,  certain 
impor tant parame ter s such a s  trop i c a l  winds  could be 
measured from a low-inc l inat i on plat form . 

As s emb ly of  La rge Ant enna s 

C l imate  research could bene f i t  from h i gher-re solut i on 
mic rowave me asurement s .  Th i s  wi l l  c a l l for the deployment 
i n  space of antenna s with d i ameters up t o  10 m in low 
earth orb i t , and much l arger in geos tat ionary orb i t . 

Ro le o f  Man in Space 
f or C l ima te Re search and App l icat ions 

In genera l ,  the Pane l finds no requi rement s for human 
obs ervers  in space for c l ima t e  rese arch or for 
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applicat ions o f  c l ima te-re lated remote  sens ing . I f  a 
manned ob servatory i s  p l anned for s o lar phys ic s  s tud ie s , 
c ert a in c l imat e-re lated measurement s  o f  total  and spec tral 
energy from the sun migh t  be inc luded . Of course , the 
accuracy and prec i s i on o f  the measurement s wou ld have t o  
match or exceed those from unmanned s ites . 

CONCLUS IONS 

The Pane l has focused on pos s ib l e  evo lut ions in 
environmental  ob servat ions during the 19 80s and examined 
the ro le tha t  a space plat form or a space s tat i on migh t  
play i n  future deve lopments . 

It i s  genera l ly conc luded that a space s t at ion o f fers  
the potent i a l  for  s everal new ac t iv i t i e s  in space , 
inc lud ing : 

Comb ining a large number o f  sensors for s imu l t aneous 
ob servat i on o f  many spec ies  in the atmosphere 

The ab i l i ty to  recal ibrate instrument s frequen t l y  
and to use  the se ins trumen t s  to  intercal ibrate 
sate l l i t e s  

The po s s ib i l ity o f  re furb i shing and re pairing 
ins trumen t s  and o f  ma intaining cooled detec tors for an 
extended peri od 

The introduc t ion o f  new fac i l i t ies  such as l idar or 
maj or mic rowave observator ies in space 

Advances in techno logy that should be exp lored are : 

Deve lopment o f  remote-measurement techniques for OH 
and N02 

Technique s  for hand l ing a mu lt iple-data-s tream mode , 
inc lud ing onboard proce s s 1ng 

Larger space-borne power systems 
Deve lopment of tropospheric  remo te sens ing 

ins trument s  
Deve lopment o f  a g l obal wind-measuring sys tem 
Improved microwave rad iome try for low-earth-orb i t  

sate l l i t e s  
Deve lopment o f  a me thod for measur ing rainfa l l  from 

sate l l ites  
Deve lopment o f  a h i gh-spa t i a l-re s o lut ion microwave 

sound ing sys tem 
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In regard t o  orb i t , whi le low-inc l inat ion low earth 
orb i t s  are u s e ful , e s pec ially  for observing tropic a l  
we a ther and c l imate , b y  f a r  the mos t  important orb i t s  for 
environmental  ob servat ions are low-a l t i tude near-polar 
orb i t s  ( for rap id-re sponse ,  s ynop t ic weather forecas t ing ) 
and geos t a t i onary orb i t s  ( for environmental  observat ions 
and for atmo s pheric s ound ing ) .  I f  a space p lat form having 
a number o f  s ensors i s  contemplated , it s hould be p l aced 
in a low-a l t i tude near-pol ar orb i t . 

The general conc lus ion re gard ing the ro le o f  man in 
s pace i s  tha t  human pre sence c ould be usefu l  on a period ic 
rather th an on a cont inuous bas i s . Th i s  conc lus ion ,  by 
nece s s ity , i s  based on a l imi ted examinat ion. The 
poss ib i l i t ie s  of a more creat ive and innovat ive ro le for 
man in spac e shou ld be examined in more dep th . 
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OCEAN OPERATIONS* 

INTRODUCTION 

As a re sul t  of recent ec onomic , po l i t ic a l  and sc ient i fic  
d eve lopment s ,  the wor ld has entered a period o f  inc reas ing 
intere s t  in ocean operat ions . Some of the fac tors 
account ing for th i s  new intere s t  are the e s t ab l ishment of 
n a t i ona l economic zone s extend ing 200 naut ical miles from 
the shore l ine s o f  coa s t a l  na t i on s , growth in s ize and 
n umber o f  oceango ing sh ips , movement of petro leum 
explorat ion int o  the o f fshore regions o f  a s  many as  50 
n a t ions ( i n add i t ion to the 50  c ountr ies that had o f fshore 
o i l  we l l s  in 1979) , increas ing importance of worldwide 
f i shing , pro spec t s  for oc ean-bed mining , concern about 
protec t i ng the ocean from dumping o f  t ox ic wa ste s ,  the 
promi se of power generat ion from oc ean wave s and therma l 
d i fferent ia l s ,  and the expans ion o f  nava l de fens e 
ac t iv i t ies . These deve lopment s re sul t  in growing need s , 
among government and privat e  concerns having oceanic 
re s pons ib i l i t ie s  or intere s t s , for ocean da ta . Thi s  
chapter addre s s e s  space sys t ems a s  they migh t be used for 
ob t a ining oceanic data to  mee t  the need s of the user 
c ommun i ty . Th i s  chapter dea l s  princ ipa l ly wi th the use of 
remote sens ing from space in ocean operat ions . We 
recognize  tha t navigat ion sate l l i t e s  are bec oming 
i mportant in ocean opera t i ons , and th i s  subj ect  is treated 
br i e f l y  in the next chapter ( Sate l l i t e  Communicat ions ) .  

*The Pane l acknowledges the va luab le contribut ions made by 
John W. Sherman I I I  of the Nat ional Oceanic and 
Atmo s pher ic Adminis trat ion .  
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From a physical  s t andpoint , the wor ld ' s  oc eans cover 
more than two-th ird s of  the surface of  the earth , 
occupying more than 3 50 mi l l ion square k i lometers , and 
having a vo lume o f  nearly 1 . 5  b i l l ion cub ic k i lometers . 
Approximate ly 5 t o  8 percent o f  the oceans are covered by 
ice . The oceans support a mu lt itude o f  phys ica l , 
biologica l ,  and chemic a l  proce s se s , and cons t i tute vit al 
nat ional and internat iona l re sourc e s . 

In cons idering the ut i l it y  o f  sate l l it e  remote  sens ing 
to the oceanic c ommunity , two fac tor s  need to be taken 
int o accoun t : from the sc ient i f ic viewpoint , maj or ocean 
bas ins behave as  ent i t ie s ; from the po l it ical  viewpoint , 
the deve loping body o f  int ernat iona l sea l aw wi l l  
eventua l ly have an important impac t on various ocean 
ac t ivit ie s .  

The concept o f  the oceans a s  ent it ie s  drives many o f  
the requ irement s  for synop t i c  coverage b y  sate l l ite s .  For 
the purposes of oceanography , the earth may be c ons idered 
to be d ivided into ha lve s--north and south--at the 
me teorological  equator , wh ich generally l ies north of the 
geodet ic equat or . The oceans behave a s  ent i t i e s  becaus e  
the gross  water c i rculat ion o f  each o f  the major ocean 
basins of the wor ld--i . e . , the Nor th At lant ic , South 
At lant ic , North Pac i f ic , South Pac i f ic , and Ind ian 
oceans--i s large ly s e l f-conta ined ; the c irculat ion in each 
bas in i s  rotary in the upper layers ,  with l i t t le exchange 
of  wat er be tween the two hemi sphere s .  Some o f  the the 
po lar regions are ice-covered much of  the year and behave 
to a large extent as separa t e  oceanic areas . They do , 
however , interac t with lower- lat itude seas , and it is the 
marg ina l are a s  o f  the polar regions that are the mos t  
environmental ly ac t ive . 

The surface c ircu lat ion of  the oc ean ba s ins i s  a maj or 
mechani sm for g loba l  d i sper s a l  o f  incoming solar heat , 
init ial ly c o l lec ted in low lat itudes . Because o f  the 
nature of the flow wi th in bas ins , prob lems of water 
c irc ulat ion mus t  be cons idered on an oceanic sc a le , t ak ing 
in the far northern and sou thern ext reme s of  the maj or 
bas ins . Thus , two d i s t inc t areas are o f  concern to 
oceanographers : the maj or ocean bas ins over the ir fu l l  
l a t i t ud ina l extent , and the po lar areas . In dea l ing wi th 
oceanic-scale  prob lems , then , minor inc reases in 
lat itudina l  coverage are of sma l l  value unt i l  the fina l 
inc rement--wh ich inc ludes the bas in marg in--i s reached . 

The deve lopment of  a new body o f  internat ional sea l aw 
may have s trong impl icat ions in many fie lds o f  oceanic  
endeavor . Na t ional sovere ignty over ac t ivit ie s  in  and on 
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the sea now extend s 200 naut ic a l  mi l e s  offshore . Some 
measure o f  internat iona l contro l on the remainder of the 
oceans can a l s o  be ant ic ipated--the recent Law o f  the Sea 
Tre aty , for example , provides for contro l over ocean-bed 
resourc e s . The estab l ishment o f  the 200-mi le nat iona l 
boundary great ly inhib i t s  acces s o f  fi shermen and 
sc ient i s t s to the coas t a l  waters of other nat ions . The 
e f fect  is to dr ive both groups farther out onto the high 
seas--out s ide the current jurisdict ion of coa s t a l  
nat ions . As re str i c t ions are p l aced on f i shing and 
re search sh i p  ac t ivity , it mu s t  be expec t ed that need s  for 
s at e l l i t e-based navigat ion and communicat ions services 
wi l l  increase , and remote ly sensed data  in the coas tal  
regions wi l l  become more important . 

The Pane l conc ludes that  t o  b e  o f  s i gn i f icant value , 
observat ions from space mus t  cover the major oceans and 
requ ire spacecra f t  in polar or nearly pol ar orbit . 
Conversely , observat ions from spacecraft on orb its  having 
inc l inat ions in the range of 25 °  to 35 °  can cont ribute  
re lat ively l i t t le add it iona l ins ight into  prob lems re lated 
to oceans as  ent i t ie s , nor can they meet  the increased 
need for navigat ion and communicat ion service s .  

CURRENT STATUS OF REMOTE SENS ING OF THE OCEANS 

The areas in which ocean data are useful are d iverse , and 
repons ib i l it ies for the oceans and ac t ivit ie s in or upon 
them is d i spersed among many agenc ie s , organizat ions , and 
ind ividua l s . In the federa l government alone , such 
agenc ies as the department s of State , De fense , 
Transport at ion ( Coas t  Guard ) , and Energy , the 
Environment a l  Protec t ion Agency (EPA) , the Na t iona l 
Aeronaut ic s and Space Admini s trat ion ( NASA) , the Nat iona l 
Oc eanic and Atmospheric Administrat ion (NOAA) , and the 
Nat ional Sc ience Foundat ion ( NSF ) nee d  or acquire ocean 
d ata . Many s tate and local  government agenc ies can be 
added to the l i s t . In the private sec t or , organizat ions 
us ing oc ean data inc lude such ent erpr ises as sh ipping 
c oncerns , f isherie s , o i l  and gas produc ers , and several 
internat iona l consor t ia formed for ocean mining . 
Ind ividual s  who use  ocean data inc lude commerc ial 
f ishermen and marine sc ient i s t s . 
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Ocean Observat ions from Aircraf t  

Oc ean d a t a  obtained b y  observat ions from aircraft provide 
an overview o f  ocean sur face cond it ions that is o f  
import ance i n  re search . Aircra ft us ing a ir-dropped buoys 
c an ob t a in data in remot e  areas and over wide expanse s  o f  
ocean o n  a near real-t ime bas i s . Be low are some examp l e s  
o f  re search and operat ional use s  b y  the u . s .  Coa s t  Guard , 
NASA , NOAA, and the Navy of oc ean observat ions obtained 
from a ircraft . 

The Coast  Guard uses in format ion ob tained from a ircra ft 
in its search and rescue operat ions a s  we l l  a s  in it s 
e ffor t s  t o  pa tro l the 20Q-mi le economic zone . In 
add i t io n ,  the Coa s t  Guard use s such data in oceanograph ic 
surveys , ice pa tro l s ,  and o i l- sp i l l  re sponses . Al so , 
a irplane s equipped wi th radar , infrared sensors , and 
opt ical  cameras are used for o i l-sp i l l  surve i l lanc e .  

NASA ha s used a ircra ft such as  the h igh a l t i t ude TR- 1 ,  
the C-1 30 ,  and the C-54 in exper iment s t o  remotely sense 
the oceans for sed iment transport , mar ine pol lut ion , 
phytoplankt on dynamics , sea ic e ,  and oc ean dumping and 
o ther ac t ivi t ie s .  

NOAA ' s Nat ional Marine Fi sher ies Service (NMFS ) 
chart ers a irplane s from priva te c ompanies to observe the 
200-m i le economic zone , pr imari ly to support the Coas t  
Gua rd in the contro l o f  foreign and dome s t ic fishing 
ac t ivi t ies . NMFS has used a ircraft-mounted t e levis ion 
cameras  t o  search for schoo l s  of menhaden ,  an economic a l ly  
important f ish abundant along the  U. S .  At l ant ic coas t . 
Also , NOAA c onduc t s  a variety o f  ocean observat ions as  
part o f  i t s  environmenta l  research program ,  and the 
Nat iona l  Wea ther Service uses "hurr icane hunter" a ircra f t  
to  ob t a in data for hurric ane reconna i s s ance . 

The Navy uses a ircra f t  t o  conduc t acous t ic , sea ic e , 
and magnet ic exper iment s in a wide range of programs . 

Oce an Observat ions from Sate l l it e s  

Oc ean ic measurement s from sate l l ites  began in t h e  1960s 
wi th spacecra f t  such as NASA ' s  Nimbus series of 
experimental  sate l l ites , NOAA' s TIROS and improved TIROS 
serie s of g loba l  weather sate l l ite s , and the De fense 
Me teoro log ical Sa t e l l ite  series ( DMSP) . Although some 
oceanograph ic data were produced by the se spac ecra ft , 
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provid ing data t o  the ocean c ommunity was no t the ir 
pr imary mi s s ion , and the data were more a ma t ter of 
curios i ty than o f  use to those who had acces s .  

