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ABSTRACT 

A number o f  pol i t i c a l  and legal imp1 ications o- developing and operating 
a s a t e l l i t e  power system (SPS) are identif ied and studied i n  th is  report. 
These include the vulnerabil i ty o f  SPS t o  actions of adversaries, comnunica- 
t ions impacts, the lega l i t y  o f  an SPS i n  o r b i t  including on-orbi t m i l i t a ry  
protection, a l lev iat ion o f  po l i t i ca l  concerns about deployment and operation 
of SPS, programmatic planning f o r  SPS and the interaction of SPS with federal 
regulatory agencies and major departments. I n  comparing SPS to  te r res t r ia l  
power stations, i t  i s  seen that the po l i t i ca l  problems are neither c lear ly 
larger nor clearly smaller--they are clear ly different and they are in ter-  
national i n  nature. I f  SPS i s  to  become a real i ty ,  these problems must be 
dealt witb, sooner rather than later.  Five major issues are identif ied. 
These must be resolved i n  order t o  obtain international acceptance o f  SPS. 
However, t h i s  study has found no insurmountable obstacles that would clear ly 
prohibi t  the deployment, operation and protection o f  an SPS f leet.  
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1. INTRODUCTION AND S U W R Y  

The embargo on the export o f  petroleum products t o  c e r t a i n  oil-consuming 

countr ies (OPEC) i n  October 1973 and subsequent evants have elevated Issues 

r e l a t i n g  t o  the managerrlent o f  energy resources t o  a high p r i o r i t y  i n  ndt ional 

and in te rnat iona l  p o l i c y  making. Energy shortages and sharply increasing 

costs, w i th  t h e i r  economic, socia l  and fo re ign  pol i c y  imp1 icat ions, have 

given increased urgency t o  the search f o r  a1 te rna t ive  energy sources. As a 

resu l t ,  s c i e n t i f i c  research r e i a t i n g  t o  the development o f  nuclear, geothermal , 

solar. wind and other  energy sources has received pub1 i c  support and a t  

at tent ion.  

One of the most promising a l t e rna t i ve  sources i s  so la r  energy, both 

because the supply i s  f o r  a71 p rac t i ca l  purposes inexhaustible, and because 

the use of so lar  energy does not  necessari ly involve s i g n i f i c a n t  environ- 

mental hazards as does the use o f  f o s s i l  fue ls .  Conseqnb?tly, large- and 

small -scale appl ica t ions  are  being examined. ' However, so la r  power generators 

located on the Earth's surface are subject t o  a  umber of 1 imi tat ions,  i n -  

c luding i noperab i l i t y  due t o  n i g h t f a l l  and low o r  var iable output due t o  

adverse weather condit ions such as cloud cover. Thus, considerat ion has 

been given to  the establ ishment and operat ion o f  so lar  generators i n  outer 

space. 

As presently conceived, a sate l  1 i t e  solar  power system would incorporate 

two main components. F i r s t ,  a large-scale solar  energy c o n v ~ r c i m  system 

would be assembled, perhaps i n  low-earth o r b i t ,  and placed i n  geostationary 

o r S i t  a t  a distance of approximately 35,900 km from the surface o f  the Earth. 



I n  t h a t  posit ion, the solar  power sate11 i t e  would occupy a r e l a t i v e l y  f i x e d  

pos i t i on  w i t h  respect t o  the Earth 's  scrface. The second system component 

would encompass an Earth s t a t i o n  capable of receiv ing the enersy product 

generated i n  o r b i t  and converting i t  t o  e l e c t r i c i t y  through the use o f  

receiv ing antennae. The space anA ground segments are t o  be connected by 

means o f  a  microwave or, possibly, laser  transmission beam. 2 

Planning for the implementation o f  a s a t e l l i t e  power system raises, i n  

add i t ion  t o  complex technical questions, issues o f  system secur i ty  and 

economic v i a b i l i t y  and impact. However, i t  i s  apparent t h a t  some o f  the 

major ba r r i e rs  t o  the development may 1 i e  i n  the areas o f  in te rna t iona l  law, 

the law of outer space, and in te rnat iona l  po l i cy  formulation. The purpose of 

t h i s  study i s  t o  examine those aspects o f  s a t e l l i t e  power systems (SPS). The 

f o l  lowing issues have been considered: 

1. Vul nerabi l  i t y  o f  SPS t o  act ions o f  advei-saries 

2. Use o f  microwave power transmission by SPS and i t s  po ten t ia l  
inpact  on others 

3. Status o f  SPS i n  in te rna t iona l  law, inc luding the l e g a l i t y  
o f  on-orbi t m i l  i ta ry  pro tec t ion  

4.  P o l i t i c a l  concerns about r i s k s  imposed by the construct ion and 
operat ion o f  an SPS 

3. Betbefits o f  SPS i n  in te rna t iona l  trade 

6 .  Programmatic planning f o r  SPS i n  the context o f  the federal 
budget cyc l  e  

7. The i n te rac t i on  o f  SPS wi th  federal regulatory agencies and 
major degartments. 

A b r i e f  discussion o f  the major study f indings f o l l c  5. 



1.1 Vu lnerab i l i t y  o f  SPS- t o  Actions o f  Adversaries 

The SPS, w i t h  i t s  major power conversion and del i ve ry  components located 

i n  space, presents a d i f f e r e n t  type o f  ta rge t  t o  the po ten t i a l  act ions o f  

adversaries than do conventional, ground-based power plants. On the one 

hand, the space-based components of the SPS o f f e r  a s i g n i f i c a n t  ta rge t  t ha t  

would no t  involve a d i r e c t  at tack w i t h i n  the nat ional boundaries o f  the 

owning s ta te  and might not  endrnger human l i ves .  On the other  hand, however, 

the ecommic s igni f icance of an SPS would l i k e l y  mean tha t  d i r e c t  attacks 

on the system by major powers w u l d  be in terpreted as unambiguous acts o f  

war. But i t  must be observed tha t  a range of adversary act ions could 

conceivably occur, some o f  which are not recognizable as act ions against 

which physical react ions would be appropriate. For example, act ions tha t  

do not  impose a physical th rea t  against SPS hardware, such as legal  pro- 

ceedings, are not l i k e l y  t o  be met w i th  physical force against the imposing 

state. 

I n  comparing SPS t o  t e r r e s t r i a l  power plants, three key di f ferences 

ex is t :  F i r s t ,  the SPS, i n  operation, uses an energy source tha t  i s  not 

dependent on fore ign suppl ies, f i n i t e  t e r r e s t r i a l  resources, or  the vagaries 

of resource ex t rac t  ion, processing and transp.:rtatio~: as are hydrocarbon 

and nuclear fuels .  Second, the tecl~nology needed t o  d is rup t  the operation 

of an SPS i s  general ly wel l  above tha t  f o r  t e r r e s t r i a l  p lants and the hard- 

ware for such an at tack i s  not read i i y  avai lable. Third, the scale of an 

SPS s d t e l l i t e  could make i t  a desirable target  and one which does not  

requi re at tack on the t e r r i t o r y  of tip ;,.wiing st..,te. I t  would be desirable 

t o  enhance the secur i ty  o f  the SPS f l e e t  by any o f  a number o f  p o t m t  i a l  

actions. These include enforcement o f  nat ional s t ra teg ic  deterrenc2, tha t  



is, the a b i l f t y  to s t r i ke  back a t  a threatening state, defensive devices 

u in ta fned p s s i b l y  i n  o r b i t  near the sa'el l i te to protect against physical 

actions that aight be taken by lesser powers, and by Grosr design and Ran- 

agerent of the SPS t o  rake i t more d i f f i c u l t  to irpose real threits. :n 

addition, SPS security could k s igni f icar~r ly  enhanced by providing the 

appmprfaze economic incr- t i res.  Basically, t h i s  mans internationalization 

o f  the system a t  sore level. 

1.2 - Hic~owave Pouer Transmission 

The SPS has a planned fundarental frequency for  the tllicrorrev~ power 

transnission beam o f  2450 W .  Clearly, al iocation o f  t h i s  frequency for SPS 

use w i l l  be necessary i f  i t  i s  to  be used by SPS. I n  additicn, however, i t  

i s  unl ikely tbt suppression o f  the higher harmonics o f  the fundamental f re -  

quency w i l l  be physically possible t o  the extent that these frequencies w i l l  

be available t o  other users. Thus, along with the fundamental frequency, i t  

w i l l  also be necessary t o  allocate the higher harmonic frequencies t o  SPS 

use. Besides the problem o f  harmonics, there i s  also the issue of actual 

transmitted bandwidth, which could rest11 t i n  interference (sum and difference 

frequencies) between pairs o f  SPSs. 

Potential impacts o f  the SPS power beam on other frequency spectrum 

users could resul t  from nonlinear interactions between pairs o f  SPS power 

beams, between an SPS power beam and other signals and between the SPS power 

beam and the ionosphere. Nonl inear interactions between radio beams can 

occur when a conductor, such as an ungrounded wire or free electrons i n  

soace, are i rradiatcd by tm sources. The cemductor than has a potential f o r  

detecting and emitting a signal a t  the sum and difference frequencies of the 



impinging beats. Because o f  the extremely high power I m e l  i n  the SPS power 

beaa conpared to  camtunications sfgnal levels, the potential fo r  problems of 

t h i s  sort  should be o f  concern. The other area o f  concern l i e s  i n  the poten- 

t i a l  effects that the SPS power beam could have on the ionosphere, thus 

impacting users that r e l y  on exist ing properties o f  the ionosphere. A nwber 

o f  systems night  be affected. These include both 1 ine-bf -sight and over-the- 

horizon ccwmunications and navigation system. 

A further area o f  interaction between SPS and other frequency spectrum 

users 1 ies I n  the use o f  o rb i ta l  positions by the exist ing systems. By the 

time SPS rill be ready fo r  implerwntation, we1 1 i n  excess o f  $1 b i l l i o n  w i l l  

be invested i n  hardware fo r  space-based coslarunicatims and navigation systems. 

h c h  more w i l l  be invested i n  ground-based systems that could also be impacted 

and the to ta l  number o f  individuals involved with these systems w i l l  be very 

large. Thus, the v i a b i l i t y  o f  the SPS concept may we11 rest  i n  the a b i l i t y  

t o  f ind  equitable alternatives fo r  the conmunications and other o rb i ta l  arc 

users. 

1.3 The Statue of SPS i n  International Law 

A number o f  issues ex is t  relevant t o  the status of SPS i n  international 

law. Four issues are addressed i n  th i s  study: 

1. The legal aspects ~f the use o f  the geostationary o rb i t  by SPS 

2. The impact of  the 1967 Outer Space T:eaty on the use of space 
fo r  power generation 

3. The legal status o f  deployment and operation of SPSs by private 
sector ent i tiesd 

4. The permissibi l i ty under exist ing international space law of 
providing on-orbi t mi l i ta ry  protection for SPS. 



The conclusions resul t ing are as follows. Wonpennanent use of 

the geostationary o r b i t  f o r  SPS i s  permitted under present space law; 

however, i t  w i l l  be necessary t o  obtain appropriate frequency a l l o c a t ! ~ ~  

and t o  register the ase o f  the o rb i t  with the international Frequency 

m i s t r a t i o r  Board. Permanent al location o f  an orb i ta l  h a t i o n  i s  specif i- 

c a l l y  not permitted unless such a l l oca t im  i s  by an international organiza- 

t i o n  duly representic9 a broad spectrum o f  states. It i s  f e l t  that use o f  

an orb i ta l  location fo r  30 years does not constitute appropriation but that 

periods mch  longer than t h i s  may. The 1967 Outer Space Treaty provides 

that the resources o f  space are fo r  the benefit o f  a1 1 mankind. This 

clause prevents national i zation o f  various space resources; however, it 

does not exclude the use of sunlight to  provide energy fo r  an SPS. The 

deployment and operation o f  an SFS by private sector ent i  t ies  i s  permitted 

within exist ing international law but the private sector then acts as an 

arm o f  the government and the goverrnent assumes the responsibi l i ty f o r  

regulation o f  the ac t i v i t y  and i s  1 Sable fo r  any damages caused by the 

operating entity. Last, i t  i s  f e l t  that on-orbit m i l i t a ry  protection of 

SFS can be prcvided legal ly within present international law so long as the 

mi l i ta ry  systems stationed i n  o rb i t  are not nuclear weapons or weapons of 

wass destruction. 

1.4 Po l i t i ca l  Concerns About Risks -- Imposed by SPS 

The construction and use of a f l ee t  o f  SPSs imposes a number o f  poten- 

t i a l  hazards on the peoples and properties of foreign states. These hazards 

include potential launch vehicle failures, reentry of  various materials 

associated with the SPS and potential hazards o f  the microwave beam. Alle- 

viat ion o f  the concerns regarding launch vehicle fai lures and reentry 



d e k f s  f s  not l i k e l y  to be a major problem, kit the probless a re  reduced i f  

the SPS i s  constructed and operated by an international organization. The 

microwave beam poses a somewhat d i f ferent  problem. Clearly, microwave 

tadration a t  very high power densities i s  hazardous and a t  very low power 

densities i s  not i n  any way dangerous. SPS must operate i n  the region 

between these l imits,  w k r e  l i t t l e  i s  presently knorm. Thus, i t  w i l l  be 

necessary to conduct research on the effects o f  lnicnwsaves on biological 

materials and the ionosphere i n  order to  deternine the acceptable, safe 

l i m i t s  on power density. T k r e  i s  a basis i n  international law requiring 

that  t h i s  research be conducted and fo r  providing assurances that the 

states engaged i n  an SPS program are not intposing undue r isks on others. 

1.5 Economic Benefits o f  SPS i n  International Trade 

The present dependence o f  the United States on bul ky hydrocarbon fuels 

places many conditions on economic g m t h  and s tab i l i t y .  For one thing, 

dependence on foreign o i l  infers dependence on the security o f  the trans- 

portation o f  such o i l .  This implies a t  least guaranteed access to, i f  not 

control of, the seaways over which the o i l  i s  moved. Furthermore, the 

expenditure o f  some $30-940 b i l l i o n  on o i l  intports adversely impacts the 

domestic economy. This money, properly placed i n  the United States, would 

create some 2 m i l l i on  new jobs. A t  the very least, i t  i s  clear that an 

energy source such as SPS, independent of hydrocarbon fuels, would s i ~ n i f i -  

cantly a l te r  economic growth both foreign and domestic and would drast ical ly 

a1 te r  international economic dependencies. 

1.6 Programt ic  Planninq fo r  SPS 

A number of p rog ramt i c  issues related to  obtaining and maintaining 

support fo r  an SPS development program are identif ied and discussed. A t  



t h i s  point i n  time, the program should be econoatically j u s t i f i a b l e  as a 

necessary condi t i on f o r  federal support. A1 though t h i s  condition appears 

t o  be met, a debate continues t o  ex is t  over the discount ra te  that  should 

apply t o  the economic evaluation. The Off ice of Management and the Budget 

d ictates a 10 percent ra te  t o  apply t o  the evaluation of federal programs. 

Eco,colaic theory and data indicate 2 t o  4 percent i s  more reasonable. The 

l a t t e r  rates more strongly favor proceeding wi th  the SPS development pro- 

gram. In  addition, four conditions are iden t i f i ed  as necessary for  a 

pos i t ive  decision on a major program such as SPS: 

. The objective swght must be known t o  be technologically feasible, 
wi th a high degree o f  probabil i ty, a t  the time the decision t o  
seek i t  i s  mde. 

2. The objective must have been the subject o f  suf f ic ient  p o l i t i c a l  
detete so that  the groups interested i n  i t  ard opposed t o  i t  can 
k ident i f ied,  t he i r  positions and re l a t i ve  strengths evaluated, 
and potent ia l  sources o f  support have time t o  develop. 

3. Some dramatic "occasion f o r  decision," such as a c r i s i s  resu l t ing 
from an external or  domestic challenge, must occur t o  create an 
enlrironment i n  which the objective and the po l ic ies  t o  achieve it 
become p o l i t i c a l l y  feasible. 

4. There must be i n  leadership positions i n  the p o l i t i c a l  system 
individuals whose personali t ies and p o l i t i c a l  philosophies support 
the i n i t i a t i o n  o f  new large-scale government a c t i v i t i e s  ained 
a t  long-term payoffs and who have the p o l i t i c a l  s k i l l  t o  choose 
the situations i n  which such a c t i v i t i e s  can be i n i t i a ted  success- 
f u l l y .  

Once a federal program has been in i t i a ted ,  evidence indicate; that  i t  i s  

harder t o  terminate the program then t o  l e t  i t  continue. Thus, the focus 

should be on meeting the necessary conditions t o  achieve a program star t .  

1.7 Interactions of SPS wi th  Federal Regulatory Agencies and Departments 

As soon as an SPS development program i s  approved by Congress, i t  w i l l  be 

appropriate to i nvol ve a number o f  federal regulatory agencies and departments 



i n  the SPS program. Regulation o f  the SPS during development, construction 

and rlperation w i l l  involve a broad spectrum o f  agencies, f o r  example, t o  

assure proper envimnaental protection, safety fo r  both workers and the rest  

of the world, and t o  regulate the capital formation and return on investment 

f o r  the system. The gorernnent nust be involved i n  research t o  determine 

safe levels o f  microwave radiation and i n  in tsnat iona l  bargaining to  obtain 

frequency al location and o r b i t  locations fo r  the SPS. Finally, provision 

must be made t o  perform the technology developments necessary t o  make SPS an 

econolnic real i ty.  

1.8 Major Issues 

This study has ident i f ied a number o f  key legal, po l i t i ca l ,  ins t i tu -  

t ional  and environnental issues that are potential "show stoppers" with 

respect t o  SPS and outlines the bases, ins t i tu t iona l l y  and with rsgsrd t o  

international law, r5ich underlie them. The major issues, which must be 

resolved pr ior  tc  implementation of SPS, are: 

1. The potential ef fect  o f  microwave energy on biological 
materials and on the ionosphere 

2. Frequency al location fo r  SPS, including the center 
frequency and harmonics 

3. The potential problems of radio frequency interference 

4. Assignment o f  geosynchronous o rb i t  locations f o r  SPS 

5. Problems associated with potential 1 i a b i l  i t y  for damage 
caused by SPS. 

1.9 Conclusions and Recomnenda t i ons ----- 
Despite the range of potential problems noted above, inst i tut ional ,  

legal and engineering solutions can be expected and th is  study has found no 

insunnountable obstacles, po l i t i ca l l y ,  ins t i tu t iona l l y  or i n  international 



law, tha t  would c l ea r l y  p roh ib i t  the deployment, operation and protect ion 

o f  an SPS f l ee t .  

To the extent tha t  an SPS f l ee t  can be e c o m i c a ? l y  deployed and 

operated, i t  of fers  a patent ia l  key t o  "free accessw t o  energy by a l l  

nations and could, w i th in  1 i m i  ts, place a "once-and-for-a1 1 " upper bound 

on the cost o f  energy. 

Throughout t h i s  study there has been one major recurr ing theme. This 

i s  tha t  many o f  the legal, p o l i t i c a l  and i ns t i t u t i ona l  issues are c lea r l y  

internat ional  i n  character and w i l l  demand resolut ion on an internat ional  

basis. Additional?y, i f  the SPS concept i s  successfully developed and 

exploited, i t s  energy products w i l l  be demanded by many nations, especial ly 

the less developed countries. Thus, i f  the SPS concept proves t o  be economic, 

i t  w i l l  u l t imately be implemented on an internat ional  basis. Consequently, 

we believe tha t  i t  i s  best t o  begin by planning f o r  a f u l l y  internat ional  

system r i g h t  frmt the s tar t .  

As a resu l t  o f  t h i s  study, four m a j ~ r  recomnendations have been 

derived : 

1. Establ i sh  research programs on key impact areas, especial l y  
the e f fec ts  o f  microwaves on bio logical  materials and on the 
ionosphere, leading t o  in ternat iona l ly  accepted standards. 

2. Prepare a po l icy  statement f o r  presentation a t  the 1979 World 
Administrative Radio Conference on o r b i t  an3 frequency a1 loca- 
t i o n  providing for SPS. 

3. Establish an international forum f o r  the open discussion o f  the 
international implications o f  SPS and the c l a r i f i c a t i o n  o f  i n te r -  
national law vis-a-v is SPS. 

4 .  Establish a plan f o r  involvement o f  federal regulatory agencies 
and departments i n  an SPS program. 



Because of the extensive reference mde i n  t h i s  report t o  (1 ) The 

Convention on International L i a b i l i t y  for Damage Caused by Sapce Objects, 

(2) The Convention on Registration o f  Objects Launched i n  Outer Space, and 

(3) the Treaty on Principles Governing the Act iv i t ies of States i n  the Ex- 

ploration and Use o f  Outer Space, Including the b n  and Other Celestial 

Bodies, a f u l l  text  o f  these ar t ic les i s  given i n  Appendicies A, B and C 

respectively. I n  addition, a b i  b l  iography o f  re1 evant 1 i tera ture i s  pro- 

vided. 



2. VULNERABILITY OF SPS TO ACTIONS OF ADVERSARIES 

This section ident i f ies  and discusses a number o f  threats that  could be 

posed against an SPS and then postulates mechaniss f o r  r i s k  a l lev ia t ion.  

It i s  shown tha t  a number of generic categories of threats could be imposed 

against an SPS. These span the range from open m i  1 i t a r y  at tack down to 

actions of env' ronmental i s t s  o r  labor unions. Protect ion against some o f  

these threats can be o f  a m i  1 i tary  nature; however, m i  1 i tary  forces would not  

be ef fec t i ve  against threats imposed through national o r  internat ional  legal  

mechanisms. The 12 &el i hood o f  threats occurring i s  qua l i ta t i ve ly  assessed i n  

terns o f  the technologies necessary t o  impose the threat, who has o r  w i l l  

have access t o  such technologies, and what i s  t o  be gained by imposisg the 

threat. Four avenues o f  r i s k  a l l ev i a t i on  are ident i f ied:  national st rategic 

deterrence, act ive defense of the system, internat ional  i za t ion  o f  the system, 

and through internat ional  agreement. 

2.1 Potential  Adverse Actions Against an SPS 

A number o f  potent ia l  adverse actions could be posed against a space 

power system. These can be c lass i f i ed  i n  two ways: f i r s t ,  according t o  the 

par t  o f  the energy conversion/transmission system to  which they apply, and 

second, according t o  whether they represent an "active" o r  a "passive" threat  

t o  the system. I n  order t o  i den t i f y  and c lass i f y  adverse actions against an 

SPS, i t  i s  helpful t o  depict the overal l  system i n  terms of i t s  energy trans- 

mission and energy conversion components as shown i n  Figure 2.1. The energy 

source i s  the sun. The energy i s  transmitted as sunl ight  t o  the sa te l l i t e ,  

col lected and converted there t o  microwave energy, received and converted 

on the earth t o  dc power, transmitted as dc power to  the rectenna busbar, 



ENERGY SOURCE ENERGY ENERGY ENERGY ENERGY 
TRANSMISSION CONVERSION T!tANSM;SSION CONV ERS I ON 
(SUNLIGHT) ( SUNL IGHT 'MI CRQWAVE (Kl CROUAVE 

TO MICROWAVE) TO DC) 

Figure 2.1 The SPS Energy Conversion/Tranmi ssion System 



and converted there to ac power a t  a voltage compatible with the u t i l i t y  

grid. An adverse action against an SPS i s  anything that  could w i l l f u l l y  o r  

accidentally disrupt any of the above processes. I n  addition, adverse actions 

against an SPS could ex is t  during i t s  construction and, during i t s  operation, 

by e f fo r ts  directed against control or  safety systems. It i s  wovth point i  ng 

out that no damage whatever need be done t o  the system i t s e l f  t o  constitute 

a threat. If the operators o r  regulators o f  the system could be convinced 

that i t  was unsafe to operate, the system would be shut down as effect ively 

as if it  were destroyed. For example, a bomb threat against an airplane can 

cause cancellation o f  a f l i g h t  despite the fact  that no physical threat ever 

exists. 

Figure 2.2 presents an hierarchical c lass i f icat ion o f  potential 

adverse actions against an SPS. The major categories include: 

1. System construction 

2. Physical processes 

3. System operation and control. 

Ui t h i  n these major categories and the i r  corresponding scS.. *tegories, adverse 

actions are ident i f ied and classi f ied according t o  whether they are "active" 

or  "passive". No clear Jef in i t ion between active or passive actions exists; 

however, the characteristics o f  each are generally as follows: 

Active actions 

a There i s  a de f in i te  intent 

a I t  i s  easy to  sttow intent 

a More l i k e l y  to deal with the energy transformation process 

a More li kely to  operate on hdrdware 

D i f f i c u l t  t o  recover operation af ter  threat passes 





Passive act ions 

a There may be no i n t e n t  

a I t  i s  d i f f i c u l t  t o  show i n t e n t  i f  i t  e x i s t s  

a More l i k e l y  t o  operate nn the energy transmission omc-5 

a Easy t o  recover operat ion a f t e r  th rea t  passes. 

According t o  the above scheme, generic classes ~f adverse act ions against an 

SPS are i d e n t i f i e d  i n  Table 2.1. This i s  no t  an a l l - i n c l u s i v e  l i s t ,  bu t  

serves t o  i d e n t i f y  and c lass i f y  the various types o f  act ions tha t  c o ~ l d  be 

imposed. 

As indicated, a  number of po ten t i a l  adversary act ions are worthy o f  con- 

s-ideration. These range from o u t r i g h t  a t tack  on the system which, i f  imposed 

by a  major power, would be perceived as a  c lea r  a c t  o f  war, t o  lega l  act ions 

which may be equal ly e f fec t i ve  under the r i g h t  circumstances and would c l e a r l y  

no t  represent a  be1 1  igerent  a c t  e i t h e r  toward the system o r  the operat ing 

state. Both extremes and the range o f  act ions between need t o  be dea l t  w i t h  

before they become rea l  actions. I n  between these extremes are acts such as 

sabotage, threats agz'nst SPS workers, both i n  space and on the ground, any 

in te rvent ion  o r  mismanagement o f  supplies, o r  in te rvent ion  o r  def lect ic  ? a f  

the SPS power beam. Blackmail against SPS system managers i s  a lso a  

p o s s i b i l i t y .  

The act ions c i t e d  above are ac t i ve  i n  nature and seek to  destrcy or  ob- 

t a i n  cont ro l  o f  the system. There e x i s t  a lso  a  number of po ten t i a l  act ions 

which could be general ly c l a s s i f i e d  as passive but  which would a lso r e s u l t  

! z  d is rup t ion  o f  system development, construct ion o r  services. These act ion? 

would include act ions t h a t  environmental i s t s  o r  unions might take against 

the system. They would inc lude nat ional  and in te rnat iona l  legal ,  pol i ti cal  



i a b l e  2.1 Generic Categories o f  Potent ia l  
Adverse Actions Against an SPS 

Active: 

Attack cn system elements o r  construct ion 
f a c i  1 i t  ies  

r Sabotage 

Threats against safety o f  SPS workers 

I ~ l t e r v e n t i o n  o f  suppl i e r  

r In te rvent ion  o f  power transmission--sunlight 
o r  microwave 

Obtain physical contro l  o f  the system 

r Blackmail 

Passive: 

r Loss o f  system elements o r  construct ion 
f a c i  1 i t i e s  due t o  accident 

r Loss o f  construct ion c a p a b i l i t y  due t o  
recur r ing  ma1 funct ion 

I 
I 
I 0 Environmental resk r i c t i ons  

Legal o r  p o l i t i c a l  ba r r i e rs  

1 Improper c r i  t i c a l  path management 

I Unioc act ions 
I r Perceived threats 
1 



and inst i tu t ional  barriers that might be erected against the system. They 

also a u l d  include a variety o f  accidental occurrances involving, f o r  exam- 

ple, a loss of construction f a c i l i t i e s  o r  launch vehicles. The measures 

taken to protect against these "passive" actions are necessarily qu i te  

dffferent f ran the measures that  could be taken to  protect against "active" 

actions o f  advemaries, 

2.2 @al i ta t i ve  Comparison with Termstr ia l  Systems 

T e r n t r i a l  power systems are vulnerable to m i l i t a ry  actior! a t  three 

points: 

1. The supply systemof rawmaterial for enerqy production 

2. Theactual physical system f o r  energyproduction 

3. The d is t r ibut ion network for energy. 

The l a s t  40 years provide nmerous examples o f  attempts to  in ter fere wi th  

ter rest r ia l  power systems a t  a l l  three points. The Second World War, Korea 

and Vietnam saw major e f fo r ts  made to  reduce the opponent's industr ia l  capa- 

c i t )  through action against i t s  eneqy generating systems. Various t e n s -  

t r i a l  energy systens d i f f e r  considerably as to the i r  vulnerabi l i ty a t  these 

three stages. For example, hydroelectric powr stages (that i s  water, as 

cornpared t o  o i l - f i r ed  steam generating systems that depend upon a steady 

input o f  o i l  transported from distant s i tes) have proven to  be re la t i ve ly  

inmune t o  attempts t~ disrupt the i r  source of raw material. While i t  i s  

d i f f i c u l t  t o  generalize across a highly technologically diverse universe o f  

ter rest r ia l  power systems, ranging from small coal-fired plants t o  1,000 

egarratt LURs, a few generalizations do seem possible. 

F:rst, an increasing nunber o f  te r res t r ia l  power systems are dependent 

upon foreign-controlled sources o f  raw material. These include not only the 



obvious o i l  and coal-fir& zystems k t  also a large nwber o f  the nuclear 

parer plants now being b u i l t  or  projected, which w i l l  be dependent upon 

urani rn enrichent and fuel fabrication services performed by other countries. 

Thi s dependence on foreign swrces for  raw materials opens up a whole range 

of m i l  itary/pol i t i ca l  wlnerabi 1 i t y  that spans the application of an embargo 

a11 the uay up to the application o f  traditional. interdiction techniques of 

using sea and a i r  power to disrupt supply lines. Depending upon where i n  

this spec- the action i s  applied, varying levels and sophistication o f  

force w i l l  be m i r e d .  Fw acaaqle, an Arab o i l  embargo on exports, unless 

opposed by force, can k applied without any sign:ficant application o f  

mi l i tary force and against countries that may have a large quantitative and 

qua1 i ta t i ve  mi l i tary superiority. I n  c ~ r i s o r .  to potmt ia l  mi l i tary threats 

to an SPS system, disruption o f  the raw material supply of terrestr ial  systems 

appears open to fa r  amre states and a t  lower levels o f  m i l  i tary force and 

sophistication. I n  an SPS, t% technology necessary to  disrupt the sunlight 

or microwave beam i s  a t  least an order o f  mgni t r  2 above that  needed for  

analogous action on a terrestr ia l  system and not l i ke l y  t o  be available t o  

m s t  states i n  the short tern. 

Second, the actual energy conversion system of  terrestr ial  power plants 

i s  subject t o  a large range o f  r n i l i  tary actions, ranging from covert pene- 

trat ion and sabotage t o  direct attack w i t h  highly sophisticated a i r -  or 

m i  ssi le-del ivered ordnance. Yhi l e  these systems are relat ively vulnerable 

t o  such mi l i tary action, the scale of  energy prodoction a t  any single s i te  i s  

such that the pay-off of such an attack i s  not high. With interconnected 

power grids, the removal o f  a single power-generating f a c i l i t y  nould usually 



not be c r i t i c a l  o r  seriously d.isruptive. Additionally, any such mi l i ta ry  

action involves a dii-ect attack on the national t e r r i t o ry  and sovereignty 

o f  a state and i s  not l i k e l y  to  be undertaken i n  a s i tuat ion short of  war 

o r  open conbat. I n  coatparison, any m i l i t a ry  attempt t o  interfere with the 

energy production phase of an SPS system would appear to q u i r e  a higher 

order of technical sophistication than simi lar e f fo r ts  directed a t  terres- 

t r i a l  systems. d the other hand, larger scaling o f  S K  sy: tews would mean 

that  such efforts, i f  successful, would o f fe r  considerably higher pay-offs 

i n  terms o f  t he i r  disruptive impact. Also, the nonterr i tor ia l  base o f  the 

energy production segment o f  an SPS system would mean that any attack on i t  

srould not d i rec t ly  attack the national t e r r i t o ry  o f  the state owning the 

system, and th is  might lower the restraints against such an attack. 

Third, both SPS and te r res t r ia l  systems seem t o  share the same degree 

of vulnerabi l i ty to m i l i t a r y  action with regard t o  the i r  d is t r ibut ion systems. 

While the u t i l i t y  interface, and par t icu lar ly  the rectenna o f  the SPS, would 

present a laher- target than normally associated with a te r res t r ia l  system. 

the te??t ive vulnerabi l i ty o f  the systems i s  probably not altered by this.  

Fourth, the two types o f  systems d i f f e r  s igni f icant ly i n  the i r  vulnera- 

b i l  i t y  t o  nonconventional m i l  i tary actio-1 ( that  is ,  t e r ro r i s t  and similar 

action). The ter rest r ia l  system, such as an LWR, presents a tradi t ional  tar-  

get p ro f i l e  with very conventional types of barrie* , to be overcome i that is,  

physical barriers, detection systems and security forces j . These barriers 

may be considerable. but i n  any case, they are conventional i n  the sense that 

t radi t ional  techniques can, i f  adequate, breech, neutralize and defc2t them. 



Given the spread of m i l i t a r y  t ra in ing and sophisticated m i l i t a r y  and quasi- 

m i l i t a r y  hardware ( f o r  example, helicopters, shaped explosive charges, 

heat-seeking missi les and anti-tank weapans), any nmber o f  groups can be 

expected to be capable o f  launching terror ist- type attacks on te r res t r i a l  

power systeas. With regard to  SPS, another order o f  sophist icat ion beyond 

tha t  normally forrnd in  t e m r i s t - t y p e  groups would be required t o  credi tably 

pose a m i l i t a r y  threat t o  the system. Tbe technology that  t h i s  study has 

ident i f ied as necessary, f o r  example, to destroy the sa te l l i t es  through 

act ive o r  passive means, i s  un l ike ly  to be avai lable t o  t e r ro r i s t s  i n  the 

time frame o f  concern. Yhi le i t  i s  possible to imagine s l i g h t l y  more credible 

threats t o  the SPS operation and control system from t e r r o r i s t  groups, these 

are a t  the outer l i m i t s  o f  p l a u s i b i l i t y  and the system i s  s t i l l  s ign i f i can t l y  

less vulnerable than t e r res t r i a l  systems. 

2.3 Relative Likelihood o f  Threats Occurring 

Y i t h  regard t o  the energy conversion stage o f  an SPS, the most serious 

act ive threat  would involve an attempt t o  destroy the s a t e l l i t e  i t s e l f .  Such 

an e f f o r t  might involve ground-based laser, airborne laser, space-based 

attack o r  a ground-based missi le attack using a nuclear warhead. A l l  such 

threats would involve a high order of technical sophist icat ion i n  the launch 

vehicle o r  specif ic attack mechanism. Laser developments are apparently 

moving ahead rapidly, and a f u l l  assessment would require access t o  c lass i f ied 

data not available for t h i s  study, but i t  s t i l l  appears probable that, a t  least  

during the early years of SPS implementation, only the United States and the 

Soviet Union, and maybe one or two Western European states, w i l l  have laser 

devices wi th the appropriate characterist ics f o r  such a satel l i te-destroying 



mission. Research i n to  high-enegy lasers i s  apparently being act ively pur- 

sued with progress being made along the following f ionts: 

For in-space use, the open 1 i teraturn i n  the United States 
already reports useful efficiencaes with small-scale chemical 
lasers using hydrogen f luor ide radiating a t  a wavelength of 2.7 
microns. Research i s  apparently now concentrated on scaling 
the size of the device upward to useful power levels. 

For ground-based use against space targets, the United States 
has reported progress with e lect r ica l  1 y excited Excimer-type 
lasers using noble gases, that emit i n  the v is ib le  and u l t ra -  
v io le t  part  o f  the spectrm. I t  i s  reported that single-pulse 
energy levels o f  350 joules have already been achreved wi th  
such devices . 

I n  botn of these approaches, formidable problems rwnain, including 

major advances i n  the laser devices themselves, precise locating and track- 

ing and large, high power optic systems. Yithout access t o  classi f ied 

raaterial, i t  i s  impossible t o  assess wi th  a high degree o f  confidence the 

pace a t  which more t rad i t ional  sate1 1 i te-destroying technology has developed. 

However, the impression from the public record i s  that only the Soviet Union 

and the United States have made any real  attempts t o  develop such capability. 

A passive threat t o  the s a t e l l i t e  i t s e l f  that deserves serious con- 

sideration i s  the threat posed by co l l i s i on  with another s a t e l l i t e  or debris 

from the breakup o f  a s a t e l l i t e  or  associated launch vehicle. While d i rect  

space-based attack an the sate1 1 i t e  through an active sate1 1 i te-k i l  l e r  system 

could be easily ident i f ied through ground tracking, i t  would be much more 

d i f f i c u l t  t o  establish intent i f  an e f f o r t  was made t o  disguise the search- 

and-close prof i le  of such a sate l l  i t e - k i l  l e r  system. Because the SPS would be 

i n  geosynchronous orb i t ,  such a deception should be easier t o  execute. The 

possible deceptions are many, including a " fai led" control system on a 

launched sate l l i te ,  an on-board "accident" on a large sa te l l i t e  or i t s  launch 



vehicle resu l t ing i n  a large amount o f  debris crossing the o r b i t  o f  the SPS 

or a "sriscalculationW by one o f  the many states that  w i l l  have s a t e l l i t e  

launch capabi l i t ies  by the end o f  the century. 

A t h i r d  area o f  threats that  deserves serious at tent ion concerns act ive 

and passive threats t o  the SPS operation and control system. These could 

include, i n t e r  a l ia,  attempts t o  a f f ec t  the att i tude, control and t ta t ion -  

keeping capabi l i t ies o f  the system by jamning ground comnands, by using 

superior cornaands t o  reposit ion o r  change alt i tudes, o r  attempt t o  destabi l-  

Sze the s a t e l l i t e  through ordering i t t o  assume unstable att i tudes. The 

beam control could also be s im i la r l y  misdirected i n  an attempt t o  def lec t  

o r  t o  d i r ec t  the power beam i n  ways l i k e l y  t o  cause physical damage t o  earth- 

based interests. It i s  not c lear that  such threats can be easi ly o r  creditably 

posed. I n  large part, the answer t o  whether they can depends upon the design 

o f  the c o m n d  and control system. I f  the issue o f  security and access are 

handled ;n as haphazard a fashion as they have been i n  many exist ing computer 

systems, then thc threat could be qu i te  real.  If, on the other hand, atten- 

t i o n  i s  paid t o  such issues, i t  should be possible to  design dependable, 

secure, control systems. 

A threat  assessment requires knowing not only the vu lqerab i l i ty  o f  the 

SPS t o  m i l i t a r y  action, but also assessing the creditable motivation that  

might lead t o  such action, the objectives that could be gained and ident i fy -  

ing states wi th both the capabi 1 i ty  and motivations. 

Because o f  i t s  cost, size and contr ibution t o  the operating country's 

national economic system, an attack on an SPS, especially by a major power, 

i s  l i k e l y  t o  be perceived as a clear and unambiguous act  o f  war. This means 



that  the motivations for attacking an SPS should be sought not i n  the SPS 

i t s e l f  but i n  the f u l l  context o f  the re la t ions between states. I n  other 

words, the motivations f o r  an attack an an SPS are re l a t i ve l y  unambiguous. 

I f  the SPS has a ground output optimized i n  the 5 t o  10 GU range, the sudden 

and unexpected destruction o f  one o r  more SPSs could cause imnediate economic 

disrupt ion ranging fm disrupt ion o f  the ground-based power d is t r ibu t ion  

system t o  the slowdown and stoppage o f  economic a c t i v i t y  re ly ing  on power 

derived from SPS. The output o f  an SPS f l e e t  would be so large canpared t o  

present conventional ground-based power generating networks o r  power pool s 

that  i t  i s  un l ike ly  that  the national energy system could (or should) be 

designed t o  absorb the unexpected loss o f  several SPSs without severe economic 

disruption. Thus, an attack on the SPS f l e e t  r:ould have as i t s  objective 

large-scale economic disruption. As wi th the a b i l i t y  to  in ter rupt  the 

importation o f  foreign-pmduced petrochemicals i n to  a state, the destruction 

of an SPS of fers  the a t t rac t ion  o f  being able t o  disrupt  an economy w i t b u t  

physical ly attacking assets wi th in  the state's geogranhic te r r i to ry .  

2.4 Methods o f  Risk A l lev ia t ion 

As argued above, the SPS, because o f  i t s  cost, size and contr ibution 

t o  the operating country's national economic system, presents a high value 

target, the destruction o f  which would 1 i ke ly  be perceived as a f a i r l y  un- 

ambiguous act  o f  war. I f  t h i s  i s  i n  fac t  the case, then an SPS would not 

be attacked unless central national interest, reaching f a r  beyond the mere 

vu lnerab i l i ty  of the SPS, of the involved states were a t  stake. As wi th other 

valued national assets, the real  defense f o r  SPS would be the national stra-  

tegic deterrence system. I f  strategic deterrence i s  effect ive, SPS n i l  1 



be protected from the attack o f  host i le  nations. On the other hand, i f  

strategic deterrence should fa i l ,  SPSs would probably share a high target 

p r i o r i t y  wi th  a l o t  of other high-value, hard-to-defend targets. 

Four principal avenues o f  r i s k  a l lev iat ion fo r  an SPS system o f fe r  

themselves. The f i r s t ,  and perhaps the most effective, r isk-al leviat ion 

technique i s  that o f  national strategic deterrence. That is ,  af teral l ,  the 

technique used by the United States and U.S.S.R. t o  defend other hard-to- 

defend targets such as large urban-industrial regions. The techniques 

o f  lnutual vulnerability, while psychologically and m i  1 i t a r i l y  disturbing, 

l i k e l y  outweigh very expensive and dubiously ef fect ive defensive measures 

that might be undertaken. 

A second r isk-al leviat ion technique, which could be compatible with 

the f i r s t ,  i s  t o  adopt minimal defensive devices suf f ic ient  t o  ward o f f  

small-scale, not highly sophisticated attacks. This would give some pro- 

tection against te r ro r is t  or  i r ra t ional  Amin-type attacks while not seriously 

degrading the mutual vulnerabil i ty that the United States and Soviets share. 

The d i f f i c u l t y  o f  th is  technique, as demonstrated i n  the ABM debate, i s  that 

a th i rd  state defensive capabil i ty may appear to  be more than that and upset 

the mutual deterrence relationship among major protagonists. I n  the ABM 

debate, the United States anti-Chinese system was claimed by the Soviets to  

be directed a t  providing a defense against Soviet missiles and thus upsetting 

strategic deterrence. The United State, fo r  i t s  part, had great d i f f i c u l t y  

i n  assessing whether a Soviet defense system was designed against bomber 

attack, Chinese missiles o r  was the s tar t  of an ABM defense againqt the 

United States. 



A th i rd  r isk-al leviat ion technique would involve internationalizing 

the systan a t  i t s  research, production and/or operation stages. The simplest 

example o f  t h i s  would involve an SPS that produces power fo r  several states. 

I n  such a case, an attack on an SPS would be an attack on more than one nation 

and hence, presumably, be harder to  jus t i f y .  This technique could be 

i l lustrated, f o r  example, by an SPS that fed the national grids o f  Israel. 

Syria, Jordan, Egypt and Iraq; o r  one that fed the FRG, DDR, Poland, 

Czechoslovakia and Austria, o r  one that fed both China and the Soviet Union. 

A f inal  r isk-al leviat ion technique that might be followed would involve 

seeking an international agreement i n  which the signatories would speci f ical ly 

agree t o  declare that the SPS would not be subject t o  mi l i ta ry  action. This 

strategy by i t s e l f  would seem t o  of fer  l i t t l e  real  security but i f  coupled 

with other techniques might offer some added security, part icular ly against 

any attempt t o  attack an SPS i n  a less than al l -out war situation. 



3. LEGAL XYD POLITICAL QUESTIONS ON COMNICATIONS IMPACTS 

This section ident i f ies a number o f  issues related 31 frequency a l lo -  

catior! f o r  SPS and the potential impact of SPS on other frequency spectrum 

users. First ,  the problem areas are ident i f ied as they impact and are im- 

---a 
yobced by the present frequency allocations. Then, the present frequency, 

al locat ion and potential SPS impacts are identif ied, Next, the frequency 

al location ~ ~ n c e d u r e  and the '977 and 1979 meetings o f  the tiorld Adminis- 

t ra t i ve  Radio Csr&ierence are reviewed. Final ly a survey of exist ing and 

projected sa te i l l tes  and equipment$ potent ial ly impacted by SPS are reviewed. 

SPS could possibly impact many frequency spectrum users, including 

cannunicatiom, navigation and radiolocation systems. The potential 

a.xhanisnts involved include nonl inear inter, ,tions between the SPS power 

beam and other radio signals, higher harmonics o f  the SPS power beam and the 

actual transmitted bandwidth, and effects due to  power beam heating o f  the 

ionosphere. To provide f o r  SPS, i t  i s  necessary t o  obtain appropriate 

frequency ai location and orb i ta l  s l o t  allocation. These issues w i l l  be 

addressed i n  the 1979 World Administrative Radio Conference and i t i s  key 

that SPS be provided fo r  as one outcome o f  that session. With the wide 

range o f  impacts that SPS could potent ial ly have, and the large number of 

systems, groups and individuals potent ial ly involved, i t  w i l l  be necessary 

to design the SPS fo r  minimum impact, t o  assure that the impact o f  SPS i s  

adequately controlled, and t o  f ind  equitable a1 ternatives fo r  those that must 

be impacted. 



3.1 Frequency A1 locations and Potential SPS Impacts 

Before delving in to  the frequency al location problem and potential SPS 

impacts i t  i s  important to understand the frequencies ti t can be impacted 

by S3S and the mechanisms which would cause these inpacts. As zhwn i- 

Table 3.1, the proposed center frequency f o r  SPS i s  2450 H z .  Table 3.1 

also shows the frequencies o f  the f i r s t  f i v e  harmonics o f  th is  center f re- 

quency. The center frequency, 2450 M z ,  has been proposed fo r  SPS due t o  a 

number of reasons. First ,  t h i s  frequency i s  presently allocated to indus- 

t r i a l  users and i s  i n  use today f o r  such things as microwave ovens. 192 

Second, t h i s  i s  a frequency which has re lat ive ly  good characteristics with 

respect to transmissions through the atmosphere and through areas of pre- 

c ioi tat ion. Third, i t  i s  a frequency a t  which considerable work has already 

been acc-1 ished on the development o f  high power transmitting dedices such 

as klystrons and h p l i t r o n s  and on rf-to-dc converters. 

b 

Table 3.1 Problem Areas - 
a Center Frequency o f  SPS: 2450 Hz 

a Harmonics: 

2nd - 4900 MHz 

3rd - 7350 W Z  

4th - 9800 MHz 

5th - 12250 IfHz 

Actual Transmitted Bandwidth 

Sum and Difference Frequencies with Other 
Signal s 

Power Flux Denscty Limits i n  Side Lobe Areas 



Clearly, problem areas i n  the frequency spectrum associated w i th  SPS 

w i l l  include the center frequency and a t  least  the f i r s t  several harmonics 

o f  the center frequency. I n  addition, however, there are a number o f  other 

problems as depicted i n  Figure 3.1. The f i r s t  o f  these deals wi th  the 

actual transmitted bandwidth o f  the SPS system. Because o f  the large amount 

o f  power being handled, there i s  a strong requirement f o r  maintaining very 

precise frequency control.  Despite the f ac t  tha t  the center frequency i s  

protected t., 50 Wz on e i the r  side, one e f fec t  which can occur when two o r  

more SPS s a t e l l i t e s  radiate the same po in t  on the ground i s  the reradiat ion 

o f  sum ard di f ference frequencies due to nonlinear e f fec ts  such as might be 

C?L. & by the rad ia t ion o f  ungrounded pieces o f  metal. Another potent ia l  

e:fect itS1,oiving charged par t i c les  trapped e i the r  i n  the ionosphere o r  i n  

thc Van . ? l e n  be l t s  i s  referred t o  as the Luxembourg e f fec t .  I n  the Luxem- 

bour5 ef fect ,  arged par t i c les  excited by the power beam are modulated by 

other rf s:g$tair. The resul t ,  due t o  the nonl i near i t i es  o f  the process, i s  

the rad ia t ion of rf power a t  the sum and difference frequencies between the 

power beam and the in te r fe r r ing  rf signal. These nonlinear e f fec ts  have 

the potent ia l  for creating radio frequency interferrence over a broad f re -  

quency spectrum, thereby impacting a wide range o f  users. I n  addition, 

radio frequency users C L . ~  be impacted i n  yet  another way. It i s  known tha t  

the SPS power beam w i l l  cause heating of the ionosphere. The exact extent 

and effect of t h i s  phenomenon i s  not presently uneerstood, however i t  could 

po ten t ia l l y  impact radio frequency users that  make use o f  the ionosphere t o  





obta in  long-range rad io  ~ransmiss ion.  F ina l l y ,  i t  sbould be emphasized tha t  

the  e f fec ts  t h a t  could be caused by a f l e e t  o f  SPS s a t e l l i t e s  i n  o r b i t  can 

be s i g n i f i c a ~ t l y  d i f f e r e n t  and more extensive than the ef fects caused by a 

s ing le  SPS s a t e l l i t e .  

Table< 3.2 and 3.3 d e t a i l  a  number o f  po ten t ia l  power beam ef fec ts  on 

e x i s t i n g  and proposed c m u n i c a t i o n s  and navigat ion systems.3 The e f f e c t s  

de ta i l ed  i n  these tables a te  due s t r i c t l y  t o  heat ing a f  the  ionosr5ere by 

the SPS power beam and are representative, but no t  a l l  inc lus ive,  o f  the 

pwolems tha t  could occur aue t o  t h i s  phenomenon. Basical ly ,  a l l  HF ran- 

munication systems operat ing i n  the 3-30 MHz range make use o f  the iono- 

sphere as a r e f l e c t o r  t o  propagate the signal over substant ia l  distanczs. 

A1 t e r a t i o n  o f  the ionosphere could resul  t i n  propzgation outages w i th  sub- 

sequent loss o f  comnunication l i n ~ s .  Many users, both c i v i l i a n  and m i l i t a r y ,  

could be af fected.  I n  addi t ion,  a number o f  sate l  1  i t e  communication systems 

could be impacted due t o  s c i n t i l l a t i o n s .  The resu l t s  would be fading o f  the 

comnunication signal.  Both LF ( low frequency) and VLF (very low frequency) 

navigat ion systt?ms r e l y  on the ionosphere f o r  signal propagation; f o r  example, 

the  Omega navigat ion system which i s  present ly being implemented on a world- 

wide scale. This system w i l l  serve both m i ? i t a r y  and c j v i l i a n  users, 

p r imar i l y  ships and submarines a t  sea and a i r c r a f t  f l y i n g  out o f  the range 

of  VHF navigat ion systems. To date, the Omega system has been widely praised 

fo r  i t s  accuracy. It i s  possible however tha t  stidden phase anomalies (SPAS) 

could increase the Omega loca t i on  e r ro r  by a fac to r  o f  f i v e .  Simi lar  degra- 

dations i n  performance may a lso occur f o r  LORAN C which i s  present ly being 



implemented i n  the United States as a supplement t o  the VOR system. Again, 

due to  sc in t i  1 lat ions , performance o f  the Navstar Giobal Posi tiotring Sate1 i t e  

could also be inlpacted by the SPS power bean. 

- 
Table 3.2 Possible Effect o f  SPS on Colrrnication Systems 

S Y S ~  

HF 

AFSATCOn 

IKTELSAT/ 
M I S A T /  
OOltSAT 

h 

Sjrtetl Characteristics 

a 3-30 Wz 

Uses ionosphere ar reflectof 
to propagate 

- 260 CH2 
-340 ))lz 

Power &am Effects 

Propagation outages 

Loss o f  coma. l inks  

Many users affected 

-Ham - H i l i t a r y  - Civ i l ian  

a Fading due t o  scin- 
t i 1  ;ations 

Satel 1 i te-to-ai rcraf t 
coarnunication system 

1200 W z  

1600 CHz 

6000w 

4000 MHz - 

Aspect scatter could 
cause wul ti path de- 
gradation 

Fading, i f  severe 
could be significant. 

. 



As a resul t  o f  the broad range o f  possible effects c i ted  above, i t  i s  

not possible to consider a l l  o f  then a t  t h i s  point i n  time. Furthornre, 

i t  f s  l i k e l y  that  many o f  these effects w i l l  nut a c t w l l y  materialize and, 

thus, need not be dealt with--roore work i s  necessary before i t  w i l l  be pos- 

s ib le  to know which o f  the effects m s t  be dealt with. Thus, the reminder 

o f  t h i s  section deals wi th  the frequency al location pmblem i n  general, 

focusing or  the center frequency and harmonics o f  the planned 2450 MHz power 

beam frequency . 
Frequency allocations are assigned by region as indicated i n  Fisure 

3.2. The United States with North and South Pmerica, Greenland and Hawaii 
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i s  located i n  Region z . ~  Frequency allocations are made with the concensus 

o f  states within the allocation region. The frequency allocation procedure 

i s  reviewed i n  Table 3.4. First, recolilendations are made to the Federal 

Corrrnication m i s s i o n  by the h i n t  Industry Goverment Omnittee, by plib- 

l i c  colron carriers, and by others. These recotmendations are then fomarded 

to the Department of  State along w i t h  recamendations f ran  the Office o f  

Telecoumunications Policy and the U.S. study groups o f  the International 

Radio Consultative C c m i  ttee. Frequency allocations are then negotiated by 

the Department of  'State i n  the f o m  o f  a treaty a t  a neeting of  the Interna- 

tional Tel-ication Union (ITU). These lseetings o f  the ITU are referred 

to as Yorld Administrative Radio Conferences ( W C ) .  

The present frequency allocations f o r  Region 2 are shown i n  Figiire 3.3. 5 

It i s  interesting to note that essentially the entire frequency spectrum t o  

- J!6C (Joint Indust ry -bmnatn t  tomittee)--Est&blishtd by the Federal 
Mvisory  '-ittee kt (5 U.S.C. 5il-l5)--corposcd o f  s i x  rrorking g w p s  

YM: Orf in i t ions and Teminology 
Y6-8: Shr ing  Principles 
Y6-C: Shar iq  Cr i te r ia  
Y6-0: Evolution and Rquirclamts 
US-E: llonttchnical Imp1 i c r t ions  
S F :  Pmcedurts 

- Pub l ic -Car~n Carriers and others. 

a Rccolacndrtions wde to  the Departmnt of S:ate by 

- OTP (Off ice of Telecoarunicatlons Pol i cy )  - CC.R (U.S. S t d y  6roups o f  I n t e r ~ t i o n a 1  L d ~ o  Consultatide Cornittee: 

i n  t%e form of a treaty. negotiate4 by the 
ng of the International Tclcconwunicrtion 
the XTU ;s referred to  as a ilcrld Adnlr,~s- 





well above 10 6Hz i s  presently allocated f o r  various te r res t r ia l  purposes 

and that a nus.kr o f  s lots are presently a1 located f o r  various space purposes. 

Figure 3.4 detai ls the fr-equency a1 location around the SPS center frequency. 6 

As noted above, the center frequency, 2450 Wz, i s  designated f o r  industrial,  

sc ien t i f i c  and d i c a l  purposes i n  Regions 2 and 3 wi th  a band o f  50 Wz to  

ei ther side o f  the center frequency being protected. These frequencies are 

also allocated to, and used extensively by, the f ixed ssrvice which includes 

the terrestria: rricrowave network. This network i s  already very extensive 

and i s  placing constraints on present communication sa te l l i tes  with the re- 

sul t that grruml stat ion antennae are requiped t o  be located well outside 

the  center c i t y  areas. The to ta l  investment i n  the microwave network could 

not be determined within the scope o f  th is  study; however, i t  i s  expected 

t o  be a t  least as large as the to ta l  investment i n  s a t e l l i t e  comnunication 

equipment and i t  i s  quite possible that SPS could Gmpact much o f  th is  system. 

The present frequency a1 location around the second harmonic o f  the SPS 

center frequency i s  shown i n  Figure 3.L7 Again th i s  frequency i s  allocated 

t o  the f ixed service. The spectrum s l i gh t l y  above the second harmonic i s  

allocated to radio astronomy purposes. This could be signi f icant i f  radio 

astronomers be? ieve t b t  thz sec~ni! harmcic ?f the SPS cenier frequency 

w i l l  interfere with the i r  work. 

WARC 1977 and 1379 - - 
I n  any discussion o f  frequency al location fo r  SPS, i t  i s  inportant to  

recognize two important meetings o f  the WARC. The f i r s t  of these, WARC 1977, 

convened on January 10, 1977. The agenda for  th is  n ~ e t i n g  was: 

1. To establish sharing c r i t e r i a  for the bands 11.7 to  12.2 (Regions 
2 and 3) and 11.7 to  12.5 GHz (Region I ) between broadcast sate1 - 
1 i te  service and other service including the ii xed service, broad- 
castifig service, mobile service and the f ixed s a t e l l i t e  (space-to- 
earth) i n  Region 2; 







2, To plan f o r  broadcasting s a t e l l i t e  service 

3. To establish procedures to govern use o f  these bands by the broad- 
casting sate11 i t e  service and other services. 

During th i s  meeting, principles t o  govern the management o f  the geostat  on- 

ary o r b i t  were discussed. These are discussed i n  mow deta i l  i n  Sectior! 

4.1.2. 

A second important meeting o f  the MARC convenes on September 24, 1979 

and w i l l  remain i n  session f o r  about 10 weeks. Two important debates are 

scheduled f o r  t h i s  meeting: (1) regarding al locat ion o f  the geostationary 

o r b i t  and (2) allocation o f  the center frequency 2450 HHz and a l l  o f  i t s  

harmonics for industrial,  sc ien t i f i c  and medical purposes. Both o f  these 

debates are key t o  the future o f  SPS. This meeting i s  also discussed fur- 

ther i n  Section 4.1.2. 

3.3 Survey o f  Existinq and Projected Sate11 i tes and Equipments 

The geostationary o rb i ta l  arc occupancy present and planned i s  sumnar- 

i red i n  Figure 3.6.' It has been estimated by COMAT that by the end of 

t t i  century some 50 sate l l i tes w i l l  be on o r b i t  i n  the geostationary orbf t a l  

arc. The services which they w i l l  provide w i l l  be both extensive and v i t a l  

to the countries which they serve. I n  addition to  comnunications, there 

w i  11 oe weather service sate1 1 i tes, earth observation sate1 1 i tes, tracking 

and data relay satel l i tes,  storm and disaster warning sa te l l i tes  and navi- 

gation sate l l i tes to  n3me a few. Clearly, the industr ia l izat ion of space 

has begui-8 with the exploitat ion o f  t h i s  important orb i t .  

fne Intelsat system alone, as o f  December 31, 1975, i s  shown i n  Figure 

3.7. I t  consists of  sate l l i tes over the Atlantic, Pacif ic and Indian 

Oceans and, as o f  the end o f  1975, t ied  together 71 countries, te r r i to r ies  

and possessions with 123 Earth stations i n  97 locations.'' Investment i n  
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the ln te lsat  system i s  shown i n  f igure 3.8 as a function time. It i s  expec- 

ted that the present In te lsat  I V - A  sa te l l i t e  system w i l l  be saturated by 

1979. l1 To obtain more channel capacity, In te lsat  has embarked on a program 

for developing and constructing i t s  next generation of communication satel - 
l t tes,  the Intelsat V. Tkse sa te l l i tes  w i l l  have a capacity o f  about 

12,500 two-way c i rcd i ts  each and w i l l  incorporate not only the dual beam 

concept o f  In te lsat  IV -A  but w i l l  also include repeaters i n  the new frequency 

bands a t  11 and 14 Giz, i n  addit ion t o  those i n  the present 4 and 6 GHz hands. 

It w i l l  also incorporate the techniques o f  dual polarizatiort. Seven Inte l -  

sat Y sate111 tes are scheduled t o  be manufactured by Ford Aerospace and 

Communications Ccrp., four t o  be launched on the Atlas Centaur and three on 

the Space Shuttle. The to ta l  cost o f  the In te lsat  V progrwn i s  estimated 

t o  be approximately $450 mi l l ion. The Intelsat g~ound station costs should 

not be neglected as a part  o f  the to ta l  system costs. I n  1976 the cost of 

a ground station ranged from about $3.5 t o  $7.5 m i l l  ion. 

Other i m n i c a t i t  , sate1 t i  t e  systems scheduled fo r  implementation 

i n  Reaiar! 2 are shown i n  Table 3.5. -I,ese include the Anik system which i s  

the Canadian Domestic System, the Westar System of Western Union, the RCA 

Satcom, the COMSAT General/ATT System and the ATS Sate1 li tes. No doubt, 

these systems w i l l  be augmented by a number of other systems i n  the future. 

3.4 Conclusions 

I t  i s  clear from the above analysis that SPS w i l l  have to compete both 

f o r  i t s  required frequency spectrum and for o rb i ta l  arc space. Assurance 

w i l l  have to be obtained that SPS w i  11 not produce intolerable amounts of  

radio frequency interference nor undu!y disrupt other services such a: com- 

munications, navigation, radiolocation and others. The requirements fo r  





SPS t o  co -ex is t  w i t h  o ther  users i n  at1 rf environment t h a t  has been estab- 

l i s h e d  over the p ~ s t  73 c r  :? years are l i k e l y  t o  p lace engineering dcnanC; 

upon the system. I t  appears, for  example, t h a t  i t  w i l l  be nece5sary t o  

ma4nta in  t he  center  frequency w i t h  very h igh  p r e c i s i o n  and t o  minimize the 

rad ia ted  power both i n  t he  center  frequency harmonics and i n  the frequen- 

. ies  t o  e i t h e r  s i de  o f  t he  SPS center  frequency. Th is  cou ld  poss ib ly  mean 

con t ro l  o f  the SFS frequency t o  an accuracy o f  as much as one p a r t  'n  a m i l -  

l i o n .  There might a l so  be a need f o r  a number of cornpromises between SPS 

and o ther  o r b i t a l  arc  users. One such type o f  compromi~e r;r'9:~t be found i n  

the  use o f  SPS p la t fo rms  by o ther  users. !n f ac t ,  the v i a t i l i t y  o f  the SPS 

concept nay w e l l  r e s t  i n  the a b i l i t y  t o  f i n d  equ i tab le  a l t e r n a t i v e s  f o r  t F3  

connunications and o ther  ol .b i ta1 arc  users. 

-. 

Table 3.5 Other t~mnue ica t i ons  S a t e l l i t e  Systems ( I n  Region 2)  

C 

System 

r AN1K 

@ YESTAR 

r RCA SAYCOU 

COW?;: 
GENEEAL:ATl 

r ATS 

-- 

Remarks 

Canatfan domestic system. 3 s a t e l l i t e s  i n  o r b i t ,  Net 
va lue 591.9 m i l '  .on as o t  December 31, 197:. 

Western Union sys'm. 2 s a t e l l i t e s  i n  o r b i t .  I n i t i a l  
system, i nc lud ing  .I .en ground s ta t i ons ,  est imated a t  
$68.8 m i l l  i o n  I zss  ic.centives. 

RCA domestic system serv ing 48 s ta tes  p lus  A:aska and 
Hawaii, 2 s a t e l l i t e s  ir o r b i z .  Approxsmbte investment 
i n  systems i s  $180 m i l l i o n .  

S e w t s  A??. ATT has 4 car;h s ta t i ons  and shares capa- 
c i t y  w i t n  GTE. GTE owns 3 ea r th  s ta t ions ,  2 s a t e l l i t e s  
i n  o r b i t .  Now en te r i ng  clmnerci: l  serv ice .  Total  i n -  
v e s t - ~ * ?  about $105 m i l l  ion.  

NASA App l i ca t i on  Technology Sate1 1 i t e .  A?$-1  used f o r  
comnunications i n  hlaska. ATS-6 used fo r  d i r e c t  broad- 
c a s t  a t  2.25 SHz band f o r  comnunity recept ion  (education. 
hea l t h ) .  

- 



As indicated i n  th is  section and reiterated i n  Section 4, the meetings 

of  the ITU are key i n  obtaining the frequency allocation necessary fo r  SPS. 

As such i t will be necessary to begin planning - now the 1i.S. position fo r  the 

1979 YIIRC. By that time, the U.S. should have established a position rela- 

t ive  to SPS and should negotiate for  frequency allocations accordingly. 

Finally, i t  should be observed that investment i n  various sate l l i te  

systcas that w i l l  make use of  the geosynchronous o rb i t  are already extensive 

~ n d  gnming rapidly a t  an eeecrearing rate. It w i - l l  be necessary t o  regulate 

the gnmth o f  these systems i n  scch a way that iaplementation of the SPS i s  

not precluded due t o  the space act iv i t ies to take place over the next 2i. 

yean. 



Section 3: footnotes 

1. Final Acts o f  the World Administrative Radio Conference for Swce 
?t!*icwrrnications, The International Teleconunicrtion Union, Geneva, 
I S - : .  w. 88,92. 

2. h d i i r  ~ u l a t i o n s ,  Additional Radio Regulations Resolutions and Recan- 
a#ndatir-cls, 6eneral Secretariat of the International Telecosrsunications 
%ion, &rev&, l-, p, 80. 

3. Space-[hsed Solar Powrir Conversion and Delivery System Study, Final 
Report, Votme 111, Hicnmare Porrer Transaission Studies, Prepared by 
Raytheon Co., Wayland, h s s .  f o r  ECOII, IK.. March 1 * 1977, pp. 2-60, 
2-61, 

4. Radio Regulations, op. cit., p. AP24-1. 

5. Freibau, &role, Effects of Propagation Phenowna and Freguency Allo- 
cation m the Q w t h  o f  Sate l l i te  Comunicationr, Proceedingsof the 
1976 International Conference on Colanmications, Philadelphia, June 14- 
16, 1976, pp. 12-23, 

6. Final Acts o f  the Mrld Administrative Radio Conference f o r  Space 
Telecowainications, The International Telecoaraunication Union, Geneva, 
1971, pp. 88. Radio Regulations, Additional Radio Regulations Resolu- 
t ions and Recoaarendations, General Secretariat o f  the International 
Teleca~lnunications Union, Geneva. 1968, p. 80. 

7. Final Acts o f  the Uorld Adrninistrstive Radio Conference fo r  Space 
Telecommnications, The International Teleccmnunication Union, Geneva, 
1971, p. 92. 

8. Federal Communications Conmission, Docket 20668, Released August 6, 1976. 

9. Freibam, Jerome, op. cit . ,  pp. 12-24. 

10, COXSAT, Report t o  the President and the Congress, Camnunications 
Sa t e l l  i t e  Corporation, 1976. 

11. Charyk, Joseph V., Comnunications Satel 1 ites, AIAA Paper No. 77-323, 
presented a t  AIAA 13t1, Annual 13eeting and Technical Display, Washington, 
D.C., January 10-13, 1977. Also, t o  be pub1 ished i n  the Journal o f  
Spacecraft and Rockets. 



4. SPACE RIGHTS 

Sme of the potential barriers to $6 developnent l i e  i n  areas o f  in-  

ternational law, the law o f  outer space, and international pol icy f o w l a t i o n .  

This section examines four main issues: 

1. Legal aspects o f  use of 'he geostationary o r b i t  by s a t e l l i t e  power 
sys tesls 

2. I lpact  o f  the 1967 Ck~ter Space Treaty on the use of Guter space 
f o r  o rb i ta l  power generation 

3. Legal status o f  e s t a b l i s k n t  and operation o f  s a t e l l i t e  power 
systems by pr ivate sector en t i t ies  

4. Pemiss ib i l i t y  under exist ing internat ioral  space l a w o f  estab- 
1 i s h i q  weapons systems i n  o r b i t  t o  protect solar power sate1 1 i tes 
frol attack. 

The basic conclusion o f  th is  section i s  that the e x i s t i w  principles 

o f  space law present no fundamental impediments to the developmnt and imple- 

mentation of a s a t e l l i t e  power system; h~wever, c la r i f i ca t ion  o f  many ambi- 

guit ies could create a more favorable envirorrnent for SPS. It i s  also true 

that these principles favor the SPS more if i t  i s  developed, constructed and 

operated within the context o f  an international organization rather than by 

one nation alone. No obstacle t o  the use of geosynchmnous o r b i t  by SPS 

was found, but the l imited space available i n  th i s  o rb i t  and possible crowding 

for other uses could pose a problem. I n  the assigment o f  o rb i ta l  positions 

for SPS, consideration mast be given to the r ights and demands o f  nations 

nat presently active i n  space, par t icu lar ly  as these r ights  are protected by 

the 1967 Outer Space Treaty. It was concluded that construction and opera- 

t ion  o f  SPS by private sector ent i t ies i s  legal under exist ing space law. 

However, i n  so doing, these ent i t ies are acting as an a m  o f  the govermtetrt 

o f  the people they serve and that government assunes a11 responsibi l i ty and 



l i a b i l i t y  with respect to the system. Finally, exist ing space law appears t o  

permit on-orbi t m i  1 i tary protection of SPS sate l l i tes so long as the m i l i t a ry  

systems used do not include nuclear weapons o r  weapons o f  mass destruction. 

Beyond tk.5 analysis of exist ing space law, a mmber o f  ident i f iab le t m d s  

can be observed. It should be cautioned that the legal env i rommt f o r  SPS 

could change signif icantly over the next 20 y a r s .  

4.1 Leqal Aspects o f  Use o f  the Geostationary Orbit by Sate l l i te  Power 
sys ms 

Nearly a l l  conceptual designs f o r  sa te l l i t e  pawer systems are based on 

use of the geostationary orbi:.' The masons f o r  selection o f  that approach 

are threefold. First, the use o f  geostationary sa te l l i tes  would minimize 

the cost and complexity o f  ground receiving stations by eliminating the need 

for a steering mechanism t d  track sate l l i tes moving a:ong nongeostationary 

o rb i ta l  paths. I n  l i g h t  o f  the projected large size o f  the receiving an- 

tennas, system based on the use o f  polar orb i t ing sate1:i tes may be infea- 

sible.' Second, the continuous use o f  a l imited set of ground stations 

w u l d  minimize both the to ta l  system cost and the danger that the microwave 

o r  laser beam conveying t o  Earth the power products generated i n  o r b i t  would 

s p i l l  over i n to  areas surrounding the reception sites, potent ial ly causing 

physical Third, a peostationary sa te l l i t e  would be capable o f  sup- 

plying an essentially continuous supply o f  energy. Solar arrays operating 

ei ther on the Earth's surface or  i n  polar o rh i t  would be cut o f f  from the 

sun during a significant port ion o f  each time segment. I n  contrast, a sat- 

e l  l i t e  i n  geostationary o rb i t  would be continuously irradiated by the sun, 

except f o r  a she-t period near each vernal and autunnal equinox.4 Conse- 

quently, both experimental and operational sa te l l i t e  power systems are 1 ikc ly  

t o  u t i l i z e  the geostationary orbi t .  



Both the present state o f  the international law o f  outer space and the 

character o f  the geostationary o r b i t  as a !imited natural resource subject 

to a wide range of potent ial ly conf l ic t ing uses raise issues re lat ing t o  the 

u t i l i z a t i o n  o f  the orbi t .  Relevant international law i s  embodied primari ly 

i n  the 1967 Treaty orr Principles 6overning the Act iv i t ies o f  States i n  the 

Exploration and Use o f  Outer Space, Including the ban and Other Celestial 

B t ~ J i e s . ~  To date, international discussions re lat ing t o  the management o f  

the geostationary o r b i t  have occurred primari ly under the auspices o f  the 

International Telecosstunication Union (ITU). 

4.1.1 The Outer Space Treaty and Ut i l i za t ion  of the Geostationary 
Orbit by Sa t e l l  i te Power Sys tens 

1. Ar t i c le  I 

The 1967 Outer Space Treaty contains three main provisions which w i l l  

affect u t i  1 izat ion o f  the geostationary o rb i t  by satel: i te power systems. 

First, Ar t i c le  I, which establishes the most basic principles governing 

ac t iv i t ies  i n  outer space, provides: 

The exploration and use o f  outer space, including the moon and 
other celest ia l  bodies, shall  bz carried out for the benefit  and i n  
the interests o f  a l l  countries, irrespective o f  the i r  degree o f  eco- 
nomic o r  sc ien t i f i c  development, and shall be the province o f  a l l  
mankind. 

Outer space, including the moon and other celest ia l  bodies, shall  
be free fo r  exploration and use by a l l  States without discrimination 
o f  any kind, on a basis o f  equality and i n  accordance with interna- 
t ional  law, and there shall  be free access to a l l  areas o f  celest ia l  
bodies. 

There shall be freedom o f  scient i f ic investigation i n  outer space, 
including the moon and other celest ia l  bodies, and States shall  fac5i i -  
tate and encourage internat iordl  cct-operation i n  such investigation. 

a. Ar t l c le  I (1):  The " C m n  Interests" Clause. Paragraph 1 raises 

two main issues: f'rst, whether th is  provision constitutes a binding contrac- 

tual obligation or :s merely a declaratory o f  general objectives, and second, 



the meaning o f  the phrase "for the benefit and i n  the interests o f  a l l  coun- 

tries.' Related to the f o m r  i s  the question o f  whether the provision i s  

self-executing. Some authorit ies argue that a1 though the so-called "comnon 

interests" clause o f  Paragraph 1 embodies one o f  the broadest and most fun- 

daraental principles upon which the outer space regime i s  founded. i t s  breadth 

precludes d i rect  application. Consequently, other, ,more 1 i m i  ted, expressions 

o f  international consensus are required t o  give th i s  provi sion enforceable 

fom. Hence, pending agreemeat on specif ic operative principles elaborating 

the fundamental pol icy o f  Ar t i c le  1(1), the use of outer space--and therefore 

o f  the geostationary orb i t - - is  permitted under Ar t i c le  I(2), provided i t  i s  

peaceful i n  nature. 6 

A contrary conclusion i s  reached by a nwRber o f  other authorit ies who 

take the posit ion that the language o f  Ar t i c le  1(1) i s  as binding as any 

other provision o f  the treaty. Two main reasons are advanced to  support 

th is  proposition. First ,  during consideration o f  the text  o f  the provision 

i n  the f i f t h  session of the Legal Sub-hanittee of the Camnittee on the 

Peaceful Uses o f  Outer Space (CPUOS), a proposal t o  delete the phrase "for 

the benefit and i n  the interests o f  a l l  countries" from Ar t i c le  I and place 

i t i n  the preamble was r e j e ~ t e d . ~  S i r i l a r l y ,  the dra f t  o f  Ar t i c le  I (1)  was 

modified when the words "irrespeciive of  the i r  degree of economic oi- scien- 

t i f i c  "evelopment8' were moved on the basis o f  a consensus from i n i t i a l  posi- 

t ion  i n  the prebmble t o  the i r  present posit ion following the "comnon interests" 

clause, because the developing couritr ies advocated inclusion o f  the l a t t e r  

phrase as part ~f the binding treaty canitment.8 Thus, i t  may be inferred 

that the drafters intended Ar t i c le  I ( 1 )  to  be binding. Second, even i f  the 



provision i s  considered non-self-executing and the effectiveness o f  the 1 i m i  - 
ta t ion i s  thereby somewhat diminished, i t s  binding character i s  not impaired 

and the leg is la t ive or executive acts necessary to  implment the binding 

provision are wnetheless mandatory fo r  a l l  part ies t o  the treaty. 9 

The content o f  the phrase "for the benefit  and i n  the interests o f  a l l  

countries" i n  Ar t i c le  I (1) i s  also open to dispute. Sane authorit ies take 

the posit ion that  tk treaty's admonition t o  use outer space fo r  the benefit 

o f  a l l  members of the international comnunity constitutes no more than a 

duty upon each member not to misuse outer space i n  a way which could dimin- 

i s h  the value of space ac t i v i t i es  to other nenbers.1° Under that construc- 

tion, uni lateral  use o f  an orb i ta l  s l o t  would not v io la te Ar t i c le  I(1), 

since space shutt le technology and the potential a b i l i t y  t o  remove inopera- 

t i v e  sate l l i tes from o rb i t  emphasizes the character o f  the geostatiosary 

o rb i t  as a renewable resource which i s  nonde~letable i n  any permanent sense. 

Others have taken the closely related position that the phrase means 

that the use of space objects should not be detrimental t o  the interests o f  

other countries, including nationai security, public order and sovereignty 

over natural resources which are  protected under international law. l1 Hw- 

ever, i n  contrast to other pqtential uses o f  the geostationary orbi t ,  the 

use of space fo r  solar power generation does not af fect  any o f  those 

essentially ter rest r ia l  interests. l2 The t C i  rd  possible interpretation 

would impose or, space powers the obligation either to permit other countries 

t o  use the former's space vehicles or t o  snare the financ ;a1 benefits o f  i t s  

space act iv i t ies.  Arguments supporting th is  posit ion have been raised i n  

the discussions of the CPUOS Legal Sub-Comnittee relat ing t o  the d i rect  broad- 

cast and earth resources satell ites.13 To date, that approach has received 



l i t t l e  d i rect  international support.14 Nonetheless, a similar approach re- 

la t ing  t o  the exploitat ion o f  resources i n  another area located beyond the 

l im i t s  o f  national jurisdict ion, the deep seabed, has received substantial 

support during the present series o f  United Nations Conferences on the Law 

o f  the sea.'' Although a scheme f o r  l icensing exploitat ion o f  the o r b i t  and 

d is t r ibut ing the proceeds equitably among the members o f  the international 

comnuni t y  has been proposed, current developments i n  space law and the law 

o f  the sea suggest that f inal  agreement on such an arrangement i s  not l i k e l y  

to  occur i n  the near future. 

An analysis o f  trends i n  the interpretation o f  A r t i c l e  I(1) as i t  ap- 

p l ies  t o  the u t i l i z a t i o n  o f  the geostationary o r b i t  indicates a number o f  

conclusions. First ,  as an operative element o f  a treaty, Ar t i c le  1(1) i s  

binding upon a l l  states which are part ies t o  the treaty. Second, the con- 

tent o f  the "comnon interests" clause i s  unclear and therefore requires 

further elaboration. As a result, the clause m y  be ccnsidered non-self- 

executing for  purposes of developing a s a t e l l i t e  power system. Third, a l -  

though the clause's content i s  unclear, a t  a minimun i t  imposes a duty upon 

states not t o  use outer space i n  such a way that either the earth-bound 

interests of other states, including national security, are jeopardized or  

the potential interests o f  the l a t t e r  i n  the exploration o r  use of outer 

space are diminished bv deplst'm or complete use of space resources, in -  

cluding the geostationa *y orbi t .  Finally, although the upper l i m i t  of the 

"comnon interests" rquirement i s  unclear under exist ing space law, Ar t i c le  

1(1) does not require space powers t o  share either the i r  space vehicles or  

the p ro f i t s  derived from space ac t iv i t ies  with nonspace powers. From these 

conclusions, i t  appears t o  us that Ar t i c le  I (1 )  and i t s  requirement that outer 



space be used "for the benefit and i n  the interests o f  a l l  countriesn m u l d  

not i n h i b i t  plans t o  use a segment of the geostat io~ary o r b i t  f ~ r  the pur- 

pose of sa tell i t e  power genera ti on. 

b. Ar t i c le  I(2): The 'Free Usea Clause. The second paragraph o f  

A r t i c l e  I, which ernbodies the pr inc ip le  of the free exploration and use o f  

outer space, also bears upon the a t i  1 izat ion o f  the geostationary orb i t .  

Because of i t s  policy o f  promoting space act iv i ty ,  Ar t i c le  I(2) has played an 

important ro le  i n  the protection o f  space in i t i a t i ves  against unnecessary 

restr ict ions. I n  particular, the "free use" pr inciple has provided the 

conceptual basis f o r  resist ing aryments that  ac t i v i t y  i n  outer space i s  

unlawful i n  the absence o f  clear and convincing evidence that i t  i s  being 

conducted 'for the benefit and i n  the interest o f  a11 countries. "16 

Although the "free usen i s  orle o f  the key principles o f  the 0t;ter Space 

Treaty, and i s  suff ic ient ly broad t o  sustain the r i gh t  o f  states to  conduct 

ac t iv i t ies  i n  outer space free from claims o f  sovereignty o f  subjacent 

states, i t  i s  not unlimited. I n  additian t o  the prohibitions o f  Ar t i c le  I1 

relat ing to nonappropriation and Ar t i c le  I V  dealing with the stationing o f  

nuclear weapons i n  outer space, the "free use" pr inciple i s  subject to the 

1 imitations imposed by Ar t i c le  I X  on ac t i v i t i es  l i k e l y  t o  contarnitlate ei ther 

outer space or tarth. 17 

Similarly, Ar t i c le  1(2) must be read i n  the context o f  the "comnon in- 

terests" clause o f  Ar t ic le  I (1)  with the resul t  that the advantages to  be 

derived from rapid development o f  the geostationary o r b i t  must be balanced 

against the requirement that the development be carried out i n  a manner 

beneficial to  a l l  members o f  the internati'onal comnunity. I n  that combina- 

ion, the "free use" clause creates a tendency t o  l i m i t  the potential inhib- 

i t i n g  ef fect  o f  a restr icxive construction o f  A r t i c l z  I (1) .  As applied to  



the use of the geostationary orbi t ,  Ar t i c le  I (2) tends t o  s h i f t  construction 

o f  Ar t i c le  I()) toward the minimal duty t o  avoid conducting space ac t iv i t ies  

i n  a manner detrimental t o  the interests o f  nonparticipating states as de- 

scribed above. 

2. Ar t i c le  II 

The provision o f  the Outer Space Treaty which affects u t i l i za t i on  o f  

the geostationary o rb i t  most d j rec t ly  i s  Ar t i c le  11, which provides: 

Outer space, including the amon and other celest ia l  bodies, i s  
not subject to national appropriation by c l a i ~  o f  sovereignty, by 
mans o f  use or  occupation, or  by any other means. 

The language o f  Ar t i c le  :I raises three main issues wi th  respect to 

the use of the orbi t :  

1, The subject matter t o  which the prohi bf t i on  applies 

2. The meaning o f  the term "appropriationn 

3. The va l id i ty  of "appropriationn by ent i t ies other than national 
governments. 18 

I n  theory, a s a t e l l i t e  power system could "appropriaten both the sun's 

energy and a segment o f  the geostationary orbit.  With respect t o  solar 

energy, the prohibit ion should not apply. One o f  the primary purposes of 

Ar t i c le  I 1  i s  t o  implement the "free use* policy o f  Ar t i c le  1(2).19 Ar t i c le  

11 must therefore be construed t o  promote rather than i n h i b i t  t,ie explora- 

t i o n  and use of outer space. Nearly a l l  sate11 i tes presently i n  service or  

planned fo r  the near future w i  11 depend on conversion o f  the sun's energy to  

e lect r ica l  power for use i n  the operation o f  the i r  respectike payloads. 

Large-scale use o f  a1 ternative energy sources by sate1 1 i tes may be imprac- 

t ica l .  As a result,  application o f  the Ar t i c le  11 prohibi t ion to  the use 

of the sun's energy would sharply l i m i t  the scale, duration, and, hence, 



the economic v i a b i l i t y  of space development projects. Further, i n  the ab- 

sence o f  special c i  rcunstances, enforcement o f  A r t i c l e  I I against the *appro- 

p r ia t ion*  of essent ia l ly  inexhaustible space resourc s would serve 1 i t t l e  

purpose,2o dnd should be avoided i n  favor o f  the " f ree usen pr incip le.  

Since the same po l icy  considerations apply Lo conversion o f  solar energy f o r  

use on Earth as wel l  as for  use by sa te l l i t es  i n  o rb i  t, A r t i c l e  I1 probably 

does not  1 i m i t  the use o f  solar  energy by s a t e l l i t e  power systems. 

I n  contrast, use of a par t icu lar  segment of the geostationary o r b i t  i s  

urdosbtedly subject to the terns o f  A r t i c l e  11, especial ly i n  l i g h t  o f  i t s  

funct ion o f  providing support to the "free usew pr incip le.  A s a t e l l i t e  

power system would occupy a par t i cu la r  s l o t  i n  the geostationary o rb i t .  

Because of the projected dimensions o f  a solar power s a t e l l i  teZ1 and other 

considerations, the size of the o rb i t a l  s l o t  required f o r  safe operation may 

be greater than tha t  required for ex is t ing comnunications o r  meteorological 

sa te l l i t es .  I n  addition, other factors suggest the need f o r  safety zones 

s imi lar  i n  concept t o  those establ ished f o r  ins ta l la t ions  engaged i n  exploi- 

ta t ion  o f  the resoiirces o f  submarine areas." Although the A r t i c l e  I 1  pro- 

h i b i t i o n  c lear ly  applies t o  the appropriation o f  a par t icu lar  o rb i t a l  s lo t ,  

the determination o f  the v a l i d i t y  o f  placing a solar power sate1 l i t e  i n  

geostationary o r b i t  i s  dependent on the meaning o f  the term "appropriztion" 

as used i n  A r t i c l e  11. 

Professor Gorove' s analysis o f  the concept o f  "appropriation" suggests 

the existence o f  two subsidiary elements: 

1. Exclusive use 

2. Relat ively permanent use, including consumption. 23 



It has been argued tha t  since use o f  a par t icu lar  o rb i t a l  s l o t  by a geosta- 

t ionary s a t e l l i t e  i s  temporary, the requirement o f  permanence i s  absent and 

the use o f  the o rb i t a l  s l o t  cannot be considered an "appropriation" w i th in  

the meaning o f  A r t i c l e  11.~' Other author i t ies conclude tha t  national use 

o f  par t icu lar  segments of the o r b i t a l  arc deprives other states o f  the oppor- 

tun i t y  t o  use the same area and therefore consti tutes appropriation through 

o c ~ u p a t i o n . ~ ~  The key issue i s  the permanence of the use. Evaluation o f  

the econoriic v i a b i l i t y  o f  a s a t e l l i t e  power systen i s  tased on the assump- 

t i o n  tha t  the system would operate f o r  up t o  t h i r t y  years.26 Although that  

period i s  lengthy, i t  does not  indicate the permanence necessary t o  invoke 

the p r o h i b i t i ~ n s  o f  A r t i c l e  11. However, longer periods could exceed the 

n i t  and c a w  w i th in  the purview o f  A r t i c l e  11. 

The t h i r d  issue relates t o  the i den t i t y  o f  the system operator. A r t i -  

c l e  11 prohi bi  t s  only national ap~ropr ia t ion,  scggesti ng tha t  even permanent 

use o f  an o rb i t a l  s l o t  by internat ional  organizations or  comnercial en t i  t i e s  

w ~ l d  not  const i tute a v io la t ion  o f  that  provision.'' Consequently, a can- 

mercial consortium would not be prohibited under A r t i c l e  I 1  from maintaining 

a solar power s a t e l l i t e  i n  a par t icu lar  a rb i t a l  s l o t  f o r  an i n d e f i r i t e  period. 

Similarly, subject ti1 establishment o f  a clear d is t inc t ion  from other types 

o f  organizations, an " international " organization would not be proki b i  ted 

e i ther  from operating a s imi lar  system or  a l locat ing o rb i t a l  s lo ts  among 

i t s  members. For tha t  reason, the a c t i v i t i e s  o f  the International Telecom- 

munication Union described i n  Section 4.1.2 r s l a t i ng  t o  the management o f  

the geostationary o r b i t  do not v io la te  A r t i c l e  11. 



Two potent ia l  1 imi tat ions on these conclusions should be noted. F i rs t ,  

if an en t i t y  were established which, although commercial ir, form, was ess-n- 

t i a l l y  under the control o f  the government o f  the country i n  which i t  i s  

organized, permanent use would const i tute national, as distinguished from 

nonnational , appropriation. 28 Second, dispute has arisen regarding the 

minimum standard for  an internat ional  organization which would be i m p l i c i t l y  

exempted from the r u l e  of nonappropri6tion. Professor Jenks has argced that  

only the United Nations as a representative o f  the whole international com- 

muni t y  should be exempt. *' Presumably any intergovernmental organization 

o f  r e l a t i ve l y  universal membership sat is f ies the minimum standard. However, 

some question remains regarding the exemption of an organization composed o f  

a 1 i m i  ted number o f  governments. 30 

Thus, the A r t i c l e  I I prohib i t ion against the appropriation o f  outer 

space applies t o  exclusive use o f  a segment o f  the geostationary o rb i t .  How- 

ever, the proh ib i t ion does not apply t o  the a c t i v i t i e s  o f  e i ther  nongovern- 

mental en t i  t i e s  or  r e l a t i ve l y  comprehensive internat ional  organizations. 

The implications o f  the nonappropriation provision f o r  s a t e l l i t e  power sys- 

tems are fur ther l im i ted  by the conclusion that  since the use contemplated 

i s  not permanent, exclusive use f o r  a l im i ted  period o f  time would not con- 

s t i t u t e  "appropriation" as that  term i s  used i n  A r t i c l e  11. Hence, we 

believe that  regardless o f  the operating e n t i t y ' s  i ns t i t u t i ona l  structure, 

i t  can expect to  conduct power generation a c t i v i t i e s  i n  goestationary o r b i t  

without concern tha t  i t s  act ion v io lates A r t i c l e  11. 