Exper iment s  s pec i fica l ly for oceanography began wi th a 
microwave experiment package aboard Sky l ab* in 19 7 3 . The 
package inc luded an a l t imeter , a scatterometer , and a 
rad iometer.  Another ocean a l t ime t ry experiment fo l lowed 
on GEOS-3 ( Geode t ic and Oceanograph ic Sate l l it e )  in 19 75 . 
In 1978 , Seasat --a "proo f o f  c oncept " sate l l ite ded icated 
t o  oceanography--c arried an array o f  sensors . The miss ion 
was cut shor t by a power fai lure a f t er three and one hal f  
month s . Se asat provided exc e l lent data for the research 
community , and i ts measuremen t s  me t the ir technical 
obj ec t ives . Seasat ' s  br ie f l i fe t ime , however ,  d id not 
permi t accompl i shing planned experiment s  in operational 
use of the data , such as opt imum ship rout ing foreca s t s . 

Wi th the demis e  o f  Seasat , oceanographers turned to 
oth er sate l l ites for whatever da ta could be ob ta ined . 
Al though oceanogra ph ic dat a  have been ob ta ined from a 
variety o f  s ensor s  on other sate l l ites  (Nimbus 7 ,  GEOS , 
etc . ) ,  the data a s  a whole do not mee t  the requirements  
for research or  operat ions . Ocean operat ions and re search 
need 24-hour global coverage , sea surface observat ions by 
severa l  ins truments , and the ab i l i ty to ob tain repeat 
coverage , at leas t once a day . The Pane l is  in agreement 
with the ob servat ions of  the Space Sc ience Bo ard ' s  
CoiiiDi t t ee on Earth Sc iences that "in the area o f  ocean 
dynamics , space techniques  of fer the only prac t ical  me ans 
t o  de termine the sur face boundary cond it ions for general 
c irculat ion o f  the ocean" ( Commi t tee on Earth Sc ience s ,  
1 98 2 ) .  

A Na t ional Oceanic Sate l l ite  Sys tem (NOSS ) ,  a proposed 
cooperat ive program among NOAA, the Department of De fense , 
and NASA , wou ld have f i l led many re quirement s  for oc eanic 
operat i ons . As ori g ina l ly conce ived , NOSS was a 
two-sate l l it e  program us ing proven sensors for operat ional 
data and research .  The sys tem was designed to operate for 
five years (unt i l  about 199 1 ) , and it was hoped that a 
ful ly operat ional system would fo l low. NOSS was cance l led 
in 1981 . 

NASA ' s pl ans s t i l l  inc lude an ocean sate l l ite , the 
Dynamic Topograph ic Exper iment ( TOPEX) . Its mi s s ion is  to 

* Sky lab was a NASA s pacecraft  that supported three-man 
crews in orb it  for up to three mon ths . 
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obtain ocean topography accurat e  to  2 em , averaged over 4 
km on the oc ean surface .  In add i t ion , as a l ow-cost  
a l t ernat ive to  NOSS , NASA i s  examining the pos s ib i l i ty of  
fly ing , a s  p iggyback payloads on various s pacecraft , 
ind ividual ins trument s  such a s  a scatterometer and an 
ocean c olor s ensor . Al s o ,  NASA has agreed t o  perform wi th 
Canad a ' s  Divis ion of Energy , Mine s and Re source s  a 
b i lateral s t udy o f  the re quirement s  for a fu ture sate l l i t e  
having a syn thet ic -aperture radar as  i t s  princ ipa l 
ins trument--the ,RADARSAT-FIREX mi s s ion study . 

The Navy , wi th the De fense Mapping Agency , i s  
deve loping a sma l l  sate l l ite t o  acqu ire geodet ic data , 
f i l l ing a vo id le f t  by the fai lure o f  Seasat . The Navy 
updated i t s  operationa l need s for oc ean dat a ,  and has 
proposed a navy remote ocean sens ing sate l l i te sys tem 
( NROS S ) . 

Fina l l y ,  other nat ions o f  the world are deve loping 
ocean-dat a  sate l l it e s . Japan ' s  Nat ional Space Deve lopment 
Agency has scheduled l aunch o f  a mar i t ime ob servat ion 
sate l l i t e  in 1986 , and the European Space Agency has 
comple ted pre l iminary des ign s tud ies o f  a remote sens ing 
sate l l i t e  system ,  tentat ive ly schedul ed for launch in 1987 . 

THE NEED FOR OCEAN DATA--MAJOR USES 

Th i s  sec t ion is a d i scuss ion of func t ional areas for wh i ch 
ocean data are needed , ind icat ing where the data could be 
provided by remote sens ing from sate l l ites . The areas 
d iscus sed are protec t ion and control o f  ec onomic zone s ; 
coas t al preservat ion ; fisheries deve lopment ;  o ffshore o i l  
and gas explorat ion ,  dr i l l ing ,  and produc t ion ; minera l 
extrac t ion ; power generat ion ; ocean pol lut ion ; sea ice 
monitoring ; oc ean re search ; and naval ac t ivit ies . 

Protec t ion and Contro l of Economic Zones 

Today , among many nat ions there i s  acceptanc e of a 
func t iona l economic zone extend ing 200 nau t ic a l  mi les  
o f fshore . One sec t ion o f  the Law o f  the Sea Treaty , 
ment i oned earl ier , wi l l  g ive coas t a l  nat ions contro l o f  
the ir adjacent waters to  200 mi les o f fshore . Thi s  
au thority imp l i e s  re spons ib i l it ie s , such as  protec t ing 
re sources , monitoring traffic , and provid ing mari t ime 
a s s i s t anc e .  Also , it may imp ly the eventual authority t o  
control tens o f  thousands o f  oceango ing ships , j u s t  a s  
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a ir traffic has been c ontro l led , worldwide , for decade s .  
Po l ic ing the 20Q-mi le economic zone in the United States 
has chal lenged the Coast  Guard , which faces constant ly 
ri s ing costs  of ship operat ions and the d iminishing s i ze 
of  i t s  operational f leet . Rout ine surve i l lenc e o f  large 
ocean areas by remote sens ing would make it possible to 
use  Coas t  Guard ves se l s  for d irec t act ion when 
spec i fical ly needed , and thus to operate more e f fic ient ly . 

The ab i l ity of  sate l lite sensors to detec t ,  track , and 
monitor ac t ivities o f  oceangoing ships is we l l  
demons trated . There fore , the Pane l recommends deve lopment 
of th is c apab i l i ty for e f fec t ive surve i l lance , control ,  
and management o f  marit ime ac t ivit ie s  in the offshore 
economic zone of the United States . 

Coastal Preservat ion 

Coastal zones are subjec t  to atmospheric , oc eanic , and 
al luvi a l  influence s .  These influences  affec t 
habitab i l ity , su itabil ity for cons truc t ion , and indus trial 
and mi l i tary operat ions on and near shore . Remote sens ing 
can complement in- s i tu measurement s  of fac tors that affec t 
the coastal zones and can detec t al luvial sand depos it ion ,  
f lood ing , and beach eros ion .  In add ition ,  wave he ight and 
shal low bathyme tric measurement s  wou ld further increase 
the use o f  remote ly sensed data by those concerned with 
the protec tion o f  the coas tal zone . 

Fi sheries Deve lopment 

In commerc i a l  ocean fisherie s , remote ly sensed data is of 
princ ipa l  u se in operations concerned wi th stock 
harves t ing and s tock management .  For s tock harve s t ing , 
fishermen need an a l l-weather observing sys tem ( for 
navigat ion , hazardous warnings ,  etc . ) ;  sea surface 
temperature e s t imates ( for locat ing pre ferred fish 
habitat s ) ;  and ocean color monitoring ( for determining the 
pre sence of pl ankton) . For s tock management ,  sc ient ists  
need ocean color monitoring ( for de tec t ion of ch lorophy l l  
c oncentrat ions ) ;  surface wind measurement s  ( for es t imat ion 
of surface-wat er transpor t ) ; and a detec t ion and tracking 
c apab i l ity ( for determining the s ize o f  s chools of pe lagic 
fish and for tracking sea mamma l s ) . 

Remote ly sensed data are be ing used today by commerc ial  
fi sherman and fishery sc ient i sts . However , maj or 
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improvement s are needed to meet the needs of  this  
community . Most important are a sys tem for hazardous 
warning ; sea surface temperature e s t imate s ;  an ocean co lor 
monitoring capab i l i ty ;  a detec t ion and tracking 
capab i l i ty ;  and better estimates o f  wave he ight , rainfa l l ,  
and wind speed and d irec t ion .  

For f i shing ac t ivi t ie s , the mos t  important areas are in 
the 200-mil e  economic zone . However , some fishing occurs 
on the h igh seas , which requires coverage over a wide 
range of lat itude s ,  from the equator to polar waters . 
Thus , a near-polar orb it would be necessary to benefit 
fishing ac t ivit ies . 

Of fshore Oi l and Gas Expl orat ion ,  Dri l l ing , and Produc t ion 

Today there are approximate ly 25 , 000 petro leum we l l s  in 
o ffshore areas of the United St ates produc ing about 12 
percent of U . S .  o i l  and 27  percent of U . S .  gas . In 
addition ,  o f fshore o i l  we l l s  in 50 countries provide 20 
percent o f  the wor ld ' s  o i l  produc t ion . Fifty more 
countrie s have o f fered of fshore s i tes  for pe troleum 
explorat ion . Many expert s in the o i l  industry , 
government , and ac ademia be l ieve that in the decades ahead 
the remaining onshore resources  wi l l  dec l ine in importance 
whi le yet-unexplored o ffshore areas , involving more 
hos t i le environment s ,  more remote locat ions , and deeper 
water , wi l l  increase in importance .  

Of fshore pe troleum ac t ivit ies invo lve three d i s t inct 
phases :  explorat ion ,  dr i l l ing , and produc t ion . Each phase  
has  unique needs for data  and informat ion . Explorat ion is  
usua l ly done by  spec ial ized research ships . Wh i le they 
are somewhat more weather sens it ive than are cargo 
ve s se l s , their needs for forecasts  are s imi lar to those o f  
other surface ships and they can usually avoid adverse 
weather . Offshore dri l l ing operat ions are carried out 
from bottom-mounted plat forms or from mobi le ships or 
submers ible plat forms . Wh i le dri l l ing i s  in progress , an 
act ive connec t ion extends from the mobile  or f ixed unit  
into the seabed , so that evas ion of  bad weather is  
d i fficu l t  for mob i le plat forms and impossib le for fixed 
plat forms . Accurate advance informat ion on weather and 
wave s--e spec ial ly on potent ial ly severe cond it ions--is 
required . In the produc t ion phase , when hydrocarbons f l ow 
via seabed pipe l ine s to the shore , sens it ivity to 
environmental condit ions is somewhat less , but re liable 
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forecas t s  are s t i l l  needed . Improvement s  in weather and 
ocean observat ions by remote sens ing from space , 
accompanied by improvement s  in weather mode ls , could 
produce a forecast ing system that would meet the needs of 
oil and gas companies . 

Mineral Ex trac t ion 

Al though some mine s near coas t l ines have shaft s extending 
into underwater areas , the term "ocean mining" re fers t o  
the c o l lec t ion and processing o f  nodules that  are found on 
the ocean floor . Rich in various me tals such as 
manganese , copper , and nicke l ,  the se nodules hold the 
promi se of a subs tant ial mineral harvest . The 
techno logies needed to gather and process  the nodules are 
in hand : several international consortia have been formed 
for extens ive ocean-mining operat ions . u. s. companies 
pl anning deep-ocean mining face cons iderable uncertainty 
because of lega l , economic , and po l i t ical  c ircumstances . 
Neverthe less , data on ocean weather , waves , and currents 
wi l l  be o f  great importance to  any ocean-mining 
operat ion . 

Power Generat ion 

Certain natural phenomena in the oceans--temperature 
gradient s ,  wave ac t ion , and sa l inity grad ient s--hold 
promi se for generat ion of  e lec trical  energy . Ocean 
thermal energy convers ion and power generat ion from wave 
act ion have been demonstrated and awai t  favorab le economic 
cond itions in order to proceed . With the costs of  
e lectrical energy cont inually escalat ing , the  Panel 
bel ieves that these techniques wi l l  be required during the 
period cons idered in thi s  s tudy ( to the year 2000) . To 
support of fshore power generat ion , as we l l  as power 
stat ions bui l t  near coast l ines , ocean data are needed for 
s ite se lec t ion , as sessment of pol lutant transport , 
environment al protec t ion , des ign o f  thermal and wave 
ac t ion sys tems , and monitoring of phys ical , chemical , and 
b io log ical cond i t ions . Sate l l ite observat ions seem to be 
the logical choice for meet ing th is  demand . 
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Ocean Pol lut ion 

In recent years , the ocean has become a dumping ground for 
outmoded ships , rad ioact ive material s , chemicals , and 
other po l lutants .  Pol lut ion from shipping and of fshore 
o i l  we l l s ,  and e ffluents from onshore power s tat ions and 
whole c ities , are endangering the ocean environment-­
espec ially in coastal  areas . Wi th commerc ial ac t ivit ie s  
cont inuing to increase , the threat t o  the quality of the 
ocean environment wi l l  rise . 

Monitoring ocean pol lut ion re quire s observat ions of 
ship tra ffic and observat ion of the e f fec t s  of po l lution 
on the water . The first func tion cou ld become a spec ial 
task wi th in a general program o f  monitoring ocean traffic  
by sate l l ite  ob servations--a service that may we l l  develop 
for o ther reasons , such as control o f  fisheries and 
d irec t ion o f  ship traffic . The second funct ion is more 
complex in that some factors , such as o i l  spi l l s  or 
part icu late mat ter , can be observed with current 
techniques whi le other , more subt le changes , such as the 
e f fluent from a chemical p l ant , are beyond the present 
capab i l it ie s  of  remote sensing . The need for deve lopment 
of these techniques is sugge sted in the sect ion "Fu ture 
Need s . "  However ,  only sate l l ites can f i l l  the need for 
monitoring the oceans on a synopt ic s cale . 

Sea Ice Monitoring 

The earth is a heat engine ; energy from the sun is 
rece ived in the tropics and los t from the pol ar regions . 
Se a ice in the Arc t ic and Antarc t ic is  a result o f  that 
heat los s .  Where sea ice meet s  warm water , it me l t s  at  an 
unsteady b oundary . The extent of ice varies wi th the 
seasons , wi th a s ix-month phase d i fference between north 
and south lat itudes . For reasons that are not yet 
understood , ice extent varies from one year to the next . 
The sh ipping indus try , fi shermen , and others operat ing in 
polar regions re fer to "good ice " years and "bad ice "  
years . Bad i c e  is a lot of  ice ge tt ing in one ' s  way , and 
good ice is the lack of the same . Clouds and fog are 
frequent where ice dri fts ; hence , detec t ion and tracking 
of this potent ial  hazard should be done by microwave 
sensors , such as Se asat ' s  synthet ic-aperture radar . 

The global demand for fos s i l  fue l has led to increased 
act ivity in the Arc t ic ,  accompanied by a need for more and 
better informat ion on the extent and mot ion o f  sea 
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ice--part icularly where the ice i s  thicker. Thick ice 
presents a hazard to  shipping , to o f fshore instal lat ions , 
and t o  s truc tures onshore as wel l .  Th in ice , whi le not as 
hazardous , can be a problem for fi shermen. Because th in 
ice c omprises mos t  o f  the vas t  area of  annual fluc tuat ion ,  
i t  is  o f  intere s t  t o  sc ient ists . I n  drift ing ice , leads 
( channe l s  of water through ice fie ld s )  can open and c lose 
in hours or even minutes , so that forecas ters , ship 
operators , and others need frequent coverage . Sea ice 
monitor ing i s  another area where sate l l ites  can play an 
increased role . The use of sensors operat ing at several 
frequenc ies would he lp remedy the problem of  de termining 
sea ice thickne s s  by remote sens ing . 

Oc ean Re search and Sc ience 

Of the four maj or discipline s in ocean research--physical 
oceanography , b i ology , chemis try , and geology--phys ical 
oceanography has bene fited mos t  from remote sens ing , 
because the ocean is most ac t ive in i t s  upper layers , 
where phenomena o f  interest  can be observed . Biologists  
have also  benefited , s ince oceanic l i fe is concentrated 
near the sur fac e .  However ,  chemis t s  and geo logists  have 
been ab le to make l i t t le use of remote ly sensed data , 
because few chemical factors and almos t no geo logical 
phenomena are observab le by remote sens ing . The Pane l 
be l ieves tha t thi s  s ituation i s  not l ike ly to change . 

For ocean re search , remote sens ing holds some important 
advantages over convent ional shipboard samp l ing . Research 
ves se l s  are l imited to advanc ing a hundred or so mi les per 
day , and are further l imited to local  observat ions . On 
the other hand , sate l l ites can scan a very large area at a 
rate that  is  fas t  compared with the rate o f  mos t  oceanic 
proces ses . Thus , remote sens ing can provide amounts of 
data many orders o f  magnitude l arger than those from a 
fleet o f  research ships . Neverthe less , in those 
d iscipl ines that can benefit  from the use of  remote 
s ens ing data , far le ss  than ful l  use has been achieved 
because of the prob lems of hand l ing large masses of data 
and a lack of  confidence  in the val idity of  the data (due 
in part to inadequate ground-truth va l idat ion ) . Broad 
pro fes s ional acceptance may we l l  have to await  the arrival 
of a new generat ion of oceanographers , who wi l l  have grown 
up with remotely sensed data , just as they have grown up 
wi th computer s .  
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In add it ion , many persons in government agenc ies that 
provide financ ial support for oceanic re search share the 
skept ic ism of some sc ient is t s  about remote ly sensed dat a .  
For years , they have supported re search done from a ship 
by a pro fessor , some student s ,  and a few technic ians . One 
short cruise every ye ar or so has provided data adequate 
for severa l years o f  study . To process  and analyze the 
flood of information from a sate l l ite  requires d i f ferent 
talen t s  and more people . Sponsors of sc ienti fic research 
are o ften not geared conceptual ly or financ ial ly to deal 
wi th th is problem .  The resu l t  i s  a sel f-perpe tuating 
conservat i sm ,  and as a consequence va luable data are be ing 
neg lec ted . The Pane l be l ieves that  sponsoring agenc ies 
shou ld be a lert to novel approaches in ocean re search and 
should  be prepared to support them. On the other hand , 
the remote sens ing community must become more sens it ive t o  
the data and information need s o f  ocean sc ient ists  and 

· ocean operator s .  

Naval Ac t ivit ie s  

Most naval operat ions , as we l l  as the logist ic s  system 
that support them , can benefit  from t imely rece ipt o f  
suitable  ocean data .  The Navy h a s  estab l i shed an 
operat ional re quirement for sate l l i te measurement of 
oceanographic data ( SHOP OR-w05 2 7-GS ) , which spec i fies the 
hor izontal re solution ,  prec is ion , and accuracy of  ocean ic 
measurement needed for naval operat ions . In add it ion , the 
Navy is developing a sys tem for de livery of th is data to 
flee t unit s  and command centers . The system wi l l  use data 
from severa l  sate l l i tes , merge the data in process ing 
operations , and d isseminate the data in processed form. 

REQUIREMENTS FOR SPACECRAFT FOR OCEANIC 
REMOTE SENS lNG 

This  sect ion identi fies technological requirements for a 
space station or space plat form wi th oceanic remote 
sens ing capab i l ity . Preceding that d iscuss ion is the 
Pane l ' s  eva luat ion of the Space Shutt le as a sys tem for 
de l ivering ocean survey satel lites to orbit  and as a t e s t  
bed for sensors des igned for ocean observat ions . 
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The Space Shut t le as De l ivery System and Tes t  Bed 

As a de l ivery sys tem,  the Space Shut t le is quite 
c ompatib le wi th requirement s  for ocean-data-gathering 
space systems , which might involve de livering a 
free-flying ocean sate l l ite into orb i t , carrying 
pa l let-mounted instruments ,  or transport ing modules to be 
incorporated into a space stat ion or space plat form. In 
s tudies of the Nat ional Oc eanic Sat e l lite Sys tem by NASA, 
the Department of  De fense , NOAA, and three systems 
contrac tors , the ab i l ity to package the key ocean-data 
sensors  on a free-flying sate l l i te , wh ich could  be 
de l ivered to  orbit by the Shut t le and re tr ieved by the 
Shutt le for refurb ishment or repair , was we l l  
estab l i shed . 

In add it ion to i t s  capab i l i t ies  as a de l ivery sys tem ,  
the Space Shut t le b a s  proven itse l f  to  b e  a n  e f fec t ive 
test  bed . Wh i le s t i l l  in i t s  R&D phase , the Shutt le 
carried pay loads of experiment s  as  secondary miss ions . A 
pa l let  aboard the second Shut t le c arried experiments for 
NASA ' s  app l icat ions program. Though the ins truments were 
operated only for a l imited t ime ,  the re sult s  were 
use fu l .  The Pane l conc ludes that the Shutt le wi l l  be 
usefu l  both as a de l ivery sys tem for sate l l i te s  wi th 
oceanic remote sens ing capabi lity and as an orb it ing test  
bed , carrying experimental ocean-data-gathering 
ins truments . 

Free-Flying Observatories wi th Space St at ion Support 

Orb i t  requirement s  and o ther l imitat ions may make it 
imprac t ical  to use a space stat ion or space plat form to 
carry ocean-monitoring ins trument s . In such cases the 
instrument s  might be placed on free-flying spacecraft , 
which could  be located within range of astronauts  from a 
space s tat ion , or could rece ive communicat ions , power , or 
o ther support from the space s tat ion . Personne l on board 
a s tation might be ab le to repair the free-f lyer or to 
replace parts .  I f  power could be transmitted from a 
central power source , power-generat ing equipment on board 
the free-flying spacecraft could be minimized . 
Operat ional control  of  free-flyers from a stat ion and use 
of a stat ion to re lay data to  the ground could s imp l i fy 
the design of  ocean-monitor ing sate l l ites . 

The Panel conc ludes that free-flying observatories 
wou ld benefit  from services that might be provided by a 
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space stat ion , and recommends that these pos s ib i l i t ie s  be 
examined during future pl anning for a space stat ion. 

Some Key Fac tors 

The Pane l was ab le to  es tab l ish some requirements  for a 
space s tat ion or plat form in order for i t  to  be useful for 
acquir ing oc ean data . Three key factors--instruments , 
data hand l ing , and orb i t  se lec t ion--wi l l  determine whe ther 
a space s tat ion or p l at form can e ffic ient ly provide ocean 
remote sensing data .  A d iscuss ion of the se factors 
fol lows . 

Ins truments 

The type s and numbers of sensors that have been used or 
are planned for measuring ocean data are as fol lows : 

Vis ible  l i ght  sensors--f ive in use and four pl anned 
Infrared rad iometers--e leven in use and two planned 
Pas s ive microwave sensors--four in use and two 

planned 
Ac t ive microwave sensors and l asers--four in use and 

three planned 

The Pane l conc ludes that sensor technology has 
progressed to the point where the most  important ocean 
measurements can be obtained with avai lable sensors . 

To obtain the important ocean data , a variety of  
sensors shou ld be  used . For example , instruments 
operat ing in the visib l e  or infrared bands provide 
measurements with high spat ial  re solut ion but cannot "see" 
through c loud s ,  whereas microwave ins truments can see 
through c louds or darknes s  but have poor spat ial 
reso lut ion . 

Al s o ,  s ince the antennas for microwave instruments must 
be large to provide adequate spat ial  resolut ion ,  
inter ference wi th instruments wh i le in orb it may b e  a 
prob lem. 

In the future , i t  may become des irab le to use new 
sensor s--for example , sensors that can measure ocean 
depth s , carbon dioxide , surface chemica l  fac tors , or 
salinity . Some sensors , such as synthet ic -aperture radars 
( SAR ) , provide data from wh ich a variety of phenomena c an 
be der ived . A SAR was f lown on Seasat with good resu l t s  
and o n  the OSTA-1 pa l let payload on the second Space 
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Shut t le .  Microwave sensors can provide wind , wave , ice , 
and sea surface temperature data , wh ich are needed by many 
us ers . Ocean color data , needed by fisheries and 
pol lution spec ia l is t s , can be obtained with ins truments 
l ike the Coas tal  Zone Color Scanner carried on Nimbus 7 .  

Data Handl ing 

If a fu l l  compl ement of ocean sensors is operated on a 
ful l-t ime duty cyc le ,  one can foresee a requirement to 
transmit up to  one gigabit  (one b i l l ion bits ) per second . 
This  wou ld appear to be a maximum requ irement for ocean 
operat ion s .  On-board data proc e s s ing or reduc ing the duty 
cyc les  of the ins truments  could re l ieve the demand on the 
data communicat ion system .  

If humans are to a i d  e f fec t ive ly i n  observing the 
oceans from space , they wi l l  need too l s  to process and 
reduce data c o l lec ted by onboard sensors . An image 
process ing and d i splay capab i l ity on board the space 
s tat ion would permit interac t ive informat ion manipu lat ion 
and analys i s , and thus make it poss ib l e  to reduce data 
transmis s ion requirements .  Without such capab i l i ty ,  the 
human role woul d  be l imited to ins trument tend ing . 

Many users are not equipped to handle large quant i t ies  
of data or data that mus t  be processed to yie ld usefu l  
informat ion .  Many re search sh ips are not equipped for 
large-volume data exchange , nor do they have computer 
fac i l i t ie s  and peripherals  necessary to as s imilate it . 
Indus trial users such as fishermen are even less 
adequate ly equipped . Instead of  data , they need usefu l  
informat ion , such as the coord inates for po ints where fish 
are to be found . Most users , in fac t ,  would pre fer that 
the conversion of data to use ful informat ion be done by 
s omeone e l se--at no cost to the user . Obvious ly , the 
interface between the generators of large quan t i t ies  of 
raw data and the potential  customers has not been 
adequate ly addressed . In some respec t s , lukewarm consumer 
support has been due to a lack of appropriate packaging 
and market ing . The Pane l be l ieves that for remote sens ing 
from space to achieve it s potent ial ut i l i ty ,  data produc ts 
wi l l  have t o  be made readily  usab le for prospect ive users . 

Orb it Se lect ion 

Oc ean user s  need global coverage , with observations day 
and night under a l l  weather cond i t ions . A high-inc l inat ion ,  
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sun-synchronous orb it--i . e . , an orb i t  with an inc l inat ion 
of approximately 98° , at an a l t itude of about 400 naut ical  
mi le s--wi l l  sat i s fy mos t  users . For some spec ial uses , 
other orb its  may be  needed , but even these cases wi l l  
require re lat ive ly high-inc l inat ion orbits--for example , 
at  least 6 2 ° for TOPEX and 108° for the Navy ' s  geodet ic 
satel l i te . 

The Pane l conc ludes that high-inc l inat ion orbits  are 
needed to observe who le ocean bas ins ; low-inc l inat ion 
orb its-- 2 5 °  to 3 5 ° ,  for example--wi l l  be only margina l ly 
use fu l .  

FUTURE NEEDS 

Advance s  in Direct Measurements 
and in Monitor ing Scope 

Advance s  in the techno logy of oceanic remote sens ing from 
space can be envis ioned in two categories . One ca tegory 
is the kind s of ocean data that can be measured or 
charac terized by remote sensing . The other is the scope 
of  ocean monitoring in terms o f  c overage and completene s s ,  
durat ion , and d issemination of informat ion produc t s . 
Advance s  in e i ther o f  these categories would great ly 
increase the use fulness  of remote ly sensed data to the 
ocean community . 