3. A r t i c l e  I X  

A r t i c l e  I X ,  the t h i r d  provision of  the Outer Space Treaty which i s  

l i k e l y  t o  a f fec t  the u t i i  i zz t ion o f  the geostationary o rb i t ,  provides i n  

part:  



I n  the explorat ion and use o f  outer  space, inc luding the moon and 
other  c e l e s t i a l  bodies, States Part ies t o  the T r e d ~ y  sha l l  be guided 
by the p r i n c i p l e  o f  co-operation and mutual assistance and sha l l  conduct 
a l l  t h e i r  a c t i v i t i e s  i n  outer space, inc luding the moon and other celes- 
t i a l  bodies, w i t h  due regard t o  the corresponding in te res ts  o f  a l l  
o ther  States Part ies t o  the T r ~ a t y  .... I f  a State Party t o  the Treaty has 
reason t o  bel ieve t h a t  an a c t i v i t y  o r  experiment planned by i t  o r  i t s  
nat ionals i n  outer space, inc luding the mDon and other c e l e s t i a l  bodies, 
would cause p o t e n t i a l l y  harmful in ter ference w i t h  a c t i v i t i e s  o f  other 
States Part ies i n  the peaceful explorat ion and use o f  outer space, i n -  
c luding the moon and other c e l e s t i a l  bodies, i t   hall undertake appro- 
p r i a t e  in te rnat iona l  consul t a t i o ~ t s  before proceeding w i t h  any such 
a c t i v i t y  o r  experiment. A State Party t o  the Treaty which has reason 
t o  bel ieve tha t  an a c t i v i t y  o r  experinent planned by another State 
Party i n  outer space, inc ludi3g the moLa and other  c e l e s t i a l  bodies, 
would cause p o t e n t i a l l y  harmful in ter ference w i th  a c t i v i t i e s  i n  the 
peaceful explorat ion and uqe o t  auter  space, inc lud ing  the moon 
other  c e l e s t i a l  bodies, may request consul t a t i o n  concernir~g the 
o r  experiment. 

L ike  A r t i c l e  11, A r t i c l e  I X  operates as a l i m i t  on the " f ree  ~:se" 11, -, , c 

of A r t i c l e  I ( 2 ) .  Under the tents of A r t i c l e  I X ,  nat ional  spdce a c t i v i t i e s  

may not  be car r ied  out without taking i n t o  account the i n te res ts  o f  other 

That l i m i t a t i o n  i s  p a r t i c u l a r l y  re levant  to  the use of the geo- 

s tat ionary o r b i t ,  where the problem o f  c o n f l i c t i n g  uses i s  compl icated, 

f i r s t ,  by po tent ia l  in ter ference among sate1 ?i tes which are located i n  

prox imi ty  t o  one ancther, and second, b,y disputes between countries which 

in tend t o  use a p a r t i c u l a r  o r b i t a l  s l o t  i n  the present o r  near future and 

countr ies which p lan t o  use the same s l o t  i n  the more d ih tan t  fu tu re  and 

which are therefore concerned about preserving t h e i r  fu tu re  in te res ts .  I n  

an e f f o r t  t o  promote reso lu t ion  o f  these potent ia l  con f l i c t s ,  A r t i c l e  I X  

provides the basis f o r  consul t a t i o n  anionp the concerned par t ies .  32 The 

general po l i c i es  of A r t i c l e  I X  are appl ied t o  the u t i l i z a t i o n  o f  the geosta- 

t ionary o r b i t  by the i n t e  . ia t ional  Telecommunication Convention and the Radio 

Regulations pe r iod i ca l l y  revised by I T U  conferences. 



4.1.2 Act iv i t ies o f  the International Teleconunications Union Affect- 
ing t t i  Ut i l i za t ion  o f  the 6eostationary Orbit 

International debate regarding the practical application o f  Art ic les I, 

I1 and I X  of the Outer Space Treaty to the task o f  ~ n a g i n g  the c,eostationary 

o r b i t  have occurred primari ly a t  the World Administrative Radio Conferences 

convened by She In ternat ioml  Telecorarunication Union (ITU) f o r  +k purpose 

o f  regulating global teleconmunications ac t i v i t y  and a c c d t i n g  conf l ic t -  

ing uses of the electromagnetic spec tw .  b r i n g  the past f i f t een  years, 

the ITU has also developed an interest i n  the management o f  the geostation- 

ary or b i  t . 
That interest i s  based k t h  on the special cbrac ter is t i cs  o f  the o r b i t  

which make i t  part icular ly valuable for cannunications sate1 1 i te appl ications 

and on the character o f  the geostationary o r b i t  as a l imi ted natural resource. 

Same experts argue that if m t u a l  interference i s  to  be avoided, the nuaber 

o f  sate l l i tes i n  geostationary o r b i t  must bz l imited t o  1 8 0 . ~ ~  Others con- 

tend that the spacing o f  sate l l i tes could be diminished, leaving only the 

necussary safety margin t o  ensure avoidance o f  col l ision, with the resul t  

that the capacity o f  the o r b i t  could be increased to nearly 1800 satel l i tes.  34 

However, i n  crder to  ensure avoidance o f  mvtual ir,terference under the pres- 

ent state o f  comnunications sa te l l i t e  technology, che spacing must be in- 

creased beyond the m i  nimun necessary t o  prevent c o i l  i sion, sate1 1 i te-sate1 1 i t e  

occultations, radio interference, etc. Thus, a1 thoush the maximun capacity 

i s  dependent on a number o f  technical variables, including frequency stagger- 

ing, signal p la r iza t ion ,  signal fonnat, location o f  earth stations and 

transiii ssion power, and, hence, ca.;not be precisely calculated, the geDsta- 

tionar:~ orb1 t must be considered a 1 i m i  ted resource. 35 



The 1959 IW Radio Regulations which govern the use o f  the electrurwg- 

net ic s p c c t ~  have been periodical ly revised to respond t o  develop~ents i n  

s a t e l l i t e  corunications. I n  1963, the IW convened the Extraordinary Ab in -  

i s t ra t i ve  Radio Conference i n  Geneva to al locate frequencies fo r  use by 

satel l i tes. Althwgh the Radio Regulations were pa r t i a l l y  revised,= the 

conference d id  not a1 t e r  the his tor ica l  practice o f  pemi  t t i n g  individual 

states to assign transmission frequencies unilaterally.37 Thus, the tradi-  

t ional  ' f i r s t  caw, f l r ~ t  served" approach was extended in to  the realn o f  

s a t e l l i t e  cammication, where i t  applies both to  the al location o f  fre- 

quencles and t o  occupation o f  o rb i ta l  "parkibrg slots" by colrrwunications 

 satellite^.^ Since that  approach gives an obvious advantage t o  those tech- 

nol*ical ly advanced states which are presently cdpable o f  establishing geo- 

stationary sate1 1 i t e  system, less developed states began t o  exert pressure 

t o  preserve future interests i n  use o f  the o r b i t  against saturation by sore 

developed countries. 39 

hrr ing the following eight years, u t i l i z a t i o n  o f  the o r b i t  grew drama- 

t i c a l  ly, causing increased concern among nonsyace oowers. Against th is  

background, the ITU convened the 1971 World Administrative Radio Conference 

f o r  Space Telecormnrnications (MARC-ST) i n  kneva. I n  opposition t o  proposals 

that the ITU should al locate not only frequencies but o rb i ta l  s lo ts  as well, 

the United States argued that regulation o f  the o r b i t  would i nh ib i t  i t s  de- 

velopment as a natural The strength of the opposition and other 

cap1  ications resul t d  i n  the general preservation of the status quo. '' None- 

theless, some progress was made toward the accomnodation o f  the ccnfl i c t i ng  



interests o f  states a t  various stages o f  ecamric and technological develop- 

mt. Ar t i c l e  Wi o f  the Radio fkgulations was revised t o  establish a rechan- 

i sm f o r  coordinating use of the geostationary o rb i t?  Section I v i m  a 

govermrent which intends t o  establish a s a t e l l i t e  system t o  convey to  the 

International Frequency Registration Board (IFRB), the en t i t y  responsible 

for management o f  the international use o f  the electromagnetic spectrun, 43 

within f i v e  years p r i o r  t o  conmencement o f  service, infonrat-;on defined i n  

Appendix 18 of the Radio ikgulations te la t ing % the characterist ics of the 

system's satel 1 i t e s  and earth stations, including orb i ta l  information. I n  

part icular wi th  respect t o  geostaticnary satel l i tes,  Section I1  requires any 

government considering the use a f  the o r b i t  t o  coordinate the planned use-- 

p r i o r  t o  not i f icat ion o f  the IFRB under Section I on comencesnent o f  service-- 

with any other government which has registered an assignment i n  the same band 

with the IFR6 o r  which i s  engaged i n  o r  has completed coordination procedures 

under t h i s  section. To f a c i l i t a t e  coordination, the former i s  t o  supply the 

information defined i n  Appendix 1A o f  the Regulations. The purpose o f  t h i s  

coordination procedure i s  t o  p m t e  resolutior. o f  potential conf l ic ts  p r io r  

t o  cotnnencenent o f  system construction. 

Another element of the e f f o r t  o f  delegates t o  the UARC-Sf conference t o  

resolve conf l ic ts  regarding management o f  the o r b i t  i s  embodied i n  Resolu- 

t ion  Spa 2-1, which reflected the concern of nonspace powers regarding the 

management o f  the orb i t .  I n  part the resolution provides: 

The World Administrative Radio Conference for Space Telecomnuni- 
cations (Geneva, 1971), 

considerinq 
that a l l  countries have equal r iqhts  i n  the use o f  bcth the radio 

frequencies a1 located t o  various space radiocomunication services and 
the geostationary s a t e l l i t e  o r b i t  for these services; 

takinq in to  account 



tha t  the radio frequency spectrua and the geostationary s a t e l l i t e  
o r b i t  are l fmited natural resources and should be m s t  ef fect ively and 
economical 1y used; 

having i n  mind 
that  the use o f  the allocated frequency bands and f ixed positions 

i n  the geostationary sa te l l i t e  o r b i t  by individual countries o r  groups 
o f  countries can s ta r t  a t  various dates depending on requircsmts and 
readiness o f  t e c h i c a l  f a c i l i t i e s  o f  countries; 

resolves 
1. that registrat ion with the 1TU o f  frequency assignnents f o r  
spree radiocarunication services and the i r  use should not provide any 
perranent p r i o r i t y  f o r  any individual country o r  groups o f  countries 
and should not create an obstacle t o  the establistment o f  space systems 
by other countries.. . . 

Tne linkage be- the revised version o f  ~ r t i c i e  9A and Resolution Spa 

2-1 i s  embodied i n  Resolution Spa 2-2 which reiterated the importance o f  

achievi;rg the best possible use o f  the geostationary o r b i t  and the frequency 

bands assigned t o  the broadcasting s a t e l l i t e  service, and which called upon 

part ic ipat ing governments t o  estaSl i sh  and operate sate1 1 i t e  broadcasting 

systems i n  accordance with plans establ ished by general and regional confer- 

ences i n  which affected states are en t i t led  t o  participate.44 Although not 

binding on the part ies t o  the International Telecaamunication Convention, 4 5 

the resolutions expressed a broadening consensus among part ic ipat ing delega- 

t ions and emphasized the fact that the 2adio Reguiation does not provide 

permanent prctection t o  spectrum and orb i ta l  assigrments f o r  space broad- 

casting services.46 However, the resolutions d id not a l lay the concern of 

nonspace powers that present space ac t i v i t i es  w i l l  saturate the most desir- 

able segments o f  the o r b i ~ a l  arc. 

The th i rd  phase o f  the ITU's consideration of the problem o f  al locating 

the geostationary o rb i t  among potent ial ly conf l ic t ing uses occurred a t  the 

Plenipotentiary Conference o f  the ITU which was held i n  September and O-to- 

ber 1973 i n  Torrenlolinos. The basic purpose of the conference was t o  



evalwte and, if ngessary, revise the ITU's fundamental structure and func- 

tions. In addition, the question of o rb i ta l  s l o t  al location was included i n  

the i qe~da . '~  I n  that context, the I s rae l i  deleg~tio:: prcpsed t o  a d i f y  

the International Tel ec-nication conventionrn t o  authorize Ill! 21 l r : - t i on  

of both the frequency spectrum and geostationary ~ r b i  t a l  s lots as a means o f  

ensuring equitable access by a1 1 .49 A1 though the Israel i proposal 

d id  not receive the support required for adoption, the Plenipotentiary Con- 

ference amend& the ! is t i ng  of the duties t o  be performed by the IFRB con- 

tained i n  Ar t i c le  10 of the Convention t o  add re la t i ve ly  undefined responsi- 

b i l i t i e s  re la t ing t o  the geostationary orb i t .  I n  revised form, Ar t i c le  

10(3) provides: 

The essential duties o f  the International Frequency Registration 
Board shall be: 

a) t o  effect an orderly recording o f  frequency assignments made 
by the different countries so as to  establ ish, i n  accordance with the 
procedure provided fo r  i n  the Radio Regulations and i n  accordance with 
any decision which may be taken by competent conferences o f  the Union, 
the date, purpose and technical characteristics of each o f  these as- 
signments, with a view to  ensuring formal international recognition 
thereof. 

aa) t o  effect, i n  the same conditions and for the same pur- 
pose, an orderly recordinq o f  the positions assigned by countries 
t o  qeostationary sate1 1 i tes; 

b) t o  furnish advice t o  Members with a view to  the operation of 
the t.aximum practicable number o f  radfo channels i~ those portions o f  

c )  t o  perform any additional duties, concerned with the assign- 
ment and u t i l i za t i on  o f  frequencies and with the u t i l i z a t i o n  o f  the 
eosta tionary sa t e l l  i t e  orbi t ,  i n  accordhnce w i  th the procedures pro- 

t ided fo r  i n  thrRadio Regulations, and as prescribed by a competent 
conference of the Union, or by the Administrdtive Council with the 
consent o f  a majority of the Members o f  the Union, i n  pre2aration for 
or  i n  pursuance of the decisions of such a conference.. . .(emphasis added) 



I n  essmce, the IFRB was instructed t o  record use o f  o rb i ta l  s lots on the 

basis as frequencies fo r  space services. 

Although the revised version o f  A r t i c l e  10 authorized recording o f  

o rb i ta l  use, the basic " f i r s t  come, f i r s t  served" approach was not altered. 

However, i n  order t o  preserve the interests o f  nonspace powers, the Plenipo- 

tent iary Conference also revised A r t i c l e  33 t o  provide: 

Rational Use of the Radio Frequency Spectrum and of the Geostationary 
Sate l l i te  Orbit 

I n  using frequency bands f o r  radio space services, Members shall  bear 
i n  mind that radio frequencies and the geostationary sa te l l i t e  o r b i t  
are l imi ted natural resources, that they uust be used ef f ic ient ly  and 
ezonoarically so that countries o r  groups o f  countries may have equitable 
access t o  both i n  conforini t y  with the provisions o f  the Radio Regula- 
tions according to  the i r  needs and the technical f a c i l i t i e s  a t  the i r  
disposal .50 

Read i n  comb~nation, the revised version o f  Art ic les 10 and 33, which 

becii.~ effective January 1, 1975, lead t o  a series o f  conclusions regarding 

the status of management of the geostationary orb i t :  

1. Countries are ent i t led t o  u t i l i z e  the geostationary o r b i t  and 
obligated to  record such use with the IFRB. 

2. A t  least during the period o f  active use o f  an orb i ta l  slot, the 
system operator i s  protected against harmful interference from 
subsequent 1 y esta bl i shed systems by the coordination requi rements 
o f  Ar t i c le  9A. 

3. The system operator i s  not ent i t led t o  permanent u t i l i za t i on  of 
any part icular orb i ta l  slot. 

4. Governments operating geostationary sa te l l i tes  are required t o  
conduct the i r  operations i n  such a way as t o  permit equitable 
areas to  o rb i ta l  s lots by other governments subsequently estab- 
l ish ing c m n i c a t i o n s  systems based on the use of geostationary 
sa t e l l  i tes . 

A t  the 1977 World Administrative Radio Conference for the planning of 

the broadcasting-satellite service i n  the 12 Ghz band (MARC-BS), principles 

t o  govern the management of the geostationary o rb i t  were discussed. During 



the debatesa5' Colombia and other equatorial states raised the question of 

national sovereignty over the geostationary o rb i t .  At  the 1975 session o f  

the F i r s t  Comnittee o f  the General Assembly, Colotnbia had asserted tha t  the 

geostationary o r b i t  i s  a natural resource over which equatorial states are 

e n t i t l e d  t o  exercise sov?reign r i gh t s  i n  re la t ion  t o  the segments o f  the arc 

located over t he i r  respective te r r i to r ies .  52 S in i  l a r  content ions had been 

incorporated i n  the Bogota Declaration of December 3, 1976.'~ The states 

which supported tha t  docunent raised the question a t  NARC-BS and stated 

t h e i r  opposition t o  a l locat ion o f  o r b i t a l  s lo ts  i n  an e f f o r t  t o  promote in te r -  

national recognit ion o f  national j u r i sd ic t iona l  control.  Recognition o f  tha t  

approach would permit the equatorial states t o  control access t o  the orb i t ,  

most l i k e l y  on a l icensing basis. Conf l ic ts w i th  the " f ree use" p r inc ip le  o f  

A r t i c l e  I ( 2 )  and the A r t i c l e  I 1  proh ib i t ion against appropriation as wel l  as 

the low leve l  o f  support from nonequatorial states suggest that  the estaolish- 

r en t  o f  an internat ional  consensus on t h i s  approach i s  unl ik?ly.  But the l i k e l y  

resu l t  i n  the long run i s  not reinforcement o f  t rad i t i ona l  sovereignty claims 

(a1 bei t temporary) by nonequatorial states, but a trend towards internat ional  i - 
zation o f  decision making. 

The remaining delegations divided t he i r  support between development o f  an 

a p r i o r i  plan and evolutionary planning f o r  o rb i t a l  s l o t  and frequency al loca- 

t ion. Under the f i r s t  approach, a comprehensive plan coverinc 311 aspects o f  

the a l locat ion question would be developed i n  an attempt 'a acccsmclate t o  the 

maximum possible extent the whole set o f  needs foresee - ',, i)t@ o ~ r i o d  covered by 

the plan. 54 I n  contrast, under evolutionary planning, sys tm  design and deploy- 

ment would be undertaken wi th in  l i m i t s  imposed by a series o t  general ;haring 

pr incip les and would be based on p r i o r  consultations wi th  other governments 

whose ex is t ing systems could be affected by the es tab l i shen t  o f  new systems. 



Under that approach, no advance assigments o f  o rb i ta l  slots, frequencies and 

signal polarizations are made, permitting actual use to benefit from advancing 

technology. 55 

The a p r i o r i  approach enjoyed substantial support f run a signi f icant 

number o f  nonequatorial states i n  Regions I and 111. The United States led 

another bloc o f  states, including Canada and Brazil, which opposed a p r i o r i  

planning , supporting instead various forms o f  evol utioaary a1 location f o r  Re- 

gion 11. When the UARC-BS ended, no a p r i o r i  plan was approved f o r  Region 11, 

but a conference o f  Region I1  countries, including Worth and South America and 

the Caribbean states, was scheduled for 1982, a t  which a "detailed plann i s  t o  

be considered.% Thus, t&2 conference d id not signif icantly a l t e r  the exist ing 

regime with respect to the use o f  the geostationary o r b i t  by the United States, 

Canada and Latin America. However, techr~ log ica l  advances are l i k e l y  to resu l t  

i n  increased pressure to preserve r ights  of access for states which do not yet  

possess the capabil i ty t o  operate s a t e l l i t e  systems. 

I n  June and July 1976, the Administrative Council o f  the I T U  met  i n  

Geneva to  determine, among other things, the agenda fo r  the 1979 Uorld Admin- 

i s t ra t i ve  Radio Conference. I n  i t s  present the agenda ca l l s  fo r  the 

review and, i f  necessary, revision o f  Art ic les 9 and 9A re lat ing t o  the co- 

ordination, mt i f  i cation and recording o f  frequency assignments. 58 As noted 

above, Ar t i c le  9A establishes procedures fo r  coordinating use o f  the geosta- 

tionary orb i t .  59 

I n  the context cf discussions of Ar t i c le  9A, the issue o f  al locating 

orb i ta l  s lots i s  l i k e l y  t o  be raised. Part icipating delegations are expec- 

ted to  a1 ign themselves along the 1 ines drawn a t  the WARC-BS. Thus, we would 

expect that equatorial states w i l l  continue to  press the i r  claims that the 



geostationary o r b i t  i s  a natural resource subject t o  the sovereign control 

o f  individual countries which l i e  along the equator. The nonequatorial 

developing countries and those which are considered developed but which do 

not yet  possess the capabi 1 i t y  to  operate sophisticated sa t e l l  i t e  systems 

could be expected to press fo r  adoption o f  a comprehensive frequency and 

orb i ta l  s i o t  al location plan which would ensure future access t o  segments of 

the geostationary o r b i t  suitable fo r  national or regional use. The United 

States and 0thc.r space powers are l i k e l y  t o  continue the i r  support o f  evolu- 

tionary plannicg ir, order both to  ensure maximun use o f  the o r b i t  and to  

incorporate technological advances i n to  the a1 loca t ion  scheme as rapidly pc 

they occur. 

The debate w i  11 be given a sense o f  urgency by intervening comnunica- 

t ions s a t e l l i t e  experimentation and the evolution o f  planning fo r  operational 

domestic, regional and global s a t e l l i t e  networks. Canadian and k r i c a n  ex- 

perimentation using the ATS-6 and CTS systems w i l l  focus on rpplications o f  

geostationary, high-power broadband sate1 1 i t e  transmissions i n  conjunction 

with small te r res t r ia l  receiving I n  addition, experimental 

ac t i v i t i es  by the European Space Agency (ESA) and the Japanese National 

Space k:elopmelit Agency (NSDA) are expected to demonstrate the u t i l i t y  of 

new appl icatiotts. 6 1 

These experimental ac t iv i t ies  w i l l  provide the basis for  expanded oper- 

ational use o f  geostationary cmunicat ions satel l i tes.  Significant expiin- 

sion o f  the Intelsat network and deployment of new Inte lsat  V sate l l i tes are 

projected. 62 On the regional level, the Arab League's Tel ecmun i  cations 

Union i s  considering establishing a system based on geostationary sate1 1 i tes 

fo r  the provision o f  broadcast and telephone services to  each member country. 6 3 

Expanded Domestic Systems are either tinder development or i n  the planning 



phase i n  the United States, Canada, Indonesia, I ran and Japan. I n  addition, 

a nunber o f  countries, including Algeria, Zaire, Brazil, Nigeria and Norway, 

have leased or  are considering leasing t t  ar'sponders from Inte lsat  f o r  dedi- 

cated use i n  domestic systems. 64 

Increases i n  exist ing and planned use o f  the geostationary o r b i t  f o r  

conrnunications and other purposes w i l l  provide impetus fo r  the 1979 WARC de- 

bate regarding al location of the geostationary orbi t .  Because o f  the key 

ro le  played i n  the exist ing law of outer space by the "free use" pr inciple 

o f  Ar t i c le  I (2) and the nonappropriation pr inciple o f  Ar t i c le  11, and i n  

l i g h t  o f  the potential economic and social value o f  the proposed s a t e l l i t e  

applications based on the use of the geostationary orbi t ,  the claims o f  

equatorial stz, - to  soveveign control over large segments o f  the o r b i t  

w i l l  not easily receive broad international recog~i t ion.  A struggle i s  

1 i kely to  take &'a:@ between cmp-ehentive advance a1 location o f  frequency 

and orb i ta l  slots and al location according to  actual use, taking i n to  account 

exist ing systems and advancing technology. 

Current positions and trends o f  discussion iadicate that although sub- 

stant ial  discussion of the problem w i l l  occur a t  the 1979 WARC, no def ini t ive 

solution w i  11 be reached, because o f  the strength o f  the cmpeting interests 

involved. Proposals fo r  both a p r i o r i  and evolutionary planning are l i k e l y  

t o  be referred for  consideration to  r e ~ i o n a l  conferences. After considera- 

t ion  there, the result ing recomnendations w i l l  probably be reexamined a t  a 

general WARC i n  the mid-1980s. Debates a t  the 1970 WARC and subsequent corr- 

ferences are l i k e l y  to  reveal a trend toward the assi~nrnent within each 

region o f  orb i ta l  segments dedicated to individual comnunications services. 

Uithin each segment, each country would be assured equitable access to 



orb i ta l  slots, but no specif ic frequency o r  o rb i ta l  s l o t  allocations would 

be made i n  advance of actual use. Despite a trend toward that approach, 

corapl icat iny factors including noncimnunications applications such as satel- 

l i t e  power generation are l i k e l y  to  delay establishment o f  an effect ive com- 

p m i  se among canpeting interests. 

Thus, the islpact o f  the 1979 UARC on the development and establishment 

o f  s a t e l l i t e  power systems i s  eApected to  center on identif ication, f i r s t ,  o f  

the problems of coordinating potential uses of the geostationary o r b i t  t o  

avoid mutual harmful interference, and second, o f  the competing interests 

o f  equatorial, developing and developed countries i n  the use o f  the orbi t .  

In particular, since s a t e l l i t e  power systems are not l i k e l y  t o  be operational 

p r i o r  t o  1995 and therefore are dependent on long-term orbi  bl management 

act iv i t ies,  i t i s  anticipated that the 1979 UARC w i l l  emphasize the impor- 

tance o f  prel irninary planning and e ~ a l  uation o f  future orb i ta l  requirements 

fo r  sa te l l i t e  power systems i n  order t o  ensure that future conferences take 

in to  account both the need t o  establish such systems and, i f  established, 

the i r  projected orb i ta l  requirements. 

4.2 Sate l l i te  Power Systems and the 1967 Outer Space Treaty 

The second major set o f  issues affecting the legal status o f  sa te l l i t e  

power systems centers around the basic principles of  international space law 

as embodied i n  the 1967 Outer Space Treaty. Closely related to the discus- 

sion i n  Section 4.1 o f  international lega' +rcipJes governing the u t i l i za -  

t i o n  of the geostationary o r b i t  for a l l  peacr,cl purposes, the present 

section focuses on the norms as they af fect  the use o f  outer space f ~ r  the 

specif ic purpose o f  power genera ti on. 



4.2.1 A r t i c l e  I 

As noted i n  Section 4.1.1, A r t i c l e  I presents two main issues: 

1. The existence of a binding obl igat ion t o  explore and use outer 
space * f o r  the benef i t  and i n  the interests o f  a l l  ccuntries.. .;" 

2. The content o f  the declarat ion tha t  outer space "shal l  be f ree f o r  
explorat ion and use b j  a l l  States without discrimination o f  any 
kind.. . ." 

Assessing the impact of A r t i c l e  I on the use of the geostationary orb i t ,  

Section 4.1.1 concluded tha t  i t  imposes on states engaged i n  space ac t i v i -  

t i e s  a duty not  t o  use outer space i n  a manner which would jeopardize e i ther  

the earth-oriented o r  space-oriented interests o f  other states. Further, 

space powers are not  required under the ex is t ing law o f  outer space t o  share 

e i the r  t h e i r  space i n i t i a t i v e s  o r  the p r o f i t s  o f  such ventures w i th  other 

states. The same pr inc ip les  apply t o  the use of outer space f o r  the purpose 

o f  power generation. 

As presently conceived, a sate1 1 i t e  power system would not adversely 

a f f ec t  a state's sovereignty over i t s  natural resources, i t s  p o l i t i c a l ,  

social, cul tu ra l  and economic sel f -determination or  domestic order among i t s  

c i t izens.  Those interests would not i n h i b i t  establishment and operation o f  

a s a t e l l i t e  power system. A second potent ia l  concern could a r i se  among 

energy-pr~ducing countries tha t  the establ i stmnent o f  such systems by energy- 

consuming countries could undermine the economies o f  the former. However, 

as suggested below i n  Section 4.2.3, international l a w  does nct protect 

countries against e i ther  economic competition or  economic pressure. 

More substantial concerns could ar ise i n  other areas. A system based 

on the use o f  a laser transmission beam could jeopardize the national secur- 

i t y  o f  other countries, bccause o f  the potential  m i l i t a r y  applications. 6 5 



However, use of power s a t e l l i t e s  as weapons would probably contravene the 

A r t i c l e  I V  ban on the s ta t ion ing  o f  weapons o f  mass destruct ion. Protect ion 

against t h a t  eventua l i t y  would therefore no t  be dependent on the more 

general p rov is jon  o f  A r t i c l e  I. The transmission beam could a lso traverse 

the airspace and therefore encroach upon the  t e r r i t o r i a l  i n t e g r i t y  o f  non- 

p a r t i c i p a t i n g  states. That p o s s i b i l i t y  could be avoided, f i r s t ,  through 

care fu l  systern design, and second, through consul t a t i o n  w i t h  po ten t i a l  l y  

af fected states as provided i n  A r t i c l e  I X .  S imi lar ly ,  the p o s s i b i l i t y  o f  

environinenbl degradation a f f e c t i n g  a i r ,  water and land areas, as we l l  as 

associated human and w i l d l i f e  must be a v ~ i d e d  through the  same procedures. 66 

The po ten t i a l  f o r  interference of the transmission beam w i t h  the rad io  

iorrmuni cat ions o f  other  countr ies could be avoided e i t h e r  under procedures 

establ ished i n  the In te rnat iona l  Telecomnunication Convention and the Radio 

Regulations o r  under the consul tat ion procedures o f  A r t i c l e  I X .  67 

I n  add i t ion  t o  the questions r e l a t i n g  t o  the i n te rp re ta t i on  o f  A r t i c l e  

I discussed i n  Section 4.1.1 above, an assessment o f  t h a t  p rov is ion 's  im- 

pact c:; the use o f  outer space f o r  the speci f ic  purpose o f  s a t e l l i t e  oower 

generation ra ises a se t  o f  issues center ing around the argunent t > a t  A r t i c l e  

I ( 1 )  requires states t o  use outer space " f o r  exc lus ive ly  peaceful purposes. ,, 68 

Assuming fo r  the purposes o f  t b i s  subsection tha t  the A r t i c l e  l ( 1 )  requi re-  

ment t ha t  outer space be used " f o t  the benef i t  and i n  the i n te res ts  o f  a l l  

rountr ies"  contains w i t h i n  i t  the requirement t ha t  outer space be used "ex- 

-1usively f o r  peaceful purposes,"69 the main po in t  o f  content ion i s  the 

meaning o f  the l a t t e r  phrase. Regardless o f  t h e i r  respect ive pos i t ions  on 

the question of content, au tho r i t i es  agree tha t  the main in terpre2at ional  



a l te rna t ives  are l i m i t e d  t o  two: "peaceful uses" can be de f i n t . j  e i t h e r  as 

"nonaggressive uses," leaving open the p o s s i b i l i t y  o f  t:,- e o f  outer  

space f o r  defensive m i l i t a r y  purposes, o r  as "nonmi 1 i t a r y  uses," excluding 

both aggressive and defensive act:. . t ies." Howeve,., sate1 1 i t e  p o w r  gener- 

ation, as d is t inguished from the use t o  which the resu i tan t  power i s  put, 

i s  ne i ther  aggressive nor defensive as those terms are used i n  a m i l  1:ary 

context. Conseqgently, the ac t  o f  producing power i n  o r b i t  complies w i t h  

the proposed i n te rp re ta t i on  df A r t i c l e  I ( 1 )  t h a t  requires outer space t o  be 

used exc lus i ve l~ ,  fo r  peaceful purposes. 

4.2.2 A r t i c l e  11 

The impl icat ions o f  A r t i c l e  11 f o r  s a t e l l i t e  powe generat'on a c t i v i t i e s  

are l i m i t e d  t o  the po tent ia l  app r rs r i a t i on  both o f  a segnent o f  outer  space 

corresponding t o  the o r b i t a l  s l o t  and o f  so lar  energy. As indicated i n  Sec- 

t i o n  4.1.1 above, the A r t i c l e  I 1  p r o h i b i t i o n  should not be appl ied t o  use o f  

so lar  efiergy because o f  i t s  essent ia l l y  inexhaust ible character. I n  addi- 

t ion ,  A r t i c l e  I 1  i s  not l i k e l y  r o  i n h i b i t  use o f  a p a r t i c u l a r  o r b i t a l  s l o t  

fo r  the ; ifet ime o f  any projected system, regardless the i n s t i t u t i o n a l  

c o n f ~ g ~ r a t i o n  c f  the system operator. An arguvent could be ra ised tha t  the 

use o f  a transmission beam which could necessitate the establisl.;nent ~f 

safety zones around the beam const i tu tes appropr iat ion o f  outer space i n  v io-  

1 t i o n  of A r t i c l e  11. However, the considerations discussed abave wflich ap- 

pear t o  exempt use o f  the geostaticndry o r b i t  by s a t e l l i t e  power systems fron 

the A r t i c l e  I 1  p r o h i b i t i o n  against appropr iat ion would a lso permit use o f  

microwave o r  laser  power beams t c  connect the spac2 and grcund segments. 



4.2.3 Ar t ic le  I11 

Another fundamental pr inc ip le  af fect ing the u t i l i z c t i o n  o f  outer space 

I s  the general appl icabi l i ty  o f  intemational law as embodied i n  Ar t i c le  111, 

which provides: 

States Parties t o  the Treaty shall  carry on ac t i v i t i es  i n  the 
exploration and use o f  outer space, including the aoon and other 
celest ia l  bodies, i n  accordance with international law, including 
the Charter o f  the United Nations, i n  the intern;% o f  maintaining 
international peace and security and promoting ; .ternationai co- 
ope,-a t ion  and understanding . 

As suggested i n  Subsections 4.2.1 and 4.2.2, Ar t i c le  111, through i t s  

refe-nce t o  the United Mations Charter, af fects the uc,e o f  s a t e l l i t e  power 

systems, f i rs t ,  because it prohibi ts the aggressive use o f  m i l i t a ry  force, 

and second, because i t  does not prohibi t  the use o f  e c o m i c  pressure. In 

both cases, the key i s  Ar t i c le  2(4) of  the United Nations Charter which 

A l l  Members [of the United Natirms] shall  re f ra in  i n  the i r  intemational 
relations fm the threat or  usc o f  force against the t e r r i t o r i a l  integ- 
r ; t y  or po l i t i ca l  independence o f  z-~y state, or i n  any manner inconsis- 
tent with the purposes o f  the Unit-ea Nations. 

Interpretation o f  th is  provision i n  l i g h t  o f  the remainder o f  the Charter 

suggests that the use o f  armed force i s  prohibited, except under certain spe- 

c i f i ed  circumstance; when the use o f  force i n  self-defense i s  authorized. 71 

Consequently, aggressive m i  1 i tary ac t i v i t i es  i n  space are imt ;--:mi tted, ht 

the use o f  space fo r  defensive purposes i s  not inhibited. 

'r cnnn~ction with the analysis o f  Ar t i c le  I ( 1 ,  fn Sectioc 4.2.1 above, 

i t  was sugqested that internat,onal law would not prohib i t  the operator of  a 

sa te l l i t e  power systetr from engaging i n  economic canpetition with otner 

er,ery.-producing coeiptries or  from using thc. avaZiabi l i  t y  o f  power +om the 



sys- to exert econorilic pressure on energy-consms'ng countries as a .cans 

o f  po1:tical persuasion. Construction of Ar t i c le  2(4) o f  the Charter l iuit- 

ing i t s  prohibi t ion to  the use o f  amd force i s  a s igni f icant par t  of the 

underpinnitis of that  propasition. The conclusion that econonic pressure i s  

not prohibited under Ar t i c le  2(4) i s  supported by signi f icant authority. 72 

I n  addition, that cot~?,usion i s  consistent with prevail ing general interna- 

timl law.73 As a result. the system operator need mt be c x e r n e d  thrt 

any selection of the consuaers of the system's products contravenes exist ing 

international law. 

Ar t i c l e  I V  

Article I V  of the Outer Space Treaty provides i n  part: 

States Parties t o  tne Treaty undertake not t o  place i n  o r b i t  
around the Earth any objects carrying nuclear teapons or  any other 
kinds o f  weapons of mass destruction, i n s t a l l  such weapons on ce- 
l e s t i a l  bodies, or  statior! such wearons i n  outer space i n  any other 
manner. 

. . .The use o f  m i  1 i tary personnel fo r  scient i  f i c  research o r  f o r  
any other peaceful purposes shall  not be prohibited.. , . 

The language o f  Ar t i c le  I V  raises two main issues: 

1. The implications for sa te l l i t e  pclwer systems of the A r t i c l e  IVpro-  
h ib i t ion  against the stationing of weapons o f  mass destruction i n  
o r b i t  

2. The impact o f  Ar t i c le  Ii' on plans to establish m i l i t a ry  f a c i l i t i e s  
i n  o r b i t  fo r  the protection o f  a sa te l l i t e  power system from attack. 

The l a t t e r  issue f o n s  the primary s ~ b j e c t  matter o f  Section 4.4 below and 

wi  1 i be examined i n  detai 1 there. 

I n  Section 4.2.1 above, analysis of A r t i c l e  I V  i n  the cmtext  o f  the 

concept of the exclusive use of outer spacc for peaceful purposes suggested, 

among others, the conclusion ti.,t .4rt icle I ( 1 )  and IV(1) imp l i c i t l y  authorize 

the establisrmer ' . ; l i ta ty  instal lat ions and ueapoes systen i n  outer space-- 

but not 0 4 7  the celest ia l  bodies--which are exclasively defensive i n  noture, 



provided they do not m a i n  nuclear weapons or  other teapons o f  mass destruc- 

tion. Because of the n a b r e  of the transmission beam, the argument my be 

wide that tloe e s t a b l i s k n t  of a s a t e l l i t e  power cyst- p n t m t i a l t y  consti- 

tutes the s w t i o n i q  o f  a reapor of mass destruction i n  outer spar* 3- viola- 

t i o n  of A r t i c l e  I Y .  The system operator can c o r m t l y  respond that the system 

i s  designed not  as a weaporc but as a ut i : i tar ian device fo r  the e f f i c ien t  use 

cC solar rerwrces. A l l  the present designs incorporate a series of safety &- 

vices t o  terninate transmission of po#t when the transmission beam mves out- 

side the intended reception Although ttii selection o f  a laser trans- 

rrission beam could constitute a safety hazard, the tendency amng desi~ners i s  

toward the cse c f  a micnwave beam, which i s  considered less dangerous. 72 

Nonetheless, the potential ham fm a microwave beaut should not be 

underestimated . 76 

4.2.5 Ar t ic le  v17' 

A-t ic le V1, which establishes the found-tions for international respon- 

s i b i l i t y  for ac t i v i t i es  i n  outer space, provides: 

States Parties t o  the Treaty shall  bear international responsibil- 
i t y  f o r  national ac t i v i t i es  i n  outer space, including the moon and other 
ceiest ia l  bodies, &:her such ac t i v i  tSes are carried on by gr,vern~zntal 
agencies e r  by non-governmental ent i  t ies, and fo r  assuring that national 
ac t i v i t i es  are carried out i n  confornity with the previsions set f o r th  
i n  the present Treaty. The ac t i v i t i es  o f  non-govermntal ent i t ies i n  
outer space, including the moon and other celest ia l  bodies, shall  re- 
qtiire authorization and continuing supervision by the State concerned. 
Uhen ac t i v i t i es  are carried on ;n outer space, including the moon and 
other celest ia l  bodies, by an international organization, responsibi l i ty 
fur cLlrpliance with th is  Treaty shall  be borne both by the international 
organization and by the States Parties to  the Treaty part ic ipat ing i n  
such organization. 

Thus, each ;tate uhich i s  a party to  the treaty i s  charged with the obliga- 

tion, f i r s t ,  to  ensure that the ac t iv i t ies  o f  it,; national; comply with the 

provisions of the treaty, at,d second, t o  accept responsi bi  1 i t y  o f  those ac- 

t i v i t i e s  which contravene applicable provisions. I n  th is  mnner, states arc! 



unable to avoid the duty o f  colgliance through the use of ins t i tu t iona l  con- 

f igurations which & not involve elements o f  the national governrent. 78 

Consequently, the responsibi l i ty of each state's g v e m n t  i s  cbt affected 

by the j u r id ica l  cb rac te r  of the entity a c t w l l y  operating the s a t e l l i t e  

porrer system. 

A state's duty to supervise the ac t i v i t i es  o f  i t s  nationals i'or pract i -  

cal purposes probably pmhi  b i  t s  unregulated, pitrely pr ivate undertakings, 79 

Ar t i c l e  V I I I  of the Outer Space Treaty reinforces the obligation by requiring 

the state under a s e  regis t ry  an object is :8unckd i n to  cuter space t o  re- 

ta in  control and jurisdict ion. I n  l i g h t  o f  ue potent ial ly hazardous char- 

acter o f  satel 1 i t e  power generatioe, the pol i cy  considerations underlying 

A r t i c l e  V I  suggests the need for re la t i ve ly  s t r i c t  supen is ion . l  The 

proirisions o f  Ar t i c le  V 1 1  and the Convmtion on international L i a b i l i t y  f o r  

Darage Caused by Space ~ b j x ' s , * ~  which impose l i a b i l i t y  or. the launching 

state f o r  damage resul t ing frm space act iv i ty ,  are ;ikely t o  give r i s e  t o  

practical and foreign pol icy considerations which create pressure upon na- 

t ional  goverrnrents t o  exercise the supervision secersary t o  ensure protection 

against the potential hazards o f  orb i ta l  power generation, 

A1 thouyh governments are required t o  ensure compliance o f  the i r  respec- 

t i v e  nationals with appropriate provisions o f  the treaty, Ar t i c le  V I  does 

not have the effect of  subjecting nongove.rinta1 en t i t ies  t o  provisions 

which would otherwise not apply to  them. For example, as suggested above i n  

Section 4.1 .l, Art ic le  I1 does not apply ei ther to  private sector ent i t ies 

or to international organizations. A1 thcugh terms o f  Ar t ic le  VI require 

states parties to the treaty to ensure compliance o f  the i r  nationals with 

i t s  provisions, Ar t i c le  VI dozs r o t  extend the prohibit ion against appropri- 

at ion to  ent i t ies which are not covered by the terms o f  Ar t i c le  11. 



1.2.6 Ar t i c l e  VII 

4 r t i c l e  V11, which embodies the fundamental principles governing l i a -  

b i l i t y  for danger ar is ing fron space act iv i t ies,  provides: 

Each State Party t o  the Treaty that launches o r  procures the launch- 
ing o f  an object i n to  outer space, including the lroon a d  other celest ia l  
bodies, and each State Party frm whose te r r i t o ry  or  f a c i l i t y  an object 
i s  launched, i s  internationally l i a b l e  for damage t o  another State Party 
to the Treaty c r  i t s  natural o r  ju r id ica l  persons by such object o r  i t s  
coapollent parts on the Earth, i n  a i r  space o r  i n  outer space, including 
the mcon and other ce lest ia l  bodies. 

Recause of the wide range of potential envirorrnental and other in jur ies which 

could resul t  fm the operation o f  a s a t e l l i t e  power rysten, the question o f  

l i a b i l i t y  i s  par t icu lar ly  signif icant. Potential in j i i r ies  include: 

1, Damage to body t issue o f  hunans and w i l d l i f e  exposed to the trans- 
mission beam 

2. Radio frequency interference 

3. Interference wi th  electronic instrunentation, especially f o r  medi- 
cal, navigation and explosives detonation purposes 

4. Enviroraental modification, including weather and climate altera- 
tion, resul t ing from increased heat generation and interaction o f  
the transmission beam and launch vehicle exhausts k ~ t h  the upper 
atmosphere and ion0s~here.82 

If in ju ry  results fran the operation o f  a s a t e l l i t e  power system, the injured 

party i s  ent i t led t o  redress under ' .rt icle V I I .  Under i t s  terms, the state 

which procured the 13unch of the vehicle czusing the in jury  and the state 

which launched the space object are internationaily l i ab le  to  the en t i t y  ac- 

tua l l y  injured, or t o  i t s  national govermnt.  The language o f  Ar t i c le  V I I  

raises two main issues: 

1. The meaning o f  the word "damage" 

2. The wa l i ng  o f  the phrase "internationally 1 iable. "83 

The broad principles o f  Ar t i c le  V I I  were implemented i n  the Convention 

fo r  L i a b i l i t y  f o r  Damage Caused by Space Objects. T're term "damage" i s  de- 

fined i n  Ar t ic le  I (a )  of the Convention to mean 



loss o f  l i f e ,  personal in jury  o r  other impainaent a f  health; or loss o f  
or  damage t o  p r o p r t y  of States o r  o f  persons, natural o r  jur id ica l ,  o r  
property o f  international inter-govermaental organizations.. . . 

The language o f  that provision leaves open t o  question whether i t  covers con- 

sequential or  non?hyrical Since three o f  the f?ur damage categories 

l i s ted  above a r e  ei ther consequential or  nonphysical i n  nature, the ambiguity 

i s  s igni f icant fo r  potential w r a t o r s  of s a t e l l i t e  power system. 

I f  the i n ju ry  incurred f a i l s  within the def in i t ion o f  "damage," the type 

o f  l i a b i l i t y  iiaposed i s  based on the location a t  which the in ju ry  occurred. 

If a space object caused damage on the surface of the Earth or  to an a i r -  

c ra f t  i n  f l igh t ,  Ar t i c le  I1  provides that  the "launching State shall  be 

absolutely l i a b l e  to pay compensation" for the damage. I n  that case no proof 

o f  negligence i s  required and the launching state i s  l i a b l e  even ttlough i t  i s  

able to  demonstrate that i t  c~mplied wi tn  a l l  applicable standards o f  care. 85 

Thus, i f  a solar power sate: li te  transmission beam injures a person on the 

Earth's surface or while traveling i n  an a i rcraf t ,  the launchinq state would 

ae l iab le to bay compensation upon demns t r~ t i on  

1. That the ~ n j u r y  occurred 

L. That i t  resulted from the operation o f  tk sa te l l i t e  power system. 

Hcwever, l i a b i l i t y  m y  be avoided by establishing that "the damage has resul- 

ted either wholly or pa r t i a l l y  from gross neqligence or  from an act o f  omis- 

sion done with intent to  cause damage on the part of  the claimant State or 

of  natural or ju r id ica l  persons i t  represents," as provided i n  Ar t i c le  VI(1). 

I n  contrast, i f  damage i s  s ~ f f e r e d  i n  outer space, the launching state i s  

l iab le  to compensate the injured party under the terms ~f Ar t i c le  I11 only 

upon a demonstration of f au l t  o f  the launching state or of persons fo r  whm 

i', i s  liable.86 In both bases, the measute of damages i s  determined under 

Ar t ic le  X I I ,  which nrovides that when compensation i s  granted under the con- 

vention, the amount 

79 



shal l  be c?*ttm-ned i n  accordance wi th  internat ional  law and the pr in-  
ci3les ut ,~s:.ice and equi ty i n  order t o  provide such reparation.. .as 
w i l l  : r s ' o R  the person, natural o r  j u r id i ca l ,  State o r  internat ional  
1:rganization on whose behalf the claim i s  presented t o  the condit ion 
which could have existed if the damage had not occurred. 

The provisions of A r t i c l e  VII of the h t e r  Space Treaty and o f  the Con- 

vention on L i a b i l i t y  f o r  Damage Caused by Space Objects are l i k e l y  t o  a f f ec t  

the in terests  o f  the operator o f  a s a t e l l i t e  power system i n  two ways. Fi rst ,  

i f  the system i s  damaged through the acts of the nationals o f  a foreign 

goverrment, the foundation i s  l a i d  f o r  the indemnification o f  a l l  losses 

f a l l i n g  w i th in  the de f i n i t i on  o f  "damages." However, since the extent o f  

coverage i s  i n  question, effective means for preventing damage t o  the system 

should be found. Second, if the system causes damage, the state o f  reg is t ry  

would be l i a b l e  f o r  those i n j u r i es  which occur w i th in  the j u r i sd i c t i on  o f  o r  

t o  the nationals o f  other goverrments. Nationals o f  the state o f  reg is t ry  

would be en t i t l ed  t o  pursue remedies i n  the courts of tha t  state. Conse- 

quently, the exercise o f  a l l  due care i n  operations i n  outer space, and de- 

sign and operation i n  a manner l i k e l y  to minimize any r i s k  o f  damage, are 

considered essential i f  only from t h i s  po in t  o f  view. 

4.2.7 Ar t i c l e  V I I I  

A r t i c l e  VIII o f  the Outer Space Treaty, pertaining t o  the ownership and 

control o f  o b j s t s  i n  outer space provides: 

A State Party t o  the Treaty on whose reg is t ry  an object launched 
i n t o  outer space .s carr ied shal l  r e ta i n  j u r i sd i c t i on  and control over 
such object, and over any personnel therefor, whi le i n  outer space o r  
on a ce les t ia l  body. Ownership of objects launched i n t o  outer space, 
inclt8;'ing objects landed or  constructed on a ce les t ia l  body, and o f  
t he i r  component parts, i s  not affected by t he i r  presence i n  outer space 
or  on a ce les t ia l  body o r  by t he i r  return t o  the Earth. Such objects 
or component parts found beyond the l i m i t s  o f  the State Party t o  the 
Treaty on whose reg is t ry  they are carr ied shal l  be returned t o  that  
State, which shall, upon request, furnish ident i fy ing data p r i o r  t o  
t he i r  retcrn. 



The f i r s t  sentence assists implementation o f  the provisions a f  A r t i c les  V I  

and V I I  r e l a t i ng  t o  internat ional  respons ib i l i ty  and l i a b i l i t y  f o r  a c t i v i t i e s  

i n  outer space, par t i cu la r l y  over nationals operating i n  nongoverrrnental capa- 

c i t i e s .  

The second sentence i s  considered extremely important t o  operational 

implementation o f  solar power s a t e l l i t e  technology. By protect ing the r i gh t s  

o f  ownership as establ ished i n  ~ c o r d a n c e  w i th  t rad i t i ona l  internat ional  law, 

A r t i c l e  V I I I  provides the basis f o r  i ndus t r ia l i za t ion  of outer space under 

both consrercial and national goverrmental organizational structures. As sug- 

gested b e l w  i n  Section 4.3, the cap i ta l  investment necessary t o  develop, 

establ ish and operate a sate1 1 i t e  power system would be deterred o r  completely 

prevented i f  r igh ts  o f  ownership are not protected. 

4.2.8 A r t i c l e  I X  

As noted i n  Section 4.1.1(3) above, A r t i c l e  I X  plays an important r o l e  

i n  the management o f  the geostationary o rb i  t.87 The same provision has equal 

impact on the use of outer spzce f o r  the purpose of s a t e l l i t e  power genera- 

t ion. The key provis ion o f  A r t i c l e  I X  requires states t o  "conduct a l l  t h e i r  

a c t i v i t i e s  i n  outer space ..., wi th  due regard t o  the corresponding interests 

o f  a l l  other States Part ies t o  the Treaty." The remaining three sentences 

implement the "due regard" requirement. 88 

The second sentence, which requires states par t ies  t o  the t reaty t o  con- 

duct a c t i k i t i e s  i n  outer space so as t o  avoid both harmful contamination o f  

outer space and adverse changes i n  the earth's environment resu l t ing from 

the introduction o f  ex t ra te r res t r ia l  matter. could 1 i m i  t operation o f  satel- 

l i t e  power systems i f  l i b e r a l l y  construed. On i t -  face, the ze~ond senrence 

i s  l imi ted t o  environmental hazards potent ia l ly  created by ext ra ter rest r ia l  

matter ---- brought w i  th i r l  the Earth's biosphere. ,I though the d is t i~c : . i on  between 



matter and energy i s  not y e t  precisely defined f o r  these purposes, the 

passage o f  the s a t e l l i t e  power system transmission beas through the Earth's 

amsphere may be judgcd t o  f a l l  outside the category of matter. If so, the 

second sentence appears not  t o  1 i m i  t the operation of such a system. 

However, the combination of the f i r s t  two sentences may have the e f f ec t  

o f  extending the proh ib i t ion t o  the introduct ion o f  any physic31 phenomenon 

which could adversely a f fec t  the Earth's environment. The f i r s t  sentence im-  

p l i c i t l y  incorporates, a t  l eas t  conceptually, the requirement of A r t i c l e  I ( 1 )  

tha t  outer space be used "for the benef i t  and i n  the in te res t  o f  a l l  coun- 

t r i e s . ~ * ~  To the extent the two provisions are coextensive, the f i r s t  sen- 

tence would require space powers t o  conduct t h e i r  space a c t i v i t i e s  i n  a 

manner which does not prejudice the "corresponding" in terests  o f  nonpart ici-  

pants. The de f i n i t i on  o f  the term "corresponding" i s  n3t c la r i f i ed ,  but 

presumably encompasses both space and t e r res t r i a l  interests 1 i kely t o  be 

affected by space ac t i v i t i es ,  i n  a manner comparable t o  the "conmon interests"  

clause o f  A r t i c l e  1(1 Consequently, A r t i c l e  I X  requires that  considera- 

t i ~ n  be given t o  the el imination o f  the adverse e f fec ts  l i s t e d  above, 91 

especial ly t o  the extent they a f fec t  the interests o f  states other than the 

state conducting the a c t i v i t y  i n  question. 

The t h i r d  and four th  sentences establ ish a nliniinum standard f o r  "due 

cqnsideration." I f  the state undertaking th: a c t i v i  t j  has reason to  be1 'eve 

that  a c t i v i t i e s  plamed by it, nii. ionals are l i k e l y  t o  cause harmfu: in te r -  

ference wi th the a c t i v i t i e s  of other states part ies to the treaty, i t  i s  

obl igated t c  "undertake appropriate international consul tat ions" k i  :h the 

affected stc'.es ;pior t o  ;..~plementati ~r o f  i t s  plans. Simi lar ly ,  i f  one 

party hz . reason t o  believe that  the act1v"ies o f  another party would c a r e  

potentia1:y harmful interfzrence wi th a c t i v i t i e s  re:ating t o  the e x p l o r a t i o ~  



and use o f  outer space. the former may request such consultations, even i f  

i t s  m a c t i v i t i e s  would not be adversely a f f e ~ t e d . ' ~  The consultat ion 

provisions ra ise three key issues: 

1. When does a party have su f f i c i en t  "reason t o  believe" tha t  harmful 
interference would resu l t  fm the planned a c t i v i t i e s ?  

2. Uhat consti tutes harmful interference? 

3. U b t  are the character ist ics o f  "appropriate internat ional  consul- 
tations"? 

Dnder the language o f  the t h i r d  sentence o f  A r t i c l e  I X ,  the ob l igat ion 

o f  a state planning t o  engage i n  space a c t i v i t y  becomes operative when i t  has 

"reason t o  believe* t ha t  execution o f  plans would cause harmful interference 

w i th  the a c t i v i t i e s  o f  other states i n  outer space. Thus, the determination 

tha t  the obl igat ion has become operative i s  so le ly  w i th in  the discret ion o f  

the launching state. I f  i t  lacks su f f i c i en t  information re l a t i ng  e i the r  t o  

interference factors o r  t o  the plans of ex is t ing space a c t i v i t i e s  o f  other 

states, the launching state i s  authorized t o  proceed without consultation. 93 

The scope o f  t h i s  d iscre t ion may be l imi ted,  however, by comnunications from 

states whose space a c t i v i t i e s  would be adversely affected o r  from t h i r d  states 

t o  the launching states informing the l a t t e r  o f  potent ia i  interference and 

requesting consultations as provided i n  the four th  sentence o f  A r t i c l e  I X .  

A r t i c l e  I X  does not provide a c lear standard f o r  determining when the 

a c t i v i t i e s  o f  one state "could cause po ten t ia l l y  harmful interference" w i th  

the a c t i v i t i e s  of another. The lz~guage o f  the t h i r d  sentence suggests that  

only interference wi th the space ac t i v i t i e s ,  as distinguished f roa the earth- 

bound ac t i v i t i es ,  o f  another state are relevant; however, since a large pro- 

port ion o f  space a c t i v i t y  necessarily involves support a c t i v i t i e s  on the 

Earth's surface, interference wi th those also gives r i s e  t o  the consultative 



obl igat ion of A r t i c l e  I X . ~ ~  Further, interference can only occur w i th  re- 

spect t o  r c t i v i  t i e s  which const i tute "peaceful uses o f  outer space. "'' 
Presumably, the term "interference" i s  used i n  i t s  ordinary meaning t o  

s ign i f y  con f l i c t i ng  uses resu l t ing i n  obstruction, creation o f  s ign i f i can t  

hazards o r  s ign i f i can t l y  diminishf ng the e f f ic iency o f  space ac t i v i t i es .  

The character ist ics o f  "appropriate internat ional  consultations" are 

l e f t  undefined. From the context, the term "consul tat ion" re fers  t o  the 

j o i n t  examination--including the exchange of relevant information--nf the 

proposed a c t i v i t i e s  and the probable consequences f o r  each consulting par- 

t y ' s  interests .% Since the term "consul ta t ion"  was selected by the 

drafters of A r t i c l e  I X ,  the part ies are obliged only t o  make a good f a i t h  

e f f o r t  t o  conduct the j o i n t  examination w i th  a view t o  reaching sat is factory 

resolut ion o f  con f l i c t s  among the consulting states. However, A r t i c l e  I X  

imposes no ob l igat ion t o  achieve reconci l iat ion.  97 A1 though the form or  

forum of consul ta t ion  i s  not s igni f icant ,  the consultation must involve 

e i ther  diplomatic o r  s c i e n t i f i c  elements o f  the affected governments. As 

emphasized by the use o f  the word " international ." the duty t o  c ~ n s u l  t i s  

pr imar i ly  b i l a t e ra l  i n  nature a1 though consul ta t ion  under the auspices o f  

an intergoverm n ta l  organization i s  not precluded.98 The suggestion that  

A-t ic le I X  consul ta t ion  must include a l l  part ies t o  the Outer Space Treaty 

cannot oe supported. 99 

Thus, A r t i c l e  I X  would require s a t e l l i t e  power system operators t o  con- 

duct power generation a c t i v i t i e s  wi th due regard a t  least  t o  the space act iv -  

i t i e s  o f  other states. Although that  requirement i s  l i k e l y  t o  a f fec t  most 

d i r ec t l y  the use o f  the geostationary orb i t ,  i t  imposes a duty t o  remain 

a l e r t  t o  the poss ib i l i t y  of  ad~erse ly  af fect ing tne space interests o f  other 

states. I n  those cases where adverse consequences are l i k e l y ,  the operator 



i s  required t o  consult  i n  good f a i t h  w i t h  the  a f fec ted part ies, w i t h  a view 

t o  the e l im inat ion  of those consequences. However, A r t i c l e  I X  does not  i m -  

pose an ob l iga t ion  t o  accept unnecessary r e s t r i c t i o n s  on the operat ion of a 

sa te l  1 i t e  rower system. 

4.3 Legal Status o f  Pr iva te  Sector Operation o f  S a t e l l i t e  Power Systems 

One o f  the key questions ra ised by the development o f  innovative appl i- 

cations o f  sate1 1 i t e  technology i s  the a1 loca t ion  o f  responsi b i  1 i t y  f o r  

operational implementation, f i r s t ,  between nat ional and in ternat iona l  e n t i -  

t ies ,  and second, between p u t l i c  and p r i va te  sector e n t i  t ies .  Pol i c y  debbtes 

regarding organizat ional configurations have had a s i g n i f i c a n t  impact on the 

pace and direction o f  the development o f  operational space capabi 1 i ties,  par- 

t i c u l a r l y  i n  the .area o f  c m u n i c a t i o n s  s a t e l l  i tes . loO A t  present. ths ques- 

t i o n  of i n s t i t u t i o n a l  arrangements f o r  the developident and use o f  an 

operational ear th resources s a t e l l i t e  system are proceeding i n  p a r a l l e l  paths 

i n  the federal oovernmentlol and i n  the United Nations. 1 02 

I n  both areas, the p o s s i b i l i t y  t h a t  the p r i va te  sector should be encour- 

aged t o  assume primary responsi b i l  i t y  was discussed. The same possi b i  1 i t y  

ex i s t s  fo r  the implementation o f  solar  power s a t e l l i t e  technology. Two main 

organizat ional options f o r  establishment o f  a United States p r i va te  sector 

system cculd be cansidered: 

1. Regulated p r i va te  enterpr is? based on t r a d i t i o n a l  corporate st ruc-  
tures 

2. Federal corporat ion chartered b Congress, s im i la r  t o  the Communi- 
cat ions Satel 1 i t e  Corporation. 183 

Since f inanc ia l ,  f i s c a l ,  e f f i c i ency  and fore ign po l i cy  considerations may 

lead t o  select ion o f  one o f  these p r i va te  sector options f o r  operation o f  

a s a t e l l i t e  power system, the status o f  p r iva te  sector i n i t i a t i v e s  under 



ex is t i ng  space law could ma te r i a l l y  a f f e c t  the exte: t t o  which such systems 

are u t i  1 i zed  t o  s a t i s f y  nat ional  and in te rnat iona l  energy requirements. 

The discussions o f  in te rna t iona l  space law p r i nc ip les  governing both 

the use o f  the geostationary o r b i t  and the use o f  outer  space for  the spe- 

c i f i c  purpose of so lar  power generation, set  f o r t h  i n  Sections 4.1 and 4.2 

above, expressly o r  imp1 i c i  t l y  es tab l ish  a ser ies o f  four  p r i nc ip les  re la -  

t i n g  t o  p r i v a t e  sector i n i t i a t i v e s  i n  outer space: 

1. Pr iva te  sector a c t i v i t y  i n  outer  space i s  permit ted under ex i s t i ng  
in te rnat iona l  law 

2. Pr iva te  sector a c t i v i t y  i n  outer  space i s  subject t o  the prov is ions 
o f  the Outer Space Treaty 

3. Pr iva te  sector a c t i v i t y  i s  subject t o  the exercise o f  j u r i s d i c t i o n  
by ce r ta in  nat ional  governmetits 

4. Each s ta te  par ty  t o  the Outer Space Treaty i s  responsible f o r  the 
acts of i t s  nat ionals. 

Each o f  these conc l~s ions  i s  discussed more f u l l y  below. 

4.3.1 Pe rm iss ib i l i t y  -- of Pr ivate Sector A c t i v i t y  i n  Outer Space - 

Under e x i s t i v g  in te rnat iona l  iaw, p r i va te  sector undertakings i n  outer  

space are i m p l i c i t l y  authorized under the t e n s  of both the Outer S p ~ e  

Treaty and the Convention i n  L i a b i l i t y  f o r  Damage Caused by Space Objects. 

As noted i n  Section 4.2.5, A r t i c l e  V I  o f  the forilier imposed in te rnat ioqa l  

respons ib i l i t y  on states par ty  t o  the t rea ty  f o r  the a c t i v i t i e s  o f  ' t s  na- 

t i ona l s  i n  outer space "whether such a c t i v i t i e s  are car r ied  on bv povernment 

agencies o r  by non-governmental e n t i t i e s  ....' S imi la r ly .  A r t ~ c l e  V I I  ivposes 

in te rnat iona l  l i a b i l i t y  on any s ta te  par ty  i o r  i n j u r i e s  caused by i t s  space 

objects t o  the natura l  o r  j u r i d i c a l  persons o f  another par ty  not only  on 

Earth bu t  i n  outer space as we l l .  Both provisions c l e a r l y  ~ontewpla te  the 

possibi1.ity t ha t  non-govcrr~~centa l - - inc lud ing p r i va te  sec to r - -en t i t i es  ray 

conduct a c t i v i t i e s  i n  nf:.er space. I n  addi t ion,  A r t i c l e s  I V ( 1 ) ,  ' J I I I ( 1 )  



and X I ,  among o thers  o f  t he  Convention on L i a b i l i t y ,  r e f e r  t o  i n j u r y  t o  

"nat iona l  o r  j u r i d i c a l  persorgs" o f  a  s tare.  I n  l ega l  l i t e r a t u r e ,  the term 

" j u r i d i c a l  penon "  i s  o f t e n  used t o  r e f e r  t o  corporat ions and o the r  l aw fu l  ~y 

cons t i  ,u' 1 com~er.c ia l  organizat ions.  

Further evidence support  ;ng the  p ropos i t i on  t h a t  p r i v a t e  sec to r  a c t i v i t y  

i n  ou te r  space i s  permi t ted ~ f i 2 e r  e x i s t i n g  i n t e r n a t i o n a l  law may be found i n  

t h e  debates o f  the Uni ted Nat ions Com i  t t e e  on the  P e a c e f ~ l  Uses o f  Outer 

Space r e l a t i n g  t o  i n t e r n a t i o n a l  p r i n c i p l e s  t c  govern the  use o f  d i r e c t  broad- 

cas t  and ea r t h  resources sa te l  1  i tes.  During tbe  d i r e c t  broadcast debates, 

t h e  Sov ie t  Union l e d  an e f f o r t  t o  incorpora te  i n t o  the  appropr ia te  i n t e rna -  

t i o n a l  po l  i c y  s t r uc tu res  a  p rov i s i on  l i m i  t ing  d i r e c t  broadcast e i t h e r  t o  

governnent agencies o r  t o  e n t i  t i e s  under the d i r e c t  superv is ion o f  t he  

government. The character  o f  t he  support ing arguments suggests t h a t  the  

proposed l i n ,  t a t i o n  would be more r e c t r i c t i v e  that, requ i red  by t h e  terms of 

A r t i c l e  '.I of the Outer Space Treaty. 

At ,entina and B r a t i  1  have advocated the r e s t r i c t i o n  o f  p r i v a t e  sector  

a c t i v i t i e s  i n  the area o f  s a t e l l  i t t  recu te  sensing. I n  a  d r a f t  t r ea t y ,  

those governments proposed t o  p r o h i b i t  s ta tes  p a r t i e s  from bot l l  cr y i r g  

t o  and rece i v i ng  from p r i v a t e  e n t i  t i e s  i t ~ i o r m a t i o n  obtained through remote 

sensing r e l a t i n g  t o  the  na tu ra l  resources o f  another s t a t e  par ty  i n  the  ab- 

sence o f  the 1  a  t t e r  ' s  express consent . lo5 The d i r e c t  pu~pose  i s  :c apply 

the  p r o p x e d  p r i o r  consent regime t o  a;l p o t e n t i a l  ac tors ,  thus imp l i , i t i y  

recogniz ing t h a t  under e x i s t i n g  I f i t e rna t i one l  space l d w  p r i v a t e  e n t i  t i e ;  may 

be invo lved i n  t3e dcqu is i  t i o ~ ,  recep t ion  processing and d i s t r i b u t i c f i  o f  

r.amte-sensing data.  Attempts i n  both the d i r e c t  broadcast ing aqd s a t e l l i t e  

remote-sensing debates t o  1 i m i  t p r i v a t e  sector  a c t i v i t i e s ,  w i thou t  r e f e r r i  n? 

t o  e x i s t i n g  p r i n c i p l e s  , i leyedly  d i c t a t i n g  such l i m i t a t i o n s ,  makes c l e a r  



that exist ing space 1- i l i c i t l y  permits pr ivate sector a c t i v i t y  i n  outer 

1.3.2 A p ~ l i c a b i l i t y  of the Pnwisions of  the Outer Space Treaty to 
Private Sector Ac t iv i t ies  

As sqgested i n  Section 4.2.5 above, A r t i c l e  V I  expressly imposes on 

parties to the t reaty the duty to ensure compliance o f  n a t i o ~ l ,  norrqovern- 

=tal en t i t ies  with the provisions of the treaty. Consequently, pr ivate 

sector en t i t ies  are both ent i t led  t o  the 'free use o f  outer spacem and sub- 

ject t o  the l imi ta t ions imposed by the treaty, for example, the Ar t i c le  I X  

duty to avoid introducing extraterrestr ia l  matter i n to  the Earth's biosphere 

i f  that  i s  l i k e l y  t o  cause adverse changes i n  the Earth's envirorrsertt. How- 

ever, those provisions which by the i r  tenus apply only t o  states, including 

the Ar t i c le  I1 prohibit ion against the appropriation of outer space, are 

not extended t o  the private sector through Ar t i c le  V I .  

4'3.3 National Jur isdict ion Over Private Sector k t i v i t i e s  

H a t i m i  pverments are l i k e l y  t o  exercise re la t i ve ly  s t r i c t  control 

over private sector ac t i v i t i es  i n  outer space, f i rs t ,  because they are re- 

quired to do so by provisions of the Outer Space Treaty, and second, because 

the Convention on L i a b i l i t y  f o r  Damage Caused by Space Objects imposes l i a -  

b i l  i t y  on states for certain private sector ac t i v i t i es  i n  outer space. 

Ar t i c le  V I  o f  the Outer Space Treaty requires states part ies t o  exer- 

c ise control over the ac t i v i t i es  o f  the i r  respective nationals for the pur- 

pose of ensuring cartpl iance with the treaty's provisions. I n  addition, 

Ar t i c le  V I I I  requires a state party t o  reta in jur isd ic t ion and control over 

any space object launched under i t s  reyf,try and i t s  crew, regardless o f  

the crew's nationali ty. Thus, the ac t i v i t i es  of a space vehicle launched 



Md registered i n  cme state, chartered by a corporation o f  a second state 

and manned by a crew f r m  a th i rd  state could conceivably be subject to  the 

control o f  a l l  three governrents. 

As noted i n  Section 4.2.6 abwe, under Art ic le V I I  o f  the Orte? Space 

Treaty and the provisions of  the Convention on L iab i l i t y  f o r  Oamge Caused 

by Space qbjects, the states d i c h  laumh o r  procure the launching o f  a 

space vehicle are subject to  international 1 i a b i l i t y  fo r  damage caused by 

the space vehicle- S i ~ e  no l i m i t  i s  imposed on the mawre of damages 

auarded under the convention, creating the possibi l i ty o f  substantial l i a -  

b i l  i t y  on the part o f  the launching states as well as the resultant domestic 

and foreign po l i t i ca l  consequences, those states are 1 ikely to establish 

re lat ively s t r i c t  regulations relat ing the structural, safety and operating 

prccedures as a means of preventing the occurrence of damage coveted by the 

t e r n  o f  the convention. 

I n  addition t o  regulation for  the purposes o f  ensuring canpl iance with 

the requirements c f  the Outer Space Treaty and avoiding international 1 ia- 

b i l i t y  fo r  damage resulting from space act iv i t ies, states are l i ke l y  to  ex- 

tend their respective legal regimes into outer space for  the purpose of 

taxation, enforcing national laws relat ing to  patents, copyrights, ant i t rust 

and ~ n f a i r  trade practices. I n  l i gh t  o f  the likelihood that outer space 

w i l l  be developed ?hrough the establ ishmmt o f  sate1 1 i t e  power systems and 

space manufacturing fac i l i t ies ,  and the comnon interests of states i n  regu- 

lat ing such operations, appropriate multi lateral agreements pertaining to 

private sector operat ions i n  outer space should be anticipated . 



4.3.4 L i a b i l i t y  o f  States f o r  the National Private Sector Ac t iv i t ies  

A r t i c l e  V I I  o f  the Outer Space Treaty and the provisions o f  the Conven- 

t i o n  on L i a b i l i t y  impose l i a b i l i t y  on states f o r  damage caused by the i r  

respective nationals. Since claims fo r  compensation f o r  damage sustained by 

the nationals o f  one cwn t ry  as the resul t  o f  the comnercial ac t i v i t i es  of 

the nationals o f  another country are 1 i ke ly  t o  be pursued using the diplo- 

matic procedures established i n  the Convention on L iab i l i t y ,  the launching 

state rather than the pr ivate sector entity would be d i rec t ly  l iab le.  How- 

ever, t h i s  protection f raa l i a b i l i t y  i s  l i k e l y  t o  be l imi ted i n  three ways. 

First, the g o v e m n t  i s  1 i ke ly  t o  establish procedures fo r  recovering 

amounts paid t o  foreign claimant from the en t i t y  actually responsible fo r  

the damage. The main options are incorporation of appropriate procedures 

ei ther in to  the regulatory framework or  in to  the jur isdict ional  statutes o f  

national courts. Second, although nationals o f  the launching state are ex- 

cluded f ran coverage by the convention by Ar t i c le  VII(a), they would be en- 

t i t l e d  t o  pursue appropriate remedies d i rec t l y  against the operating en t i t y  

i n  national courts o f  competent jur isdict ion. Finally, the r i gh t  o f  nation- 

a ls  o f  other states t o  seek r e l i e f  i n  tne courts of  the launching state i s  

expressly preserved i n  A r t i c l e  XI(2) o f  the Convention on L iab i l i t y .  A l l  

three circumstances suggest that commercial sa t e l l  i t e  power systems are 

l i k e l j  t o  be subject t o  normai l i a b i l i t y  fo r  damage caused by the i r  opera- 

tion. 

The four principles discussed above indicate that exist ing international 

space law does not present any unusual impdiments t o  the establ ishment of a 

comnercial satel l  i te  power system. I n  part icular, under exist ing legal pr in- 

ciples, private sector i n i t i a t i ves  are not prohibited by the Outer Space 



Treaty, but would be subject t o  i t s  provisions. 60th the launching state an;i 

the states i n  which the organization establishing the system i s  chartered 

would be en t i t led  t o  exercise control over it. The level  of regulation i s  

l i k e l y  to be re la t i ve ly  high due both t o  the obligation of those states t o  

ensure compliance wi th  the provisions o f  the Outer Space Treaty and to  the 

provisions f o r  l i a b i l i t y  f o r  damage resul t ing from the operation o f  a satel- 

l i t e  power system by the i r  respective nationals. Finally, although the pro- 

visions o f  the Convention on L i a b i l i t y  would shield comercia1 enterprises 

from d i rec t  international l i a b i l i t y ,  the option of national governments t o  

seek indemnification from the operating en t i t y  f o r  damages paid i n  canp=nsa- 

t i on  for in jur ies resul t ing fm operation o f  the system, as well as the 

opticn f o r  injured part ies t o  seek re l i e f  from the system operator through 

the cottrts o f  the launching state, indicate that standard concepts o f  l i a -  

b i l i t y  apply. These conclusions indicate the n e d  f o r  national and interna- 

t ional  policy analyses t o  paral le l  technicai and economic studies as a means 

o f  ensuring that as technical and economic v i a b i l i t y  i s  achieved, the capa- 

b i l i t y  i s  also developed t o  create conditions fo r  optimum combinations o f  

i ncenti ves and regulatory safeguards are brought i n to  existence. The imoor- 

tance of fonnula t ing  appropriate pol i cies on the national and international 

levels must be emphasized. 

4.4 Legal Status o f  Orbital Weapons Systems fo r  the Protection o f  Sate1 li te 
Power Systems 

Once established, a sate1 1 i te  power system i n  geostationary orbi t could 

present a desirable target for  mi l i ta ry  or te r ro r is t  action. The importance 

o f  a high-capaci t y  power system to  a nation's economic, po l i t i ca l  and 



m i l i t a r y  potent ia l  suggests tha t  destruction of  the system would be 

assigned a high p r i o r i t y  i n  tinre o f  m i l i t a r y  o r  p o l i t i c a l  con f l i c t .  An 

attack on the system could create s ign i f i can t  social and p o l i t i c a l  impact. 

I n  theory, A r t i c l e  V I 1  of the Outer Space Treaty and the procedure es- 

tablished i n  the Convention on L i a b i l i t y  f o r  Damage Caused by Space Objects 

would provide remedies for any damage except that  caused by actions taken 

against the system not involving a space object. A laser attack or ig inat ing 

from a t e r res t r i a l  i ns ta l l a t i on  i s  a possible example. However, the proce- 

dures established by t reaty are not l i k e l y  to  be effective, especial ly i n  

cases o f  d e l i  berate destruction. F i rs t ,  extensive delays must be anticipa- 

ted p r i o r  t o  resumption o f  service, w i th  obvious consequences f o r  the launch- 

ing  state's economic s tab i l i t y .  Second, since diplomatic claims settlement 

procedu. et are involved, f u l l  recovery of damages specified i n  A r t i c l e  X I 1  

o f  the Convention on L i a b i l i t y  i s  not l i ke ly ,  f i r s t ,  because damage claims 

are often disccunted, and second, because few countries have the econmic 

capacity t o  repay the cost of establishing a s a t e l l i t e  power system. Third, 

a successful attack could create potent ia l  hazards from debris i n  space and 

from transmission beam spi 1 lover on the Earth's surface. 

I n  l i g h t  o f  the foregaing considerations, some means of m i l i t a r y  pro- 

tect ion may be desirable. Terrestr ia l  weapons systems are l i k e l y  t o  be 

1 i m i  ted i n  the i r  a b i l i t y  t o  defend s ~ l a r  power sa te l l i t es  against attack 

ei ther from outer space o r  from the Earth. Hence, some form o f  defensive 

weapons system stationed i n  space i n  a posi t ion to  protect the s a t e l l i t e  

power system may appear appropriate. 



I n  Section 4.2.1, an analysis o f  A r t i c l e  I(1) and I V  and the concept 

tha t  outer space should be used exclusively f o r  peaceful purposes led t o  two 

main conclusions: 

1. The stat ioning of nuclear and other weapons o f  mass destruct ion 
i n  outer space i s  prohibited. 

2. M i l i t a r y  a c t i v i t y  i n  outer space not prohibited i f  i t  i s  defen- 
s ive o r  nonaggressive i n  nature. I& 

The same pr incip les apply t o  the establ i s b n t  o f  an o r b i t a l  weapons system 

f o r  the protect ion o f  the space segment o f  a sa te l l  i t e  power system. I n  

pr incip le,  A r t i c les  I(l), I11 and I V  do not p roh ib i t  the establishment o f  

such a weapons system, provided i t  does not incorporate weapons o f  mass de- 

s t ruc t ion o r  require the use of i n s t a l l a t i o n ~  on the moon o r  other ce les t ia l  

bodies. 

Some d i f f i c u l t i e s  could arise, however, i f  a protect ive system were in- 

co rp ra ted  which purported t o  be defensive i n  nature but which could be 

trained on Earth o r  other ce les t ia l  bodies, or  upon large space objects and 

used f o r  aggressive as well  as defensive purposes. A1 though i t  could be 

argued that  i n  the era o f  modern warfare, such f l e x i b i l i t y  i s  necessary t o  

ensure national securi tj, the dual purpose approach mu1 d undermine the 

ra t iona le  f o r  omit t ing defensive weapons system from the prohibi t ions o f  

A r t i c l e  I V .  As a resul t ,  such systems must be considered unlawful t o  the 

extent tha t  they are capable o f  i n f l i c t i n g  mass destruction. 

4.5 Conclusions on Exist ing Space Riqhts 

The foregoing analyses suggest that  while the ex is t ing pr incip les o f  

international space law do not on t h e i r  face represent s ign i f icant  impedi- 

ments t o  the establishment and operation o f  s a t e l l i t e  Cower systems i n  geo- 

stat ionary o rb i t ,  i n  many cases c l a r i f i c a t i o n  o f  ambiguities o f  ex is t ing 

law could promote creation o f  conditions favorable t o  such i n i t i a t i v e s .  



4.5.1 Legal Aspects o f  the Use o f  the Geostationary Orb i t  

A r t i c les  I ,  I1 and IX o f  the Outer Space Treaty pose no obstacle t o  the 

use of the geostationary o r b i t  by s a t e l l i t e  power systems. The m s t  s i gn i f i -  

cant potent ia l  problem i n  t h i s  area i s  based on the trend toward crowding i n  

segments o f  the o r b i t  which would be useful f o r  sa te l l  i t e  power systems. 

The most s igni f icant  a c t i v i t y  r e l a t i ng  t o  the management o f  the o r b i t  i s  oc- 

cur r ing under the auspices of the ITU. To date, the ITU has not  examined 

the potential  frequency and o rb i  ta1 requirements o f  sate1 1 i t e  power systems. 

However, i n  l i g h t  o f  t h e i r  projected contr ibut ion t o  the sat is fact ion of 

global energy needs, such systems should be included i n  the ITU planning 

process. 

A1 though the ITU i s  presently the primary forum f o r  consideration o f  

orb i  ta1 management issues, the range o f  potential  noncomnunications appl ica-  

t ions requir ing u t i l i z a t i o n  o f  the geostationary o r b i t  indicates, tha t  the 

problem o f  o rb i t a l  management could be sh i f ted t o  another forum w i th  a 

broader mandate. I n  that  manner, a more comprehensive approach, po ten t ia l l y  

leading t o  the conclusion o f  an internat ional  agreement, could be undertaken 

as a means of ensuring a v a i l a b i l i t y  of o rb i t a l  s lo ts  f o r  a l l  potent ia l  uses 

compatible wi th  the purposes of the Outer Space Treaty. This broader ap- 

proach could be par t i cu la r l y  valuable when use o f  the o r b i t  increases 

sharply enough that  the establishment o f  p r i o r i t i e s  among potent ia l  uses 

becomes unavoidable. 

4.5.2 Impact of the Outer Space Treaty on Sa te l l i t e  Power Systems 

The provisions o f  the 1967 Outer Space Treaty providc the general frame 

work f o r  a l l  a c t i v i t y  i n  outer space, including the conversion o f  solar 

energy i n t o  e lec t r i ca l  power. In. i t s  present form, the t reaty  would not 



in ter fere with the establ i s h n t  and operation o f  a sate l l  i t e  power system. 

However, the foregoing conclusion i s  tempered by two considerations. First ,  

although the Outer Space Treaty would not i n h i b i t  s a t e l l i t e  power in i t ia t ives,  

It does not take any a f f i rm t iwe  steps t o  create conditions favorable t o  such 

In i t ia t ives.  Because of the extretnely large investRent i n  research, develop- 

ment and demnstration o f  the technoloqy, as well as construction o f  opera- 

t ional  solar porrer sate1 1 i tes and appropriate ground temf nals, effective 

incentives are l i k e l y  t o  be essential t o  f u l l  real izat ion o f  the benefits o f  

s a t e l l i t e  power systems. The optimum combinations o f  incentives should be 

given careful national and international consideration as enerw demand in -  

creases and the technology evolves. 

The second l im i t i ng  consideration i s  the fact  that  the conclusion stated 

above i s  based on constructions o f  Ar t i c le  I which would avoid res t r i c t i ve  

impact on space in i t ia t ives.  I n  th i s  regard interpretation o f  the "comnon 

interestsn clause i n  a manner which would not require a system operator 

ei ther t o  permit foreign part icipation i n  the system o r  require the system 

operator t o  d is t r ibute a port ion o f  i t s  earnings among the less developed 

countries i s  part icular ly important. Although that interpretation i s  favored 

under exi  st ing international space law, trends i n  the debates o f  the Comnit- 

tee on the Peaceful Uses of Outer Space and i t s  subcomnittees, as well as 

the controversy regarding in terpretat i  on o f  Ar t i c le  I, suggest that pressure 

fm nonspace powers could a1 t e r  the exist ing balance of international legal 

opinion. This possi b i l  i t y  suggests the existence o f  an international p\rl it- 

i ca l  basis fo r  i n f t i a t i ves  i n  the United Nations and elsewhere t o  impose 

r e s t r i c t i ~ e  l im i t s  on the use o f  solar pswer satel l i tes.  To the extent that 

public and private sector planners are compelled t o  base the decision t o  



construct a s a t e l l i t e  power system on the provisions o f  the Outer Space 

Treaty, the uncertainty o f  in terpreta t ion may exert an i nk i b i t i n !~  influence. 

For those reasons, the decision o f  the Coarni t t ee  9:: tile Peaceful Uses 

o f  Outei. Space (CPUOS) t o  add o r b i t a l  power generation t o  the agenda o f  the 

fourteenth session o f  i t s  Sc ien t i f i c  and Technical Sub-Committee must be con- 

sidered a s ign i f i can t  development. A f te r  i n i t i a l  ccnsiderations there, the 

probabi l i ty  tha t  the subject w i  11 be added t o  the agenda o f  the Legal Sub- 

Cornnittee for the 1978 session i s  increased. Consequently, CPUOS i s  l i k e l y  

t o  give extensive consideration t o  the technical and legal  aspects of satel -  

1 i te  power generation. This development w i l l  r esu l t  i n  t imely consideration. 

I n  spec i f ic  subject areas, especiall l, d i r ec t  broadcast and earth resources 

s a t e l l i t e  regulations, CPUOS has--<= i. resu l t  o f  substantial deliberations- 

made some progress i n  r e l a t i ve l y  uncontroversial areas, but has not ye t  taken 

s ign i f i can t  steps toward the resolut ion o f  the key issue o f  p r i o r  consent i n  

e i ther  area. Para1 1 e l  developments w i th  respect t o  solar power sate1 1 i tes 

could mean protracted debates. I n  l i g h t  o f  these potent ia l  consequences, 

consideration should be given t o  the poss ib i l i t y  that  the internat ional  

aspects o f  s a t e l l i t e  power generation could be considered more advantageously 

i n  another forum. 

4.5.3 Legal Status o f  Private Sector Sa te l l i t e  Power Systems 

The provisions o f  the Outer Space Treaty provide a foundation f o r  p r i -  

vate sector i n i t i a t i v e s  w i th  respect t o  s a t e l l i t e  power generation. I n  par- 

t icu lar ,  the t reaty  i m p l i c i t l y  authorizes comnercial space ac t i v i t i es ,  

subject t o  compliance wi th  applicable provisions o f  the t reaty  under the 

supervision o f  the national governments specif ied i n  A r t i c l e  V I .  Once 5 

pr ivate sector system i s  establ ished,  he superv is i~g  governments are 1 iab le  



for any damage caused, as provided i n  the Convention on L iab i l  f t y  f o r  Damage 

Caused by Space Objects. The imposition o f  international l i a b i l i t y  on super- 

vising goverments i s  l i k e l y  t o  resul t  i n  the imposition o f  re la t i ve ly  s t r i c t  

national controls. 

A1 though th i s  foundation has been established, a number o f  questions 

remain unresolved. First, the status o f  attempts t o  preclude pr ivate sector 

part ic ipat ion i n  the operational implementation o f  space technology should 

be mnitored. and the des i rab i l i t y  o f  such part ic ipat ion as a matter o f  na- 

t ional  and international pol i cy  should be careful ly considered. Second, a 

nunber o f  practical aspects regarding application o f  the Convention on Lia- 

b i l i t y  should be clarif ied. Part icular ly important i s  the need t o  develop 

effective means o f  national regulatory control over ac t i v i t i es  carried out 

by space vehicles. Even more d i f f i c u l t  i s  the problem o f  providing the 

launching state with the means t o  control the ac t i v i t i es  carried cut by a 

spacecraft which i t has launched but which i s  registered i n  another state. 

Problems potent ial ly ar is ing from conf l ic ts  i n  jur isd ic t ion and control 

cnould be examined. Further, the impact o f  the l i a b i l i t y  framework estab- 

lished by the convention should be tested to ascertain whether real izat ion 

o f  tangible benefits i s  promoted or impeded. Finally, the regulatory and 

other policy implications o f  comnercial sate1 1 i t e  power generation i n i t i a -  

t ives by multinational corporations should be assessed i n  order t o  permit 

formulation o f  appropriate national and international regulatory response. 

As solar power satel i t e  technology progresses through experimental and 

dmnst ra t fon  phases, the need fo r  further elaboration of exist ing space 

law t o  cb aate optimum condi tionz fo r  the establishment o f  commercial solar 

power systers should be f u l  l y  examined. 



4.5.4 L taa l i  ty o f  Orb i ta l  :leapons Systems f o r  the Protection o f  Satel- 
1 4 t e  Power Sys terns 

Interpretat ion o f  A r t i c les  I and I V  leads t o  the conclusion tha t  the 

e s t a b l i s k n t  o f  o r b i t a l  weapons systems f o r  the purpose o f  protect ing satel -  

l i t e  power systems against attack i s  permitted, provided they do not  incor- 

porate weapons capable of aggressive use on a massive scale. However, i n  

l i g h t  of  the possibi li ty tha t  launchi ng states may establ ish o r b i t a l  m i l i -  

t a r y  ins ta l la t ions  as a means o f  protect ing large-scale structures i n  space, 

f ncluding solar  power sate1 1 i tes, a1 te rna t i  ve means o f  balancing the need 

f o r  protect ion against the desire t o  minimi r e  m i  1 i tar i za t ion  o f  outer space 

should be assessed. 

Thus, a1 though internat ional  space provides a substantial basis for  

the establ i s h e n t  and operation o f  s a t e l l i t e  power systems, a number o f  

shortcomings represent potent ia l  obstacles . Consequently, i n  order t o  en- 

sure that  lega l  and po l i cy  development on both the national and internat ional  

leve ls  keeps pace w i th  the technical program, a series o f  examinations of 

various legal and po l i cy  aspects o f  s a t e l l i t e  power systems should be under- 

taken i n  the near future. Increasing demand and increasing cost o f  energy 

from t rad i t i ona l  sources emphasize the need f o r  careful examination nf i n -  

nova ti ve appl i cations o f  technology t o  meet global energy requirements. 

The history o f  the u t i l i z a t i o n  of outer space f o r  the benefit of mankind has 

c lear l y  indicated the need f o r  careful planning on both the technical and 

pol  i c y  leve ls  t o  ensure optimum development o f  technology and maximum real  i - 
zation o f  benefl ts. As s a t e l l i t e  power systems come closer t o  r ea l i t y ,  

these lessons ought not t o  be forgotten. 