With regard to k inds of data , the present and 
foreseeab le capab i l i ty cons is t s  of d irect measurement o f  
phy s ical  quant i t ies  (e . g . , surface water temperature , 
visual co lor , roughness  patterns , wave he ight , and 
topography ) at or near the air-sea inter face . From the s e  
measurement s ,  surface wind speed and d irec t ion , curren t s , 
and ch lorophyl l  concentrat ions can be inferred . The 
ut i lity o f  oceanic remote sens ing would be extended by the 
capab i l ity to make measurements of interest to marine 
b iology , chemis try ,  and geology . The d irec t measurement 
of carbon d ioxide concentrat ion is an example of thi s  
extens ion . Simi larly , one can envision benefits  to ocean 
re source management should it become pos s ib le to measure 
primary chemic al nutrients  and larger marine organisms . 
De tect ion o f  concentrat ions of  fi sh ,  comb ined with 
d i sseminat ion of the informat ion to f ishermen on a use ful 
t ime scale , would have an enormous impact on an industry 
that spends the maj or port ion of ship t ime hunting rather 
than harve s t ing . New ac t ive techniques (blue-green 
laser s , for example ) may be capab le of extending the depth 
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o f  remote sensing t o  tens o f  meters . Increases in sensing 
depth wi l l  benefit marine geology . The ut i lity of remote 
sens ing to coas tal  zone and es tuarine s tudies could expand 
drama t ica l ly with even modest increases in sens ing depth . 

The second category o f  important advance in capabi l ity 
ident i fied by the Panel is that of the scope or scale o f  
ocean monitoring . The e lement s  that would be required for 
a comprehens ive ocean monitoring sys tem have been 
deve loped and tes ted . The important d i fference would be 
in scope of  the total sys tem rather than in the kind o f  
measurement s .  Orbit ing plat forms could bring maj or 
improvements  in system resolut ion and sens it ivity.  Use o f  
larger apertures , o f  the order of  tens of  meters , would 
bring improvements in re solution .  A large man-tended 
s tat ion woul d  be cons is tent wi th the broad pay load 
complement , the large apertures for the microwave 
ins trument s ,  and the requirement for long-term data 
cont inuity . 

Data Di s trubt ion and Ut i l izat ion 

Becaus e  of the short temporal scale s o f  some ocean 
phenomena , a major cons iderat ion is the t imely 
availab i l ity of data end-produc ts . Fol lowing is a 
d i scuss ion of some of the fac tors that are appl icable 
e i ther t o  an ocean sate l l i t e  system or to a space stat ion 
or p l at form carry ing a complement of ocean sensor s . 

Raw data mus t be avai lable  in near real-t ime to those 
responsible  for sensor health , to value-added industries 
that  convert data t o  informat ion products , and to  
re searcher s involved in real-t ime exper iments . Thi s  
requ ires h igh-speed communication between remote sens ing 
sate l l ites , a space stat ion , or a space plat form and 
research and commerc ial users . Proces sed data should be 
made read i ly available to commerc ial and government 
cent ers charged wi th sat i s fying end-user needs for 
geophys ical un its and for analys is  and forecast product s . 
Ship-rout ing services ,  fishery location aids , and dr i l l ing 
pl at form adv isor ies are ac t ivitie s  in wh ich information is 
needed at leas t twice dai ly .  On the other hand , computer 
and other ocean-process  mode l ing ac t iv i t ies  require a 
cont inuous flow o f  data for several years . Final ly , it  is 
neces sary to estab l ish , in concert with users , what 
subse t s  of raw and reduced data wi l l  be permanent ly 
stored . 
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CONCLUS IONS 

There is a growing need for ocean data . The requirement s  
applying to  ocean sate l lites would apply equal ly to space 
s tat ions or space p l at forms carrying ocean-observing 
ins trument s .  

The acquis it ion o f  ocean data from space shou ld be 
improved , c o l lec t ion of the data should be increased , 
and the data should be made available to ocean users in 
a t imely manner and in formats that are use ful to them . 

Since the oceans cover regions that extend nearly t o  
the earth ' s  po le s , remote sensors mus t b e  carried on 
spacecraft in high-inc l inat ion orbit s .  

Data from remote sens ing ins truments mus t  be 
c ont inuous ly val idated by measurement s  made at the 
earth ' s  surface from ships , buoys , and a ircraft . The 
data from ships , aircraft , and buoys shou ld be 
integrated wi th remote ly sensed data from space in a 
s ingle ocean-data sys tem.  

With regard to the ut i l ity of  man in space with respec t 
to acquiring ocean dat a ,  the Pane l makes the fo l lowing 
observat ions . Human part ic ipat ion may be usefu l  in the 
deve lopment of new ins trument s  and for short -durat ion 
spec ial ized experiments , but man would not p l ay a 
meaning fu l  role in the acquis it ion o f  data on a cont inuing 
bas is .  

The Pane l sees a need for the ab i l ity to as semble , 
repa ir ,  or modi fy remote sens ing spacecraft in orbit . 
Seasat i s  a good example--it is understood that th is 
cos t ly spacecra ft could have been restored to  usefu l  
operat ion i f  the ab i l ity to retr ieve it had existed . 
Ano ther example is the cons truc t ion o f  very large 
antennas . The Pane l recommends that spacecraft be 
des i gned so that they can be repa ired or mod i fied in 
orbit . 
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SATELLITE COMMUNICATIONS 

The out look for sate l li te c ommunicat ions is d i fferent than 
that for other space ac t ivities in that th is represents 
the one space applicat ions area where there i s  a heal thy 
and rapidly growing industry . The momentum that already 
exis t s  in th is  indus try indicates that cons iderable 
progres s  may be expec ted during the balance of th is decade . 

In respons e  to the quest ion of  what prac t ical 
appl icat ions of space sys tems may be expec ted in the 
1990s , the Panel focused the majority of its  at tent ion on 
potential new services that have promise for this per iod . 
Th i s  chapt er i s  an examinat ion o f  the field  of  sate l l i te 
c ommunicat ions , portraying the current state of affa ir s , 
project ing what change migh t  occur in the future , and 

. de fin ing what impac t future needs might have on the 
development of future space programs . 

The Panel noted that the 1979 report of  the Committee 
on Sate l l ite Communicat ions of the Space Appl icat ions 
Board explored many of the is sues re lated to prac t ical  
appl icat ions and technology deve lopment in the area of 
sate l l ite communicat ions (Committee on Sate l l ite 
Communicat ions , 19 7 7 ) . Th i s  repor t treats many o f  the 
same is sues and focuses at tent ion on the space station .  

MAJOR DOMESTIC SATELLITE COMMUNICATIONS SERVICES 

Today communications sate l l ites are in wide use for 
commerc ial and mi l itary purposes . The growth of the 
dome s t ic sate l l ite (domsat ) communicat ions industry has 
fo l lowed the pattern o f  many success fu l  new 
te lecommunicat ions services during their early years . It 
is now charac terized by a fast -growing demand for serv ices 
that may outstrip  the capac ity of  available fac i l i t ie s  in 

60 
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the foreseeab le future . Wh i le a growing number o f  
sate l lite suppl iers and carriers are prov iding the 
sate l lite  capac i ty to meet present and future demands ,  
advances in technology and the prospect  of new and 
innovat ive s ervices cont inue to st imulate the growth of  
the market .  The market for services and the publ ic 
bene fi t s  prov ided are expected to grow dramat ical ly over 
the next s everal decades . 

Current ly , more than a dozen dome s t ic sate l lites 
provide over two hundred transponders located in 
geostationary orbits over the United States . These 
communicat ions sat e l l ites are spaced approximate ly 4° 
apart in the geos tationary orbital arc in order to avoid 
mutua l rad io-frequency interference . The Federal 
Communicat ions Commi s s ion ' s  ( FCC) authorizat ion of domsat 
expans ion of 4 December 1980 would permit the inc lusion of 
five additional sate l lites . Other authorizat ions are 
expec ted , along with a change to 2° spac ing at C-band , as 
wel l  as at Ku-band ( 14 / 12 GHz ) .  

u. s .  d omsats have been al located 500 KHz o f  bandwidth 
at bo th the C- and Ku-bands .  Sate l l ites us ing separated 
frequency bands can be col located at the same longi tude 
because the probabi l ity of phys ical c o l l i s ion i s  
negl igible . An addit ional 300 MHz has been al located by 
the Internat ional Te lecommunicat ions Union at C-band , but 
is not current ly pl anned for use in U. S .  domsats because 
of the mi l itary use of th is band . 

In the Ka-band ( 30/ 20 GHz ) , a bandwidth of  2500 KHz 
has been a l located for sate l lite service . This band 
current ly is subjec t to outages in rains torms , but further 
advances in technology may re lieve mos t  of  th is l imitat ion . 

Spot beams formed by large spacecraft antennas can 
i l luminate sma l l  areas ca l led "footpr int s "  on earth . If 
these footprints  are suffic iently isolated from one 
another , any given frequency band c an be reused in 
separate footprints .  This  resul t s  in multiple  reuse of 
the al located spec trum. Frequency reuse at C-band is 
l imited , however , because of  adjacent beam s ide lobe 
inter ference and geographically skewed traffic 
d i s tribut ion in the mos t  deve loped portions of the 
c ountry . Tri ple-frequency reuse at Ku-band seems 
achievab le wi th current technology . 

Current ly , the al located bands are d ivided into 4Q-MHz 
segment s .  Al lowing for guard bands , each segment supports 
a s ingle transponder with a rad iofrequency bandwidth of 
approximate ly  36 KHz . Eventua l ly ,  improvements  in 
modu lat ion techniques could doub le the traffic-carrying 
capac i ty . 
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Advantages would accrue from interconnec t ing domsat s .  
I f  intersate l l ite l inks were deve loped s o  that s ignal s  
could b e  switched between domsats , then a larger number o f  
earth s tat ions could be interconnec ted . These 
int ersatel l ite l inks could be rad io frequency l inks between 
s eparate domaat s , or in the case of plat forms carrying 
mul t iple communicat ions payloads the interconnect ing l inks 
could be hard-wired . In either case , the interconnect ions 
c ould enhance the network avai lab le to each earth station .  

This sec t ion concentrates on three maj or domsat 
services that  are now be ing provided by carriers or that 
appear to have h igh potential in the commerc ial 
market place and the pub l ic sec tor .  They are fixed 
sate l l ite service ( FSS ) , d irec t broadcast service (DBS ) , 
and mobile  sate l lite (MSAT) service . 

Fixed Sate l l i te Service 

Inc luded in the fixed-service category are point -to-point 
voice , v ideo , and data services de l ivered e i ther through 
commerc ial trunking networks or private networks , as we l l  
a s  d istr ibut ion (point-to-mu l tipoint ) services ,  o f  which 
the most  fami l iar i s  the d is tribut ion of te levis ion 
programming . 

In two parallel  s tudies sponsored by the Nat ional 
Aeronaut ics and Space Adminis trat ion ( NASA) in 1979 , 
forecasts o f  the fixed-service market through the year 
2000 were offered by Western Union and u . s .  Te lephone and 
Te legraph Corporation (Kratochvil  et al . ,  1983) . These 
forecas t s  were updated recently by a NASA internal 
analys is (Gamble e t  a l . , 1979) . The forecast  is in terms 
o f  equivalen t 3 6�z transponders ; a 36�z transponder is  
a convenient measure o f  capac ity ,  s ince it  wil l  support 
2 , 400 one-way voice c ircuit s  or two one-way c o lor 
te levis ion c ircuits . 

The demand forecast  in the original 1979 NASA analy s i s  
for the year 1982 was 140 transponders ( there are now more 
than 2 50 in orbit ) ;  for 1985 , 350 ; for 1990 , 650 ; and for 
the year 2000 , 2 , 580 transponders . 

The k inds of  service pred ic ted for 1990 are 10 percent 
data , 40 percent video , and 50 percent voice ; for the year 
2000 , service use is predicted to be 15 percent data , 25 
percent video , and 60 percent voic e .  These percentage s 
contras t with current demand , wh ich is dominated by the 60 
to  70 percent use for video services . 
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Th e  number o f  FSS sate l l ites that  can b e  accommodated 
i n  orbit and the number of equivalent 36-MHz transponders 
that  can be carried by each sate l l ite depends on how much 
information can be handled by e ach transponder , and th is 
var ies wi th the modulation and signal-compress ion 
techniques in use . Nomina l  advances in such techniques 
have been accounted for in the FSS forecas t s  previous ly 
discus sed , and hence capac i ty in terms of transponders is  
the proper measure for comparisons wi th the forecas t . 

Currently , 500 KHz at C-hand can be used twice on each 
sate l lite  through the use o f  orthogonal polar ization o f  
the s ignal . This  provides 24 equivalent transponders on 
each C-hand sate l l i te . 

Simi l ar po larizat ion reuse can be achieved on Ku-band 
sate l l ites , and an add i t ional frequency reuse can be 
ach ieved us ing a spot beam antenna . Current me thods 
should enab le the formation of 1° to 1 . 5 ° spot beams 
(probably a imed toward the east and wes t  coasts of the 
cont inental Un ited States ) ,  wh ich , when comb ined with 
po larization isolation ,  would increase the frequency reuse 
to three t ime s .  As suming 12 ac tual transponders per 
sate l lite , th is would provide the equivalent of 36 
transponders . 

The use o f  24-equivalent transponder C-band sate l l ites 
and o f  36-equivalent transponder Ku-band sate l l ites both 
spaced at 2 . 5 °  would resu l t  in total U . S .  domsat capac i ty 
o f  1 , 5 12 equivalent 36-MHz transponders ( 648 of C-hand and 
864 of Ku-band ) ,  which is more than 1000 trans ponders 
short of  the year 2000 demand forecast  earl ier ( ind icated 
to be 2 , 580 transponders ) .  At Ku-band , wide-area 
d is tribut ion services could be addressed in 1995 by 0 . 75°  
spot beams covering the cont inental Un ited States and 
provid ing four-t ime frequency reuse in a t ime d ivision 
mul t iple access (TDMA) mode . 