4.6 Trends i n  Space Rights 

SPS i s  a system which w u l d  not be operational for qu i te  a while, per- 

haps tw, t o  three dccades, and wi th  i t s  major period o f  implementation occur- 

ring perhaps over the period 2000 t o  2050. What should be o f  concern, there- 

fore, i s  not so much the current - interpretat ions of ex is t ing texts, but the 

trends i n  doctrine and interpretat ion--as clues t o  what " international law" 

on t h i s  subject might look 1 i ke  20 years from now. We are interested as much 

i n  the World Administrative Radio Conference of 1989, and 19c , as we are i n  

the MARC tha t  i s  j us t  around the corner, i n  1979. 

The need t o  peer far ther  i n t o  the fu ture  i s  reinforced by the abservation 

that  the ex is t ing doctrine, and the t reat iec  and resolut ions that  r e f l e c t  it, 

are essent ia j ly  the work o f  lawyers f o r  the i ndus t r i a l l y  advar'ced countries, 

especial ly the two major space pcwers. The lateca3ers t o  +.ne game o f  in te r -  

national p o l i t i c s  have already shown th2 t  they do not %el bound by laws and 

concepts which they d i d  not par t ic ipate  i n  creating. I n  internat ional  busi- 

ness, contracts are obviously not as sacred as tbey were once thought t o  be. 

The sluggish progress o f  the "North-South dialogue" does not suggest 

tha t  revolutionary change i s  1'1 the wind. But compared t o  20 years ago, 

some very large doctr inal changes have c m  about i n  internat ional  law and 

the pract ice o f  international i ns t i tu t ions .  Twenty years from now, much o f  

the detai led argunentation presented above w i l l  seem arcane and academic. 

A t  least  seven trends bre cibrrently v i s i b l e  t o  the naked analyt ical  

eye. Together they sugaest the pali t i c a l  and legal climate i n  whicn Space 

Power Systems would have t o  be born, a:ld survive infancy. 



4.5.1 Fairness and E q u i t l  

U n t i l  recently, the measure o f  success i n  nat ional  development was 

growth, as measured by a r i s i n g  GNP. Now a global fa i rness revo lu t ion  has 

brought equi ty  considerations up alongside growth as a fac to r  i n  dev~looment 

strategy and in te rna t i ona l  economic re la t ions .  I n  in te rna t iona l  i n s t i t u t i o n s  

as disparate as the In te rnat tona l  Monetary Fund and the proposed seabed- 

mining enterpr ise, the doc t r ine  i s  t ha t  in te rna t iona l  operations ---- should-,--& --- - 

effect, make d ispropor t ionate p r o f i t s  f o r  the poorer --- nations. The same i s  

t rue  o f  discussions about a "common fund" f o r  comnodity s tab i l i za t i on ,  o f  

negot iat ions f o r  changes i n  the ru les  of trade, and o f  proposals f o r  d i ve r t i ng  

t o  develcp- ng nat ions the savings from arms reduct ioc. 

The fairness revo lu t i on  has a lso begun t o  r e l a t e  in te rnat iona l  economic 

cooperation and development assistance t o  the meeting of basic human needs 

i ns ide  countries. I n  other w rds ,  the e a r l i e r  not ion tha t  poor countr ies - 

should be helped because they are poor i c  alreacl j  being elbowed aside by 

the doc t r ine  tha t  the ob jec t  o f  nat ional  development s t rategies and suppor- 

t i v e  in te rnat iona l  ac t i on  should be poor people. 

Space r igh ts ,  a? they a f fec t  a0 SPS, are l i k e l y  t o  r e s t  not so much on 

past t rea t i es  as on f u t u r e  bargains tha t  ct ;ate o b l i g a t i m s  t o  ac t  more 

p o s i t i v e l y  " f o r  the bene f i t  and ir the i n te res ts  of a l l  countries, i r respect ive  

o f  t h e i r  degree o f  economic o r  s c i e n t i f i c  development" (Outer Space Treaty, 

A r t i c l e  I ) .  

4.6.2 "Freedom" 
v- - 

Tradi t iona l  "freedomsu--of the seas, o f  conmunications, o f  t rave l ,  o f  

investment, o f  trade, o f  s c i e n t i f i c  research--habe been eroded by nonobser- 

vance o f  previously accepted norms of behavior by newcolliers t o  the behavior 



pttem. Thr older me&ers of tkt in tc rmt ianr l  m i t y  have bnn 

g m b l l y  r m t i r r g  tn the carp'lrints of the -: the o l r l t i r r r r  
I 

have s r a l l d  r great deal of exprapriation, am o i l  u r t e l ,  tk principle 

that M djscrinirution i s  gcnl 9 f  it fa- tht poor, the creation of  

-c zones f a r  out in to  'inteinational #tenn (on that, the iJnited 

StaM fol lared tk charisnatic leadwship of Peru and Ecuador), and stemer 

regulation o f  u l t i m t i o n a l  corporations bared i n  the industrial nations. 

Frim the w i n t  o f  view o f  the neucollers--3rd they are imreasingly naking 

thei r  point ~f view effective--the earl ier ' f ~ "  e r e  grants o f  r ights 

without obligations t o  nations with the technological competence to exploit 

the f-. The market was alwsys riw; the m r s  are not objecting 

to a rigged market, but merely insisting that i t  be rerigged i n  thei r  favor 

to achieve a more equitable balrnce. 

The present regime i n  outer space was created by analogy to  'frueckm o f  

the seas.' But the oceans w i l l  sooner or  la ter  be organize and regu1a-A by 

international institutions--and so w i l l  earth-based act iv i t ies i n  outer space. 

4.6.3 'Corrwnt Heritage' 

By the sane token, the doctrine o f  international responsibility fo r  inter- 

n a t i w l  "ccmsonsm has taken hold very fast, and w i l l  probably be an impcrrtant 

feature of  the legallpoli t i ca l  landscape 20 years frm now. So far, the 

'cmmons" idea has been applied to envirommts where national claims t o  

sovereign jurisdiction had not been strongly pressed--the high seas, Antarctica, 

o-rter space and celestlal M i e s .  But i t  i s  quite conceivable that over a 

20-year spari, many o f  the leaders o f  the less we1 1 endowed countries could 

rationally conclude that a l l  natural resources are "g i f ts  from Godm t o  mankind, 

not to  the peopf e who happen as of 1977 to  have conquered or inherited them. 



'Sovereignty ever mama1 ~ C S "  tus beerr the developiw nation's back- 

mrd-looftimg b t t1e -c~  in  the rhetor ic of the W# Internat low1 Ecorwric 

Order. But 'Uw f9rward-looking interest o f  -st geographically saa:?er 

countries wwrld clearly be to maximize the international jur isd ic t ion ever 

(lad therefore their can part ic ipat ion i n  decisions about) the key world 

resources they w i l l  med, but do not om, f o r  the i r  awn developnent--oil, 

coal, $ran, cooper, uraniu,  manganese, nickel, and the rest. ,107 

In  such a clilmate, the pressure from the world's majorit ies i n  eve.-y 

f n t e r n a t i o ~ l  i ns t i t u t i on  w i l l  be to mke space power systeas profi table for 

311 the "stockholdersa in  the international corrwrs. 

4.6.4 - T r a n s ~ t i o ~ l  Enterprise 

Two dist inct ions iaportant Sn our inherited concepts o f  international 

law are becoming blucred i n  the p r x t i c e  o f  i n t e r g o v ~ ~ t a l  inst i tu t ions 

and nongovermental actors i n  transnational relations. One i s  the d is t inct ion 

between "private* and "public." The tern "multinational corporation" i s  used 

o i l lp ly  some ident i f iable degree of privateness. But there now exists a 

good many multinational enterprises which are, by in tent  o r  i n  effect, 

socialized caaipanies: t h i s  i s  obviously true o f  tnterprises sponsored by 

conminist and other to ta l i t a r i an  goverments; but the heavy government invest- 

nent i n  a Lockheed Corporation, and the Cor.?ressional parentage o f  a COC1SAT, 

are also blurr ing the l i n e  between "public" and "private". What i s  already 

developing i s  a cannuni ty o f  transnational enterprises which operate beyond 

the reach o f  any one government and are not yet effectively the object of 

i n  terna t i ona 1 governance. 

I t  seems 1 i kely that rmrl t inational enterprises w i  11 be important, 

perhaps even central, i n  the development o f  cperational Sate l l i te  Power 



System But i t  also seems l i k e l y  that  the time they are operational, 

the enterprises tbt are big enough and e f f i c i e n t  enough t o  take on tk 

tasks involved d l 1  be so 'affected with the public interest" that most of 

our cuwent law and practice, based on concepts o f  pr ivate ownership and 

control, w i l l  have given way t o  a pattern o f  international enterprise 

q u l a t e d  by i n t e m p r w n m t a l  agreements and institutions. 

4.6.5 Is,ternational izat ion o f  Internal Affairs, and Vice Versa 

The second dfst inct ion which i s  blurr ing fast  i s  that between 'cknnestic' 

and "foreign' policies, or between "intemal" and 'international" af fairs.  

President Carter's mu erphasis on huan r ights  ('...no member of the United 

Wations can claim that mistreabnent o f  i t s  c i t izens i s  solely i t s  am busi- 

ness," he said a t  the U.N. on March 18, 1977) i s  only the m s t  dramatic case 

i n  a cnmd o f  current precedents. A nation's palicies and practices on such 

subjects as internal economic and monetary management, export promotion and 

tar i f fs,  population, envirorrtlental protection, public health, experimental 

organisms, weather modification, nuclear energy, narcotics, and the lneeting 

of s cmn people's human needs are already the srebject o f  international 

agreements and i n  some cases o f  international regulatory bodies. 

Paral lel ing the internationalization o f  internal a f fa i r s  i s  the tendency 

t o  fashion "domestic" policies i n  the perspective o f  the i r  international 

impacts. Every major i ns t i t u t i on  i n  our society--corporations and the i r  

associations, organized labor, farm organizations, foundations and nonprofit 

enterprise, school systems, co l l  eges and universities, educational associations, 

and governments, municipal and state as well as federal--is currently engaged 

i n  pervasive sh i f ts  o f  policy and practice i n  the e f fo r t  t o  "cope with 

interdependence. "108 



I n  these cimmstances the bargaining about access to  and benefits 

froa outer space i s  not l i k e l y  to remain the province of experts i n  a 

comparatively few governaents and corporations. 

Decision Making About "Limits" 

Sollewhere near the center o f  contemporary international relations i s  

an emerging ethic o f  ecology which w i l l  produce during the next generation 

new negotiated and adin is tered lini t s  to the behavior o f  nations and the 

people subject to the i r  jurisdict ion. International agreements, and i n s t i -  

tutions to match, w i l l  l i k e l y  be created, or  adapted, t o  make sure mankind 

as a whole stays well inside seven kinds of " l imits" on which there i s  already 

the beginning o f  a consensus. 

1, A system fo r  establishing and reviewing international standards 
for individuai entitlement t o  food, health, education and any 
other agwed components o f  "minitnun human needs"; and fo r  re la t ing 
international economic cooperation, including *aid, " t o  progress 
toward those standards. 

2. A system fo r  international review and monitoring o f  national 
decisions about growth, affluence and waste i n  the more developed 
countries. 

3. A system that negotiates and monitors agreed standards o f  a i r  
and water qua1 ty, and reviews national actions that pol lute 
beyond naticnal frontiers. 

4. A system that keeps under review the damage and potential damage 
from man-made processes, and blows the whistle on those that may 
af fect  people beyond national frontiers. 

5. A system that promotes exploration for, and keeps a world inven- 
tory of, nonrenewable resources that may be needed by people 
outside the nations where the resources happen to  be found. 

6. A system that monitors world production o f  food and fibers; seeks 
international agreements to 1 i m i  t overcroppi ng, overgrazing, over- 
cutt ing and overfishing; and provides for the exchange of timely 
information on national harvests and food requirements. 

7. A system that l im i t s  armed conf l i c t  by international conci l iat ion 
and media tion. the deployment o f  peacekeeping forces, arid (through 
arms control ) the inst i tu t ional izat ion of mi l i ta ry  uncertainty ( that  
is, deterrence) a t  the lowest possible cost. 



None of these trends w i l l  run i n  a straight 1 ine; a l l  of the resul t ing 

inst i tu t ions w i l l  be messy, p lura l is t ic ,  capricious, po l i t i ca l - - i n  other wards, 

expressions o f  governance i n  a world where nobody i s  i n  charge. Space systems 

w i l l  play a part i n  t h i s  growing web of if iternational information gathering, 

international monitoring and international regulation. A1 ready the geosta- 

tionary o r b i t  has conre to  be regarded as a l imited natural resource. Long 

before a sate1 1 i t e  power system i s  ready to  launch, there i s  1 i kely t o  be a 

wrdespread assumption that so important a development, depending so c w ~ c i a l l y  

on occupancy cf a l imi ted area o f  outerspace "comons," should be ef fect ive ly  

international from the start .  

4.6.7 Part icipation and Openness 

The trend i n  modern large-scale management i s  t o  f la t ten  out the tradi- 

t ional  pyramids, with the i r  recomnenda t ions-up-and-orders-down processes, 

in to  horizontal "systems" i n  which more and more o f  the key relationships are 

lateral, and more and more of the key decisions are col ;egial and consensual. 

A similar trend i s  already strong i n  international decision making. 

I n  a horizontal system so many people are sanehow involved, and the 

complexity bccolnes so great, that certain modes o f  operation are imperative. 

Secrecy i n  a small in-group simply doesn't uork; information about goals and 

processes has t o  be widely shared. Voting arrangements, which divide people 

on issues o f  principle, i nh ib i t  gett ing on with the job, so consensus systems 

develop which brino people to  take "next steps" together even i f  they go on 

arguing about ideology; +his trend i s  now very clear i n  many uni ts of  the UN 

system. 1 n economic arrangements, producers find they cannot retain essen- 

t i a l l y  exclusive jur isd ic t ion over decisions about the pr ice and supply o f  

what they of fer  for  sale; consumers assert the r igh t  t o  help make those 



decisions. ;The United States i s  asserting th i s  doctrine of international 

consmerism i n  current discussions with OPEC on o i l  ; one o f  these days, the 

major consuners ldf f ~ o d  m y  take our doctrine seriously and ask us t o  open 

up to  the i r  part ic2pation U.S. decisions on farm subsidies and agr icul tural  

production quotas. ) 

This cannot mean that everybody has to. be i n  cn every decision. I n  

practice, the global inst i tu t ions already work by caucus, and through 

small-group negotiating teams: the bargaining about the f i na l  resolution 

from the Seventh Special Session of the U.N. General Assembly (which con- 

verted the North-South confrontation in to  a North-South dialogue) took place 

among seven people i n  a group which never had a name. What w i l l  probably 

tend to  develop w i l l  be two-tier systems--the operations (and most 9 f  the 

investment) i n  the hands 3 f  a contunity o f  the concerned, who i n  turn per- 

ceive an obligation to  report to, consul t with, and on some matters even 

seek the ra t i f i ca t i on  of, larger bod~es representing the res t  o f  what 

Ar t i c le  I o f  the Outer Space Treaty ca l l s  "a l l  mankind." It would be wise 

to  plan from the s ta r t  for  a f u l l y  international system to develop the genera- 

t i on  o f  power i n  space, and avoid the INTELSAT experience o f  s tar t ing on a 

too-American basis and being pushed to  internationalize the system by the 

other participants i n  what was always bound t o  5e an international system 

t o  govern an i ~ h e r e n t l y  global technology. 
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The routine developent and deployment o f  an SPS Geet  imposes a var iety 

of r i sks  on foncign states. The a l l m i d t i o n  o f  cornems regarding these r i sks  

i s  key to obtaining international acceptance of the system. I n  th i s  section, 

the types of concerns potent ial ly imposed by an SPS are identified. Then a 

basis for regulaticm o f  the system and a l lev ia t ion  of concerns i s  stnqht, 

first i n  exist ing treat ies and organizatiorts and t h  i n  p t e n t i a l  un i la tera l  

and u l t i n a t i 0 ( ~ 1  ac t t~ l l~ .  

Tke r i sks  i~pased by SPS f a l l  i n to  three broad areas: hazards to ind iv i -  

b a t s  and structures on the gram! dw to 'space ob;ectsm f a l l i n g  to the 

ground, potential envimmentdl iapacts, and potential effects nf the SPS 

power beim on other systems such as a i r c r a f t  navigation systems that  could 

ind i rect ly  irpose r isks on the &refs o f  these systems. A legal basis for 

requiring a l lev iat ion o f  resul t ing concerns exists i u  international law. 

Due to the nature o f  the probless, and the lack o f  under standing a t  present 

regarding the effects that SPS r i g h t  have on the envi~oneent and on other 

systems, it dl 1 be necessary t o  conduct research i n  these areas. The results 

o f  the research programs would obtain added c red ib i l i t y  if the research i s  

performed on an international basis. I n  addition, c la r i f i ca t i on  of issues 

regarding 1 i a b i l  i t y  f o r  damage caused by SPS-associated "space objects" w i  11 

be necessary. 

5.1 Potential Causes for Concern Imposed by an SPS 

Apart fran possible concerns over adaptation oC S f 5  technology t o  

m i  1 i tary applications, the routine development, deployment and operation of 

SPS imposes a variety o f  r isks on foreign states. These can be classified, 



as shown i n  Figure 5.1, i n to  three categories: transportation and construe- 

tlon, microwave beam, and env immmta l  iapacts. A key area that  i s  sorsewhat 

fa question here i s  the area o f  environwental impacts which, a t  best, i s  

presently l i t t l e  understoad. Both t h i s  ar-a and the effects o f  microwave 

(m-ionizing; radiatian on biological lllatter (people, birds, plants, etc.) 

need to be addmzal in  wjw research efforts that  should probably be 

conducted on an international basis to win credibility, 

Figure 5.1 ident i f ies  the major areas of potential adverse effects 

imposed by an SPS- This f igure can be used as a guide t o  ident i fy  govern- 

ment agencies involvement i n  an SPS program frorr one point o f  view. 

5.2 -- Review o f  Existinq Treaties and Orqanizations 

The developent o f  space techology since the launching of Sputnik I i n  

1957 has rapidly outpaced the development o f  posi t ive international nonus t o  

control and regulate the uses o f  outer space. Far =re interesting legal 

questions have been raised by th i s  onrush o f  technology than have been 

answered by the crrnbersollle law-making process of the international COHJ- 

n i  ty. 

The principal international vehicle fo r  the creation o f  international 

legal norms governing the control and regulation o f  space has been the United 

Nations' Comittee on the Peaceful Uses of Outer Space, established i n  i958. 

The c m i  ttee, as now established, has 37 nmbers,' and generally meets once a 

year. The Conrnittee i s  organized i n to  two subcomnittees o f  the whole, a 

Legal Sirb-Conmiittee and a Scient i f ic  and Technical Sub-committee, that 

generally each meet once a year as we1 1. Since i t s  creation, the comnittee 

has operated on the basis o f  consensus. While th i s  undoubtedly has slowed 





the pace of decision making and led  t o  ambiguous and lowest comnon denomina- 

t o r  drafting, i t  rea l i s t i ca l l y  mcognizes the impact o f  national sovereignty 

and po l i t i ca l  potter on international ru le  making. 

Three products o f  the mi ttee on the Peaceful Uses o f  Outer Space 

especially bear on the issues o f  t h i s  subtask. The f i r s t  i s  the General 

k s e l y  Resolution 1962 (XVIII), Oeceaber 1%3, *Declaration o f  Legal 

Principles b v e m i n q  Act iv i t ies  of States i n  the Exploration and Use o f  

Outer Space.' This Oeclaratiorr asserts, i n te r  a l i a  thilt: 

"1. The exploration and use o f  outer space shall  be carried on fo r  the 
beirtefit and i n  the interests o f  a l l  mankind. 

"5.  States bear international responsibi l i ty f o r  national ac t i v i t i es  i n  
outer spxe, whether carried on by goverrmental agencies, or  by non- 
goverrmental en t i  t ies, and for assuring that national ac t i v i t i es  are 
carried on i n  confomity with the principles set fo r th  i n  th is  Declara- 
tion. The ac t i v i t i es  o f  non-governaental en t i t ies  i n  outer space shal l  
require authorization and continuing supervision by the State con- 
cerned.. . 

"6. I n  the exploration and use o f  outer space, States shall  be guided by 
the pr inciple o f  co-operation and mutual assistance and shall  conduct 
a l l  t he i r  ac t i v i t i es  i n  outer space w i t h  due regard f o r  the corresponding 
interests of other States. If a State has reason to  believe that an 
outer space ac t i v i t y  o r  experintent planred by i t  or  i t s  nationals would 
cause potent ial ly harmful interference with ac t i v i t i es  of other States 
i n  the peaceful exploration and use o f  outer space, i t  shall undertake 
appropriate international consultations before proceeding with any such 
ac t i v i t y  or  experiment. A State which has reason to  believe that an 
outer space ac t i v i t y  o r  experiment planned by another State would cause 
potential 1y harnful interference with ac t i v i t i es  i n  the peaceful explora- 
t i on  and use o f  outer space, may request consul tat ion cot~cerning the 
ac t i v i t y  or  experinent. 

"7. The State on wi~ose registry an object launched in to  outer space i s  
carried shall re ta in jur isd ic t ion and control over such object, and any 
personnel thereon, while i n  outer space. Ownership of objects launched 
in to  outer space, and o f  the i r  component parts, i s  not affected by the i r  
passage through outer space or by the i r  return t o  the earth. Such 
objects or component parts found bejond the l i m i t :  of  the State of 
reg is t ry  shall  be returned t o  that State, which shall  furnish ident i -  
fying data upon request p r i o r  t o  return. 



"8. Each State which launches o r  procures the launching o f  an object 
in to  outer space, and each State fran whose te r r i t o ry  o r  f a c i l i t y  an 
object i s  launched, i s  internationally l i ab le  for damage t o  a foreigrr 
State o r  t o  i t s  natural o r  j u r i d i c i a l  persons by such object o r  i t s  
component parts on the earth, i n  a i r  space, o r  i n  outer space." 

The principles enumerated i n  th is  Declaration formed the basis f o r  the 

Outer Space Treaty o f  1966 which entered i n to  force i n  1967. The sections o f  

th is  treaty which bear on the issues a t  hand are Art ic les 1, 2, 3, 4, 6, 7, 

8, 9 and 11. Text and analysis of these ar t i c les  i s  provided i n  Appendix C. 

The third major product o f  the U.N. Camittee on the Peaceful Uses o f  

Outer Space that bears on the issses o f  t h i s  subtask i s  the Convention on 

International L i a b i l i t y  for Damages Caused by Space Objects that entered i n to  

force i n  1972. The relevant sections o f  th is  a g r e e n t  are Art ic les 2, 3, 6, 

8, 9, 10, 11, 12, 13, 14, 15, 18, 19 and 21. Text o f  these ar t i c les  i s  pro- 

vided i n  Appendix A. 

Beyond the 1 i m i  ted posi t ive international law examined here, there i s  

very l i t t l e  other control and regulation o f  outer space ac t i v i t i es  that w u l d  

bear on an SPS. The UN C m i  t tee on the Peaceful Uses of Outer Space has had 

under discussion for several years a range o f  other tropics including: 

1. A draf t  treaty on the moon, pr incipal ly concerr.ing exploitat ion 
o f  1 unar resources 

2. A d ra f t  convention on the registrat ion of objects launched in to  
outer space 

3. The regulation o f  d i rect  broadcast sate! li tes 

4. Defining the precise boondary between airspace and outer space 

5. The regulation a ~ d  management o f  remote sensing o f  earth resources 
from outer space. 

The pace o f  the comni t tee on these topics has been slow, and a1 though 

the Chairman has called i t s  at tent ion during i t s  1975 and 1976 meetings 

to  the prospect of space-based solar power systems, i t  has evidenced no 

interest to date i n  examining these topics. 



I n  addition t o  th is  re la t i ve ly  wager amount of posi t ive international 

law bearing on these issues, there are a few more genera1 provisions of 

international law that can be brought t o  bear on these on these issues. The 

most important i s  the treaty obligation involved i n  A r t i c l e  2(4) of the UN 

Conference on the Hulaan Environaent. 

Ar t i c le  2(4) of the Uurter declam that: *A l l  k b e r s  shall  re f ra in  

i n  the i r  international relations f ran the threat o r  use o f  force against the 

t e r r i t o r i a l  in tegr i ty  o r  p o l i t i c a l  independence o f  any State, or  i n  any other 

manner inconsistent w i  t h  the Purpose o f  the United Nations." The Stockholm 

Declaration on the Enviroment adopted i n  1972 declares, i n te r  al ia, that 

*States have, i n  accordance with the Charter o f  the United Nations and the 

principles o f  international law, the sovereign r igh t  to  exploi t  the i r  own 

resources pursuant t o  the i r  own environmental policies, and the respons 

i b i l i t y  to  ensure that ac t i v i t i es  within the i r  jur isd ic t ion or  control do not 

cause damage t o  the en& i ronment o f  other States or o f  areas beyond the 1 i m i  t s  

o f  national jurisdict ion." 

5.3 Actions thp_ U._S_,Could take Uni l a  t e r a a  - --- t o  Alleviate - ------ Pol i t i c a l  --- -- Concerns - 

With regard t o  r isks ident i f ied i n  Section 5.1 imposed by rout i re  uses 

of an SPS system, a series of unilateral U.S. actions are  possible to  assist 

i n  al leviat ing international concerns. U i  ttt regard to  those r isks 1 i kely to  

arise from the launching and construction o f  an SPS system, fo r  example, 

launch vehicle fai lures and the impact o f  construction debris, the following 

uni lateral  steps would be worth exploring: 

The launch f a c i l i t y  could be constructed i n  an area where 
the c r i t i c a l  f l i g h t  path segments cross only U.S. t e r r i t o ry  
or international waters. I n  such a case, a launch vehicle 
fa i lu re  would be unlikely to have a signif icant in ter-  
na t i ona 1 consequence. 



TheU.S.couldopen thelaunch f a c i l i t y t o i n t e r n a t i o n a l  
inspection t o  reassure states about such act iv i t ies.  This 
might well include a uni lateral  U.S. inv i ta t ion  to  other 
states t o  share i n  a l l  tracking data f o r  every launch 
to remove any poss ib i l i t y  o f  attempts to hide launch 
failures. 

The U.S. could agree to f reely share wi th  other states a l l  
test  data on the launch vehicle and related qua1 i t y  assur- 
ance programs. 

Th9U.S. couldannounceinadvancethatitreaff irrasits 
acceptance o f  the Convention on International L i a b i l i t y  f o r  
Damages Caused by Space Objects and that  i t  affirms that 
th is  Convention clear ly ccvers any danra~e that might be 
caused by an SPS launch fa i l u re  o r  SPS construction. This 
action could be strengthened by the s i m l  taneous creation 
o f  a reserve fund to  cover possible SPS claims. 

The U.S. could also augmect i t s  space tracking capabi l i ty 
to  enhance i t s  abi li t y  t o  track SPS debris and 3gree t o  
make the output o f  t h i s  system publ ical ly available. 

The U.S. could investigate "tagging" procedures fo r  
SPS components t o  assist  i n  the unambiguous ident i -  
f i ca t ion  o f  any SPS debris. 

The larger area o f  concern from an SPS concerns the operation o f  the 

microwave beam and associated envi rormental impacts. The major concerns here 

are simply over a lack o f  knowledge o f  the impacts o f  such a system. A large 

step toward c la r i f y ing  the level o f  r i s k  involved could be taken i f  the U.S. 

would imnediately begin a research program, with funding appropriate to the 

problems, to investigate these impacts. To increase i t s  contribution to  

a1 leviat ing international concern th i s  research program might adopt some or 

a1 1 o f  the following characteristics: 

The research program could be formulated and/or reviewed 
by an international group of scientists, perhaps by an ICSU 
sponsored group. 

r The research could be carried out i n  part  by non-American 
scientfsts funded by the U.S. program. 



r Thc U.S. could announce that a l l  research data would be 
published as received t o  allow f o r  timely cr i t iques i n  
the sc ien t i f i c  coanrunity. 

a The U.S. could set up a senior level  international 
review body with clear decision c r i t e r i a  responsible f o r  
reviewing a l l  data and making a "-/no-gow decision i n  
reference to the impact data. 

The U.S. could establish a mni to r ing  program responsible 
for the continuous assessment o f  an operational SPS system 
f o r  the timely detection and analysis o f  aqy deleterious 
impact. Such a program could frnd non-kr ican,  require 
f u l l  disclosure o f  data and have an internattonal review 
and assessment function. 

5.4 M l t i na t i ona l  Actions that cocld be Taken t o  Alleviate Po l i t i ca l  Concerns 

The a l lev iat ion o f  potential concerns from SPS operation through wlt i- 

national arrangements i s  probably not an iamedlate, high order p r i o r i  ty. 

This 4s the case because the Convention on International L i a b i l i t y  f o r  

Damages Caused by Space Objects that entered in to  force i n  1972 already 

covers a wide range of these concerns. This resulted from very meticulous 

negot ia t in~~s and would appear adequate t o  cover a wide range o f  SPS concerns. 

It i s  possible that, with regard t o  potential environment impacts, additional 

multinational devices might be desirable. While the research efforts neces- 

sary to  ascertain the range o f  impacts before the SPS system goes in to  opera- 

t ion  are probably more edsily obtained from unilateral act iv i t ies,  the 

maintenance o f  safe operating conditions i n  an operating system mjght be the 

appropriate subject o f  an international agreement. By sett ing forth i n  an 

international agreement design specifications for such c r i t i c a l  elements as 

steering mechanisms and beam control , maintenance practices and other operat- 

ing practices, some concerns might be alleviated. From the U.S. perspective, 

such standards, i f  suff  i c ien t ly  high, might also discourage "cut-rate" SPS 

designs from other space powers, although th is  may be a remote prospect i n  

any case. 



5.5 Issues for  Follow-On Studies 

Two pr inc ipa l  types o f  addi t ional  work need to be done i n  t h i s  a m .  

First ,  a more thorough i den t i f i ca t i on  and analysis needs t o  be made o f  the 

potent ia l  problem areas a r i s ing  from deployment o f  an SPS f lee t .  One path 

worth pursuing would be a f a u l t  analysis and societal r i s k  approach such as 

tha t  recently employed i n  the analysis of the hazards a r i s ing  i n  the nuclear 

fue l  cycle. (cf. Societal Risk Approach t o  Safeguards Design and Evaluation, - 
ERQA, Safeguards and Security Systems Branch, ERDA-7) This essentia in-  

volves an .6;a?ytica1 l y  rigorous e f f o r t  t o  i den t i f y  a l l  possible hazards, 

i den t i f y  tkir :inkages w i th  each otner and t o  rank them according t o  the 

seriousness o f  the threat  tha t  they pose. Such an e f f o r t  involves a detai led 

knowledge o f  the SPS design and should be pursued para l le l  w i th  the design 

evolution. One obvious major hazard that  needs imnediate a t tent ion i f  SPS 

i s  t o  be a serious option i s  the range of possible environmental impacts o f  

the system. Both the NEPA standards, as well  as common prudence, requires 

that  t h i s  area be vigorously investigated as soon as possible i f  SPS i s  

t o  be considered as a serious energy option. 

A second area i n  which addi t io3a l  work needs t o  be done concerns the 

various strategies f o r  r i s k  a l lev ia t ion.  While t h i s  study has sketched out 

i n  broad brush strokes a wide range o f  r i s k  a l l ev i a t i on  options, the time has 

not been avai lable t o  explore i n  de ta i l  the f u l l  operation and impl icat ion 

o f  any o f  them. A log ica l  next step would be t o  rank the various r i s k  

a l l e v i a t i o i ~  strategies against the hazards and t o  then develop a detai led 

analysis o f  those tha t  are targeted on high p r i o r i t y  hazards. For example, 

how would a mu1 t i l a t e r a l  inspection scheme to  insure the peaceful character 

o f  an SPS actual operate o r  how would one go about establ ishing a mu1 ti- 

national 5onsortium f o r  SPS operation and what would be i t s  implicat ions? 



It i s  furthermore clear that the problem encourrtered i n  alleviating 

concerns, and the approaches taken, would be quite different i f  the SPS 

was planned, fnw the beginning, as an international system. It i s  cer- 

tainty worth examining the problem and issues raised here utder the assunp- 

t ion that the SPS w i l l  be developed and implemented by an international 

organization such as INTELSAT. 



Section 5: Footnotes - 

1. The 37 lsearbers o f  the Outer Space C m i t t e e  are: 

Albania, Argentina, Australia, Austria, Bcigi um, Brazil, Pulgaria, 
Canada, Chad, Chile, Czechnslovakia , Egypt , France, German k- 
ocratic Republic, Germany (Federal Republic of), Hungary, India, 
Indonesia, Iran, I ta ly ,  Japan, Kenya, Lebanon, Mexico, Mongol r a, 
Morocco, Nigeria, Pakistan, Poland, Romania, Sierra Leone, Sudan, 
Sweden, USSR, United Kingdom, United States and Venezuela. 

The of f icers o f  the comni t tee are the Chairman, Mr. Peter Jank~wi tsch 
(Austria), Vice-chairman; Ion Oatcu (Rmania) ; and Rapporteur, Luiz 
Paulo L i  ndenberg Sette (Braz i 1 ) . 



6. INTERNATIONAL ECONOMIC AND POLITICAL IMPLICATIONS 
OF AN OPERATIONAL, ECONCHIC SPS TECHNOLOGY 

Over the past  f i v e  years, a l d  most 1 i kely cont inuing over the next 

decade, no other resovrce top ic  has been discussed, analyzed, projected, 

and speculated about more than energy: i t s  sources, technology and re la -  

t i o n  t o  current and fu ture  human needs. Since assessments o f  current  

energy problems diverge widely, i t  i s  understandable that, as pro ject ions 

are made fu r the r  i n t o  the future, no t n e  consensus ex i s t s  on ra t i ona l  

energy po l i cy  objectives, nor agreement on the fac ts  underlying such po l i cy  

and outlook. Nevertheless, the fo l lowing sections out1 i ne  some key con- 

siderat ions hhich are l i k e l y  t o  hold f o r  SPS technology, i r respect ive  of 

the current wide disagreement on nat ional  o r  in ternat iona l  energy po l i cy  

objectives. Then a study plan i s  presented f o r  a detailed, quant i ta t ive  

analysis o f  the issues iden t i f i ed .  

Three major issues are surfaced i n  the fo l lowing discussion. The f i r s t  

has t o  do w i th  the geographical separation between foss i  1 f ue l  resources rnd 

centers o f  demand. As these resources cross nat ional  boundaries, a trade 

f low i s  set up tha t  can have considerable adverse economic impacts on the 

importing nations. I n  addit ion, the economic dependencies thus obtained are 

not  always conducive t o  in ternat iona l  s t a b i l i t y  and t o  world peace. The 

second issue deals w i th  the t ransportat ion o f  bulky foss i l  fue ls .  Depen- 

dency on fore ign supplies necessitates a t  leas t  guaranteed access to, i f  

not control  of, the t tansportat ion routes. F inal ly ,  the t h i r d  issue 

addresses worldwide per capita energy consumption. I f  t h e  less developed 

countries are t o  develop, the impl icat ion i s  t ha t  t h e i r  per capita energy 

consumption must r i s e  s ign i f i can t l y .  This r i s e  may not be p ~ s s i b l e  given 



access on ly  t o  f o s s i l  f u e l  energy. SPS shares w i t h  fcs ion  perhaps the only  

potent!al f o r  reso lv ing  these issues i n  the favor  o f  energy import ing nat ions 

and the less  developed countries. 

6.1 Current Dependence of Western I n d u s t r i a l  Nations on Pett-olem - and 
6as Imports 

The cur ren t  enemy resource base i n  the United States and worldwide i s  

f o s s i l  fue ls .  While, h i s t o r i c a l l y ,  coal has provioed, and i s  s t i l l  prov id ing 

i n  some key regions, - the major energy resobrce base, western i n d u s t r i a l  

nations, f o r  reasons o f  e f f i c i ency  and economy, a re  ? l r g e i y  r e l y i n g  on petro- 

leum and natura l  gas t o  provide clean and e f f i c i e n t  enercp. Most o f  the 

knc .m resources, however, 1 i e  outside western i n d u s t r i a l  nations, mostly i n  

the Middle East, the Soviet  Union, sme regions of Afr ica, Southeast Asia dnd 

( recent ly  discovered) i n  Mexico. The rea l i za t i ons  by OPEC t ha t  o i l  and gas 

resources are f i n i t e ,  t h a t  i n  the shor t  run OPEC o?erates i n  a "se l le rs"  

inarket, and j u s t  using p r i nc ip ies  o f  economic r a t i o n a l i t y ,  have l ed  t o  

s izable p r i c e  increases since 1973 which can be expected t o  s t a j  ,--A- under 

optimal g r i c i n g  and sales st rategies,  -. a t  l eas t  a t  these --- levels . '  Kalymon 

has suggested t h d t  under optimal p r i c i n g  and sales s t ra teg ies  (a lso  corrmon 

t o  pract ices i n  i ndus t r i a l i zed  nat ions) i t  i s  not  i n  OPEC's  economic s e l f -  

i n t e r e s t  t o  deplete i t s  o i l  resources rap id l y  ( t h a t  i s ,  they should maintain 

a r e l a t i v e i l  h igh pvice per barre l  1. Thus, the current  energy dependence o f  

western i n d u s t r i a l  nat ions cannot be cottstrued as due t o  the " e v i l  designs" 

o f  a few po l i cy  %hers t h a t  somehow can be negotiated away. Rather, the h i  j h  

pr icer  ,bsociated w i t h  o i l  and gas resources ex i s t i ng  t.)day ir f ac t  r e f l e c t  a 

long-term stable evaluat ion o f  the best economic s e l f  in te res ts  o f  the 

resource nations . 



Under exist ing conditions, a substantial f lw o f  funds w i l l  continue 

to OPEC nations. I n  the case o f  the United States alone, leaving o i l  

i . pw ts  roughly a t  the current levels, t h i s  rreans a d a i l y  i n f l w  o f  wven 

m i l l i on  barrels per &y, equivalent t o  an annual balance o f  p a w t s  impact 

o f  around $30 b i l l i o n  f o r  the United States a t  today's o i l  prices. This 

cons t i t r tw  about bra percent of the 6NP o f  the United States. As &m- 

onstrated by t& o i l  crisis of 1973, tke impact o f  a sudden cutoff  o f  these 

supplies on an economic system are u c h  -re widespread (that is, the 

potential to i g f l i c t  &mqe on the United States econaRy i n  the short run) 

than the figures and amounts abve suggest. Fluctwt ions i n  randols 

phenomerra, such as weather, can already severely tes t  the current resource 

base and econaaic balance of ,he United States, as shown i n  the winter o f  

1936-77. 

The si tuat ion for other western industr ia l  nations i s  an order o f  mg- 

n i t *  worse than that o f  the United States: With no signi f icant domestic 

o i l  and gas resources, Yestern Europe and Japan (the l a t t e r  i n  part icular)  

depend altllost exclusively on imports. Figure 6.1 shows, for reference 

purposes, the 1970 dependence of d i f ferent  nations on outside eneqy im 

ports.' The f igure l i s t s  population of individual nations versus the 

energy consumption i n  metric tons o f  coal equivalent on a log l log scale. 

I f one were t o  define the energy consumption levels of the United States 

(or the Soviet Union) i n  absolute amounts as somehow representative o f  

"great power" status and, s iq i lar ly ,  the levels o f  energy consumption o f  

members of the European economic comnunity and Japan as representing 

"intermediate powerR levels, the f igure i l lus t ra tes  the drop i n  ener* 

resource ava i lab i l i t y  if each one of these nations or regions were shut o f f  



Powlation ( in  mill tom) 

Figure 6.1 Energy Consmption, Production and Dependency by Major 
World Reqions (Source: Heiss, Klaus P., Klaus Knorr, 
Oskar Horgenstern. Long Term Projections of Power: 
Po l i t i ca l ,  Economic, and Mi l i ta ry  Forecasting. 
Cambridge: Ballinger Publishing Co., 1973.) 



suddenly fron i t s  current i t t a t i o n  fm outside energy sources. 

I n  the case o f  the United States and the Soviet Union (and China) these 

effects--though possibty severe i n  the s b r t  run--are sham t o  have no 

long-tenn last ing i-ct- However, on Western Europe and Japan, key members 

of  western imhst r ia?  society, rAe effects w l d  bo severe, i n  same cases 

extremely severe, relegatinq natioms like Japan, f o r  exaqle, t o  the status 

of a t  most an intermediate, less Qvelaged country, 

?his dependence leads to a continuing flow o f  ecwwcic resources (S#1 

b i l l i o n  a year i n  the case of the United States) t o  the energy source 

countries. m i l e  i n  the case of the United States, other Redim- to  long- 

tern options are clear ly available, the United States also has t o  take i n to  

account the fate o f  other wsLern industr ia l  nations i n  worldwide econorsic 

develofments, given the high interdependence o f  a l l  - economic systems i n  

international trade and other relations (for exataple , resources a1 located 

to  c ~ l l l ~ n  defense). 

6.2 Control o f  Transportation Aoutes 

Another noteworthy fact i s  that, i n  addition t o  the epcrgy source 

countries and the i r  enhanced economic and po l i t i ca l  p s i  t ion  i n  the fore- 

seeable future, fossi l  energy sources - have t o  be t ransp~r ted t o  the con- 

suainq nations. Hence, the control or  avoidance 3 f  interference i.ito world 

t:-ade transport routes i s  equally knportant and has signi f icant po l i t i ca l ,  

as well cs economic iuqlicatiaas. The fate of importing nations, i n  the 

case o f  a severe cr is is,  i s  not only determined by the energy scgrce 

countries kt also by the nations that control the transportation routes. 

I n  th is  case, clearly, the control and guarantee of oversea routes gives 

the United States a rattler strong posit ion i n  the foreseeable future. 



Howewer, such routes can be endangered, and a t  least temporarily influenced 

by even minor acts o f  i r ra t iona l i t y .  The e x i t  of the Persian Gulf i s  one 

such exaq le  o f  a weak l i n k  which could be endangered. 

The successful dewelopnent o f  an SPS would constitute a -- dramatic 

realigmtent of e c m i c  interests and, i n  consequence, also p o l i t i c d l  rela- 

tiom, essentially i n  the direct ion of the status qw ante: the si tuat ion 

before the o i l  &rgo o f  1973. 

Tht large-scale deployment o f  an SPS f leet, a space-based technology, 

would i n  sme sense increase the posit ion o f  the United States i n  in ter-  

national relations for sane time to  come even i f  the f leet  were developed 

under som mu1 t inat ional  o r  international banner. It can be expected that 

the United States for some time w i l l  maintain a strong technological lead 

i n  space-based technology, extecding over a wide variety o f  c r i t i c a l  c q -  

nents necessary fo r  the successful deploynent and operation o f  SPS systems. 

Thus, i t  would give the United States a technclogy monopoly i n  terms of 

systems hardward, systems operat ions and know- how that other nations would 

probably find d i f f i  - u l t  to  duplicate without the cooperation o f  the United 

States i n  several c r i t i c a l  areas. Western Europe asd Japan can be expected 

to  also make rapid pmgress i n  SPS technology areas, and probably should 

open 1 y compete fo r  subsystems 07 even cmpl ete sys tem components . However, 

the United States, i n  the foreseeable future, would s t i l l  control one 

essential fitatwe-- the space transportation system--and, hence, the access, 

maintenance, deployment, as well as retr ieval  o f  SPS system components. 

The United States would have de facto control o f  the system. 

I n  terms of the flow o f  monetary funds, a successful fu l l -scale imple- 

mentation of SPS could potent ial ly lead to a "savings" o f  $30 b i l l i o n  o f  



funds annually, i f  the current level of o i l  imports can be substituted by 

SF-generated energy. However, i n  the context o f  the overal l  importance of 

energy in economic systems, th i s  i s  a secondary consideration. I n  effect, 

fo r  discussion purposes, a point  could be made that the f'ow of $30 b i l l i o n  

of funds ftrm a highly a&a& industr ia l  nation to  less developed areas 

coaprSsing #s t  of the OPEC countries may not be a11 that  undesirable i n  

the context o f  long-tern developlent aspirations of ,mtions. timuever, a t  

the present time, ruch of these *sources are returned t o  the United States 

and other developed nations i n  the form of arms purchases--a purpose with 

dubious benefits t o  the purchasing countrips. 