The use o f  Ka-band ( for which technology i s  be ing 
developed but is  not yet availab l e )  would provide for 
e i ght new sate l l ites .  As the rad io frequency wave length 
decreases (h igher frequency ) ,  the e f fec t of atmospher ic 
attenuat ion on the s i gnals  is more pronounced at ground 
s tat ion antennas with low elevat ion angles , result ing in a 
decrease in the number of usab le sate l l ites . The 2500 MHz 
of Ka -band al locat ion would al low for 60 transponders 
per sate l lite  without frequency reuse , but it  i s  unl ikely 
that Ka-band sate l l ites woul d  be implemented wi thout 
spot beam reuse . Link power requirements at Ka-band 
would d ic tate the use o f  a high-gain spot beam antenna , 
and thus frequency reuse would be inherent . A frequency 
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reuse of  three would permit a U. S .  domsat capac ity of  
1 , 440 transponders at Ka-band . This  capac ity , when 
combined wi th the C-band and Ru-band cap4c it ies 
calculated above , wi l l  meet the forecasted demands for the 
year 2000 . 

At Ka-band , it should be pos s ible by 1990 to produce 
20 to 40 fixed beams of 0 . 3° beam width and 35-dec ibel 
s ide lobe isolat ion for trunking appl icat ions . During the 
1980s , the Ka-band beam-forming circuitry for a 
mu l t iple-beam antenna wi l l  be fabricated large ly from 
d iscre te components . By the year 2000 , the d iscrete 
component s  should g ive way to  monol ithic technology , 
provid ing we ight and s ize reduc t ions and rel iab i l ity 
improvements . 

Direct Broadcast Sate llite  Service 

A new d irec t-broadcas t sate l l ite (DBS ) service is  expec ted 
t o  be o f fered by s everal suppl iers by late 1984 . 
Init ially i t wi l l  del iver televis ion programming d irect  
from the sate l l ite to the  viewer ' s  premises through sma l l  
rece iving antennas . Because DBS is  a new service , 
forecasts o f  its  market demand are more uncertain than are 
those for fixed services . However ,  a comprehens ive 
forecas t was presented by the Federal Communicat ions 
Commiss ion ' s  Regional Adminis trat ive Rad io Conference 
Adv isory Commit tee (RARC, 1983) in its final report . The 
committee ' s  forecas t ,  made in terms of s tandard TV 

channe l s , was for 36 to 46 channe ls  in the year 1986 , and 
68 to 2 15 channe ls in the year 2000 . Since the United 
States ach ieved the goals  sought by the 1983 RARC , it  
appears that the lower market demand in the year 2000 c an 
be accommodated with current or near-term methods . 

The emphas i s  in DBS be tween 1990 and 2000 wi l l  be on 
deve loping 100- to 2oo-w power ampl i fiers that are 
re liab le and e ffic ient , and on mas s product ion of low-cos t 
home terminals . 

Mob i le Sa te l l ite Service 

Mobile  sate l l i te (MSAT) service , another new s ervice under 
s tudy , involves the d irec t delivery of  voice and 
low-data-rate communicat ions via sat e l l ite between mobi le 
rad io units and the u. s .  switched te lephone network . The 
sys t em provid ing th is service would augment the planned 
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c e l lular mobi le rad io te lephone sys tems* in  urban areas by 
provid ing s a te l l ite coverage in rural and low-dens ity 
populat ion areas . Such a sys tem could also provide 
commerc ial mob ile rad io (d ispatch ) services in rural 
areas . I f  a sate l l i t e  system was implemented in 
conjunc t ion with existing or pl anned terrestrial  mob i le 
radio sys tems , it  would provide for nat ionwide mobi le 
radio servic e .  

Through the next two decades , the terres trial ce l lular 
sys t em is  t argeted to large urban Standard Metropol itan 
Sta t i s t ical Areas ( SMSAs ) ,  and it is  unl ike ly that it wi l l  
ever b e  implemented in smal l  towns or i n  rural areas . 
This means that in the year 2000 there wi l l  be an unserved 
popu lat ion of about 77 mi l l ion people , and about 50 
mill ion of these people wi l l  have l i t t le hope of ever 
obtaining s ervice from the cel lu lar system. 

Thus , if  one appl ies typical market-potent ial fac tors 
( about one percent is normal ) to the unserved ce l lular 
sys tem market , a probable market for MSAT should be 
between 500 ,000 and 700 ,000 mob i le rad io te lephone users . 
To c apture th is  market , it is fe l t  that the MSAT service 
mus t not only be comparab le in cos t to ce l lular service , 
but that the MSAT service and sys tem character is tics must  
be compat ib le with ce l lular s ervice and sys tem 
charac ter i s t ics . 

In add i t ion , there are approximate ly 1 mi l l ion current 
commerc ial mob i le rad io uni t s  in use in the non-SMSA 
count ies of the United St ates , and it is e s t imated that 20 
percent , or 200 , 000 , of  these users are rece iving 
unsat is factory service from the present sys tem because of 
range and/or coverage prob lems . The Pane l b e l ieves that 
sat i s factory service could be provided by a MSAT sys tem i f  
it  can b e  cos t competit ive to that of current services . 

Wh i le there are other potenti a l  user s  of  a MSAT 
service--for example , the oil  and gas indus try or 
emergency medical services--the sum of mobile radio 
te lephone and private  mob i l e  rad io users d iscussed above 
represents at leas t 700, 000 users who need better servic e .  

To ach ieve MSAT system capac i t ie s  approach ing the 
potential  user needs , frequency reuse must be employed . 
Th i s  is poss ible wi th spot beams , but because of the low 

*In cellular sys tems , the geograph ical areas are divided 
into ce l l s , each s erved by a terres trial mu l t ichannel 
repeater s tat ion .  Frequency is  reused in nonadj acent 
cel ls . 
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frequenc ies involved to prov ide compa t ib i l ity with 
terres tr ial service , l arge sate l lite antennas are 
requ ired . An antenna on the order o f  50 ft in d iameter 
would a l low for a frequency reuse of  two and a capaci ty o f  
40 ,000 to 240 , 000 users . But uncertaint ies in FCC 
frequency and orbital locat ion a l locat ions , s imi lar to 
those a f fect ing DBS , make mob i le satel l i te capac ity 
uncertain .  

DEVELOPMENTS EXPECTED THROUGH THE 1980s 

Growth of  sate l l i te te lephony s ervices is expected to 
occur in domes t ic ,  regional , and in ternat ional areas , as  
advanced c ountries cont inue to  augment exis t ing 
terres trial  sys tems . Cont inued use of  the 6/4 GHz band 
wi l l  be supplemented by growth in the use of the 14/ 1 1  GHz 
band . It is also reasonable to expec t some operat ional 
use of  the 980/450 MHz band for mob i le appl icat ions , 
augment ing the ce llular system ,  as we l l  as exper imental 
and some operat ional use of the 30/ 20 GHz band . 
Deve lopments that would ass i s t  growth of d irect broadca s t  
services are high-power broadcas t sat e l l ites { in the range 
of one-hal f to one mi l l ion e f fec t ive rad iated watts ) ,  and 
high-e ffic iency shaped-beam sate l l ite antennas that 
confine the broadcast s ignal to the des ired region and 
permit low-cos t rece iving earth stat ions . 

Digital te levis ion transmiss ion wi l l  become at trac t ive 
in the foreseeab le future . Use of d igital techniques wi l l  
require deve lopments in source cod ing and error control ,  
low-cos t devices to convert the signal from analog to 
d igital form , and inexpens ive video rece ivers that operate 
d irec t ly from a d igital  s igna l . Standard format 
converters wi l l  be required for internat ional 
transmiss ion . 

Wideband s ervices inc lude transmiss ion of  d igital data , 
computer networking , and point-to-point video 
transmiss ion . Wideband services can be expected to make 
extens ive use of both the 6/4- and 14/ 1 1-GHz bands in the 
1980s . The 30/20-GHz band may be used for certain 

. high-data-rate applicat ions such as e lectron1c ma i l  and 
d igital trunking , and some operat ional 30/20-GHz sys tems 
wi l l  emerge by 1990 . 

Communicat ions services that use sma l l  transportab le 
terminals wi th sma l l  antennas are now availab le to some 
user s .  Ex isting sys tems provide l imited land , sea , and 
a ir s ervices , but are expec ted to grow throughout the 
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1980s . Th e  Panel e s t imates that by 1990 more than 6 , 000 
mari t ime installations wi l l  be in use worldwide ,  requiring 
almost 100 voice channe l s  in the At lan t ic and 50 each in 
the Indian and Pac i fic oceans . If sate l l i tes were 
equipped wi th large antennas and high power , a much larger 
market for systems us ing smal ler antennas would exis t . 

POTENTIAL NEW SERVICES-- 199Q-2000 

The Pane l identi fied potential new services that could 
becoae ava i lab le in the decade 199Q-2000 : personal and 
bus iness paging service ; broadcast  PM service to mobile 
users (c lear-channe l broadcast -type service ) ; a ir and sh ip 
traffic control and safety services ; vehicle emergency 
alert ing and locat ion ;  disaster warning to ind ividual 
homes ; and mult imode land and marit ime remote-area service . 

Personal and Bus ines s  Paging Service 

Today mob i le rad io is  used ma inly for te lephone extens ion 
service and d i spatching (pol ice , f ire ) in which a one-way 
broadcas t s ignal i s  transmitted from a central locat ion in 
response to an incoming request .  The transmission is  
ordered to tr igger visual or  aud itory response in a smal l  
portab le rece iver , often cal led a "beeper . "  S ince the 
sys tea i s  one-way , the ca l led party uses another 
communicat ions med ium for response . The growing 
popu larity of th is service is now confined to urban areas 
in which a concentrat ion of users coinc ides with the 
avai l ab le radio range of a few mi les . 

A sate l l i te-based paging service could permit area 
coverage to the vast majority of the nat ion ' s  nonurban 
areas and augment the market for urban areas as wel l .  
Because o f  easy and inexpens ive compatibil ity with 
exi s t ing rece ivers , such a paging service should operate 
in a frequency band des ignated for mob i le use , if  band 
al locat ions permit . Service augmentat ions , such as 
display of the phone number to call  back or short 
ae s sages , could be inc luded . Only modest  sate l l i te power 
i s  required , because a short s imple message and addres s  
requires only a narrow bandwid th . 
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C lear-channel FM Broadcast Service t o  Users 

Today commerc ial FH broadcasts are l imited to 
l ine-of-s i ght coverage , and serve urban , suburban , and 
some port ion of  rural areas . The e f fec ts of  terrain and 
bui lding b lockage , mul t i pa th fad ing , and dis tort ion 
inhib i t  mob i le use . An FH broadcas t sate l l ite for rural 
and mob i le use could be at trac t ive ; it could also have 
u t i l ity as a universal warning and alerting sys tem 
employing inexpens ive rece ivers . Some changes in band 
al location or l icens ing ru les would be necessary in order 
to provide a few c lear channel s , but the improvement in 
qua l ity of s ervice would be in the publ ic interes t .  

Air and Sh ip Tra ffic Con trol and Safety Services 

Few exist ing or pl anned air traffic contro l and vessel  
traffic s ervice sys tems are adequate.  A comb ination o f  
sate l l ite observat ion ,  pos it ion locat ion , and 
communicat ion services could help jus t i fy an improved 
future sys tem. This complex group of mul t i frequency 
communicat ion and navigat ion sys tems would be improved and 
i t s  cost lowered by use of a sate l l ite-based central 
obs ervation and control fac i l ity . 

Vehicle Emergency Alert ing and Locat ion Sys tem 

The growing use o f  s imple beacons that are triggered by 
impact or by seawater to provide an alert ing and homing 
s i gnal for rescuer s is be ing improved by an international 
sate l l ite-based project ca l led COSPAS-SARSAT. However , 
the beacons are t o  be used only for certain aircraft and 
ships . The extens ion of use of these beacons to ground 
vehic les and ind ividua ls for alert ing and locat ion 
purposes shou ld broaden the envis ioned bene fits of  qui ck 
res cue . An expanded system for veh ic les and ind ividua l s  
could u s e  an integrated se t o f  sate l l ites at 
geosynchronous orb it ( for cont inuous detec t ion )  or a t  low 
earth orb it ( for s impl i fied Doppler pos it ioning ) ,  with 
rescuer communicat ions inc luded i f  necessary • . 
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Disast er Warning t o  Ind ividual Homes 

The broad c overage of sate l lite broadcasts could be used 
for a lert ing ind ividual homes and bus ines ses that 
currently have inadequate recept ion to pend ing natural 
d isast ers . Current warning sys tems , integrated with 
weather broadcast  services , are intended to cover a l l  
areas of the United States , but terrain blockage , 
mult ipath d i s tortion and fading , and build ing at tenuation 
cause the e f fect ivenes s  to be marg inal in many locat ions . 

The use of  a sate l l ite sys tem to augment or replace the 
exist ing t erre s trial VHF-FM broadcas t system could improve 
service , reduce operat ing coste , and overcome user 
apa thy. Add it ional ut i l ity migh t  be ach ieved by provid ing 
informati on ( in add i t ion to the alert ) that would he lp 
people prepare for natural d isas ters , and by prov iding 
postd ieas ter communicat ions for assessment and rescue 
control . 

Mu l t imode Land and Marit ime Remote-Area Service 

Rad io is the prac t ical  medium in the vas t thinly populated 
areas of  the earth ' s  surface for communicat ions re lated to 
safety , survival ,  bus ines s , and educa t ion. A sate l l i t e  
sys tem could provide the mos t  e f fect ive coverage for rural 
and remote areas , but the techno logy for such a service at 
a ffordable coste has yet to emerge . 

CONCLUSIONS AND RECOMMENDATIONS 

The Pane l , in examining the technical and operational 
requirements for the conceptual des ign o f  a space platform 
or a space s tat ion ,  makes the fo llowing conc lus ions : 

Almos t a l l  communicat ion services projec ted for the 
period 199Q-2000 could be prov ided at geos tat ionary 
earth orbit , and a l l  sate l l ites and the ir deployment 
could be accommodated by Space Shutt le launch 
capab i l it ies . Th is assessment also app l ies to 
present ly contempl ated d irec t -broadcast  sate l lite 
nat ional televis ion services ( DBS-TV) , al though an 
advanced DBS-TV sate l l ite migh t  have charac ter istics 
resemb l ing a plat form . 
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Nearly al l te lecommunica t ion mode• that could be 
per formed at low earth orbi t  are bet ter accomp l ished at 
geosynchronous orb i t .  A pos s ib le except ion is a 
hypothetical med ium-frequency broadcast  service . 

A •pace • tat ion or plat form could be use ful in two 
maj or ways : ( 1 )  as a fue l  depot , to reduce launch 
c os t s , or to al low greater pay load• , and { 2 ) as a means 
for al lowing a•semb ly of , mod i ficat ion to , or 
re furb ishment o f  in-orb i t  sate l l ites . Also , some 
advantages would accrue from interconnect ing dome• t ic 
sate l l ite• carried on a •pace plat form . 

An unmanned geosynchronous-orb it  operat ional plat form 
could serve as the support plat form for var ied 
communicat ion• miss ions . The de• ired character i s t ics o f  
orb i t , power , attitude contro l , and thermal control for 
such a pl at form are : 

Orb it--o 0 angle inc l inat ion wi th 24-hour synchronous 
orb it 

Power--25-kW power level in it ial ly with an eventua l 
100-kW power level 

At t itude contro l-- 1°  to 3 °  inc l inat ion about three 
axes wi th f iner control by ind ividual pay load subsys tems 

Thermal contro l--central ized thermal control-heat 
reject ion sys tem s ized to approximately 75 percent of 
the power avai l able 

If a low-e arth-orb it  service s tat ion is pl anned , the 
Pane l recommends the fol lowing charac teris t i c s  .in re lat i on 
to orbit , power , att i tude control ,  and fuel  storage : 

Orb it--altitude cons is tent with long l i fe and 
inc l inat ion in the 28 °  to 0°  range cons istent with 
requirements for rai s ing and lowering orb i t s  of 
spacecraft 

Power--suffic ient to operate s tat ion/platform 
housekeeping s ervices , es t imated to be in the 15- t o  
25-kW range 

At t itude control--f l exible requirements ( few degrees 
acceptable)  for long periods ; for short period• , 
vernier control necessary to permi t  acquis it ion and 
fue l ing o f  spacecraft 

Fue l storage--adequate for boo• t to geosynchronou• 
orb it (approximate ly 15 , 000 lbs ) 
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Th e  ro l e  o f  man in space wi th respec t t o  sate l l i te 
c ommunicat ions appears to be l imited .  The funct ions of  
fue ling and ass emb ly o f  spacecraft , which require human 
presence , have been noted . 

REFERENCES 

Commit tee on Sa te l l ite Communicat ions . 19 7 7 .  Federal 
Research and Deve lopment for Sate l l ite  Communicat ions . 
Wa sh ing ton , D . C . : National Ac ademy of Sc iences . 

Gamb le , R .  B . , e t  al . 19 79 . 30/ 20 GHz Fixed 
Communicat ions  Sys tems Service Demand Assessment . 
ITT-U. S .  Te lephone and Te legraph Corporat ion , Final 
Proj ec t Review at NASA Lewis Re s earch Center , 
Cleve land , Oh io .  

Kratochv i l , D . , e t  al . 1983.  Sate l lite Provided Fixed 
Communicat ion Services :  A Forcas t of Po tent ial 
Domes t ic Demand Through the Year 2000 . Wes tern Union ,  
Final Project Review at NASA Lewis Research Center , 
C leve land , Oh io . 

Regiona l Admini s trat ive Radio Conference Adv isory 
Commit tee . 1983.  Final Report . Washington , D . C . : 
Federal Communicat ions Commiss ion . 

Copyright © National Academy of Sciences. All rights reserved.

Practical Applications of a Space Station
http://www.nap.edu/catalog.php?record_id=18603

http://www.nap.edu/catalog.php?record_id=18603


MATERIALS SCIENCE AND ENGINEERING* 

INTRODUCTION 

This chapter explores the re lat ionsh ip of the mater ials 
s c ience and eng ineering (MSE ) community to the pos s ib le 
availab i l ity at some future t ime of an unmanned space 
plat form or manned space s tat ion .  How might it bene f i t  
the mater ials  sc ience and engineer ing co�unity t o  have 
acces s to the space environment ,  spec i f ically via a space 
plat form or manned space station ,  for research and for 
eventual appl icat ions ? What sc ientific and technolog ical  
opportunit ies might be  provided by a space s tat ion as  
compared wi th those avai lable  to mater ials sc ience and 
eng ineer ing on the Space Shuttle and in ground-based 
research? The Pane l addresses these and re lated 
que s t ions .  

In order to assess the po tential use of a space 
s tat ion , the Pane l fe l t  it nece s sary to review the pas t  
and present s tatus of  the Na t ional Aeronautics and Space 
Adminis tration ' s  ( NASA) materials process ing in space 
(MPS ) program • The Pane l reviewed mater ials 
experimentation in a microgravity env ironment (bo th 
ground- and space-based ) and as ses sed the needs of various 
MSE ac t ivities for longer experiment t ime . In add ition ,  
the Pane l cons idered whether the various MSE ac tivities  
could ut i l ize a space s tat ion or plat form advantageously . 

* The Pane l expre s ses  its apprec iat ion to the fo l lowing 
people who participated in d iscuss ions : John R .  
Carruther s ,  Hewle tt-Packard Laborator ies ; John A.  Graham, 
Deere and Company ; Dav id Keaton , GTI Corporation ;  
Fortunato J .  Micale , Sinc l air Laboratory ; and David w. 

Richman , McDonne l l  Douglas As tronautics  Company . 
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Finally , the Pane l described the requirements for a 
space s tat ion that would be needed to serve the MSE 
community , inc lud ing gravity leve l ,  power requirement s ,  
and fl igh t  hardware des ign .  

BRIEF HISTORY OF NASA 1 S MATERIALS PROCESS lNG 
IN SPACE PROGRAM 

Since sc ient is t s  began to cons ider the space environment 
and espec ial ly s ince the early days of space fl ight , it 
has been recogn ized that mater ials ,  part icularly in a 
fluid s tate , behave d i f ferent ly in space than they do on 
ear th .  As i t  became recogn ized that the behavior o f  
materials in space might lead t o  use ful  developments , 
opportun i t ies for low-gravity ( low-g ) experiments became 
available in rockets  and spacecraft , both unmanned and 
manned .  For example , exploratory experiments in crys tal 
growth , b ioproces s ing , and containerless process ing were 
conduc ted dur ing the 19 73-74 Skylab miss ions . Mos t  o f  
these early exper iments were dr iven b y  the exigenc ies of 
flight opportunities and were poorly conce ived , in the 
s ense that wh i le mos t  went through the ir prescribed duty 
cyc le s ,  the hoped-for resul t s  were often masked by 
extraneous phenomena . 

Never theless , some premature c l aims were made for new 
and pos s ib ly useful materia l s  or materials-re lated 
processes in space . Most  of these c l aims were not 
val idated , usual ly because of  the complexity of the 
exper imental s ituat ion , the lack of suffic ient 
ground-based s c ience for comparison ,  and the lack of 
opportunity for addit ional tr ial s  in space . NASA,  in an 
attempt to find new and broad ly based purposes fol lowing 
the cu lminat ion of the Apol lo program in the mid-19 70s , 
heralded the potential  o f  MPS as an act ivity tha t would 
eventual ly create new bus iness ventures and profits for 
the private sec tor . There were hopes of exot ic al loys , 
near ly per fec t crys tals , and new drugs that would cure 
disease , each so rare and unique that the high cos t o f  
space fl ight and extraterres trial process ing wou ld be 
warranted . 

Subsequently , NASA' s MPS program was s tud ied in deta i l  
b y  the Nat ional Research Counc i l ' s  ( NRC) Commi ttee on 
Sc ient i fic and Technological As pects  of Ma ter ials 
Process ing in Space ( STAMPS ) .  Among the conc lus ions and 
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recommendation• in the STAMPS report , pub l i shed in 1978 , 
were the fo l lowing : 

NASA' s MPS program had been weak ; nevertheleaa , some 
work done in apace haa ahown that val id experiment s  c an 
be pl anned , manipulations performed , and use ful  samples 
returned to earth for a tudy. The Commi ttee found that 
"the work that gave produc t ive results had a sound base 
in terres trial research . "  

" ·  • •  space experimentat ion wi l l  have l i t t le value 
unless  its planning is founded on subs tant ial 
earth-based informat ion and un less the results are 
coupled to those o f  complimentary terre s trial 
programs . 11 

The princ ipa l  values of the space environment are 
the availab i l ity of low-gravitat ional acce lerat ion for 
long periods o f  t ime and the e f fect  of the space 
environment on phenomena re lated to buoyancy--e . g . , 
container leas proces s ing , solid i fication ,  and tranaport 
processes under cond it ions o f  reduced convec t ion . 

The commi ttee had "not discovered any example• of  
economical ly jua t i fiab le procesaes for produc ing 
mater ials  in space . "  

The program should emphas ize the use of the space 
env ironment for the sc ient i fic s tudy of materials 
phenomena in an e f fort to ga in new knowledge and 
pos s ibly improve materials proceas ing on earth . 

Fo l lowing the report of  the STAMPS commi t tee , there was 
s igni ficant improvement in the MPS program. Some 
high l ights  of the succeed ing (pos t-19 78) era are lis ted 
be low.  

An extens ive , ground-based program of reaearch was 
deve loped to provide the knowledge needed to set 
potential mater ials research in space in a proper 
ac ient i fic context . 

A peer review system was ins t ituted to se lec t only 
those proposals that had true ac ient i fic  and 
technological merit  and to decouple the ir aelec t ion 
from fund ing s t imul i  or from the need mere ly to f i l l  
fl ight opportunit ies . 

A higher qual ity of  pr inc ipa l  invest igator and o f  
ideas was at trac ted t o  the program ; conc lus ive 
s c ienti fic findings surfaced and were publ ished in the 
l i t erature . 

A program in joint venturea was es tab l ished by which 
NASA and the pr ivate sec tor could cooperate on a 
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no-fund s-exchanged bas is to tes t systems for space 
process ing that migh t  someday be commerc ial ly viable . 

A committee o f  materials sc ient i s t s  and engineers , 
STAAC, was constituted to monitor the program and to 
he lp  ensure that  the les sons learned from the preced ing 
era would be heeded . 

PRESENT STATUS OF NASA ' S  
MATERIALS PROCESS ING IN SPACE PROGRAM 

At present , NASA ' s  MPS program inc ludes ground-based 
exper iments , reduced-gravity exper iments , and commerc ial 
ventures .  A d iscus sion of  each area fol lows . Also , in 
view o f  the importance at tached to the joint venture 
ac t ivity on e lec trophoret ic separat ion of biolog ical 
mater ial s ,  the Elec trophores i s  Operat ions in Space (EOS ) 
projec t is  d iscussed in a separate sec t ion . 

Ground-Based Experiments 

NASA ' s  current MPS program involves approximately 70 
pr inc ipa l  inve s t igators as soc iated with 50 
organizat ions--3 1 univers it ies , 12 indus trial 
organizat ions , and 7 nat ional (government-supported ) 
laborator ies . Fund ing in FY 1983 to support the sc ience 
base and approved fl igh t-support exper iments totaled $1 2 . 5  
mi l l ion and was d is tr ibuted in the form o f  
s ing le-inve s t igator contrac ts and institut ional block 
fund s .  Approximately two-th ird s  of these funds supported 
a broad , appl ied-research program contr ibut ing to the 
improvement of the sc ience base . 

The areas currently funded by the MPS program inc lude : 

Containerless technology , which invo lves deve lopment 
of techniques and construc t ion of hardware for us ing 
acous t ic , e lec tros tat ic , and e lec tromagnet ic fields to 
pos i t ion mater ial under microgravity condit ions 

Containerless sc ience , wh ich inc ludes experimental 
and theoret ical studies of  the behavior of mater ial s , 
espec ial ly in the mol ten s tate , when removed from 
phys ical contac t wi th confining wal l s .  Such stud ies 
inc lude nuc leat ion ,  glass format ion in undercooled 
sys tems , thermophys ical measurements on levitated 
sample s ,  and buoyancy and convec tion in levitated 
sys tems . 
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Crys tal  growth , which involves model ing of crys t a l  
growth proces ses , thermodynamic and kine t ic s tud ies o f  
crys tal formation from vapors and l iquids , and growth 
of crys tal s  under terrestrial  and microgravity 
cond it ions 

So l id i ficat ion and fluid processes , wh ich inc ludes  
the response o f  micros truc ture to  thermal grad ients , 
freez ing rate , and gravity vector or ientat ion and 
s tud ies a imed at  unders tand ing how convec tion and 
sed imentat ion a f fect  cast and compos i te mater ial s  

Bioproces s ing , which involves separation o f  
b io logical ly interes t ing materia l s  (cel l s , viruses , 
prote ins , e tc . )  us ing techn iques that can bene fit from 
the reduc t ion in gravity leve l 

C loud phys ics , which deals wi th ice growth in 
supercoo led water vapor and inc ludes mode l ing of  
microscale transport phenomena . 

Extraterre s tr ial material s process ing , wh ich 
invo lves ident i ficat ion ,  acquisition ,  and process ing o f  
lunar , as teroidal , and meteor i t ic material s , inc lud ing 
s tud ie s of the chemical extrac tion of use ful materials  
from s imulated extraterre s trial matter 

Combus t ion sc ience , wh ich s tud ies kinetics  of flame 
propagation and reac t ions in combus tion sys tems under 
terres tria l  and orb ital cond it ions  

The program i s  monitored by  a sys tem of s ix sc ience 
working groups ( SWGs ) formed under the auspices of the 
Un iver s i t ies Space Re search Assoc iat ion (USRA) . Ac t ive 
SWGs now inc lude those for Containerless  Processing , 
So l id i f icat ion ,  Float Zoning , Bioproces s ing , Fluids , and 
Transport and Combus t ion. The SWGs repor t to NASA through 
USRA and provide period ic peer reviews .  