I n  tenus of t o ta l  flow of funds and resources, the successful develop- 

ment of SPS would, however, ma: a dramatic qual i tat ive change i n  resource 

requirements and, hence, also i n  economic dependencies. Taking the case o f  

the United States, various energy consunption requi renents can be projected 

over the next 75 t o  100 years (with a1 1 the ensuing uncertainties as t o  the 

accuracy o f  such projections). Using s m  of the currant large models 

used by ERDA and other research organizations, energy consunption levels 

i n  monetary terms of between $700 b i l l  ion and $1 ,OC3 b i l l  ion or more annu- 

a l ly ,  75 to  100 years hence, seen not completely unreasonable i n  the context 

of current energy consmption patterns i n  the United States with minim1 

growth projections. The complete provision of energy, ultimately, through 

a highly economic SPS would have implications that go far  beyond the current 

considerations about "outside" o i l  dependencies. A "cheap" SPS substi tut ing 

for these rather i arye projected resource requi rements mu1 d have imp1 i ca- 

tions t o  the United States to  an extent that i s  not measureable to any 

accuracy. A t  best, one can consider the ava i lab i l i t y  of an additional $700 



b i l l i o n  i n  disposable resources i n  the United States as an extremely 

challenging task 

6.3 Industrial versus Less Developed Countries: The Equitable Access 
To Limited Enerqy Resources 

Each of the above considerations we be1 ieve t o  be, i n  the long run, 

secondary t o  an even larger and even more important issue. If one accepts 

the p ~ l a i s e  that energy consunption--hopefully less wasteful than currently 

i n  the United States--is an underlying necessary condition to the economic 

development of industr ia l  societies, the provision and development o f  an 

inexhaustible energy source, available t o  a l l  nations, has t o  be seen i n  an 

ent i re ly  d i f ferent  context. Table 6.1 l i s t s  energy production and con- 

sumption for several world regions, including the United States and the 

European economic c-nity, as well as worldwide data fo r  1970.~ The 

calculations shown i n  t h i s  table are simple: taking the per capita energy 

consumption o f  the United States i n  1970 as the standard (a premise many 

would dispute as an eff icient pattern of energy use), s imi lar levels o f  

potential energy consumption are calculated fo r  d i f ferent  regions such as 

the Soviet Union, the EEC, Japan and the world. It might be reasonable, 

on the other extreme, to  s u h i t  that the energy consumption levels i n  the 

United States i n  1970 *re 50 percent higher than e f f i c i en t  energy use 

patterns w u l d  reqbire. I n  th is  case, asstme that by the year 2000, with 

even minimal growth i n  energy use requirements, the - 1970 level  o f  energy 

consumption i n  the United States i s  an "ef f ic ientu ( that is, not wasteful) 

per capita energy use pattern fo r  the year 2000. That is, energy use 

efficiency i n  tbe United States by the year 2000 would be increased two- 

fold, a rather audacious assumption. By taking these numbers or  "pro- 

jections" to  the year 2000, the table points out that with no population 
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growth worldwide, a drama t i c  discrepancy exists between developed indus- 

t r i a l  nations and less developed countries i n  the production and use o f  

energy resources worldwide. While the actual energy production i n  197C was 

about 7 bf l l i o n  metric tons o f  coal equivalents, the extension o f  the 

identical standard worldwide would have required a production o f  energy 

resources equivalent t o  - 41 b i l l i o n  metric tons, a c lear ly impossible lcve l  

o f  foss i l  energy resource production, even i f  these resources were availa- 

b le  to these nations. 

What th is  points out, i n  rough outline, i s  that over the next several 

decades severe conf 1 i c  t s  w i  11 develop between the interests o f  industr ia l  

societies and the interests of less developed regions of the world, wi th 

regard to access t o  energy resources, t he i r  disposit ion and the i r  use 

worldwide. Since population worldwide i s  not a s ta t i c  phefiornenoo, the 

conf l i c t  o f  interest wi th  regard to  access and the use o f  energy resources 

outlined i n  Table 6.1 can only be exacerbated. He see no feasible develop- 

ment o f  current foss i l  or even fission-based technology, with ensuing 

waste disposal and pro l i ferat ion issues, that can sat isfy the aspirations 

o f  a l l  nations, with regard to  access to  energy sources, whatever the 

ingenuity o f  economic, po l i t i ca l  and technical arrangements might be. 

Concurrent with th is  large, substantive gap between industr ia l  and less 

developed nations, many other already exist ing social conf l ic ts  can only 

worsen. To some extent, the current conf l i c t  between industr ia l  and less 

developed nations may already be but a ref lect ion o f  the inequitable access 

to  energy sources by these diverse nations: Whi 1 e industr ia l  nations, 

even without access to  the i r  own foss i l  energy sources, can pay i n  real  

terms to  the few nations that are i n  possession of such resources, less 



developed countries outside o f  OPEC have neither the energy resources nor 

the economic resources t o  pay f o r  the importation o f  energy. It i s  a 

d i lema that cannot be solved, no matter how generous a foreign a id  program 

might be agreed upon. 

White this is ncrt advocating the SPS as 'the" ultimate promise t o  

solve a l l  problems, drich i t clear ly w i l l  not, the SPS i s  c l e i r l y  one of a 

very few inexhaustible energy a1 ternat i  ves presently under conci dera t i on  

f o r  development. Other technologies along these 1 ines would inc1 ~ d e  fusion 

and possibly OTEC (ocean thermal). What makes SPS at t ract ive i n  th i s  

gene~al context i s  that the technical principles o f  S3S are clear ly known 

and demonstrated t o  produce a net energy output--something not ye t  achieved 

i n  the area o f  fusion technology--and there i s  also an assurance that a t  

some known upper cost I-;mi t, say $20 t o  $40 b i l l  ion per SPS unit, indeed 

such energy systems can be constructed, deployed and operated. The development 

of SPS prototype programs i n  to ta l  cost may amount t o  j us t  the budget o f  

one year's funds expended today by the United States on o i l  imports: $30 

t o  $40 b i l l i on .  

6.4 Future Study Topics 

A study t o  evaluate the benefit5 o f  SPS i n  international trade would 

seek to quantify the issues discussed above. The work would focus i n  f i v e  

task areas described below. 

Task 1 . Yor Id Energy Forecast i ng Model s - --.--- 
This task n w l d  address the imports and exports o f  energy t o  the 

United States and other nations during the time period o f  interest. A 

number of energy crpply and demand models exist. These models would be 



reviewed and one o r  wore o f  the most appropriate models selected f o r  use. 

The objective w i l l  be t o  obtain a capabi l i ty  t o  forecast energy supply and 

demand by nation o r  region over, say, the next 50 years, subject t o  a 

number of d i f ferent  assumptions on resource supply, economic growth o f  

developing nations, and the development of new energy technologies. The 

selected mdel (s)  would be modified as necessary to  determine the impact o f  

an SPS on energy f low worldwide. 

Task 2. The Impact of SPS on International Energy Markets 

The energy supply and demand forecasting models developed under Task 1 

would be exercised t o  determine the impact o f  SPS on world energy con- 

sumption, subject, parametrically, t o  assumptions on the cost and supply as 

a function o f  time o f  SPS-generated power, and on the a v a i l a b i l i t y  o f  

a1 ternative energy sources such as fusion. The resu l t  o f  t h i s  task would 

be projections o f  energy imports and exports by the United States and by 

other nations o r  world regions, as a function o f  time, both w i th  and with- 

out SPS. The differences due t o  SPS would then be ident i f ied.  

Task 3. Benefits o f  SPS i n  International Trade 

This task would quanti fy the economic benefits c f  SPS i n  international 

trade associated wi th  the impact that  SPS would have on world energy imports 

and exports as obtained from Task 2. It i s  observed that  SPS could resu l t  

i n  enormous increases i n  disposable resources i n  the United States. This 

task would translate that  increase i n t o  a net welfare t o  U.S. society. 

Task 4. The lmpact o f  SPS on Energy Dis t r ibut ion 

It i s  observed that  energy resources are not often located i n  energy 

consuming areas. This i s  a par t i cu la r l y  key problem f o r  developing nations 

that cannot pay to import energy and ye t  have no s ign i f icant  energy resources 



wi th in  t h e i r  boundaries. This task would analyze the impact o f  SPS tech- 

nology on the potent ia l  energy supply f o r  the developing nations and the 

result i rnt change i n  t h e i r  r a t e  o f  development The impact o f  these changes 

on the United States i n  terms o f  imports andexport markets f o r  non-energy 

conrodities, the requ imnts  for  national defense, and on the balance of 

power mu1 d be assessed. 

Task 5. The Use o f  SPS f o r  Peak Load Following 

The requirements f o r  e lec t r i ca l  power vary ds a funct ion of the time 

o f  day and day o f  the year. I n  theory, a t  least, i t  would be possible w i th  

an SPS f l ee t  (perhaps using o rb i t s  other than geosynchronous) t o  fo l low the 

peak power loads around the world, north and south hemispheres, as a funct ion 

o f  the time o f  day and day o f  the year. This could e f fec t i ve ly  increase the 

economic worth o f  the SPS. This task would iden t i f y  the peak versus base 

loads of various regions o f  the world and then ident i fy  potent ia l  SPS-gener- 

ated energy imports and exports as a function o f  time. I t  would then assess 

the incremental value o f  an SPS f leet  given a laad-following o f  the capabi l i ty  

versus a "f ixed" mode o f  operation, as a function o f  the d i f f e ren t i a l  costs 

of peak versus base load power generation. 

Clearly, the impact o f  an SPS i n  internat ional  trade would be very 

extensive and a thorough study of t h i s  potent ia l  impact would i t s e l f  be 

an extensive undertaking. The above tasks would quanti fy some o f  the more 

fundamental issues a t  a reasonable level  o f  e f f o r t  (one-to-two man years) 

and pave the way f o r  a more substantive study t o  follow. 
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7. SPS PROGRMTIC PLANNING 

This section considers a number o f  issues related to  SPS programnatic 

planning i n  the framework of the United States Federal Government. F i rs t ,  

an overview o f  long-range programs and government support i s  presented. 

Then a discussion o f  the funding o f  the magnetic containment fusion program 

i s  given. Final ly ,  the insights presented are applied t o  the SPS program. 

I t  i s  observed that the fusion research program was, f o r  many years, 

r e l a t i ve l y  small and t ha t  only recently has i t  taken on t h t  r o l e  o f  a major 

area o f  federal energy research and developittent. Concurrent w i th  t h i s  

transit ion, fusion research i s  being challenged by a number o f  competing 

programs. The SPS program compares only wi th  the fusion program as i t  

stands toda-y. Relat ively large funding levels would be required ear ly i n  

the program, while considerable uncertainty remains i n  the ul t imate outcome 

o f  the endeavor. The requirement f o r  large investments well  before demon- 

s t ra t ion  o f  concept f eas ib i l i t y  places an added emphasis on economic, tech- 

@ n ical,  environmental, and lega l / i ns t i tu t iona l  analyses f o r  convincing re le-  

vant o f f i c i a l s  t o  support the program. SPS represents cer ta in  s ign i f i can t  

departures from present pract ice that  w i l l  need t o  be accepted i f  the pro- 

gram i s  t o  proceed. SPS could represent man's f i r s t  re1 iance on space f o r  

h is  da i l y  ne2ds. To obtain SPS w i l l  require a new ro l e  f o r  man i n  space, 

as an act ive part ic ipant  i n  a major new system. SPS w i l l  a lso represent 

a tendency toward central ized sol3r power during a time when the general 

trend i s  toward decentral i zation o f  energy production by the implementation 

of solar technologies. 



7.7 Lonq-Range Programs and Goverrment S u p s  

A veteran manager of government R&D programs suggested several years 

ago 'hat 

The strategy of developing a long-term technology i s  one of 
the most d i f f i c u l t  problems the government faces. The pressure 
i s  always t o  concentrate on the near-term p a y ~ f f .  Yet we 
must proceed w i  t h  advanced high- technology programs 1 so--and 
have the f d i t h  and persistence t o  carry them through f 

Although t h i s  was said i n  the context of the NASA/AEC NERVA ( ~ u c l e a r  Engine 

f o r  ROcket Vehicle Application) program, ::,;;i l a r  ccmplaints have been ~choed  

by the managers of most large-scale government applied research and develop- 

ment programs. And the complaints are not without basis. Most recently, 

f o r  example, the Carter Admi n i  s t ra t ion  announced .: t s  in tent ion t o  reduce 

funding f o r  nuclear fusion research by $do m i l l i o n  from President Ford's 

f i n a l  budget request o f  $513 m i l l i on .  This cut i s  said t o  r e f l e c t  "the 

intent ion o f  Mr. Carter and h i s  top energy o f f i c i a l s  to  :witch energy fund- 

ing emphasis from long-term prog-ams to  ones that w i l l  show benefi ts w i th in  

a few years. I,  2 

It may be d i f f i c u l t  t o  plan and carry out a long-range expensive, 

high- technology development program under government sponsorship, but i t  

i s  r , ~ t  fmgossible. The Apollo program i s  a singular example o f  sbch 

success; i n  some ways, so !s the l ight-water nuclear reactor program. This 

~ n a l y s i r  attempts t o  i den t i f y  some o f  the factors which re la te  t o  the pos- 

s i o i  1 i t y  o f  successfully undertaking a largd-scale enterprise and some o f  

the barr iers t o  such an undertaking. 

This analysis argues, i n  the words o f  former NASA Administrator James 

E. Webb. that 



In our p lu ra l i s t i c  society any major public undertaking requires 
for success, a working consensus arong diverse individuals, 
grwps, and interests. A decision t o  do a large, ctmplex job 
camot simply be reached "at the top" and Ulen carried through. 
Only Mrough an i n t r i ca te  process can a major undertaking be 
gotten underway, and only through r c m t i n w t i o n  o f  that  process 
car, it be kept going.3 

&?lied to the issue of how, i n  the context of federal funding cnd annual 

budgetary review, aq SPS m i m  d g h t  be i n i t i a t e d  and carried through to 

a determination i f  such a program i s  i n  the national interest, such a view- 

point suggests that SPS pragr-tic planning must be understaod i n  p o l i t i -  

cal, as well as economic and technical, t e r n .  For "what distinguishes 

programs i n  govemslent i s  not that same play p o l i t i c s  and others do not, 

but, rather, that  stme are better a t  i t  than others.. . . Success requires 

ski11 i n  bureaucratic : ~ l i t i c s . ~ ~  

A t  the outset, i t  should be clear ly stated that the fact  that budget 

reviews ard subsequent al location o f  resources on an annual basis would be 

characteristic o f  an SPS development program i s  not seen as a major issue. 

A1 1 R&D programs (except perhaps the most fundamental research) undergo - 
some fonn o f  evaluation on a t  least an annual basis, whether the source o f  

funds f o r  those projects i s  government o r  industry. What i s  different, and 

problematic, i s  that the c r i t e r i a  used t o  evaluate a goverrment-funded R&D 

project are broader than the c r i t e r i a  used tc evaluate a pr ivately funded 

project. I n  addition, the organizational context of  government programs i s  

quite di f ferent than i n  the private sector. Funding comes through a com- 

plex process involving interactions among agencies, the Presidency , and 

Congres- . Elements of th is  process are open t o  outside scrutiny, 



intervention, and influence. Program management i s  the responsibi l i ty o f  

o f f i c i a l s  e i ther  appointed by the President o r  answerable t o  such of f ic ia ls .  

This 1oxJs an overt ly p o l i t i c a l  dimension to program control (as i t  should 

i? . Ceraeriatic govewment). Congressional oversight o f  administrative 

perforaraltrre i s  also a constant rea l i ty .  F r a  t h i s  perspective, progrim . 
planniw i s  a 'dynamic process by which both inside and outside interests 

f r r i v e  a t  a new balance o f  powerm5 which provides the basis o f  support f o r  

a large-scale program during i t s  l i fet ime. 

It should also be clear that  the tern pli t i c a l  i s  not used here i n  a 

negative sense. Po l i t i cs  i s  seen as one system o f  con f l i c t  resolution, ;n 

the inevitable s i tuat ion o f  d i f ferent  actors with d i f ferent  p r i o r i t i e s  coat- 

peting for control over scarce resources. Po l i t i cs  i s  a means o f  establish- 

ing  a set o f  p r i o r i t i e s  f o r  al locat ing resources when no analytical c r i t e r i a  

f o r  p r i o r i t y  sett ing exist. 

It i s  par t icu lar ly  d i f f i c u l t ,  given the nature o f  the American p o l i t i -  

cal system, to  gain i n i t i a l  approval of large-scale enterprises, the resul ts 

o f  which w i l l  be long i n  coming. The t i m e  horizons o f  p o l i t i c a l  leaders 

tend t o  be short, and there i s  constant pressure t o  al locate resources t o  

undertakings with re la t ive ly  quick payoffs. "Securing approval o f  a large 

or novel project generally requires a major campaign to  generate support 

both inside and outside the government. One o r  more credible pr inc ip le  

advocates, capable o f  at t ract ing attention and ~uppor t ,  are usually 

necessary. "6 The ro le a f  "pol i cy  entrepreneurs" has been frequently noted: 

I n  the i r  quest f o r  funding and p o l i t i c a l  authority, they 
use every available weapon: pressure from various con- 
s t i  tuencies and groups, aggressive se l l  ing inside govern- 
ment, a t t rac t i  ng Congressmen as innovators o r  as protec- 
tors (Congressmen who i n  turn often lobby other Congressmen), 



pressuring the White House as well as receiving pressure 
fm the White House, and so on through a diverse range 
of opportunities and strategies, 

Priorltfes are establisM by aggressive entrepreneurs a t  
the operating level of g ~ ~ t ,  P r o g r w  prosper because 
energetic d iv is ion directors bui ld  p o l i t i c a l  support to 
withstand continuotrs attacks ~pon a prograa's resource base 
by carpeting claims.? 

The problem of establishing and min td in ing  an adequate base of p o l i t i -  

ca l  support f o r  a program i s  more d i f f i c u l t  when program benefits w i l l  not 

be evident u q t i l  a s igni f icant time after major resource colrrnibnents must 

be mde. "Society needs as much assurance o f  success as it can have when 

i t  c a i t s  i t s  resources i n  large rounts.n8 But, since i t  i s  i n  the nature 

o f  R&O programs that t he i r  outcoms are uncertain, saw means rus t  be found 

t o  minimize as nany c r i t i c a l  uncertainties as possible before aajor resource 

co l in imnts  are needed, and t o  assure program supporters that remaining 

uncertainties are being addressed i n  a lagical  macner. This i s  one of the 

areas i n  which in te l l igen t  program planni~ig, coupled with close and open 

comnunicatior. with the program's supporters iand potential 3r actual oppo- 

nents), can have highest payoff. 

One aspect of program planning peculiar t o  technology program has 

been described as a "lead-time dilemna." This i s  the problem posed by the 

necessity f o r  decisions on future ph3ses o f  RLD programs pr io r  t o  the cm- 

plet ion and evaluation o f  current phases. I n  t h i s  situation, there i s  

strong pressure on pn;g;-am managers fo r  sane demonstration o f  what i s  being 

accompl ished. I n  providing such demonstrations, "care must be exercised 

that the accumulation of these contrived performance data does not d is to r t  

the operating system or swerve i t  from i t s  major goal."' 



There are other dangers i n  attempting t o  probide early demonstrations 

o f  program results. Large-scale enterprises tend t o  be subject t o  a 

'double sta7daldU on the basis o f  which 'mistakes are heavily taxed." Uebb 

notes that  "the reporting o f  successes and fa i lures i s  frequently keyed to 

the spectacular o r  controversial. Since continued support usually depends 

on results, fa i lures o r  the sensational forecasts o f  fa i lures reduce internal 

sel f-con; idence and undenine the essential element o f  external support. 'lo 

A constant danger of federal l y  supported IUbD programs i s  that they 

w i l l  be perpetuated, rather than completed. It appears t o  be easier " to 

i n i t i a t e  development Frogri& than t o  tenuinate - o r  complete them.* Frora a 

program's perspective, perpetuation m y  be better than death, but i t  i s  

'usually akin t o  chronic ill health and malnutrition. 'I1 This suggests the 

ilaportance c f  achieving enough support not only f o r  program i n i t i a t i o n  bt 

also, and particularly, for  v i t a l i t y  throughout a program's l i fet ime. 

I n  order t o  gain and keep support, a program's managers may have to  

adopt a mix o f  strategies keyed t o  the various interests A i c h  compose the 

sup2orting coal i tion. One approach may be taken toward mobi 1 i z ing  support 

wi thin the technical carmunity; another, with respect to  other elements o f  

the agency within which the program operates and with other elements o f  the 

bureaucracy; a third, with respect to  the White House, OM8, and other parts 

of the Executive Office; a fourth, and probably very di f ferent,  strategy 

with respect t o  Congress; and perhaps another approach fo r  potential users 

of the program's results, especially i n  situations where those users are 

outside the goverslment, as i s  the case fa r  SPS. I n  each situation, i t  i s  

the task o f  the program manager and his agency superiors to  match program 

objectives and potential results t o  the needs and interests o f  potential 

Supporters. 



Such a matching process i s  "poli t ical," but p o l i t i c a l  factors are 

part  o f  the environment o f  a governnent-funded program as ~nuch as are 

technical and economic factors. Uakisg p o l i t i c a l  bargains and colaaitments 

i s  an esssntial part  of the executive's task. Webb reaarks: 

Can the executive i n  charge siaply point t o  h is  mandate t o  
do a qmd job and demand that he be given what he needs t o  
carry , t on t o  caapletion? The executive who stands too 
f i r m  i n  th is  pusture i s  almost certain t o  f a i l ,  The sophis- 
t icated might say that the executive w i l l i n g  t o  make adjust- 
mn ts  i s  l ittle better o f f ,  since he becanes a bargainer 
1 i kely t o  c a ~ p m i s e  the esseace o f  the endeavor. Yhi l e  
t h i s  ~ a y  be true, i t  should not be true. An executive can 
extend ?*art o f  the possible t o  that  o f  the best 
possible. 

Various approaches are available t o  creating and maintaining support 

f o r  a program within i t s  bureaucratic environment. Sapolsky, i n  h is  anal- 

ys is  o f  the Polaris system development, ident i f ies  four such strategies. 

1 Differentiat ion: "attempts o f  organizations t o  establish 
unchal lengable c l a i m  on valued resources by distinguishing 
the i r  own products o r  programs from those o f  t h e i r  competi- 
tors" 

2. Co-optation: 'attempts o f  an organization to  absorb new 
elements i n to  i t s  leadership or  policy-determining struc- 
ture . . . as a means o f  averting threats t o  i t s  s t a b i l i t y  
o r  exi stence* 

3. Ploderation: "attempts o f  organizations t o  bu i ld  long-term 
support f o r  t he i r  programs by sacr i f ic ing short-term gains" 

4. Managerial innovation: "attempts o f  an organization t o  
achieve autonomy i n  the direct ion o f  a complex and r isky 
program through the introduction of managerial techniques 
that appear t o  indicate unique managerial competence. "1 3 

It i s  re la t i ve ly  s t ra igh t fo twrd  to  see how these strategies could be em- 

ployed i n  the context o f  any large-scale program The primary goal o f  such 

strategies i s  "uncertainty control ," that is,  control over outcomes which 

might be influenced by actors i n  an organization's environment. It i s  a 



tendency of a l l  organizations t o  "seek self-control o r  the a b i l i t y  t o  act 

independent o f  envi mnmental forces. W' 

The process o f  gett ing and keeping the support o f  Congress for a 

large-scale enterprise i s  rather di f ferent,  as one might assume given the 

difference between the bureaucratic structure o f  the executive branch and 

the nomno l  i thic, nonhierarchial characteristics o f  Congress. An acknowl- 

edged master a t  agency-Congressional relations i s  James Uebb, and it i s  

probably not possible t o  improve on h is  analysis o f  how t o  make that rela- 

tionship work. 

A rrajor concern o f  every large-scale endeavor i s  securing frm 
the Congress the continuing support necessary fo r  specif ic pro- 
jects and the buildup and maintenance o f  manentun. tbre than 
has been generally recognized, assured continuity of support i s  
o f  c r i t i c a l  importance t o  the :arge, complex endeavor, particu- 
l a r l y  where the time span between the inception and achievement 
o f  goals i s  long. Once the endeavor has k e n  planned and i s  
under way, i t  cannot interrupt the established pattern without 
severe losses. Yet the endeavor, 1 i ke any other government 
undertaking, i s  subject t o  the normal budget authorization- 
appropriation process. This process and the urgent need for 
continuity keep the endeavor and i t s  executives continuously 
under the gun. 

Given our governmental processes, there obviously can be no 
guarantee and no certainty from one budget p r i o d  t o  another 
that  funds w i l l  be appropriated. The c r i t e r i a  fo r  judging the 
endeavor--from the standpoint o f  re la t ive urgency o f  goals and 
worth o f  performance--are subject t o  quick and far-reaching 
changes. It i s  ent i re ly  possible that an endeavor that had 
been strongly and enthusiastically endorsed on a l l  sides a t  
i t s  inception and was making good progress toward i t s  goals 
might suddenly f ind  i t s e l f  i n  support trouble as a resul t  o f  
changes completely beyond i t s  own control. An important fac- 
t o r  may involve changes i n  the publ i c  mood--changes i n  basic 
publ i c  att i tudes toward the goals being sought. Congress i s  
highly sensitive t o  such changes, and as endeavors become more 
and more complex, a greater and greater degree o f  ccnf idence 
and t rust  i s  required to  maintain essential levels o f  support. 

The successful executive w i l l  accept that the basic purpose o f  
Congress and i t s  leaders i s  the same as his own: the furtherance 



o f  the national interest. He w i l l  avoid the p i t f a l l  of 
assuming tha t  the Congress i s  on one side and he on another. 
He w i l l  avoid taking unalterable positions and stances. Above 
the '1 ine* he has drawn he w i l l  compromise when t h i s  i s  c lear l y  
necessary and when he can do so w i t b ~ t  violence t o  h i s  own 
and the endeavor's in tegr i ty .  I f  he i s  forced downward toward 
his l ine,  he w i l l  r es i s t  and make clear tha t  he w i l l  not  cross 
it. 

The successful executive will readi ly  accede t o  congressional 
par t ic ipat ion i n  areas where i t s  comi t tees o r  members have a 
proper concern. tk w i l l ,  i n  fact, welcae and f a c i l i t a t e  t h i s  
part icipation. He w i l l  not l e t  fear o f  influence o r  e f f o r t s  t o  
control paralyze h i s  a b i l i t y  t o  work wi th and draw strength 
from congressional counsel and assistance. He w i l l  recognize 
that  a stand-off a t t i t ude  toward Congress--as a whole, t o  i t s  
comittees, o r  t o  interested members--is the surest way t o  
create problems. 

kre i s  required than simply keeping the Congress informed o f  
what i s  going on. The executive and h is  associates must have 
an a b i l i t y  t o  sense the congressional pulse and t o  adjust t o  
the implications o f  changes i n  mods and att i tudes. A success- 
f u l  large-scale endeavor must have adequate means f o r  l e t t i n g  
Congress know what i s  going on and obtaining a continuing 
feedback from Congress, and the feedback cannot be l im i ted  t o  
the requirements o f  the endeavor as a  hole or t o  j u s t  enougn 
t o  sa t i s fy  the needs o f  i t s  chief execbtive. It must be avai la- 
b le  and usable a t  every level  o f  the organization. 

Congressional c m i t m e n t  t o  large endeavors can be seriously 
undermined b j  a f a i  1 ure o f  comnunicat ion regarding problems 
and problen; areas. The Congress must be kept advised, and on 
a t imely basis, o f  untoward developments that  impede o r  
threaten tk success o f  the endeavor. The executive must have 
a means o f  comnunication that  keeps him informed o f  weaknesses 
and adverse developments i n  the work program, and he must keep 
open a channel t o  l e t  Congress know o f  impending trocble. 

Contacts and exchanges wi th individual members, both from wi th in  
and outside the comnittees, importantly complement and supple- 
ment uork wi th the comnittees. Within the Congress there are 
always a number of members wi th great knowledge, experience, and 
wisdom i n  general and special a f f a i r s  o f  government. Some have 
par t icu lar  cornpeterre i n  special f ie lds .  Many se? the t o ta l  
1 egi slative-executive-pub1 i c  sentiment comple:; more c lear ly  than 
busy executives. Many can sense p o l i t i c a l  pressure areas or po- 
t en t i a l s  for  con f l i c t  of in terest  before they arise. They have 
trained thmselves t o  do so, and t h e i r  advice i s  o f  great value 



t o  those conducting the large special enterprise. The success- 
f u l  executive knom that  i t  i s  important to maintain relation- 
ships o f  mutual respect with them. Trust, thus established, 
serves as a basis for frank person-to-person exchanges, f o r  the 
development of an appreciation of respective responsi b i  1 i t ies  
and obligations, and f o r  a shared approach t o  problem solving. 
Such t rus t  i s  essential i n  the effective use of the great powers 
entrusted t o  administrators and legis lators i n  our government; 
without it the aggregation o f  p w r  needed t o  accomplish great 
tasks would not be possible under our systern.15 

A part icular feature o f  Congressional invol v e n t  i n  large-scal e 

enterprises i s  that  it often takes place i n  the context o f  annual budget 

reviews. Uebb i s  also quite perceptive on the posi t ive and negative fea- 

tures o f  t h i s  process. 

Sonrs students o f  our federal system argue that our budgetary 
procedures should b2 so adjusted as t o  free large and canplex 
endeavors fm the uncertainties and vagaries o f  the annual 
authorization-appropriation process. They say that owe a 
niQior undertaking l i k e  the space program or an urban renewal 
program i s  underway, too much i s  a t  stake t o  r i sk  loss i n  
mumenturn or a serious change i n  direct ion every twelve months; 
that given the complexity and importance o f  these things, they 
cannot be intermit tent ly slowed down and speeded up, turned 
on and turned o f f ,  o r  shifted from one course t o  ar.other without 
great damage and waste o f  resources; and that arrangements 
should be devised whereby they can be assured o f  support over 
a term camtensurate with the lead time involved i n  the i r  jobs 
(i.e., three t o  f i v e  years). 

There i s  much t o  be said for t h i s  view. From the standpoint 
o f  order1 iness and effectiveness i n  our use o f  the large-scale 
appraach, the a b i l i t y  to  plan and operate a t  a comnitted 
budgetary level f o r  periods up t o  several years would y ie ld  
great advantages. A1 so, a longer period between apprai sa1 s 
would a1 low a more penetrating evaluation o f  performance and 
enable the endeavor t c  rcndw a more meaningful accounting 
than i s  possible undev the annual authorization and annual 
appropriation system. This would better enable ci t izens to  
understand and j u d ~ e  the worth o f  the job being done. On the 
other hand, considering the great concentration o f  resources 
and power that the large-scale etideavor represents and the far-  
reaching consequences that would f o l  1 ow from abuses, there must 
be effective means to protect the interests o f  society. A 
large-scale endeavor involving the expenditure o f  b i l l i ons  of 
dollars, the employment of hundreds o f  thousands o f  persons, 
and the reordering of whole c m u n i  t ies  and many o f  our great 



economic enterprises can have a mamnoth impact. Unless kept 
under close observation and wise restraint ,  i t  could do great 
dainage.16 

Another student of the budget process, W i l l  i s  Shapley, has precisely 

portrayed the mixed resu l ts  o f  the annual budget process. He notes that  

"it siagly has t o  be recognized, on one hand, that  cont inui ty of progress 

requires advance bdqetary  coartritnents, while a t  the same time prudent 

management and heal thy skepticism may be f u l l y  j u s t i f i e d  i n  res is t ing  them." 

Further, 

Only i n  the case o f  top p r i o r i t y  national programs ... do the 
planners have the luxury o f  draw!:: up and expecting t o  be 
perwitted t o  fo l low an optimum schedule t o  achieve ear l ies t  
success o r  mininnnn cost. Most projects must accept the delays 
and inef f ic iencies o f  reevaluation a t  each major decision point. 

The desire t o  be guaranteed support and t o  be freed from the 
worries o f  the budget i s  not peculiar t o  those concerned wi th 
research; indeed i t  i s  probably he ul t imate dream o f  every 
federa; program and bureaucrat. 1 ! 
As Shapley says, the d isc ip l ine  o f  the budget process, both w i th in  

the executive branch and wi th in  Congress, i s  un l i ke ly  t o  disappear f o r  

goverment-funded R&D programs. i n  order t o  match program planning t o  the 

requirements o f  annual review, Shapley suggests that  program managers 

attach a "special premium on budget and program planning which ident i f ies  

i n  advance tse key comeitnents and decision points arb; matches them with 

the experimental and study resu l ts  that  w i l l  be available." Final ly,  he 

reminds managers o f  what should be self-evident: "the best strategy f o r  

securing support.. . . is  2 have a good case and see that  i t  i s  presented 

c lear ly  and forceful ly. ,, 18 



7.2 Magnetic Containment Fusion Program 

Some feel ing f o r  the ways i n  which the preceding general analysis can 

provide insights i n t o  programnatic aspects o f  a spec i f ic  long-range high- 

technology enterprise can be gleaned from applying i t  t o  the magnetic con- 

tairment fusion power program. As noted ear l ie r ,  t h i s  program has had a 

recent budgetary cutback, and has reached i t s , cu r ren t  s ta te  "through a 

succession o f  s c i e n t i f i c  and f inanc ia l  c r i ~ e s . " ' ~  A recent review o f  the 

fusion program described i t  "as the only technology t o  be i den t i f i ed  as an 

energy option before i t  has shown the abi 1 f ty t o  produce energy. *" 

The U.S. fusion program had i t s  origins, i n  one sense, i n  the 1952 

explosion o f  a thermonuclear device; t h i s  demonstrated that  enormolisly 

and. rap id ly  elevating the temperature o f  gaseous col lect ions o f  e l e c t r i  - 
ca l l y  charged par t ic les  (plasma) could set o f f  fusion reactions and conse- 

quent release o f  fusion energy. The program since that  time has, i n  essence, 

been searching f o r  a more control led way o f  releasing such energy. The 

major approach t o  such control has been attempts t o  experimental l y  confine 

p lasm using strong magnetic f i e l d s  and, on the basis o f  the resu l ts  o f  

such experiments, to  design reactors embodying the magnetic containment 

notion. 

The program has developed i n  two major stages. Before 1911, there 

was consensus that  " sc i en t i f i ca l l y  speaking, control led fusion i s  probably 

attainable. "21 But to  that  point, experimental resv l ts  had been mixed, and 

the program was characterized as "a v ic t im of fa lse ear ly enthusiasm. I, 22 

The then-director of AEC's Division o f  Control led Thermonuclear Research, 

Robert L. Hirsch, i n  1973 t o l d  Congress that  "plasma physics i s  an extreme- 

ly complicated science. We found that out rather embarrassingly i n  the 



early years of the program. People looked a t  i t  and, w i t h  no experience 

on which t o  judge it, thought the problems were going t o  be r e l a t i v e l y  

easy. And they turned out  t o  be qu i te  d i f f i ~ u l t . " ' ~  

But, i n  l a t e  1971, the managers o f  the fusion program stopped s a j i r g  

t o  Congress "we don't know how t o  do it," znd star ted t o  say t ha t  w i th  

su f f i c i en t  funds a demonstration fusion reactor could be b u i l t  by 1995. 

New experimental machines were requested and asproved , considerable 
money was spent f o r  reactor studies f o r  the f i r s t  time, and plans 
were made f o r  extensive t es t  f a c i l i t i e s  t o  assess the special 
materials and engineering problems o f  fusion. Each year Robert 
Hirsch, d i rec tor  of the inagnetic fusion program during the past 
5 years, stressed new improvements i n  plasma performance, the 
optimism o f  the researchers, and the need f c r  more money because 
o f  the i n t r i n s i c  d i f f i c u l t y  o f  the problem. 

The se l l i ng  o f  fusion has been extremely succsssful . The mag- 
net ic  fusion budget has exploded from $38 mf 11 ion  I n  f i s c a l  
1973 t o  $279 m i  11 i on  i n  the upcoming f i  sc?S year.. . . 
The rapid buildup o f  the fusion prograr,~ coinciaed w i th  a great 
perceived need f o r  a1 te rna t i  ve solutSons t o  the energy problem, 
and energy analysts have stopped s ~ y i n g  "if" fusion can be 
control led and star ted ta lk ing  about "when" fus'on w i l l  become 
available. But no fusion machine has come close t o  producing 
more power than i t  consumes, and questions about how e f fec t i ve  
various inventions w i l l  be a t  g iv ing the plasma conditions 
(temperature and longevity) needed f o r  a reactor are s t i l l  o f  
paramount importance. 24 

By 1976, the fusion reactor progran! ha6 become an a c t i v i t y  o f  ERDA's 

Solar, Geothermal and Advanced Energy Svjtems of f ice ,  and the ERDA Div i  sion 

of Magnetic Fusion Energy issued an elaborate f ive-volume program plan 

f o r  Fusion Power by Maqnetic Containment (ERDA 76/110). This plan described 

a range o f  program options, but gave most at tent ion t o  one i n  which a 

demonstration of a pure fusion central e l ec t r i c  power s ta t ion f o r  somner- 

cia1 appl icat ion could be achieved i n  the " la te  1990s" a t  a cost ( i n  FY 1978 

do l la rs )  o f  $15.5 b i l l i o n .  I t  appears a t  thf  s w r i t i ng  t ka t  such an 



ambitious plan has not won the support o f  the Carter Administration, and 

i t  i s  probable tha t  the rusion program w i l l  proceed a t  a less aggressive 

pace. 

This b r i e f  and superf ic ia l  sumnary o f  the magnetic containment fusion 

program i s  not an adequate basis f o r  an in-depth analysis o f  the program, 

but i t  may serve as a basis f o r  some discussion o f  how the program has 

persisted through a period o f  1 i t t l e  demonstrated success and how, on the 

basis o f  somewhat 1 i m i  ted experimental success, a major developnent program 

can be prooosed . 
U n t i l  recently, the amount o f  funding required f o r  continuation o f  the 

magnetic containment fusion prograa was not large, and the program's e f f o r t s  

were i n  the fundamental and appl ied research arena much w r e  than i n  a devel- 

opment phase. I n  t h i s  si tuation, given the i n i t i a l  decision t o  begin the 

program, i t  was mcch more 7 i kely that  the program would continue than tha t  

i t  would be terminated. I n  a sense, the fusion program was small enough i n  

resource demands t o  go unnoticed i n  the "noise" o f  the much larger f iss ion 

program. Given a po ten t ia l l y  very large payoff, the re l a t i ve  lack o f  pressure 

for quick returns, the f r i end ly  relat ionships between the Atomic Energy Com- 

mission and the Jo in t  Comni t tee on Atomic Energy, and the in terest  o f  relevant 

portions of the technical comnunity i n  the program, i t  was not surpr is ing tha t  

the program was able t o  continue even without denonstrated success. There was 

a fee l ing tha t  funding f o r  fusion research was an investment wi th long payback 

time and re l a t i ve l y  high r i s k  o f  fa i lu re ,  and these were acceptable conditions 

t o  those who had t o  support the program. 

Since 1971, w i th  the emergence o f  the fusion program as an aggressive 

candidate f o r  a larger share o f  the energy R&D budget, the s i tua t ion  has 



been much changed. The caning together o f  the "energy cr is is , "  the 

creation o f  ERDA and the resu l t ing emphasis on developing a wide var ie ty  

o f  energy options, pos i t ive  resu l ts  from fusion experiments, and a recog- 

nized need f o r  substant ia l ly  increased resources i n  order t o  move t o  the 

next phases of the program, created a context f o r  the "se l l ing"  o f  the 

fusion program. 

The elaborate program plan for Fusion Power by b g n e t i c  Cofitainment 

(tRDA-76/110), f o r  example, ray be seen us an e f f o r t  a t  using a strategy o f  

"managerial innovation" i n  gaining support f o r  the program. By e x p l i c i t l j  

not ing the complex, interrelated, and long-term nature o f  the program and 

by suggesting that  the program's managers are i n  control  o f  these complexi- 

t i e s  and i n te r r~ l a t i onsh ips ,  the program plan creates an impression o f  com- 

petence and d i rec t ion t o  the program. Thus, i n  addit ion t o  i t s  obvious 

technical value f o r  program managent  and control, t h i s  document has alsu 

a cer ta in  p o l i t i c a l  value. 

Tltat the se l l i ng  o f  the fusion program has not bzen t o t a l l y  successful, 

however, may be suggested by recent budget cutbacks. Although i t  i s  not 

possible t o  specify wi th cer ta in ty  wh, the coa l i t i on  supporting the fusion 

program was not strong enough t o  prevent such cutbacks, some hypotheses can 

be advanced. For one thing, govet-nment-supported energy research projects 

are qua1 i t a t i v e l y  d i f fe ren t  from space o r  defense projects i n  that  the 

ul t imate user o f  research resu l ts  i s  not the government i t s e l f ,  but the p r i -  

vate sector. Ttrus, i t  i s  important t o  the p o l i t i c a l  success o f  a program 

tha t  relevant users be supportive. There !s some ind icat ion tha t  t h i s  was 

not  the case for  the fusion program. There were reports i n  l a t e  1976 tha t  

' fusion power might become a r e a l i t y  more rap id ly  i f  the Energy Research 



and Oevelopnent Adminis t rat ion wnuld pay more a t ten t i on  t o  the demands and 

needs of the u t i l i t i e s  t h a t  w i l l  u l t i m a t e l y  run  the fusion power p lants"  

and t h a t  " the tokamak magnetic containment reactors now under in tens ive  

study by ERDA ? r e  considered by the u t i l  St ies t o  be too big, too expensive, 

and very d i f f i c u l t  t o  maintain.''25 

Another problem w i t h  maintaining progran! support m y  be t h a t  important 

elentents o f  the technical conmunity have teen dubious of the rtgyressive 

manner i n  which the  program was being promoted by i t s  managers. For example, 

one prominent researcher was repdrted t o  have said t h a t  "what bothers me i s  

no t  t h a t  [ERLIA] i s  going i n t o  bower production too quick ly ,  but  t h a t  they are 

s e l l i n g  what i s  an e~per imer~ t ,  which may o r  may not  work, as a ce V "  and 

other  sc ien t i s t s  were worr ied t h a t  the emphasis on ea r l y  power >. ~ c b .  

"has a gamble t h a t  gains support from the Administrat ion 2nd C ~ I I -  - ,2w, 

bu t  may sour them on the fus ion program i f  the p ro jec t  i s  less than 

successful. ,826 

There i s  a l so  some suggestion t h a t  the fus ion program i s  recognized as 

a po ten t i a l  c m p e t i  t o r  fo r  resources by supporters o f  other  energy R&D pro- 

grams, especia l ly  the breeder reactor  prbgram. Some mani festat ion o f  t h i s  

appeared as ea r l y  as 1973 when Representative Mike McCormack, a supporter 

o f  the fus ion progranr, c l a s h ~ l  w i t h  Representative Chet H o l i f i e l d ,  a 

champion of the LMFBR, over increased funding f o r  the fus ion program. 2 7 

The attempts t o  gain support f o r  the fus ion program by underplaying 

uncer ta int ies and st ress ing pos i t i ve  r e s u l t s  have created f o r  the program 

r i s k y  status, one i n  which " fus ion 's  expanding success coupled wi th i t s  

increasingly  evident d i f f i c u l t y  w i l l  remain a hard mixture t o  manage; i t  

could eas i l y  i nsp i re  f a l s e  optimism o r  f a l se  pessimism--and, e i t h e r  wav, 



wrong judg*mt~.m28 Perhaps the primary insight from t h i s  b r i e f  analysis 

o f  the magnetic contaitment fusion program i s  just how d i f f i c u l t  i s  the 

task o f  organizing and mnaging large-scale t e c ~ l o g i c a l  enterprises . 
7.3 S K  -ram and Low-Raw Planning 

Both the generrl discussim o f  how govemmt-supported long-range 

programs a= i n i t i a ted  and aaintained and the analysis of the mgnetlc 

cmtai-t fusion program are suggestive of issues tha t  are 1 i kely to 

arise during the m r s e  of an S K  program. As a mult i-bi l lSon dol lar  

developaeent e f f o r t  extending over the better part o f  two decades, the SPS 

program w i l l  require strong and sustained support fm a diverse constituency. 

Like the fssim e f fw t ,  the SPS program w i l l  require the support o f  the elec- 

t r i c  power industry, and thus the supporting coal i t ion w i l :  have t o  include 

relevant private sector ititerests. Because a wide raage o f  ~ovenment actors 

w i l l  have a stake i n  program outcomes, the SPS managers w i l l  have t o  k par- 

t i cu la r l y  ski1 1 i u l  i n  bureaucratic yc1 i tics.  And because Congress w i l l  have 

t o  he w i l l  ing t o  allcrcate large resources t o  the S?S program f o r  tlidny years, 

a strong base o f  Congressicnal support f o r  the program w i l l  be essential. 

There are some characteristics of  the SPS program whicn w i l l  have an 

iatpact on how the program relates t o  i t s  po l i t i ca l  environment. Perhaps 

foremost among these i s  tbe fact  that the program i s  c r i t i c a l l y  dependent 

on the role of man i n  routine space operations. Manned space a c t i v i t y  has 

assumed a symbolic valw that probably w i l l  transcend i t s  real meaning i n  

the 198Cs, and there w i l l  be strciw po l i t i ca l  opinions with respect t o  

suywrt o f  any program with a r i j ~ r  manned element. SPS managers w i l l  

have t o  decide how best t o  present the ro le  that man w i l l  play i n  the pro- 

gram's evolution. That an SPS program w u l d  also require developing a 



major new launch vehicle only c q l i c a t e s  the task o f  gaining support f o r  

tk proqrai. 

-her SPS characterist ic l i k e l y  t o  influence program support i s  the 

highly central ized, large-scale nature of the system. Most appl ications of 

solar energy have k o w e  1 inked t o  a decentral i z d  approach t o  energy supply; 

there s-s t o  be a t rerd away fm dependence on a few large systems f o r  

providing any cn r t i a i  aspect of modern l i fe .  

Re1 iance on space technology t o  meet a crur i a l  b n  need such as elec- 

t r i c i t y  may pose d i f f i c u l t  a t t i tud ina l  adjustments amng the pub1 i c  and the 

policy-araking camunity. To date, space has not played a central ro le  

h w n  existence, and the SPS program may be the f i r s t  instance i n  which 

society has t o  choose t o  use space capabi l i ty f o r  p r o v i d i ~ g  a routine 

resource, rather than depend on mre conventiona?, Earth-bound a l ternat iws.  

How t h i s  choice i s  presented t o  society a d  i t s  po l i t i ca l  rzpresentatives 

i s  @bviousl_v o f  crucial importance with respect t o  gaining ~pprova l  t o  

proceed with the program. 

Unl i r e  the fusion program, an SPS program i s  primari ly an engineering 

rather than sc ient i f ic  undertaking. The mgnetic conta-inment fusion pro- 

g r m  has persisted t o  date even though major sc ien t i f i c  uncertainties have 

been present; the fusion program has also been i n  existence fo r  two decades 

without the need fo r  highly v is ib le  resource carmitments. i n  contrast, an 

SPS progrdl~ could require early large comnitments o f  funding i n  order to  

reduce technics1 uncertainties and to  i n i t i a t e  development o f  major hardware 

elements o f  the program. This suggests that the problems o f  m b i l  iz ing 

support f o r  the SPS program w i l l  be s ign i f icant ly  d i f ferent  from a l l  but the 

rest recent stages of the fusion program. 



Given that the SPS program implies dependence on a "no~;omrentional~ 

energy source and w i t  1 require camti tnent of major resources we1 1 i n  

advance of  demonstration o f  system feasib i l i ty ,  the ro le  o f  economic, 

technical, eav immnta l ,  a& legal / inst i tut ional  analyses i n  convincing 

relevant o f f i c i a l s  tu support the program i s  l i k e l y  t o  be c r i t i c a l  . These 

analyses are 1 ike ly  t o  be tfte focus of discussion and debate as the po l i -  

t i c a l  system makes and reviews decisions re la t i *  t o  the $45 program. Thus, 

supporting analyses w i l l  have t o  be given as much attention as engineering 

performance by SPS managers- 

Th-is analysis began by suggesting that  "the strategy o f  developing a 

long-term technology i s  one o f  tne most d i f f i c u l t  problems the government 

faces," lbthing said above diminishes that  d i f f i c u l t y  i n  the part icular 

case o f  the SPS program. But i t  also pciints out where the d i f f i c u l t y  l ies.  

Finding objectives with high social u t i l i t y  which can be achieved 
by a specif ic tiate using technologies ... which are based on exist ing 
knowledge, i s  not d i f f i c u l t .  What i s  d i f f i c u l t  i s  creating a base 
within the po l i t i ca l  system which makes i t  possible for the system's 
leaders, while they are considering whether o r  not t o  act, t o  deter- 
mine i f  they can obtain and keep the support necessary fo r  a given 
program t o  be accompl i shed. "3 

In the f i na l  analysis, then, SPS p rog ramt i c  planning involves r i sk -  

taking, bureaucratic ski1 I ,  and the a b i l i t y  t o  mobilize support--in other 

words, ef fect ive leadership. Without such direction, i t  w i i l  be extremely 

d i f f i c u l t  f o r  a program such as SPS t o  became rea l i t y .  
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8. THE INTERACTION OF SPS WITH GOVERNMfNT REGULATORY AGENCX ES 
AND N O R  DEPARTMENTS 

Goverment regulatory pol i cy  has become a pervasive influence i n  modern 

l i f e .  I n i t i a l l y ,  regulatory controls focused on the economic aspects o f  

private sector act iv i t ies.  I n  more recent years, regulatory influence has 

spread t o  protection o f  human heal t h  and safety and o f  the physical environ- 

ment. Thus, i t  should come as no surprise that the development o f  a techno- 

logical enterprise as large as the SPS program w i l l  involve meeting a wide 

variety o f  regulatory requirements which are enforced by a number o f  govern- 

ment agencies a t  the federal, state, local (and perhaps also international) 

levels. 

This section presents a prel  iminary schedule o f  interaction o f  SPS with 

government regulatory agencies and major departments. A mu1 ti tude o f  agencies 

and departments must be involved i n  an SPS program i f  SPS technology i s  to  be 

successful l y  developed and implemented. It i s  important t o  ident i fy these 

involvements and t o  properly schedule them i n  order to  prevent program delays 

i n  the future. Important areas of concern involve frequency a1 location, 

envi mnmental impacts and system regulation. These areas w i  11 involve the 

State Department, the Environmental Protection Agency, the Federal Comnunica- 

t ions Comnission and others. The involvement o f  these agencies and departments 

must begin quite soon i f  an ambitious SPS development schedule i s  to t e  

maintained. 

8.1 A Preliminary Schedule o f  Interactions -- Between SPS and I t s  Federal 
Environment 

Table 8.1 l i s t s  the major ways i n  which the SPS progrzm i s  l i k e l y  to  

interact with i t s  federal regulatory environment, bdsed on the SPS program 
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plan shown i n  f igure 8.1. The interactions with other, nonregulatory, 

federal agencies are a1 scr described b r i e f l y  . The SPS regulatory interaction 

i s  ti- phased according t o  the four phases o f  SPS program development as 

shown i n  Table 8.1. 

Table 8.1 does not l i s t  potential -interactions between the SPS program 

and state or  local regulatory agencies, even though such interactions are 

inevitable, par t icu lar ly  with respect tosuch areas as zoning and land use, 

Nor does the table discuss potential international regulatory interactions. 

A t  present, regulatory regimes a t  the international level are not well- 

developed i n  most sectors (frequency a1 1 ocation and perhaps orb i ta l  s lo t  

al location through the UARC being an exception); however, the SPS program 

i s  one o f  a ?up o f  technological developments that seem to  require 

regulation a t  tne international level ( f o r  example, i n  terms o f  global ef-  

fects o f  the microwave beam on the atmosphere) i n  order t o  function i n  the 

pub1 i c  interest. 

The SPS program also seems t o  present some new regulatory challenges 

which need to  be examined carefui l y  i f  the program moves past the systems 

def in i t ion and exploratory technology phase. Some insight in to  the nature 

o f  these challenges may be derived from the following questions: 

1. The SPS program poses ootential threats to human health and 
safety (and also to nonhuman l i f e )  on earth from operations 
which take place i n  outer space, beyond national boundaries. 
Who has regulatary iaesponsi t i  11 t y  fo r  ensuring that routine 
operations i n  cuter space do no harm on earth? 

2. Similarly, who i s  responsible fo r  protecting the troposphere, 
ionosphere or  stratosphere, par t icu lar ly  when the impacts o f  
ec t iv i t ies  carried out by one nation or i t s  cit izens af fect  
cit izens o f  other countries? 



Figure 8.1 Space Solar Power Projected Program Phasing (Source: I n i t i a l  Technical, 
Environmental and Economic Evaluation o f  Space Solar Power Cuncepts, 
Volume 11--Detailed Report, JSC 11568, NASA Lyndon 3. Johnson Space 
Center, Houston, Tsxas, August 31, 1976, p. X-2. 
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3. How are SPS program rnanagers t o  ant ic ipate and take account o f  
the requirements o f  new internat ional  regulatory agencies whjch 
may be i n  place before the system becomes operational? I s  opera- 
t i o n  o f  the system by comnercial en t i t i e s  o f  one nation l i k e l y  
t o  be possible under the f nternational pol i t i c a l  regulatory 
condi ti ons o f  the 1990s? 

4. Wlut regulatory requirements w i l l  apply t o  impacts on hwnans 
who are rou t t  nely functioning i n  space as operators o r  main- 
ta iners of an SPS system? For example, w i l l  occupational 
health and safety standards be established? N i l  1 requirements 
for equal employment opportunity apply? 

These questions are meant t o  be suggestive, not a l l - inc lus ive.  What 

they do imply i s  tha t  the task o f  bringing i n t o  existence a large-scale 

technological system w i t h  po ten t ia l l y  great benefits, but also w i th  poten- 

t i a l l y  widespread and/or s ign i f i can t  r i sks  and costs, w i l l  be increasingly 

d i f f i c u l t  i n  a world sensit ized t o  the need t o  guard against abuses against 

the "global comnons" o r  against indiv iduals o r  the physical environment, 

when costs are l i k e l y  t o  be incurred by others than those t o  whom the sys- 

tem provides benefits. 

I n  Table 8.1, interact ions are i den t i f i ed  a t  the point  they are most 

l i k e l y  t o  ac tua l ly  occur. This implies ant ic ipatory analyses t o  ensure that  

the program's a c t i v i t i e s  can meet regulatory requirements a t  the po in t  i n  

time they are applied. For example, the bio logical  impacts o f  the microwave 

beam should be iden t i f i ed  during the system development and exploratory tech- 

nology phase (as i s  planned), but the actual point  a t  which those impacts 

must not exceed allowable levels w i l l  not come u n t i l  l a t e  i n  ,he technology 

advancement phase, when the space subscale tes t  i s  conducled, o r  perhaps not  

even u n t i l  f u l l - sca le  operation begins l a t e r  i n  the program's development. 

I n  addi t ion t o  the interact ions cal led out i n  Table 8.1, the agency o r  

agencies w i th  primary management responsi b i  1 i t y  f o r  the SPS w i  11 have t o  



prepare preliminary and f i n a l  environmental impact statements f o r  the over- 

a l l  system and probably f o r  i t s  major elements (HLLV, rectennas, new launch 

sites, etc. ). Preparat.ion o f  these impact statements wf 11 be an on-going 

process, par t i cu la r l y  during the techno1 ogy advancement and system develop- 

ment phases. The impact statements w i l l  be reviewed by a wide range 3f  con- 

cerned agencies w i th in  the executive branch (as well  as by others outside 

goverrment), and thus w i  11 provide an occasion f o r  f nterar t ion betwen the 

SPS program and regulatory agencies. The Counci 1 on Environmental Qua1 i t y  , 

located i n  the Executive Of f ice  o f  the Presfdent, i s  responsible f o r  manag- 

ing the impact statement review process. 

Final ly ,  development o f  an SPS system, as ea r l i e r  portions o f  t h i s  

report indicate, w i  11 i n v ~ l v e  both national securi ty and foreign pol i c y  

considerations. International agreements on topics l i k e  frequency al loca- 

t i o n  and o rb i t a l  s l o t  a l locat ion w i l l  be required. The development phase; 

o f  the program should be cdrr ied out i n  the context o f  some understanding 

o f  the mix between internat ional  and national ownership and managemer:t 

responsi b i  1 i t y  f o r  operational SPS systems. These and other considerations 

suggest the need f o r  contiruing in teract ion through the phases o f  the pro- 

gram among the program's managers, the Department o f  State, the Department 

of Defense, and most 1 i ke l y  the National Security Council and the Of f ice  o f  

Science and Technology Pol i c y  in  the Executive O f f  i ce  o f  the President. 



APPENDIX A 

2x4 s u  P& to Cimtmcion, 
Bccognirinq the common interest of all mankind in furthering the 

e loration aad use of outer s ace for peaceful purposes, 
% d i n g  the Treaty on %hciples Goredsung the Activities of 

States in the EL loraion md Use of Oukr Space, including the 
Moan and Other 8 elestial Bodies, 

T&ng into c e l u i o r .  that, notwitbtan tbt preca?;tionarp ""s mesures to be taken bp States and internation b t eqove rzea t a l  
organizations bvolved in the launching of space objects, dama;s may 
on occasion be caused bp such objects, 

Reapiring the nee:! to elaborate edective international d e s  snd 
procedures conce r iq  litrbilitr for damnge caused bv space objects 
and to ensure, in parti:~lu, the prompt pawent under the t e r m  sf 
this Convention of e full and equitebie measure of cornpernation to 
victims of such d a n q e ,  

Beliming that the estabiishment of such r~les and pror iures d 
contribute to the strengthening of intamationd cooperat 1 in the 
field of the exploraticin and use of o-.'er space for peaceful purpose;, 

Eave weed on the f o l l o ~ ~ :  

For the purposes .! +his Convention: 
(a )  The term "dnmqe" means loss oi life, personal injtlr~-or other 

impailnent of health; or loss or damage to Fropert? of atate. or 
of persons, natural or juridical, or ?ropCrty of ~ntemario~s: bter-  
gorprnrnentai c~rmizations ; 

(J )  The term "launching" in.:iudes attempted Iaunchkg; 
(el The term "launching S i~ td"  mesos: 

(2') -1 State ahicb launcLes or procures the 1ssch.hp 1 . :  a space 
object; 

(iz') .A State from whose territory or iaci'tity a ;pact. object is 
launched; . 

i!) The term "space object" inclirdes component parts of a space 
object as well as its lamch vehicle and parts thereof. 

h launc'hinz State shaU be absolutely liable to pay compensation lor 
darnape caq:~ea by re space object on the surface oi the earth or to 
aircraft in Sight. 
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ORIGINAL PAGE IS 
OP Pooa QUdLPrY 

In the e m t .  of damage being caused elvrrhee-than on the surface 
of the tuth  to a qmcz object of ont launching State or to pmas or 

r on board such a ce object b~ a space ob'cct of motbu En% su tc .  the 1*uo'321 bc l i t  only il tk A wage is due . 10 i ~ s  fault or the fidt of persons f,- whom it is respoasib1c. 

1- In h e r e n t  ofdumge?~~&npitdu'=e~~htn tbrnonthe surface 
at t h f e a r ~ t a t ~ e c o b j e c t o f  cw la;l11&*,Stateol.ta pmopror 

rP" y on board such a spux object OF a spsa object d uicther 
aunchiq State, and of damage thereb~ being auuxd tc r *Ad State 

or to its natural or juridical ,sons, tbe first two States drd be v 
en? rrerlly iiabk to tLe State, to the re-t ;ndierted J th; 
f*; 

r* 
io? If-tbe daaqr- h d  been caused to tEe *third State on the surface 

oi she CYtb or to .?rc;rf: E: fiigbt, t!!& Eebility to the third S'au 
s!!d be absolute; 

(t) If the darnege has ben ~ u s c d  to a space ob'ect of tbe third Sate b o: to p e r m  or praprty or boa+ that space o j e t  elseahere than 
on the mrface of the earth, Z~eir iiabi;ity tn the f iGd Sutt MI be 
brvd on the fault of either of h e  k t  txo Stlltes or m tbe f d t  of 
pemtms for Fhanr eit5er is responsible. 
2. f,? dl ca e al -Gzit and severd !iabili:y referred to in paragraph 

i. h e  boden of c-arnp~srtio~ for the damav shd! be appo:.,aoned 
between the first t so  Stttes in acc.~;dance mth the extent to which 
they rere at feu!t; if &e extent of the ?au!t of erth of tbese Sta4a 
cannot be ~fab3sited. the burden of cor.lunsa5on she!! be apportioned 
eqaif?- beseen e e a .  Sue6 rpportiorssent shall be mthout 
to t!!e ri=ht of the third State to seek :he e n h  compensation PUdice ue under 
this Conveati~n from act. or a:! of the launching States which a12  
jobt!r and s e r d ~  liable. 

Art& P 

1. Whencrer two or more States joi2t!y Iaunch a space object, the? 
shall be jaintlv sad =creraUr iisbi-. fo: any damage caused. 

2. A laucchng Sts* which hac paid corn nsatio~ for damage 
shzlt hare the right to reseat a clam Zor in e n ~ i f i i a 5 0 ~  to c r h ~ r  I' F 
pznicipants in the join! aunching. The participanrs in c job: 1auoct:- 
xl;g my- co~cfude aFeements recnrding the c?poitionkg amonc 
:hern+e!re of the financial obiipntion in respect af a+i& they are 
!oint;y end se:-c-rd!\- iiab're. Sgch qreenent:: shall bc - ;;?.our pi-ei- 
tidlcc to the righ; of a Stste sustainin? damage to seek the entirt 
c~mpcnsation due under this ?onren:ion from an? or d l  oi the launch- 
iup St%:& which *re jointly md several;y liable. 

3. 1 State iron? ~rbo;; territor:; or iacility a space obje2t is launched 
shali k repzrde.1 L= a p~tlrticipnt in 3 joint '*i;nchiop. 

. . 
? j . .;I? pro-.~=ior.: of parogrnph 2. exoaeranoa fron: 

rl-o;utr liitriir:. 5hd; 5: =ranted to the esten: th;: n inuncking 
Sittte e;i:l!ishei that tba d--oqe has re<-:lied ei:her wholly or 



putially from press -igencc or from an sct or &ion done a i r &  
tntent to cad damage on the p;u= of a claimant Stace or of orturd 
oc juridical pemns it re mats .  
2. Yo emuemtion d a u t e r  &all be granted in c- den the 

d u p v  hm resuited Crorn rctirities cducted by a !+unehiq S u b  
4m& am not in cooformiq with kmmtiond Ian induding. IU p u -  
t@hr, the C h m r  d rho Gaited Yatioas sad the Tnatp oa R~R- 
P f-evorn.iq t4e Activities of Stat* in the Exploration pnd Cse 

h r  a 3pce, trrduding the 3100.3 d Other Celestial B o b .  

The provisions of thb Cmvention &dl not r~ply to demage caused 
by a 33ace objecc of r lsunctrin State to: 

(a) SsdOOJ, d &st l.*CLl Sum; 
!.b) Forcirjn mti+ during such time u t!!v are prxicipackg 

in h opemum d t b c  space object from the h e  d its 
l u u r c w  or at auy s c q e  ttrtredttr uad iu descent, or 
ciuskg such time cr, rhey ha ia the immedbte ricig ol s 
planrlrl t.uacbiag or m4q &*a a3 &e d t  of ur in- 
vitation b_r that !aunc%q Stare. 

I.  A 2tate which s d e e n  dam-, or whose nata-d or ~uridicli 
perroas iuiier &mage, ma? present to a Iwncbi~g Stare r clsim for 
c o m p e ~ t i o a  far such dam . 

1. If the Stam of nstioa 2f cy hu not presented a ctsim. anorher 
Scam may, in rspect of dam* 3wtained in iu tcrrito.ry by any 
a a t * d  or juridical persoa, present a dsim to s !aurrchiq atace. 

3. If neither the State ol nat~onsiicy 30; the Scate h whost :errirory 
ibt d a m q e  wa* atstabed has presented a claim or rrocSed iu ic- 
:eacioa of resenting s claim, mother State m ~ ,  in mpect 01 d w q r  
sustained >- iu prmsaeot rsidccu. preienc r d h  to 8 isunching 
Scare. 

g 
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d claim for compcajation for dsmsg5 Aail be ?resented a a !auoci- 
ing State thr~ugh dipiomatic cbenne!s. If a Stace d o e  not asi=:sin 
tiiplomscic reir:loaj wi:h the launrbin~ Scare coccemed, it ms_v reql.le,; 
anocher 3t3:e :O 3 : ~ 3 :  it+ c ! 2 h  :a t33t I;rmc!fig State at ochewLie 
re?resenc its iate-u wder r h k  Canteacioq I t  mav akc ?reser,- irs 
ciaiza :bough rhe 2ecre:iq--Getled :he C oited S~tions. amriaea 
-..a A, ciiinanr %ate and the ia*~ncSinp State are ootfi 3lembes oi :5t 
C3iced Sstioas. 

drticie X 
1. A c !ab  for cornpeajction i ~ r  dsrcae may be presented to s 

!aucchi?g State rot later :hsn oat tear fol1owivi;l-g the dd+:s at' :he oc- 
cwence  oi the damage or che idenci&cscion of the !sunckicg 5cn:e 
which iq Iiabie. 

3. XI. &on-ever. a Fcace doe; 30: kzow of :hs obcxrt?r,cp oi :he d a m  
a p  or hdb aot been a b l ~  to iderrtily the Iaanc5irip S!xe ~ i i c ? .  is iiabic.. 
it na:: ?rsent ;r $!~irn .n:hiz one rent foi!~wicg ;he Js:e . on . ~ k i c h  i: 
! ~ 9 ~ 3 e ?  OI :ne atoreneationed : ' ~ c t j :  hoverer. :his s?::oc st;t;l i3 
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no evtat exceed me Fear ton* the date on rhith the Sute 
could rusonr51y be expected to h a w  bun4 of the futs through the 
uercise of the due diligence. 

3. The time-limits "ed in paragraphs 1 a d  2 &dl a ply even 
if tbe f f i  enmr oi X- l drmqt m y  not be h o r n  in L event, 
ho=ever, the elahant SLItC ShrU be catitld to =vise ?he dlim and 
submic additional documentation nfta the cxpimtioz of such time- 
limits until one year after tbc full eneat of the d.m.s, is Lnore 

1. h n t a r i o n  of a elrim b r launching Sate  for c o ~ t i o o  for 
dam*? under this Convention shdi not require *e prior cxhaustioa 
of an? Ad remedies =hi& ma? k rdrbie to 8 ckmuit S m e  or to 
natural or juridical p r soc~  it represents. 

2. Sothing in this Coc~eation shall prevent r Sate, or n a d  or 
jurklicrl it +t rtpremx, fnw!- pursuing r JlSm in the 
courts or ~ t ~ 1 ~ e  ~5bunrls or ageaaes of a ismding Sute. J 
Sute s h d  wt. borcrrr, be en$tftd to prtwnt 8 c h h  and= ii.5~ 
C6svmtka in iespect of the same damage for rfuch a d.in is being 
umd i3 the courts or adminismtive tdvmsls or ngencies of a 

Lunching state or under . n o k  intern.tion.i qreemmt is 
biding cn h e  States concenred. 

The cornpensac n =hi& the Izcnching State &a?! be liable to pay 
for d a m q c  under +& Con~enzion shdl 'be determiutd ia sccordmce 
aitt inte-qarional Isw snd h e  principles of 'ust ie  and quit:: in order 
to proride such repustion in respec: of d t  d-age u -1 restore 
the person. n s d  or juridical. S x t e  O i  h tcnut iond o ~ t i o n  on 
ah= khdf the Jaim is prtsented to -he cc?n&ion w5cn =odd have 
e\kted if the Gasage h d  nor occumd. 

t- ~ n ! e s s  the c?.aizi-at Zirtte and the S rz9  from which cornwmtioa 
i; duo mder this Convenzi~n ~ g e  on mother i o m  oi compexs,ca_:ion. 
tbe com~nsat ion shd: 3: p ~ d  in the c.mncy of the c l k u t  3czt.e 
or. if ha: O:se so reqas:s, in the currency oi :he Stlie from a t i c i  
compi?nsariot. s dat. xir' 

If no sec5erneslt of a d3im is %*red st through dipiornatk neptin- 
tims os prorided for in .srkle IIZ. aitLin one ?-ear frcrc tLe date on 
ri.i:;h the c!airn.mt S a t e  no:Ss the !n.zrrcbg h i e  &at it h s  su'b 
ruitied the docxsec:a:ion ci i s  ciaam, the parties concern4 Bsll 
cj:ooiid~ a C f k s  Csmmission ar the q u n s  of ei*&rr PC.:--. 

:. Tiie Cab Canraission shdl 'be composed of thee members: 
one a?-x.i-,:ed by t:?e cftimsnt Sute.  one appointei5 by the laucching 
State mc! :he t!Srt member. the Cha izzz .  to 'oe chosen by bo:h 
parties joint;?. Each par:? shall make its appoininea: e th ic  rao 
months of :he req-as: for the estab:ist,~~ent oi tae C!aima Comaissio~. 



2 If .~mment is rr,c$ed on the choice of the C h h m  within 
f ~ - - r h s  bf the request ioc the c s w b ~ e n t  d the C l s b  Com- 
mrsplcM, aie pqi map u& the Smmtuy-GeaeraI of the 

rrPhurmm withi.. further period oi Owed Saaorrs to appknc h e  
ho m o n k  

&t ide  mr 
1. If o w  d b e  puties d m  cot mairt its sppoiotment r;;hin the 

rtipulrted period. &t ~ ~ . n  shail. at the q u e s r  oi the other parq, 
clorwitute a siagtc-menrk Cllriau k m i s s i o h  

2 Any racsncr which may o h  in the C t h  Cammkioa lor 
rhrterer mmm shall be mtd by the w e  pmcedure adopted for the 
*dap tment 

3.  be Commission w &carnine irr o m  p m ~ u r r .  
4. Ths Ct.ims Comtnksion shall determine the place or pisees 

rhtrc ii  &dl sit d 311 o t k  &*-duaats matters. 
3. b p t  in the c s e  of d:&c,-s .lad swsmis by a ~ t -0 :ember  

Cwnmijsoo. .U decisions md awarg ,: -ha Claims Comoussion shaU 
be sajociq rota. 

&ti& XVII 

Xo incresa in the -3cmbcrsbip of the G m s  Commtiioa shall take 
lace by ,-esjon of two or =ore ciainsat Stsce or :smching Starcs &tnq join& in any m e  rvceeding before rhr Commission. Tbe 

*mt jutes so lokid s t a ~  co~ec t idr  a wia~ one member of 
the C o M o o  i3. the ume MIYC~ m d D d s u ! ~  to &e sac coa- 
dirioas ss would be h e  ease for s =%;:e clr;n?nni 3tate. When m o  or 
more Lwnchhg Ecatts %re w joined, they s h d  coilecarely sppoinc 
om mecljer of the Commisioa in the s e e  way. L' rbe ci.lmnnt 
Stam or tbt lsurrciikq States do zoc mske the 3ppinirnent =it& 
che - sripdaced perid, the Ch3iman &dl cowtituc~ 1 ~ i q i ~ r r n b e r  

' h e  Claims Coa?nij,fion ;hall decide :he rnrrits oi the c!& for 
compcs~~tioo sad aettm~ne the amount o- can?pensa::oa p~yzbie,. 
ii any. 

*icb 4'ir.X 

1. The Commisioa ohd scc in 1ccot0;lnce  aid^ :Lo _jtoeioas oi  
L-tk!e XI. 

3,. The decision of the Cornmksion shd! be h a l  md 5inGrg 2 :le 
?arties hare jo 3&; othee-e  tne C ommission jhaii renccr r .he' 
mad .wmrtlendstorp J W ~ ! .  which the parties shall considcr ia p d c  
kith. ' I3e C o ~ i o n  shail stat2 .ne i e ~ o a + f o r  tu decision or swwd. 

3. The Commkion jhiril gice its decisioa or awara s p i o s p c l ~  as 
possible and not ia:er t5ia one yesr from :he date of its ej;abiisnrze~c 
u n i a  an ex:ension oi rbis r i d  is found n e c e s s a ~  by :he Corcmision. 
4. 'I3e Comn?ission sha I== 1 make its Cecisioa or swsrd public. I: zbsIl 

delirer a cerciiied copv oi i s  decisioa or award to each oi the pr t i e s  
and to the Secretary-General ot :be C'niced 5 cltioas. 

T I e  eqtnses  h :egrrrd :o :5e Claims ComnGsion ihlI 5e b o c t  
q u d y  by ' i e  parties, :Less ot;lsrxiie Ceciued bv :Le Coamksion. 
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Arlicic XXI 
If the drmnge caused h~ a space obju: pnotnu r largt-lcje draaze 

to human lift or seriously intufues rith tbe bring conditions of the 
popularion or tbe func-f of 6td ccnucs, thc Ststts Parties. urd in 
psniculu the Iaunhirrg S u u ,  shall cx&e the b i i ~  of render- 
mg rpproprirtt and rapd d u n c e  to the State r r? eh has sufiered the 
damnge, when it so usts. However, ncthing in this article &dl 
rffu: the rights or o ligations of tbe Ststcr PrrJes under this 
Colr~tntiao. 

Y 
Atlidc XXII 

1. In *-bij Coovention. 6th the accp5cm of utklcz XSK to 
XSI'II. rcfcre~ccj to S-KS 3h.U be deemed rc! apply to m~ inter- 
notiend mterporeirmmul orgrnirstian rhich emdues space 
rctirities if ife orgsniu,tioo declares its acccpuaie of tbc ri-ghts and 
ob!ig8iions mridcd for in ~f h r m t i m  m d  if a e&jorit~ of the 
br\tcs m e m L  o! tb. o ~ i u r i m  art S-5 F v i i a  u, this bnrclr- 
tinn a d  to tbe Tres:~ oa 

Pm"p" &TC-&Q the dcri6tifS of 
h t e s  m the Expiorrticm utd Gse o Outer Spree. including the Moon 
and o tnu  Ceieszid Bodies. 

2. States rnem'bers of any sucn olpanization which an Stat% Par,ie= 
to this Convention shal! tdit dl appropriate steps to encure &E: the 
o.yanizeijon makes e &cia-atios in atcodzxe  r i th  tile pttceciiq 
pa-pt.. 

3. Lf an interna5onal i ~ t e r p t e ~ n r n r n u !  orgarrlozion is liable for 
darcage by rirrue of *he promsions of this Gnrcntion, tha: orgmi- 
z3tion snd those of its members which are 9at.e~ Pc3s to &c 
Conrention shui be joinrl~ =d sere.-sliy liable; prcrided. howe~rr. 
h a t :  

(a) -4nr ciakn for compensa5on in respec: of sach damqr shall 
i~ L--. 3. presented ;a the organiurjol: 

(5.) On]? where the org1-5zatioc hns no: p i t .  UI*& a period of 
six months. eny sum agree6 or d e t e , z r d  LQ bc due as com- 
pensation fo: su& dm-, may the claimant hate inroke 
the iiabilit?. of the mem. -3 nhl& are Stam Farties 10 LLS 
Gcven5on for the ps,me=lt oi that sum. 

4. Any claim. parsuant to UIC prorisions of Cia Coatexion fo: 
c o m ~ i a ~ o n  in r c s F t  of d t ~ ~ a g ~  cs-sec re ac o r r = n i a t i ~ n  u i~ ick  
is=- made a deciarcl:~on ir. accardance \z:h pawr;gt : oi ~ . : -  P T L A ; , ~  
='!1~1: be prese3;d by a Staw member of the orgsnu::io~ \ ~ i ! c h  1- a 
::%re Part>- te h t ) l l s  Conrention. 

i .  The prorisions a: rhis Concention shall no: &st 0th.:: inter- 
n ~ t i o n l l  V r n e n t s  in force insofar as relations between the Slakes 
Ps:~e. :<I cuc'h F-ceements are co~cerncd. 
2. S o  9ro~sicm of this Convention s t . d  prevent E*~:ez f rca  con- 

viiiding ir rernnrioanl agi-e.-ruents i.t&rming, s.,~pplcrnc~:icg or eztezd- 

.. - 
1. Thic Cocven~ior. i k s l i  be clper. to 31: : t:e< icr sirr;s:::i$ -i::- 

State vhici does not 2i1gn thi: Convmt~or b i o r e  1;s c:,t? iatc force 



in sceord&ct 6 t h  p a i i z p h  3 of tbL sn ide  ma7 accede to it at 
my time. 

2. Rb Conreatioa shall be subject to mt%c*rioa by seatow 
Iristrumenu of mcifieatim sod inmmeau of .cccsjioa ihah 

be aepsitcd nith the &vemmeats of the C'aited EGngdorn of Great 
Briuur and S o d e m  Ireland. the Cnim d Soviet Z+ci.ii: Re- 
p u b ,  rad the Cnited States of Imcrics. which am hcreb_v desipared 
c& De i t q  Goremmcau. 

3. Cwrencion shall enter into I- m the deposit d the 
6fth instmueat oi tatiiicstioo. 

-1011 3s 4. For Su:- rhosa instruments d ntificstiort or seccj-' 
depusited ju sst to the encry into f h  of this Coarentkt, ic 
rhail enter into 9 o m  o t  the date of the deMt of their instrumau 
d rstScati00 or sccesioa. 

5. Thc D t W q  Gorcrnments s h d  promgtl?- inform dl s@atnry 
and amding States of the date of esch = i p t u r e .  che data of dewis  
ol wfr insuu~ent d ratificscioa of sod ~C:A<OCL to rhb Convention, 
tb Gate d iu cavy irrm force and ocher notices. 

6. Thb Coarenaoa j.hdl be reqbtered Sy the I)cpwitaw Govern- 
ments pursuaac to M c : t  L02 oi uu Chsrtet of the Uaikd yacaoos. 

An: Scam Pur). .a rhir Cou~entiorr sa: p r o p  arnesdmenrs :a 
this Coareacioe Amcn&eacs ahdl ester inw .owe for each Shte 
P q  KO the Con.;eauoa sccep-w rhe amendmeats zpoa &it ;rc- 
ctptancs by r majority of h e  atare Putits to the Caareauoa ind 
thereskk for each m r i 3 i n g  State Party to the Cacvmtioa on :ha - 
date oi xceptaace by it. 

Af&& d?-WI 

Ten yesrs dter &e carry inw force of :his Coaventioa. the question 
oi the re: .tr of thh Convention s h d  be iaciuded in -t p v i s i c n d  
spcdn of the =red S%?ioas Geced .hembiy in order :o cohidcr. 
in tbe !igiat oi past appiii~tioa of the Cmveotior. whether it reqt;:re- 
revisioa. Elorever, as any time liter the Coareation h b ~  been k iorcre 
for rive years. asrd at the request of onc-ikd af the State ?sr:ies :o 
the Convention, sod with the concurrence of che rndjoricy of 5 e  Sca t s  
Pwue. s cocference oi h e  Swtm Parries h61 Sc conrececi :o rsktew 
ti% Convention. 

-*? .EWIi 
State Par::; to :his Conocntion nay  $re zocice oi + *ti- 

d a w d  from :he Conrecltioa oce yoat after t : ~  cot? into towe ~y 
wir tsn notriicztion to :he Depolitsy GOFPG. c.at3.3uci; r i t h a r i ~ d  
jhdi take eflec: one yew from tbc Jste of receipt of thk not6c;rtioa. 

TZlis Coaranrion. of ;~.hicS the Eng!kh, R~ss idn.  French. Z?;lr.~=h 
~ n d  C1iu?.be texts nr? t q u a ~ ! ~  ~ut'nenric. ?hall be J*?o=ttzc :n ::ie 
~ r c k i r ~  oi :he De?mits>- coternrrc3u. Duiy cer* lEd co?.ti :+i 
chri Cl;nrc.-.:ion : ' ; r ~ t i  DZ :r:n.sm:t:eti Sj* :he D p p o ~ ~ ; ~ ; v  Gor~tz?~ez:-  
tu :he Gover~rn~n:i oi  -he -1g~;r:~r:: ~ n a  rccedlcg 5~~:s. 



IS WTh'ES5 WEREOF the undersigned, d u l ~  authorized. have 
signed this Contention. 
DOSE in at the cities of London, h3oscor and Kssh- 

W n ,  the ,-* day of one t h o 4  nine hundred 
--• 



[on the rQai€ of tile First cornmitt-ea (&t9812)] - - 
3 2 3 5 . m .  c&& 8epirbotion of Wats Zamdud h t a  

Out# S_wr 
.+M+, -Z 

R c o f i i n g  .the importance -ot internatio~d co+pera:ion in the 
field ot the c;rpToratioa and pewefd axes ot outer Jpac?, inc.u 9 the 3fmn and other cdcstis W e ,  MC' of p r o m o t q  the rule o 
law in this new field of Sumen endeamur, 

Dcsirinq, in h e  light ot the Tnscy oa Phciples Governing the 
Activities of States in the ~ l o m c o n  sad cse of Outer Space. 
includhw the Moon and Othet Ceiesrig Bodies,' h e  Agreement 
on t&e:Rescue of Astronauts, the Rewm ot Jsuonatt3 md :he 
Return of abjeczs Launched into Outar Spate l and the Convention 
on International Liability for C a m q  C i u ~ ~ c d  by Space Ob'ecs,' b to make ?corisioa lor rqkuatioa bp l a u c h g  Stares or space o jecz  

g > t a t 6  bunched &to outer space with a mew, infer alio, to reading ' 
with additioad meam and procedures to assist in E e identificnticn 
of space objects, 

- 
3-ng in mind its resolution 3 152 (SSFLm. of 13 December 1973, 

in ahicj. it request= the Committee on :Be'Pef.ceiul Cies of Outer 
Space to coasider-.&s a matter oi priority the-con?pietion of the :est 
ot the drdt Convendon on Registration. cri:-Qbjec~ Launched into 
Oucer Space. 

- 

ga~"8 c m s i k c d  t3e report of ~ize Committee J r  :he ?escei.~I 
Gse oi uter Space.' - .  

..%tin9 with aat&~ac:ion :hst i'3e Coazcittet on the T ~ a c e i u i  Cws 
oi Oucer Space snd its Legd dub-Conmitt?e Elte com~ieted :he tax: 
of the &3it Conrendon on Regis::s:ioo of Objecu Launched into 
Outer Space, 

1. Cornmmds the Convencim oa Regis~ation of Objec:, Lamc3eti 
into Cuter Space, the text oi which is snne~ed.;~ :he present resolu- 
tion; - 
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2. RW- the Secreq-Generai to open the Conrention for 
signature md ratifr;a:ion a t  the earliest possible date; 

3. Ezpraw its hope for tbe widest possible sdhtrtnce to this 
Conren tion. 

12280th &&tin; 12 %ov&ber 107 4) 

.\-i hu 
Conantion em m i o n  Oj @jcds L t t n W  inlo &er Spou 
lne Sma P& to ihir caaiuriiiorr. 
&cognizing the ammon  humst of dl m+bnd in furthuing the 

e. loration and use d outer spaet foe p c d u l  pmmes,  ding that the Trearr on Plincxpla Gormkig the kirities 
of States in the Exploration and Ese of h t e r  Space, inctudiqg the 
Moon and Otber Celestial Bodies of 27 Janunq 196r a h  that Sum 
shall bear international responsibilit?. for their national acivi5s k 
outer space md refem to the Sute on whost regksq ur object launched 
into ot~cer space is canicd, 

Reeding a h  that the iSgreement on the Rescue of Astronauts, 
the Return of Astronauts and the Return of Objects Launched into 
Outer Space of 22 196s pro6des that a launching authority 
-&ail, u p n  request. furnish identifying data prior to the return of a3 
object it has launched into outer space found be~ond  the territorial 
limiu of *he hunching authority, 

R ~ d i n g  j& thrr the Con~endon on ~ntckational Liabil i~ for 
D n r n ~ e  Ceuscd br Space Objects of 29 Jiarch 1972 establishes in- 
ternouond rules and procedures concemhg the liabiilit~ of launching 
States for dnmage caused by their space &!mu, 

D&q, in the light of the Treaty on Princiyles Governing the 
Actirities of Stntts m the Ex loration and Use of Outer Space, io- 
cludiap the Moon and Other hestid Bodies, to make provision for 
the natiad registration by l a u n c h q  Statcs of space objects launched 
into outer space, 

Desiring ftvthtr that a central register of objects launched into 
outer -pace be established and maintained, on a mandatoq* busis, 
by the secretaq-General of the Cnited Xcitioos, 

Dcsiring abo to protride for States Panies additional mesrrc c.J 
procedures to as=isr in the identification of space objects. 

Ecilecing that a mandatory spsem of rw te r inp  objects launched 
into outer space would, it particular, assist m their identiiicadon and 
would contribute to the application and derdopment of inte=ationaI 
law governins the explorauon and use of outrr space, 

Hacc a p e d  on the fclloffing: 

For the purpoces of thi, Convention: 
(a) Tile term "1aunch;ng State" means: ' 

ti) A hate which launches or nroccres the Iaucching of a space 
ObJect : 

(iil -4 State from ~ h c h e  territory or fucility a space objec: is 
lal.-tchd : 

~ b l  Irle term "space obj~c:" i~icludrs -ompocen; p&r:s oi a ,pace 
ob~+ct as re11 as its iscnch t-e!icle and parts 'lereof; 



(el The ttrm "Stnte of r+.wn-" means a launching State on whose 
rrgvtq a space object is carried in accordance 6 t h  article 11. 

1. When a s p c r  object is launched into e+h orbit or beyond, the 
I u c h i a g  State shdl register rhe space abjict by meam of an entry 
in an ap ropriate +cry which it shall maintah. Each launching 
State sh& inform the S tcr t tq-Gencnl  of the United Sadom of the 
establkihrnent of such a registry. 

3. Where there are tao or more launching States in respect oi any 
such space ob'tct, they shall jointly determrae which one of them 

the object in accordance 6 t h  amp: tph 1 of this article. 
in mind the provisions of article & of the Treaty on Prin- 
w&q the Acdricies ot Strco, ia the E.rpIoration a d  Cse 

of Outer Spar.;. including the )loon ant& Other Celestial Bodies, sad 
without rejudice w appmpriaut q r u m e n u  concluded or to be 
concludtc! ammq the launching States on jurisdiction and control 
oret  che space object and orer m y  persoanei thareol. 

3. The contents of each resistry and the condi5ons under which it is 
maiataiaed shall be determined bp the State of registry cooeqrncd. 

1. The k n t q - G e n e d  of the Gnited Sations s h d  maintain a 
Rqister in which the idonnation furnished in accordance with 
nrucle Ik shdl be recorded. 

2. There ,hall be full and open acce~s to the information h thiv 
Register. 

.Wi& IV 

1. Each State of registry shall turaish to the Sccretq-General 
oi the E t e d  Yatioas, as joon a practicable. the foUotPing :niorna- 
tion coacening each space object cmieci an iu registry: 

(a) Xuns ot Inuncbg State or States; 
(b)  &x appropriate deignator of the =pace object or its reg5str3cion 

number ; 
(cj Date md territog ~r location of launch; 
(4 Bnsic orbital parameters, inc111ding: 

(i) Xodal period, 
!ii) Inclination, 
Ciii) Apogee. 
(iv) Penget; 

Ie) Genersl funccion of the space object. 
2. Each State of regirt-rp mar, from time to time. provide the 

Secretary-General of the Cnited ?;atiow ~ t h  rdriitionsi lnformacion 
concerning a space object camed on iu registry. 

3. Each State of re;Tijtry shall notify the Secretq-General oi 
the t'aited Yacions, to :he greatest extent fesibie and joon 6s 
practicabie. of space objects c~ncerning which ir has pre\:oi~=ir 
transmitted iniomarion. 2nd which have been but no i0ng.r Jre  in 
earth orbit. 

ORIGINAL PA\.; k; 1.- 
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AttiJcv 

Whenerer a space object launched into earth orbit or beyond is 
marked with the designator or registration number r e f m d  to in 
article IV, par rph 1 (b),  or both, .the Strts of registq shall notify 
the ~ a v e t a . r p h e r a l  of this fact when submitting the information 
regarding the space object in accordrnce with article N. In such 
case, the Secretq-General of the Cnited Xations shall record his 
notification in the Register. 

drtidr V I  

Khere the application of the protisiaars -of this Convention has 
not enabled r Stare Party to iden* a space object nbich has caused 

to it *or to u p  of its n b d  or juridical. persons, or which 
of a hurrdm or d d e k o b  nature, other States Parties, 
in puticolu States pwscssiry space monitoring and t&- 

ing faciiities, shall rtspond to the greatest c x w l t  feasible to a rques t  
by that Sue. P-, or tnursmised thto ufb -sseensnl 
or? i-s behalf, for sssiswct nnd& tquitab e and reasons le condi- 
tions in the identification of the object. A State Party makng such 
a request sh.11, to tht p a t e s t  extent feasible, submit information 
as to the time. nature and circt~mstances of the even% gi+q rise to 
the request. Jnangcments under which such assis*ace shall be ren- 
dered shall be the sub;ect of agreement between the parties concerned. 

1. Ic this Conrcnticn, with the exsep&n-of artids TIII to XI1 
inciusire, references to States shall ba deemed to apply to snp inter- 
nsuond intergorernmental organization which conaucts space acti+ 
ties if the oqmizstion declares its acceptance of the iights and obiiga- 
tions provided for in this Convention and if 4 zccrjorit~ of the States 
members ~f the organization are States Paities to thb Convention 
nnd to the Treaty on Principles Governing the Activities of States 
in :he Ex-Jor~fon and Gse of Outer Space, inciuding the Moo3 md 
Other Celestial Bodes. 

2. States members oi sue5 organization which are States 
Parties to this Coctention shd1 :okc all nppropiinte steps to ecsxre 
that e orga~k3Sou makes .a deciaradon E?. accordance with para- 
gmpl. & of chis m i d e .  