In the f ive-year period s ince the STAMPS report was 
pub l ished , the ground-based research program has improved 
in bread th and qual ity.  The port ion of HPS program funds 
al located for nonfl ight sc ience suppor t has increased from 
less than 20 percent in 1976 to more than 40 percent o f  
the total program budget . The sc ient i fic publ icat ion rate 
has risen from 10 papers in 19 76 to 35 papers in 1980 , 
with a proj ec t ion of  more than 70 papers publ i shed in 
198 2 .  

The pos s ib i l ity o f  selec t ing fl ight exper iments from 
the ground-based research program now exis t s , but l imited 
fl ight opportun i t ies and hardware development remain 
pac ing fac tors . 
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Reduced-Gravity Experiment s  

Th e  Panel notes wi th approval that NASA' s MP S  Program 
Office has increased acces s to reduced-gravi ty- leve l 
environments .  NASA provides a var iety of  opportunities , 
inc lud ing drop tubes and towers ,  aircraft , and sound ing 
rockets ,  a l l  of wh ich produce re lat ively short-durat ion 
microgravity environment s--several seconds in drop tubes  
and tower s ,  a hal f-minute in  KC- 13 5 and F-104 aircraft , 
and five minutes in sounding rockets . · 

In add i t ion ,  the Space Process ing Appl ications Rocket 
( SPAR )  program has conduc ted some nine fl ights  over a 
period o f  approximate ly five years wi th about 30 
experiments carried out . The SPAR experiments  were f lown 
in a t ime ly manner at re lat ively low cos t , with few 
failures and with some usefu l  sc ient i fic results . 

In regard to the Space Shuttle , opportunitie s  for 
flying experiments have jus t begun , but it appears certain 
that these wi l l  cont inue to rema in at a premium , even for 
wor thy projec t s , and that the frequency of these 
opportunit ies wi l l  l imit the program. 

Commerc ial Ventures 

Commerc ial involvement with NASA ' s  MPS program takes two 
forms at presen t : ( 1 ) the Joint Endeavor Agreement ( JEA) 
and ( 2 )  the Technical Exchange Agreement (TEA) . The 
purpos e  o f  the JEA is to provide eas ier acces s  to space 
fl ight opportunities for organizat ions that have an 
interest  in deve lop ing commerc ial ly viab le produc t s  and 
processes and that are wi l l ing to as sume an appropr iate 
financ ial  risk .  At present , JEAs have been negot iated 
with several lead ing nat ional firms . TEAs are designed to 
permi t use of the charac teristics  of low earth orbit  and 
short-durat ion opportunities to study e f fects on materials  
in  order to improve the produc t or  process in  its  ord inary 
terre s tr ial se t t ing . TEAs have been es tab l ished with some 
s ix nat ional firms . 

There has been very l imi ted experience to date wi th 
commerc ial ventures . However , these exper iences sugges t  
that commerc ial materials  process ing ac t ivities  in space 
might fal l  into three general areas : ( 1 ) ut i l izat ion of 
space as an appl ied-research too l , (2)  on-orbit  services 
provided at a cos t to  the cus tomer , and ( 3 ) scenarios 
lead ing to commerc ial produc t ion of  produc ts manufac tured 
in s pace . 
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Final ly , inasmuch as  the fl ight opportunit ies aboard 
the Space Shuttle have just begun , it is  premature to 
judge how important or advantageous a space stat ion might 
be to the MPS program. However , the major concerns of  the 
MSE community center on ease of acces s ,  turnaround t ime ,  
hardware development and integration ,  and cost--prec isely 
the same concerns the community faces regard ing use of the 
Space lab/Shuttle for the current MPS fl ight program. 

Elec trophores is Operat ions in the Space Program 

In Ju ly 1982 , on the fourth fl ight of the Space Shuttle , 
McDonne l l  Douglas  Corporat ion and Ortho Pharmaceut ical 
Corporat ion (a d ivis ion of Johnson & Johnson ) carried out 
one phase o f  the ir Elec trophore s is Operat ions in Space 
(EOS ) program under a JEA with NASA. The objec t ive of the 
e lec trophores is experiment per formed at that t ime was to 
veri fy that concentrated biological materials  flow at 
greater vo lume and separate with good resolut ion under 
microgravi ty cond i t ions .  McDonne l l  Douglas reported that 
al l test  object ives were met ( Yard ley and Rose , 1983 
personal communication ) . Separat ions of rat and 
ovalbumin , very d i f ficul t to  per form in earth ' s  gravity , 
and separat ions of a tissue cu lture of commerc ial interes t  
were accompl i shed . Wi th regard to the quant it ies 
produc ib le on earth and in space , the company reported i t s  
research had shown that 0 . 2 percent is the maximum 
concentrat ion of albumins that can be separated on the 
ground , whereas in the 1982 Shuttle experiment a 25 
percent concentrat ion was possible . Thus the 125  t imes 
great er concentrat ion o f  biological materials and the 4 
t imes greater volume resul ted in throughput improvement of  
about 500 t imes (McDonnel l  Douglas , "Re sul ts  of MCDonne l l  
Douglass  Electrophores is Experiment on STS-4 , "  November 8 ,  
198 2) . Comparab le success was ach ieved in the separation 
o f  the t issue cul ture media .  

Under this  EOS program, t wo  Shutt le f l ights  are 
scheduled for 1984 with the purpose of producing 
s igni ficant quant i t ies of  processed material for use by 
Ortho in c l inical testing (Yardley and Rose , 1983 , 
personal communicat ion , p .  2) ;  plans cal l for tes t ing a 
produc t ion prototype unit  in 1985 , and for c l inical 
programs lead ing to Food and Drug Administrat ion (FDA) 
approval in 1987 . The production prototype unit , designed 
to become the f irs t commerc i al product ion unit fol lowing 
FDA approval of the processed material , would be capab le 
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o f  operat ing in the Shut t le orbiter bay , or as a 
free-f l ier supported in orbit  by the Shuttle or a 
prospec t ive space s tat ion . 

However , in the Panel ' s  v iew , even though increased 
throughput was demons trated in space , it appears that 
free-f l ow e lec trophores is may become a technology with 
l imi ted prac tical industrial appl ication ,  and that some 
s impl er , l e s s  costly a l ternat ives are available on earth . 
For ins tance , in the last  decade , rap id advances in the 
t echnology of separation (greater se lec t iv ity and 
throughput )  and advance s  in b io logy have resul ted in the 
c ommerc ial availab i l ity of b iologically ac tive compounds .  

THE ROLE OF MAN IN SPACE 

This  sec t ion d iscusses the charac ter i s t ics of present and 
pos s ib le future (e . g . , manned space stat ion ) microgravity 
environments , in an effort to understand be tter the 
l imitat ions and advantages of each , and to explore the 
advantages o f  real-t ime interac t ions by a human that might 
be provided in a manned space s tat ion .  

A variety o f  fac i l i t ies are now avai lable  for 
conduc t ing experiment s in a microgravity environment . 
Fo l lowing i s  a l i s t  of  examples : 

Drop towers provide a microgravity environment for 
up to 6 seconds . 

Aircraft such as KC-13 5s  and F-104s flying in 
bal l is t ic trajec tories provide a microgravity 
environment for up to 50 seconds . 

Rocke ts  provide a microgravity environment for up to 
5 minute s .  

Ear l ier one-shot orbit ing fac i l i t ies--e . g . , Skylab 
and Apol lo-Soyuz--provided several hours o f  
microgravity environment .  

The Space Shu t t le and Spacelab wil l ,  for the next 
several years , provide a number of opportunit ies for 
conduc t ing experiments  in a microgravity environment 
for periods of  up to 7 days . 

Materials  sc ient is t s  and engineers have used and wil l  
cont inue t o  use these fac i l i t ies t o  conduc t experiments 
under c ond i t ions o f  microgravity , albe it  in some cases for 
a very shor t  t ime .  However , there are disadvantage s to 
us ing these fac i l it ies , inc lud ing a significant loss in 
ver sat i l i ty in the equipment that can be used , a decrease 
in the availab i l ity of support func t ions , the long t ime 
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requ ired between conce iving and carrying out an 
experiment , and the meager real-t ime human at tention and 
intervent ion tha t  are ava i lable . Spacelab is  expected to 
be manned ; however , only l imited interac t ive capab i l it ies 
wi th materials sc ience experiments  wi l l  be poss ible . 
High ly automated equipment i s  being des igned for Space lab , 
instead of  equipment that would take advantage o f  man ' s  
presence and unique capab i l i t ies . Hence , even if  
particularly care ful planning and preparation are g iven to 
ac t ivit ies  carried out  in  these fac i l i t ies , the programs 
become one-shot experiment s  that have a high chance o f  
fai lure . 

To meet the needs and exploit the ful l  potential of 
materia l s  research , a space s tat ion would have to provide 
a laboratory that s ignificantly a l l eviated the 
res tric t ions of experimentat ion in currently availab le 
space fac i l i t ies . A s pace s tat ion could d iminish the 
cons tra in t s  on the equipment used , could provide more 
e lectr ical power and cool ing capab i l i ty ,  and make pos s ib l e  
much longer cont inuous periods o f  experiment t ime in 
microgravi ty . If a space stat ion were available for 
materia l s  research , the t ime between conception and 
conduc t ion o f  the experiment could be reduced 
s i gni ficant ly.  And , most  important , real-time human 
observation and intervention in an adapt ive mode would be 
pos s ib le , which is  part icularly important in the event o f  
unexpec ted results . However , th is latter capab ility would  
requ ire the presence of personnel wi th exper ience and 
skil l in conduct ing materials experiments . 

The Pane l bel ieve s , there fore , that the bas ic style or 
mode o f  the materials sc ience and engineering 
experimentat ion that could be conduc ted in a manned space 
s tat ion is  very d i f ferent from mos t  of  that conduc ted 
hereto fore in space . In part icular , the presence of man 
in a space s tation--presumab ly a trained profe s s ional or 
one trained to interac t by communicat ion in real-time wi th 
a technician or sc ient is t--would al low for an interac t ive 
mode o f  material s research in space that is much c loser to 
that now conduc ted in laborator ies on earth . Space 
l aboratories in a manned space s tation could be equipped 
not only to observe and co l lec t data , but to al ter and 
adapt experiments , based on observa t ion and resul ts . No 
longer would it be necessary to pl an (or guess ) in advance 
v irtual ly al l aspec t s  o f  an experiment .  Ne i ther would i t  
b e  neces sary t o  depend s o  heavily on very expens ive but 
highly res trict ive general-purpose hardware . Experience 
so far in the MPS program bas led to l imited , pains tak ing 
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progre s s  ach ieved in the noninterac t ive mode . Perhaps the 
availab i lity  of the interac t ive mode would make pos s ible 
the rapid progress that has long been hoped for in MSE . 

Thus , an MSE l aboratory aboard a manned space s tation 
should c ontain many o f  the same fac i l i t ies as a material s 
sc ience and engineering laboratory on earth , inc luding 
fac i l i t ies  for mach ining , manipulat ion , fabr icat ion ,  
charac t erizat ion , and s o  forth. Power requirement s  and 
available material s  should be those needed for al terat ion 
and repa ir o f  apparatus , not just for operat ion and 
sample s .  Many o f  these fac i l ities  could be shared with 
o ther ac t ivit ies (e . g . , sate l l ite repa ir )  that might be 
conduc ted in a space s tat ion . 

MATERIALS SCIENCE AND ENGINEER ING 
REQUIREMENTS FOR A SPACE STATION 

Th i s  sec t ion describes the charac teris t i c s  and 
requirements  o f  a space stat ion for opt imal use to the MSE 
community . The deve lopment o f  spec i f ic MSE experimen ts to 
be conduc ted on a space stat ion is hampered by rapid 
evolut ion of the mat erials techno logy indus tries and the 
l imited MSE fl igh t exper ience . Even an inspired se lect ion 
of experiments made at th is  t ime migh t  be obsolete be fore 
a space s tat ion could be availab le .  Consequent ly , it is  
more prudent to assess  the MSE requirements  on  a 
func t ional bas is . 

Free-fal l is  the pr inc ipa l  at tr ibute of space exploi ted 
in MSE experiments ; the secondary attributes are vacuum 
( l evel and pumping capac i ty) , rad iat ion , and solar power . 
To date , al l MSE experiment s  have focused on the 
exploitat ion of  cont inuous free-fal l , or low-g , and th is 
wil l  cont inue to  be the bas is for these proposed 
requirements . 

Exper iment s  in low-g (orb ital and suborbital ) have 
demons trated that a working environment les s  than lo-3g 
c an produce subs tant ive changes in convec t ive phenomena 
and in the relat ive signi ficance o f  sur face and body 
forces . There fore , thi s  lo-3 g wi l l  be accepted as a 
maximum working value . As crit ical d imens ions and 
parame ters are increased , a further reduc t ion in g- level 
may be required s imply to ma intain the same level of  
convec t ion . Simil arly , more sens it ive mat erials , 
processes , or geometr ies require further reduct ions in 
g-leve l .  The g-leve l as soc iated wi th the Space Shuttle  i s  
expec ted to  be lo-4g t o  lo-7g .  S imi lar g- leve l s  would 
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b e  required in a space s tat ion .  Moreover , the g-leve l 
mus t  be cont inuous , not intermi t tent , for the duration of  
an  experiment . 

Most  materials  proces s ing experiments impose a spec i fic 
thermal geome try on a sample for a period of  t ime--hours 
and some t imes days . The temperature and scale of an 
experiment wi l l  determine the power requirements , and the 
t ime at temperature determines the energy required . Some 
MSE experiments  wi th sample s izes on the order of a few 
cent imeters have been des igned to consume le ss than 2 kW . 
A scale-up in s ize or in temperature would make 4 to 5 kW 
for each exper imental system and 25 kW for the total 
fac il ity real i s t ic goal s .  Requisite  energ ies would b e  on 

the order o f  100 kW-hr for each exper imental system. 
Comparab le cool ing capac ity would have to  be provided .  

The we ight and s ize o f  the materials are negl igible  
compared wi th that o f  furnaces , power , control , and 
data-acqui s i t ion hardware .  Hardware dedicated to a s ingl e  
experiment i s  l ikel y  t o  range from 150 t o  400 kg , and 
fac i l i ty complexe s  o f  a larger scale , from 1 , 000 to 1 , 500 
kg . These masses could be housed in volumes from as 
l i t t le as  0 . 25 m3 ( for a middeck ex�r iment ) to 
fac i l i t ies  that might use 20 to 50 m3 . The masses  
should be housed in vo lumes of  s tandard ized geometry in 
order to promote the economie s of a modular approach . 

The data produced by an MSE exper iment may be in video 
or d igital forms , but more l ikely would res ide in the 
spec imens themselves . Process control and 
data-acqui s i t ion rates are sma l l  when compared wi th those 
o f  remote sensing . The MSE exper iment must be free of  
int erference from other fac i l ity users--for example in the 
forms of e lec tromagnet ic interference or vibrat ion ,  
part icularly below 100 Hz . 

CONCLUS IONS 

NASA ' s  MPS program is primari ly a sc ient i fic program ; i t s  
contr ibut ion wi l l  b e  through the deve lopment of better 
materials  and process ing methods . Improvement s  in the 
qua l i ty and scope of the NASA MPS program over the last 
five years now permi t experiments for f l ight to be 
s e lec ted from a variety of ongoing ground-based programs . 
The program is  now res tricted by l imited fl ight 
opportunit ies and hardware .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P r a c t i c a l  A p p l i c a t i o n s  o f  a  S p a c e  S t a t i o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 3

http://www.nap.edu/catalog.php?record_id=18603


8 3  

Present and planned e lec trophoretic experiment s  aimed 
at commercial  puri ficat ion of b iological ly ac t ive 
subs tance s  in space cannot be properly assessed by the 
Panel for l ack of detailed informat ion .  However , it does 
not appear to the Panel that it  wi l l  be a commerc ial ly 
viab le enterpr ise . Be fore e lectrophores i s  for commercial 
purposes is  widely promoted as a j us t i ficat ion for a space 
s tat io� , NASA should make an in-depth assessment of the 
proces s by solic it ing the opinion of separat ions experts 
and provid ing them with access to the de ta i l s  of the 
proces s .  

The Panel conc ludes that mater ials sc ience and 
eng ineering should not be used as a primary j us t i fication 
for a space s tat ion .  However , the s tyle or mode o f  MSE 
experiment that migh t be conduc ted aboard a manned s pace 
s tat ion would have d i s t inc t advantages over that wh ich can 
be conduc ted in other microgravity fac i lit ies ; the 
advantages would result large ly from the potential for 
real-t ime adapt ive interac tion by humans . 
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SYSTEM DES IGN 

This  chapter is organized into d iscuss ions of two 
subjec t s : user des ign requirements , and manned sys tem 
desi gn issue s .  For each subjec t , the recommendat ions of  
the Pane l are summarized and il lus trated . The resul ts 
emphas ize that the human ro le in space may be the mos t  
important system des ign is sue affect ing the development o f  
a space s tation ,  and that an appropriate f irs t step i n  the 
evolut ion of humans working in space should be the 
deve lopment of a "space service s tat ion" capab i l i ty .  

USER DES IGN REQU IREMENTS 

Orb it Cons iderations 

A space s tation ' s  orbit shou ld be determined by user 
requirement s  and space transportat ion economics . Users 
performing onboard material s proces s ing should have no 
s trong orb it  pre ferenc e .  Users per forming earth sens ing 
require orbits  that meet  ground coverage , ground track 
cycle , and local  sun ang le requirements . Users employing 
the space s tat ion for launch and retr ieval of free-flying 
spacecra fts ' wi l l  des ire an orb i t  that c losely matches 
the ir spacecraft ' s  final al t i tude , orb it inc l inat ion , and 
ascend ing node locat ion. The space station ' s  orbit , on 
the other hand , wi ll  be constrained , s ince it must be 
compa t ible wi th resupply by the Space Shu t t le .  

The approach to orbit se lec t ion should begin with a 
mission mode l  that cons iders all  potent ial users , and then 
trades o f f  space s tation orbit  and trans fer s tage 
per formance in order to capture the maximum number 
miss ions wi th a s ingle (or few) space s tation ( s ) .  
th is type o f  tra ffic analys is , a 28 . 5 °  inc l inat ion 

84 

o f  
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orb i t  
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would b e  the choice for the ini t ial  space stat ion.  There 
i s  cons iderable traffic at higher-inc l inat ion orbit s ,  but 
the traffic is d i s tributed in a way that makes a s ingle 
space s tat ion or space pl at form less  at trac t ive . Hence , 
the Pane l recommends that a polar orb it ing fac i l ity be 
part of the earth space stat ion infras truc ture--e . g . an 
unmanned space plat form in a sun-synchronous low earth 
orb1t . 

Space Stat ion/Plat form Modularity and Separab i l i ty 

The many users o f  a space stat ion requ ire module iso lat ion 
in order to  enhance ownership , reduce environmental and 
other interac t ion s , increase mi l i tary ut i l ity , and promote 
internat ional use . In add it ion , a modular approach can 
accommodate the d i fferences between research ac t ivities  
and operat ional services . From a management standpo int , 
the use  of ded icated modules  or sec t ions of  the space 
s tat ion for d i fferent agenc ies , governments , or industries 
is highly des irable .  Common use o f  general-purpose 
fac i l i t ie s  by a l l  users  may seriously compound payload 
integrat ion , des ign security , and resource a l locat ions . 
The Pane l recommends that the space s tat ion employ 
modularity and flexib i l ity in the al locat ion of  user space 
and re sources . 

Informat ion Sys tems Arch itec ture 

Three princ ipal i s sues that mus t  be resolved in the des ign 
o f  informat ion sys tems for a space s tat ion are collect ion 
and process ing of pay load dat a ,  management of  vehic le 
housekeeping func t ions , and struc turing of the 
communicat ions network between the s tat ion , other space 
systems , and the ground . 

Advances  in microc ircuit techno logy , coupled with 
increased sophist icat ion in sensor per formanc e , have made 
onboard proc e s s ing of sensor data both a fea s ib le and an 
a t trac t ive alt ernat ive to  transmi s s ion of  large-bandwid th 
data s treams to the ground . Moreover , informat ion from 
severa l sate l l ite systems wi l l  be available 
s imultaneous ly , permitt ing data fus ion and increas ing data 
ut i lity.  The space s tat ion may be used as an intermed iate 
data proces s ing re source be tween space-borne sys tems and 
the ground . In add i t ion , the space stat ion process ing 
center mus t  provide access  to both secure and nonsecure 
user s i f  thi s  capab i l ity is to serve both nat ional de fense 
and c ivi l user s .  
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In summary , the introduc t ion o f  a space station as an 
intermed iate data proces s ing resource between sate l lites  
and the ground would provide the capab i lity to reduce high 
data rate s treams from payloads to low data rate s treams 
re layed d irec t ly to users . It would prov ide the 
capab i l ity to support the fus ion of  information from 
several pay loads .  Key issues o f  data separation and 
s ecurity mus t be resolved in order to make a space s tat ion 
mult ius er process ing center prac t ic al . 

Other User Requirements 

Many uses of  the space stat ion involve the accommodat ion 
o f  sc ience and appl icat ions payloads that have d i f ferent 
sens i t ivities . Several areas demand spec ial attent ion :  

Contamination control--i . e . , the protec t ion o f  
opt ical  surfaces ,  detec tors ( part icu larly those 
cryogenically cooled ) , and thermal control 
coat ings--demands careful system planning . Reac t ion 
control jets  should produce c lean , fu l ly expanded 
exhaust gase s  wi th minimal impingement on sens i t ive 
areas ; l i fe support waste management should avoid 
overboard dumps ; and al l f luid connec t ions mus t 
minimize leakage or spi l l age during servic ing 
operat ions . 

Elec tromagnet ic control (EMC) and radiofrequency 
int erference ( RF I )  cons titute another area where syst em 
pl anning wi l l  be required . Radiofrequency sensors used 
for microwave observat ion of  the earth and for rad io 
a s tronomy are examples o f  sens it ive sys tems whose 
succes s fu l  operat ion requires absence o f  interfer ing 
s ignals .  Bu t radiat ing exper iments such as the 
synthetic-aperture radar can introduce inter fer ing 
s ignal s  into space s tation sys tems and other payloads . 

Dynamic interac t ions between ind ividual payloads and 
between payloads and the space s tation wi l l  require 
care ful treatment . 

Various sc ience experiments wi l l  require prec is ion 
point ing and a high ly s table plat form. In some cases , the 
exper iments may require greater pointing and s tab i l ity 
capab i l i ty than is prac t ical to provide for the ent ire 
s tat ion ; the accommodation can s t i l l  be provided through 
the use o f  prec ision mount ing points . The des ign of the 
space stat ion must provide suffic iently high isolat ion 
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between the movement s  of  the hos t vehic le appendages and 
the humans wi th in the pres sur ized modu les and those 
payloads requ iring high point ing accuracy and stab i l i ty .  

Power demands for support o f  payloads cons idered by 
NASA s tudies are as high as 75 kW ( average ) .  In addit ion , 
it w i l l  be necessary to deal with emergency stat ion needs , 
ec l i pse e ffec t s , peak power demands o f  certa in pay loads , 
and demand c onfl ic ts . Furthermore , the power provided to 
users  wi l l  need to be c lean--i . e . , free of switch ing 
trans ients and h igh-frequency inter ference . 

MANNED SYSTEM DES IGN ISSUES 

The extent and na ture of  the human ro le in space is 
cons idered by the Pane l to be  a mos t  fundamental sys tem 
des ign is sue a f fect ing the development of  the space 
stat ion. 

Charac ter of  Human Presence in Space 

The maj ority of spac e ac t ivit ies to date have been 
conduc ted by remote control where , a fter de lays of minutes 
or even days , dec is ions are made on the ground that are 
then implemented . However , as tronauts have per formed some 
experiments where the response was truly in real-t ime . 
Man ' s  role in space should be cons idered in the context of  
three modal i t ie s :  de layed response , te lepresence , *  and 
physical  human presence . 

Man has unique capab i l i t ies of  observat ion and 
manipulation that today ' s  techno logy cannot reproduce . 
Al though robotics and the technology of te lepresence are 
progress ing , some human capab i l i t ies wi l l  remain unique 
inde finitely .  

Al though de layed response i s  an important mode , the 
primary space s tat ion choice is be tween physical presence 
and te lepresence . Phys ical presence offers the potent ial  
advantages o f  t ime l ines s ,  adaptab i l i ty ,  dexterity , and 
autonomy ; te lepresence offers the po tent ial  advantages o f  
e ffic iency , col laborat ion , and u s e  o f  larger human 
r e sources . 

*Te lepresence can be defined as the use of real-t ime 
c ommunicat ions , visual display , and remote control to 
provide an operator on the earth ' s  surface the capab i l i ty 
to carry out complex operat ions with in the s pace s tat ion . 
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Func t ions for whi ch data transmiss ion delay is  
satis fac tory are uncertain , but may include many human 
func t ions in spac e .  However , the degree to which robot s  
can perform a l l  func tions wi l l  increase only as the 
technology advances . Many data eva luat ion and target 
select ion func tions can be performed via te lepresence , but 
cons iderab le deve lopment wi l l  be required to produce a 
teleoperator wi th scanning and focus ing eyes , fac i le arms , 
and pressure-sens i t ive fingers to perform complex on-orb i t  
assemb ly .  

Technical Support for Expand ing Human 
Capab i l i t ies  in Space 

Man ' s  e ffect iveness in space is l imited by the performance 
of h is spacesuit s , tools , and maneuvering uni ts . Wi thout 
s ign i ficant improvements in these areas , much of man ' s  
potential  ut i l ity wi l l  be los t .  The Pane l recommends that 
technical advances in each of  these areas should be an 
early obj ec t ive and should precede es tablishment o f  large 
space s tat ions housing many as tronauts .  

CONCLUS IONS 

The human ro le in space may be the mos t  important sys tem 
des i gn issue affec t ing the deve lopment of a space 
s tat ion. Bo th phys ical human presence in space and 
tele presence ( i . e . , the use o f  real-t ime communicat ions to 
c arry out complex ac t ivi t ies ) are important . The Panel 
recommends that  the techno logies for physical presence and 
te lepresence be developed wi th comparab le emphasis . 

The second Pane l conc lus ion re f lec ts the potent ial 
value o f  humans and the space s tat ion as an in-orbit  
service fac i l ity.  Func t ions wou ld inc lude , but not be 
l imi ted to , spacecraft and instrument repa ir and 
s ervic ing , change or add it ion of payload ins truments and 
spacecraft subsys tems , and replenishment of expendables . 
The f irst  s tep in the evolut ion o f  humans working in space 
should be the development o f  a "space servic'e s tation" 
capab le o f  tend ing all compat ible spacecraft . 

As a th ird conc lus ion , the Pane l recommends that NASA 
develop and promulgate design rules for a number �f 
c oncept s .  Spec i fica l l y ,  there is need for rules 
concerning modu lar des ign ;  rules covering the introduct ion 
o f  new technology ; and rules governing the de finit ion o f  
inter faces between maj or sys tems and between subsys tems . 
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Final ly , the Pane l be l ieves that  a space stat ion 
d evelopment program should make provis ion for technology 
advance or growth during the deve lopment period . 
Construc t ion o f  a space s tat ion us ing o ff-the-shel f  
technology , al though less cos t ly init ially , may not 
provide adequate capab i l ity to support requirements for 
onboard data proces s ing , user needs , growth potent ial , or 
suffic ient operational ut i li ty .  
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