. .. Art& t-III 

'1. This Con~ention shall ba open for sisncture 5:- di States at 
United Ssrions Headquarters in S e a  Tor!k.Ano State which does 
not sign this Convention before its earn into force in accordance 
+th p s m ~ a p h  3 of this article mar accede to it at  any time. 

2. This Conrention shall be subject to ratification by sip at or;^ 
States. Instruments of ra-Scation cnd instruments oi accession snvl 
be de itcd e t h  the .%retap--Genersl of the Vnited Ssions.  

3. .F" his Conve=:ion shsil enter into forcz among the Slates rhich 
have deposited inc:;..~rnents tf ratification on the a e  osi: of the Uth 
such ics:rurnc.t mjth ih* Secretary-Gcaeral of the t x i t z d  Xarions. 
4. For States wnoce instrumenrs c?f ratscation or accession are 

deposited subsequent to the en tT into iorce of ths Convention, it 



shall enter into force on the Jnte at  the deposit of their instruments 
of m c ~ c a t i o n  or accession. 

5. The Sccretcq-General shall romptly inform -all signatory and 
acceding States of the date of eac E signature, the date'of deposit of 
each instrument of ratification of and accession to this Canvention, 
the date of its entag into fo?e and othtr noticm. 

rlnv State Parp to thiZ Conrentio~ ma? pro amendments to 
the Convention. h e n d m t n t s  shall enter into P" orce for each Stab 
Party to the Conveation accepting tbt amendments u 
ance by a majority of the S t a t e  Parties to .the f? nvention heir .ecept- and 
thereafter for each-remainkg State Party to the Convention on the 
date of acc~ptance by it. 

"- - &:id# X 
Tan yeus  Gter the entiy into force of this Convention, b e  question 

of the reTiew of the 'Convention shall be included in the provisional 
qenda of the t'nited Sstioos General h m b l y  in order to consider, 
in the light of past application of the Convention, whether it requires 
revision- However. at u y  time after the Convention has been in force 
for five pears, a t  the request of one thlid of the 98% Parties to the 
Convention sad with the toricurrence of the ma~orizy oi the States 
Psrties, a conference of the Surtej Parties shall be convehed to review 
this Convestion. Such review shdl take irm account in particular any 
relevaat technological developments, including those relating to the 
identiscation of space objects. 

;in? State Psrtv to this Convention may @re notice of its with- 
drawal from-the Convention one :-ear after rts encrv into force by 
written noti6cation to the Secretary-General of the cnited Xaticns. 
Such orit)ldmwal shall take eftect one pear f ~ m  the date of receipt of 
:his notificarion. 

-Wide XII 
The ori ' RI of this Convention, of wgch the Arabic, Chin,.sse, 

Enniiri, g n c h .  Russian and Spanish texts are. equally aulhenric. 
shdl be deposited with thekretary-Generd of tne Cnisd Sations, 
who sh3U send cerwaed copies thereof to sU signatory acd acceckiy 
States. 

IS KIT-\"ESS THEREOF the *xidesigned, being dujy authorized 
thereto by their respective Gorernrnents, hrrve signed this C o ~ r e n -  
tion, opened for signature st Sew York on . . . 



APPENDIX C 

T=TT OX PRXXCXPLES GOVEBXSG TXE -1mnnw or STATES LV 
raa E x p m ~ n o s  AXD or OUTER SPACE, I s c t u ~ x ~ a  TEE 
3400s AXD OTETER CELESTIAL BODIES 

TXXT AVALYSIS or TREATY 
Tfu Stroas P s r h  W this Thc treatpas statement of polic? 

T h a ~ ,  ud pml)we is sirnest ident~cni in 
f1fs~bvthegrestpr05pects  w d  ' totb . t iu  theDtdarn- 

opening up before mankind ns a tion of %I R;o&~la Gorcraiag 
result of man's tntrF into outer dctirities of States In the Ex; :om- 

tion and t'se of Outer Space, 
Beco- the common in- Uxuted Sations resolution 1962 

tucst uf all xnambd in the pro- f.SI'III' which pmsed thl General 
ga d r b  erploncion and uw b m b i 7  unrnimouily on ~ m m -  
of outer lpr ce for peaceful put- ber 13, 1963. This resolution 
I"'=. represented the evolution of think- 

Belierin that the e. loration ing and negotiation within the S and use o outer space 'E s ould be Cnited Sations on the peaceful 
carried on for the benefit of all of outer space b in 
peoples irrsrpecuve of the degree 193. Resolution 1 5 m n ) ,  
of their economic or scientific ado ted br the General Assembl? 
development. on & m m h  13,1858, exnphnsid 

Desuing to c~atn'bute to brsad the common interest of mankind 
international co-operation in the in outer specs and the desire to 
scientific as rek rs the legal aroid estendiig national rivalries 
aspects of the ex loration and use into this new field which should be 

posejv 

f of o u t c  space or peaceful pur- used odp  for peaceful purposes 
for the benefit of all people. 

Believing that such coo ration Zontinued nenotiation through the r m i l l  conmhte to the Crelop Fears led to tke adoption of addi- 
ment of mutual understanding tional resoiut.ions designed to en- 
and to thestrengthenin of hiend- s w e  peace in the outer spacc 
1y relations between tates and enrironment : 137s (SIT) ?:o- 
peo~les, 

6 
~errber  20, 13.59: 1.172 (XI\-) 

Recalling resolution 1962 December 12. 1959; 1721 (Sl1) 
(St?II), entitled "Declaration of December 20. 13C1: 1802 (SI?I) 
Legal Princi les Gorerning the December 19. 1562: 18.94 fS\-IIIf I ActiTities of tates in the Explor- October 17, 2563; 1962((S\'III) 
a t i o ~  and rse of Cuter Space", December 13. 1963: and 1963 
which \t-as adopted unanimuslr (SYIII) December 13, 19G3. 
by the Ilnited S a t i ~ n s  General Tith the esception of the I958 
Assemblr on 13 December i963. reso111 ,ion. all others xere pltssed 

Recsil ien resolution 1854 br the ~ : n s  .itnous rote of the 
('S17IIj. c a k g  uyon States to Genercl .I--ernblr. The trent: 
refrain from plac~ng in orbit es.-entilill? co.lifiej the official ps,- 
lvnund the Earth an? objects sition or! outer sp:kce nf member 
c u q i n g  nuclear wenpons or n n -  stare3 of tho L'nited hntion., n 
other kinds of \vea?ucs uf nlnss pel-ition which det-el*,petl in:u a 
destnlc-ion or from rnstnlling such cc mensits (1:u-ing the p:t-t 9 ?eats. 



. EmLORATIOS LVD CSE OF OUTER 3P.tCE 

TSXT AXALYS~, or TRWm 
\\.enpus nn celestial bodies, \vhicb 
\\-rs adopted un~nirnot~slv by the 
United A n t i ~ n s  Genernl A-;semblF 
3n '7  October 1963, 

Lking accottnt of Cnited Sa- 
tiow General Asernbl~ molrttiotr 
110 (11) of 8 Sovember 1947, 
wbch wndemned propagenda de- 
signed or like1 to provoke or 
encourage any t i r  eat to the P a i J  
brrac'. of the peace or act of 

F ession, and considering that. 
t e dorementioned resolution is 
ap  licable to outer space. 

8onrinced that a  treat^ on 
Prina I t s  Soverning the IctiTi- 
ties o I' States in tlle Esplorari,)n 
and t'sa of Outer Space, incltldiny 
the ,\.loon and Other Celestial 
Bodies, will further the Purptses 
and Wnciples of the Charter of 
the  Cnited Sations, 

Have agreed on the [oilouing: 

The ~xploration nnd rise c t f  ,,liter 
sFace, incirrding the moor, arlu 
o!her celestial bodies, shall he CM- 
: i d  out for the benefit and in the 
interests o f  all countries, irreapec- 
:ive of their deqee of econun~ic I ~ L -  

scientXc derelopment, and = h d l  
be the province of d l  rnankia4. 

Out ;r space, including the rnt+ttV; 
and other celestinl bdies ,  -i:rall be 
free fur e~plorntion end irae by all 
States \vlthotrt discrirninntio~l 4 1 f  

any kind, on a basis of equality 
and in accordance with interna- 
tional latr.. and there -hall be fr.e 
wcess to aU are116 I?! celestial 
bodies. 

There shall be freed on^ ~ t f  scien- 
:L5c investigation ill nllter spuce. 
including the moon and other ce- 
lestial bodies. and States ;i..:bll 
facilitate and encollrage interm- 
tional cwperation in s ~ r r i ~  i n r c ~ t i -  
gat ion. 

Internativnal cooperation rsther 
th..n nstiontl ric-dry is the policr 
bdnpted for exploring and 115inz 
the outer space environment. In- 
atead of splice activities beino 
reg;udeit RS 3 motaup~rly 14 :h41-e 
n ~ t i o n s  tibie to afford the expen-e 
of launc.hing jntellites, all na t~t )~i ;  
are to h a r e  in :he benefit, of tp;:,-e 
explc-irntit 111 \\-i tholit regard to t lwr  
level nt cc.t)clc)nlic or scietliifir tie- 
veltlptn~nt . This rinciple :ec.t-::- 
nizez :he fart ! R at ttiere tire 
relat~velr inrspensive ~ p ~ t t - e  prc:j- 
ects :rnd thltt i-~entists a ~ ! d  e f ~ z l -  
nee13 capzible oi ~ o n t r i h ~ ~ r i ~ s  r ,  1 

the peacritd uses of outer .;puce 
muy be fomd in almost (.ny 
cvllntry. This new field of t111nun 
di*!ivity is viewed ac.c.ordinp 11. H 

La-ic tenet c r f  denlot-rpcy ti3 "the 
province oi t ~ l l  manianit" anrl is 
not restricted to a lebv 3pe~.iali:.ts. 
?;v State is to he di31.riminltrtd 
against llnd a!l :tre t i )  be :retired 
eq\13l\y. enj l>yis~~ iree tic.cVe;i t a b  

any area 111 Any ceies~ial hetly. 



ORIGINAL, PAGE IS 
@POOBOU- 

'hn b . z r ~ w ~  
Intematiooll l.r b to b~ 
t m ~ e  to sitnrtinas inrolving e~ 
dem uul t q r u l i t ~  in participating 
m *am 

-*-*tion is to 
fkee.rhuhcrarrisdcmmo\tta =+&&&-A= 
mBrl lStr t~suetoeacourrge 
d p r o m o t e d s p . n u t i v i t i u  
Taisp&qissim;lrrtethatinthe 
AnruCric Trclrtr rhieb prarider 
far frsedom d SdtntiSe iavestiga- 
don md  in^^ -tion. 
The predominmcc of inbm8- 

r i d  o r a  sPied? mtionrl con- 
cepts is made - by the k- 
d b l t r  of ~ u u r  space and 
eelcstiil fdies m wen as the speed 
of s d t  in attaining orbits 
r h i g d i i  mtionrl boundaq 
s i  

A B ~ C L E  n ABTICLE n 

Outer spux, i n d u d i i w  the limn Tle or-vniing of this uticle is 
md other celestial d i e s ,  is not r ln~ct  identical uith that k 
sub* to rutiod appropriation rnited Sations Resdution 1962 
bv claim of so~weipntp, bp means (XI-111) '?ecernk 13, 1%3. tbe 
oi use or oecupatson, or by my onl_r difference being that the 
other means. t n r t ~  specifieall,r incfudcs t l ~  

)loon ~ r j  ooe of the dest id  
bodics. The principle c x p d  
in this provision is one ahch  has 
been obscn-ed in practice since the 
b*nning of the space age. Es- 
rcaiit-e exploration 8r.d use *:i 
ot~ter space hare been pine: on far 
&.kt 10 yeclrs and dudng that 
time nelr her the 1-nit4 States. the 
hl iet  L'nion nor an_r other oarion 
iial made sot-eieikn ciainn to 
celestial bodies or b the outer 
>pace en*.-ironment This situa- 
tion is  dihrent from that u-hich 
prevails in Anmrctica where terri- 
torial sorereign cla~m- had dm-el- 
oped historicallr and had to be 
suspended or "frozen" so that the 
s:-stem of international coopera- 
tion provided in the -inicrrtic 
Treaty could become sv6,rkable. 
-Article I1 of the outer space 



Skates Putier to the Treaty 'l%is uticla makes dear that 
on activities in the tham rutions which ntify the 

outerspog trcrtp dl obserre inttraational 
d other 1.w-sad this indudes the Chs,'ter 
d a n c e  0; the I;nikd iv.ti0ns-h d t r  

with inbrndod k, hduding to promote i n t cnu t iod  ccn, M- 
t L Q . m d r h . C n i ~ S * ~ ,  t i o D d p l a .  Tha.t6.tLF 
m b e  -iatcnrt of rnsintainiq of I.r, rhich has de-bped on 
m t s n u ~  p e  md security ahe Earth in order m I 4 s h u r  
.ad -ti* internatid humonious  relation^ ~ t s e e n  na- 
apst.tion and understanding, riom and settle disputes without 

to vioknce, vodd become 
r jdhb1e to outer sprce, the 

. ~ d  0- &td bodi~r. 
An exception would be intern&- 
tiowl law which pmrides certain 
mnditioru for national c l a k  of 
sorereignty, this exception haring 
been set fonh in Article XI. 

AEmcLs Iv m c L E  Iv 

Statss Parties to the T m t ~  Ptmgrqh 1 of this Article is 
m d d e  not to place in orbit b a s 4  upon rnited Sations Reso- 
d the EuGh any object3 lution iS4 (XTIII) which p ~ j c d  
c u q i q  nudear weapons or anr the General -bsembl_r by omlama- 
orbar h& of -pons of mass tion on October 17, 1%3.1 The 
datnrction, inst& such weapons n d u t i m  reicomes expressions S r  
on celestial b d e s ,  or station such the Cnited States and C.S.S.R. 
wapons in outer space in any "not to station in outer space anp 
other manner- objects ca+ng nuclear weapons 

The Moon and other celestial or other kinds of \tea ons of mass 
bodim &dl be used by all States destmetion" rod c% upon 9 
P& to the Treaty exclusil-ely !rates " (3) to reimin from placing 
for peaceful purposes. The estab- ID orbii around the earth an? 
b b e n t  of d t a r p  bses .  instal- objects ca* nuclear 11-eapons 
htions and fortifications. the tes t  or a n  other liinds of n-eapons of 
iny of any type of meapns and missj destruction. installing such 
h e  conduct of milit maneuren \veapons on celestial bocltes. or 
0. c&tid bodies3dl be for- .trtloning such 11-eapons in outer 
bidden. The use of military per- space in anr other manner:.i~ndl 
s o ~ e l  for scientific research or for to refnip from causing, cncotvaq- 
my other ~eaceful t q o s e  s h d  ing or m any way participating 
no~be~rohibited. fhe11seof any in the conduct of the foregoing 
equipment or facilitz necessary actirities." 
for peaceful explorar~on of the Paragraph 2 represents the final 
JIoon and other celestial bodies qxwment on Ionpiage desinned 
$hall also not be proh;bited. to ensure that the ,\loon ,and other 

8 UJ. -7 ot ;)*!~oP. Rma*.rl 5. Cilp.me. srsrcd oa kpt .  5. lm rbc t  oac r-r nrlkr. 
tba r b  C ~ t , . d  ~ I 3 : a  -0q'd JOI DUQ 3Cf rrclp>iU $11 I'nSS 'irj:rtlC:1011 I!ICO OCUIC. 



= bwALTma w -1.- 
c e b s t i d - M b e u m i d y  
for peaceful purposca In the 
draft t4?M submitted b Lb6 
United Sam .od tb, L*t 
t'&m J u ~  16,1966, u 8 b&s 
for disc- ArWe 9 of the 
t'nikd state8 drbft st.t8d *t 
''Celestial bodies slrd be used for 
~ d ~ o d p .  fisktes 
lmxrakB to rtfr8an f m  con- 
~ o a ~ b O & g 8 n y  
actiwitrs such as the e a d d i i  
ment d d t r q  fortitications, tbe 

out of m i l i t q  mroeu- 
=IS, a the testing of uir tlrpc 
d weapons. The use of miiitsrp 

rsonnd, facilities or equipment E ~cirn* m b  or for an7 
other uxful purpose shall not 
bpm&bit.d" 

he Soriot rnion*s draft con- 
taintd in Article IS a statement 
that "The >loon and other eel- 
tid bodies shdl be (rscd esclu- 
s i ~ e l ~  for peacefui purposes bp $1 
Partlets to the  treat^. The esab- 
l i sbent  of m i l i t a ~  bases and 
instdntions. the testing of wesp 
011s and the conduct of militcup 
mrnturers on celestial bodies 
shall be forbidden." 

Majority military opinion holds 
that orbital bornbadmen: is not 
.n ctrective strat c weapon as T compared to l a d -  ased ballistic 
missdes. An effort to use space- 
based nucls~r weapons n-ould ha-.-e 
the effect of a surtegic war~bg,  
thus placine an ae-or ix the 
position of 'being open to re:alia- 
tion bo strategic \reapons. It is 
generally beliered to be in the 
Interest of long-range pesce plans 
and arms control to &y to ensure 
that the Noon and other celestial 
' d i e s  \\ill be non-nuclear, non- 
militav zones. 
One question is how t c  be sure 

that nations are compl-cing with 
the treat? if there is no pro\isioo 
for inspection. ,-in. inspection 
provision would hnve to be ma& 
on a reciprocd basis. S o  nation 



OXIU)RAflOS M'D V S  Or O m 8  SPACE 

could expect to inspect the space- 
craft d another uithout hatring 
its own d d d s  inspected ifr turn 
For example, space remnaawmce 
C8pabilities ore 
sets &ad it is dekwpk dr that nations as- 
rould rish oa-site-inspection of 
such defense mttbods. It is pos- 
si*. hawear, to use e x i s t e  
tracking frcilities to mrLc in:tllr- 
p e e  estimates from orbitkg 
qncudt, and some trpes of dm- 
krwic monitoring am .ire&- pa+ 
sible and may bc expected to 
im K F ~  with advances an science 
m i  technd . The eapabdity 
d the u n i t y  States to detect 
the natun and purpose of space- 
craft inimical to the national in- 
te-t is e form of defense which 
acts as a deterrent to a potential 
enemy. The treat? does not 
c h m p  the earthly situation \\-itkt 

to ICBll's, but seeks to 
ac 'eve on celestial bodies a lorn1 ==P 
oi demilitarization rl-hich is deemed 
feasible from rnilitrv and pditicvl 
riem-pointa At the same time, it 
is clear that aerospaced-trained 
d i t q  personnel maF enpage, as 
they hare been doing, In peaceful 
space actiriries. 

ARTICLE V ARTICLE t 

States Parties to the T r e e t ~  This pmt-ision extends to a*trn- 
shall re$rd rstmnaurr u enroys snuts the ann~e t p e  of trndirh~nttl 
of ma inti in outer s ace and -&tnnce accorded throrlght-11t P shall render to them a1 possible hipt~-,q to marinen at sea. li 
assistance in the evenr of accident, astronauts esperience accident<. 
distress, or emercency landing od distress or have to make an enwr- 

-6 lrrd 4 f the t emtoq  of another State gency landiny, ttpy *re c:; 
Psrty or on the high sem. Then being treated as ''envoys ai mnn- 
mtranauts make such a landin , kind" and not a* unwanted iz- 

P f they shall be safely and rompt y tntden. This article of the trezity 
retur;ld to the Strce o regutry *ills provides an hdditiondl 
of their space vehicle. for in:ernational coopemtion i:l 

In  c q i n g  on activities in that all states purtitx ;I, tke :tea:\- 
outer space and on celestial bodies, wree to give astronauts ull pas- 
the astrona3c.a of one State Party sible mistance. and to report to 
shnU render all pos?iible assistance other such s ta te  :111y dangen t11 



T k f  bAX.T%n w Tbrn 
to the mtmnauta d ather Statu lift a d  M t h  discmod in outer 
P u t h  space, on tbe 3foon a: ocher 
st.- Putim to the Tmty cdcstid bodisr. It is evidaat tbar 

Ad inrmLAiatdp infonn the orber tbs t"A?' mcking Wtem re- 
~ t s s P u t i e s t o t h t T n r t y o r r ~  q for fdlorurg ti; flieht 
Sscntuy-Gad d the ULLKd p t b s  of urtromuro IS a scientdic 
Nations d a~ phetoo~tna thq  .ad bc-d factor rhicb 

-. disco- iP QUICT indud' d e s  i n t e r n a t i d  mopemtion 
tbd3iooaudatber   lib the humane sub- 
bodim, rhich .mild d t ' ~ t a  % ject ma it mre es&k&i&- 
d.rrga to rbc life or htalth ot .bk. The treaty ssta 
rstro~uts. attitude of international rerponsi- 

bility for astrormuu. 
Intetrutionrl eymeawnt on 

.ssirtance w and return ot etro- 
nruts (as rnll as objects hunched 
into outer space whicb is included 
in tbis treaty in Articit 1111) h b  
been a subject for discussion in the 
1-1 Subcommittee of tht Cniced 
Sations Committee on the Pmce 
ful Uses of Outer Sjmce, tbe rnited 
States baring made its latest 
pro@ in 1W. It is ptrlnnccl 
that an international agnement 
on assismnee w astronauts. in 
addition to t k i  treatr. mill con- 
time to be P subject tor ncpo;ict- 
tiun in greater detail b_r the Legal 
81bcommittee of the cS Com- 
mittee on the Peaceful VSH of 
Outer S p e .  (See pagc, 66 ui 
this dtwament for the draft t c ~ t  of 
the pending US. p r o p 1  on ttl., 
subject.) 

ARTICLE F1 ARTICLE VI 

State Perties to the Treaty 
shall bcnr international responsi- 
bility for national nctirities in 
otlter space, incl:~din the Sloon 
and other celestial b & 's, whether 
such actilities ate carried on by 
g3vernrnental agencies or by non- 
gocernrnend entities, nnu for as- 
swing that national actix-ities are 
canied out in conformitv nith the 

rorisioru set forth in the present 
%matp. The activities of non- 
gorenu;:rr.trl entities in outer 
space. including the Moon and 
other celestid bodies, shall require 

rnder this article, a narion 
which becomes a party to the 
trearp agrees to be res onsible for 
sptrce sc:i6ties carri B on by one 
of its gorernmeclt agencies as well 
83 by  an^ nongorernmenta! en- 
tit:;. For the bnited States. this 
means that the orernment \\-auld 
accept responsi t i l i t ~  for the ac- 
tivities of S1S.i 8s well as those of 
tne Comrntlnicstions Satellite Cor- 
poration (COSIS-lT).etc. Further- 
m.~ra, the go\-ernmen t Irould see 
that such actirities coniorm to the 
treatp's provisions, and also nu- 

~ R ~ G M A ~ ,  PAGE IS 
a OF -- POOR QU-4 
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TUT &&as w 'htul 
a u t h h t i o a  and coatin* su- thorire d c o r r t i n u w  s u p  

G o ; :  bt the appmprhta 3tate vise the qrca actitidas d n a -  & to the Treaty. , w- p m e n t d  ,,ti,. The reh- 
tie- sm carried on in outer t i o w  betm-ecn the V.S. Go+- 
space, iaduding the Jfoon and emment and COSIS-\T is atnadp 
0th- cclcrtid bodies, br an inter- defined in the t'S. Communica- 
national orgutbation. nsponsi- tions S.t*Uite Act of 1962 (Public 
bility for corn linncs with this Law 87-624 (76 Stat. 419)) and 
~rrtyrb*lbe& ms both by the in the PrtsiJent's Executive Onfer 
intanrtiond o m a t i o n  md by of January 4,1965 on carrrinp out 
the Stam P m u  to the Treat? protisions of the COJIS.l? Act of 
puticipting in such orpnir;ltion. 

The treatr a h  provides that sn 
international orpairation as n-ell 
u the states participating therein 
am responsible for conlpliance with 
the ucetF. For exam I t ,  the 
European Space Restarc ri Organ- 
b t i o n  {EsRO) muld  be re- 
sponsible for actiri:ics in outer 
space, including the 1\Iooa and 
other celestia\ bdies, and the 
states which are members of 
S R O  and dso parties to the 
treaty would become responsible 
for compliance with the t rea t~ ' s  
ptortions. 
This uticle is deigned to cn- 

sure responsibilitr for spwe ac- 
tinti-, inherentlp idtzrnational 
in nature. st the governmental 
level. The provisions are  siruilnr 
to prrrapph 5 of United Sstions 
Resolution 1962 (XI-III) , Decenr- 
ber 13, 1963, e~cept  that cc!estial 
bodies u e  speeificallp 5 d d d  to 
"outer space". 

A ~ I C L O  m ARTICLE VII 

Each State Party to the Treaty Article 1-11 is similar tn pur:t- 
tb4t launcties or procures the g n p b  S of C'ntted Satitrns R e 1 4 t t -  
launching of an object into outer tlon 1'382 ( X V I I i )  \\-hlch p:\.i.-ed 
space. including the Noon and the KS General .ls*emhly tin;\ni- 
other celestial 'bedies, and each mot;.ly o t r  Decenrher !.:. 136::. 
State Party from \\.hose t e r r i t o ~  I n  nt~t l f i t ing the 1~ie:is ~ I I  :!I,$ 

or faciiity an ob'ect is launched. b pnrvl+icm for purpcwrs ,.f ii:e 1 irrternatioasU,llr inblc for dameoe !rent?. s t m ~ c  ch:,ngr.$ t\r\r.r : I I - I ~ ! P  
to another btstc Party to the The terms of the *re*:?- :li'j)i\. ,\nly 
Treatr or to it3 naturd or juridicsl to those states :- h:ch : i 1 ~  p.\rty :,* 



T b x ~  k v r t ~ 6 ~  CLI k ~ r  
p t -  by such object' &its cam- the treat_r r a c k  than to all stam 
pomt puts on thd E!uth, in air in ir general sense. The Sloon and 

or in outer SF, indu other celestial twliet hare been 
Moo* & other d e s  added to the orieinal concept r- 

W& 
% 

which w u  stated otil\- in terms of 
"outer s CC". Liabfilit? for dam- 

p" age is irnittd in the utaty to 
"another State Pnrty to trie 
*t$' and indudes situations 
m w h b  r State launcbes or uses 
its aerritcq to hunch space 
d i c k  

The team "internstion-lly liable 
for damage" means t! ,t a govern- 
ment r a t ~ f ~ i n g  th treaty accepts 
the fact that another counup ma? 
resent a claim against it; that 

eabiitr is accepted abroad as well 
as domestic all^. If liabilitr is 
established, adherence to the 
treat? means the state accepts 
responsibilitv to make restiiution 
to an i n j u d  part? abroad. It is 
clear that the concept of liability 
for damage ia the treat:- inclrldes 
damage br a s ace ob'ect or sn_r E b part of the o ject w ether the 
damage occurs in air spsoe or outer 
space, on the Moon or an- other 
celestial bodr. Thus the aero- 
space concept is extended legally, 
as it has been technologicall-, in a 
trajectoq from the Earth through 
airspace to outer space and back to 
airspace and the Eanh assin. 
The air laws snd treaties ot the 
world may be applicable to certain 
situations; a new relationship 
might derdop between air law and 
the law of outer space. 

.Although there is ever? likeli- 
hood that objects reentering the 
Earth's atmosphere from outer 
space rnaF b w n  up. a sufficiect 
number of objects bas fallen t o  
Earth to indicate the real posai- 
bilitr of damage. and therefore of 
a liability pr~blem. It is not 
al\vavs pos3ible to identif~ objects 
which have fallen to Earth from 
outer s SCP, and no solutio~i ha3 B been a ranced in the tre:rty for 
objects which cnnnot he identiiied. 



T b  t'N Committw oa the 
Pewerul uses o l  Outer space 
recognized, born-et-er, that tbe tm- 
tu prorisioa is a gcncml ant and 
that the problem of liability for 
damago wntald require more dt- 
tailed study and agreement. The 
subject, thenfore, is stiU on the 
p n J a  of the k.1 Subcommittee 
u the Committee on the Pe t~e tu t  
VSCS or Outer Spaet, and i t  is 
anticipated that a sep*itc inter- 
natiood ag ; tmmt  on liability for 
damr u requirt nylltiatitm as 
1, ag$es to outer s p m .  tar 
as t e C n i t d  States is ctmcerned. 
such an agreement ~ u l d  be sub- 
mitted to  the Congress for e p  
r o d ;  i t  would probably take the 

krrn of a t n r t v  rhicb would be 
submitted to the Senate fer it.. 
advice and mnsent to ratifieatiorr. 

A State  part^ to the T ~ a t y  on This article b simi!ar to pan-  
whose registry an objcc: launched grsplr 7 in r n i t d  ciatiens Rcl;alu- 
into. outer space is zarried shall tton 19ri'l iLTIII) which p ~ s s z d  
retam msdiction and coritrol over the General ,Is*ernbl? imaai- 
such o b jeer. and over anc person- n~otrsly on Decenrbcr 13. 196;. 
nel thereof. \vhilo in cuter space In negotiating the wording fcr ;he 
or on a celestial body. Chvncrship treat!, wmc refinements in Ian- 
of objects launched into outer wage and coverage \?-ere malie. 
space. including objects landed r.r %he treaty applies en17 to those 
constructed on a celestial bod:. stat- \vhlch are p u t r e  to ;he 
and of their corn onent parts. M treaty. The principie of nation31 
not adtctcd bp t g eir prewncc in ownenhip of spacecraft and per- 
outer spacs or on a celcstid btdr sonncl thenon while in outer space 
or b~ their return to tCe Etrth. is the same in tho treatc as in the 
Such objects or component arts US Resolution, but the treaty 
found beyond the Im~its n f the rorisiun adds "on a celesr:.~l 
S t r t r  Party to the Treat? on whose EdJ..,' Ownership is estended by 
registry the? a:e carriel shall be the treaty to inchrda "objects 
retvmed to that State Pluty, landed c t  constructed on a cdea- 
which shall. upon recjcest. furnish tiul b d y "  and is not affected 
identifying data prvr to their while on s celetial hotiv, in outer 
rtturn. space, or by rettmr to Rrrt'u. I:\ 

other ~vorrls, a nation n'nich COII-  
Jtntcts and orb113 a sr\uc.r.cr:~tt. 
m a n m i  or unn1annt.d. ret:rrn.i 
otvnership and c~mtrol o\-tlr :5r. 



rshicl. no matter it is 
bud.  
A stab's ahgkg'' of spwe- 

cmft k A tsrm similu to the 
of tmm-going dli :TZ* being kept for Xi 

urpodc of identif- ownership. 
h e  principle of n s t m  
suw of origin any space Tmb o jets or 
puts  found b t ~ o n d  its borders. 
and the principle that the state of 
origin must furnish identif- 
dau prior to the return d suc 1 
objects, were both included in LnT 
Resolution 1962. 1L'aAer the L'h' 
Rssolutio3 the rinciplcs applied 
to d states; un 1 er the treaty. the 
principles a p p l ~  o d ~  to those 
suras which w p d a s  to the 
-B. 

The treat? pmrision a* it stands. 
ho\rever. is not s e l f - t ~ e c u t i ~  and 
would need to be implemented b~ 
enabling domestic U.S. legidation 
so that the Federal Gn-emment 
c c ~ ~ l d  obuin pussession of space 
objects which fall on private 
Propsrtr. 

A8Tm.E rX ARTICLE IX 

In tha exploration and use ol .Article IS of the treatp is sim- 
o u t s  space, including the Moon ilar to paragraph 6 of rnited 
and other c d e s ~ a l  bodies. States Sations Resolu:ioo 1962 which 
Parties to the  treat^ shaU be passed the Gtonsl ..isscmbl~ 
guided by the prioc;ole of co- unsnimousl~ on December 13. 
operation and mutud ~~~,&tsnce 1963. The provision applies onlp 
and shalI conduct all their actiri- to states trhtch am parties to the 
tiea in outer spce, induding the treaty, and to that extent limits 
Mmn and o h  celestial bodies. the possibility of space experi- 
with due regard to the corm nd- ments which might cause harmful 
inp interests of aU other ? tates contamination and adrerse  
Partiss to the Treatr. States changes in the Earth's enriron- 
Parties to the Treat? shall ment. The treaty would not pro- 
studies of outer space, hibit non-member nations from 
the Moon and other conducting harmful experiments, 
bodies, and conduct exploration of causing contnniination In vtuious 
them so as to aroid their Larnlful forms. and engnging in potentisrllp 
contamination and also adverse harmial interference \\ith peace. 
changes in the cn&onrnent of the ful space e\~loration. But nstions 
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'ram ~ ~ 1 ~ f l l  

Euth d t i n g  from the intmdue- which do not btcome putk  to 
tion d ~ t e n e s t z i a l  matter .ad, tha treaty M not now mhibitcd 
rhem n-, rb9 dopr a p  from po~ntially h& space 
prophto m-uw for this p w  e riments. A nucleus of states, 

If Sub Pu to the in'5:ding the two p a t  rp.n 1 K t y  has nuon to eve th.t pme-the uniteti S t a t e  md 
an activity or esperimcnt planned the U.S.S.R.--ohse- controls 
by it or ib naGon& in outer in the interest of all nrtrons, may 
space, including the >loon .nd ultimately attract the cooperation 
other celestial bodies, *odd crude of other nations not initially 
potenti* harmful interference parties to the treatv. 
with acttritiss ol other States Acco- to Article IX, a State 
Partics in the peaceful e.xpbration Party to e Treaty, committad 
.ad use of eukr  space, rncludh to a policy of pacefu! exploration 
the >Yoon and other celestd and use of the space enriron- 
bodies, it sh.ll undertake appro- meat, has the respotrsibilitp of 

riate hternational consultat~ons considering whether a planned ban proceeding rich any such experimenk might be harmful 
activity or espnmenb. A State and in such case must undertak; 
Puty to the h t y  which has to consult a i th  ocher nations 
rewon to believe that an actirity before proettding 6 t h  the ex- 
or experiment planned by another periment. At  the same time a 
Skts Part in outer s ace, includ- state, which feus mother nation 
ing the ,\ I oon and ot \ er celestial is planni rf y experimeiit 
bodies, would cause potentinily which mig t be armful or inter- 
h d u l  interference wth actim- fere with peaccZul space explora- - 
ties in the paceful exploration tion. may request a consuitation 
and use of auter space, rncludin on t b  matter. Thus a possible 
the ~ o o n  and other celuti3 c o w  of action mg5r be 
Wes, may rquest corlsultstion detrimental is identified and put 
concerning the activity or experi- under general control, including 
mat.  that of wolid public opiaion. The 

objective and proce; e prosided 
by the treaty for pretesting harm- 
ful space activities are clear guid- 
ing ~ c i p l e s  which a pear to be 
in t 1 e interest of eac f nation to 
obseme not only for the benefit of 
the world, but also for d-protec-  
tion. 

~ C L B  x ~ u n c m  1: 

b order to promote interna- In acce ting *& article, a 
tional cooperation in the explcra- nation wo u! d agree to consider the 
tion and use of outer space. in- requost of another nation (if a 
cluding the Moon nnd other celes- party to the treaty) to build 
tial bodies, in conformity with t te  tracking facilities on its temto17 
urposes of this Treaty, the Statcs for obserring the fight of space 

garcia to the Treaty shall con- objects which the requester wtiou 
sider on a basis of equalit? an? had launched. Such considera- 
requests b other States Parties to tion would be on a "basis ct' 
the Treaty to be afforded an op- equality" which suggests that one 
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I'roz ~ A L T t m  0s WR 
portunity to observe the fiight af nation w d  not bs fa~opixl o m  

objecb hunched by those mother. Although r nation = to consider the request, 
Tb. nature d such an o por- =is no obligation to grant it if 

tunit, for observation .$ the appropriate mutual unngementa 
conditions undar which it could cannot be worked out. The 
be afforded ha l l  be determined nation on whose krritcrrp a trrcl- 
by agreement between the States b g  station is located, or has land 
concerned. whichanotherrztion *htrequaot 

for use 8s a tracking stabon, would 
be free to establish the conditions 
under which the representativm of 
~tha nations could use its 
~~SOUTCOS. I t  would be necessary 
to negotiate a bilateral agreement 
between the two states concerned 
or 8 multilateral agreement in the 
event s e v d  nations were in- 
vdred. Should the krms inrolr- 
ing such items as cost, accessibility, 
and the possibiity of mutual 
benefits, prove unacceptable to 
the host nation, there is r o  o b w -  
tion to grant access to a forelgn 

. sbte. 
ARTICLE XI ARRCLt XI 

In order to promote bterna- There has been wide dissemina- 
tiond co-operntion in *&e peeceful tion of informotion by the United 
exploration and 1% of outer space, States on its space activities for 
States Partics to the Treaty con- the past 9 years. The treaty 
ducting activities in outer space, provision is an acknowledgment 
including the Moon and. other of an existing sib~ntion for many 
celesual bodies, agree to inform nations a d  International orgaui- 
the Secretarp-General of the zations. The t'nited States inter- 
United Sations as well as the natioaal space p r o e m ,  conducted 
public and the internaSonP1 by the Sational Aeronautics and 
scientsc communit~, to the meat- Space ...Aministration, includes co- 
est extent feasible arad prscticable, operatiw projects in 69 nations 
of the nature, conduct, locations and locations, and the results of 
.nd muits of such activities. On such s ace research are ublicized. 
recei- the said information, the The 8 nited Katians 8 ommittee 
Secretary-General of the United on the Peaceful Use of Outer 
h'atiom should be repared to dis- Space publish- reports which 
seminate it imm&arely and ef- nations hare roluntarilp sub- 
fectively. mitted on their space efforts. 

There is also a t'?r registry for 
space vehicles, and data on 
launched spacecrnf t is re,darly 
published in Vnited Xations docu- 
mene. The Outer Space ,lflnirs 
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group in the United Sations 
rscairo, information and answers 
questions. 

In addition, the Committee on 
Space Research (COSPbR) of the 
Intunatioaal Council of Scientific 
Uniow (ICSU) h a  international 
conferences and ngulartv pub- 
Lishes a bulletin of scien&c and 
technical infomation on s ace 
research and dcrelopmcnt. %a- 
tions hare voluntarilr r e l e d  
information to promote interna- 
tional cooperation in the pesceful 
c.xpiorstion an3 use of outer space 
and the treaty contemplatx that 
they w i l l  contlnue to do so. The 
wording that information \till be 
furnished "to the Feat=: extel;t 
femible and practicable" means 
that rf a nation *.t-hich is a patty 
to the treaty finds that it b not 
feasible and h not practicable, 
then it is not obliged to publicize 
infohnation on its space scthities. 
Thus the treaty pro\ision is a 
general gui* principle rsther 
than one requiring mmdatorr 
compliance. 

ABTICLE XI1 ARTICLE XIS 

.All stations, installations. equip This ~rorision does not apply ta 
meut and spece rehicles on the stations, installations, equipment, 
Slmn and other ceiesritil bodies and space rehides in outer :, 
s h d  ba open to representatires of itsell. but o d r  to those . o c a t X ~  
other States Parties to the Trestt  the .\loon and other celestial bod- 
on 4 basis of reci rocit.. Such ies. If two nations had space fa- 

P fi re resentatires sha gire muon- cilities based on the Slwn, for 
ab e adrance notice of a projected example, each would agree. under 
visit, in order that appro riats this tnetp, to acccpt  ito on from 
consultatious mat be held rn i! that another nrrtioa's space statioo on a 
muimum precautions maF be zeciprocal basis nith the under- 
taken to assure s a f e t ~  and to avoid standing that each prospective 
interference with nom~al opera- re resentatire would ue reason- 
tion. in the facility to be visited. .bye advance notice cf & intended 

risit. Thu wouid ~.*,\cd t h e  for 
the two natians to c.~nsUlt, as 4p- 
propriate, with the objective of 
ensuring the =afecy of personnel 
and the norn~al functioning of 
spece facilities. 



TUT M a m a  OF 

AXtTXCm Xftl ARTICLE XKI 

Tbe provkio~ of this Treat? States -\-hich are parties to  this 
&ell r p$ to the acti\-itits of treat? atvrept the treaty's rig!?& 
Stat- 8 artis3 to the Treaty in the and obligations whether acting as 
ex loartion and use of outerspace, a single state or j~int ly  with otiler 

the 31mn and other states or :is nrmbtn of an i n t r ~  
ctkstd Ladk, whether such ac- nationid inter-governmental onp- 
ci\+t*m us carried iui bu n single nir-ation. Far csan~ple. if nations 
Sure P q  to the ?:+at? or which art n~cnibers of the E:tro- 
j&tbn-kh olbm States -4uding p ~ . n  .'PJc'~ Research Ogdtli~n r i m  

cz-s when+ the? ur* cnrrird Dn tESX.ib ubo k - u m e  pan:& to t!i? 
within tht frame\vork of i n t e ~  ~mt(r, :ke>- agree to conlplc \\ i t  .I 
national inter-govemmtntd OP the t m r y  pro\isiuni on m i -  r 
ganizations, spn~u. ti,e hlwn, a d  other c t i e -  
Any practical quetims a+ tlal hdies. 

k g  in conatctlon ri+i actirities If ESRO's sp;m actiwies. i~ 
carid on br intcr~utional &ter- esarnple. pive nse to praciicd 
goremxncntd organizatiuns ur tbe ~ u c s ; ~ c ~ \ s ,  tho* natio~io which cue 
esploration and use of outer space. partie  to :he treat? mar rezolre 
including the >Iwn and other :hem in one a -\TO as!-s: ,!' n-xh 
ccltstial bodies, shall be resolred :he i 3 r e r s z t i ~ ~ a l  orranlzatlen e t a -  
b\- the Gtates Parties to the Treaty rerned. or 12) ~ i t h  One or me~re oi 
either with the appropriate inter- the stares which me members of 
national organization or \I-ith one the ;n:,.r3ational oqanizqti~m snd 
or more States members of that also parties to the tnaty.  If rhe 
inlprnati~nial o p n l u t i u n .  which t'nited Sta te .  f ~ u  esomple. had r 
are Pnrtics to &IS ' h a t ? .  ractical question nrilinr from 

h ~ 0 . s  space sctiriricr. the m?r- 
tcr could trc settled hetween t r e  
;-nit& State?; nnd =RO or be- 
tween the Vnited States rnd 3r.T 
memhtn of ESRO which sre aiso 
parties tc this curer s p a n  trcutF. 

A R f l C m  sfl ARTICLE XlT 

1. This h t p  s h d  be open to P~ngraph ! ro\ides thav ail 
dl S t a t e  for signature. -k\- State st:rtca n l r  sign t \ e treat?. and ,>ti 
which doa, aot sign this 'i?mtp Januar?; 2:. 1937 the t,Tear? was 
before iw  en= into force in ac- opcnt : for sjgnsture in LTsshi~g- 
cardance with p a r q g p h  3 of this tan. Lcb~tdon. and ,\Itrsw~\- Scz 
u t i c l s  mrp acceda to it at r n ~  pace3 S f 4 1  for a b* of 77 s:ates 
time. \\:ur.h signed the treat. as .*f 

2. This b a t r  s i d  be wbject Fcbnc~r-- 25. 1967.) 
tontification b_r s i ~ n a r q S t a t c s .  Paraqraph 3- designates the 
Instuments of m~ihc.a:ior\. anc. In- Vnitcd States. the 'L-nrtd King- 
strumenw of accession sbaU be dom c?f Great Britain and Sor:9- 
deposited nith the Govenlments ern Ireland. md the V.S.3.R. as 
of the United States of America. D e p o s i t a r ~  G o ~ e r n m e ~ t s ,  a36 
the United Kicgdorn of Great they are to receive the instnc 
B r i m  and Sonhern Inland and ments of ratification and accessic*. 

:*-s-:4 
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tbr Oniwdsovietbocidht Ba u i r r d h t h e ~ ~ o r ) . s t . t e s .  
pb6a..;hi&arebsrb ~ " b . ~ P h 3 ~ p k s t h u ~  

th. -ty Eo- -t eaters into om +en ?ti- 
ma. &dLs & .  

~ ~ i ~ r r y ~ e n t r i n t o  * ~ n i U F ~ u u s ,  tha- 
fora oporr ths wposit of btru- -om of Gnrt B r i h  and 
men& of mtifiation b~ fire Gov- Xorthern Ireland, and the 
mmmta b d d h g  the Oovern- USSB.  
~ C L L ~ S  dsigmttd rs Deposit- Paragraph 4 pro\ides that states 
Gorarnlrarts under this Tmty. =&.ah ncdv or d e  to the 

4. ForStues whose instnunens ttcsrv after-it has gone into force 
d raSc.tioP tx &on u e  will be coasidered .a uties to 
depositmi sutqucai to the en treaty m d the Ate when 
into face of rba h t , r ,  it they dcpooit their ~ e c m s q r  dwu- 
ate into force on the date of the rueno of rati6cation or eccmioa 
dq+t of of instrumma of Puagraph 5 prorides that the 
ratrSah or aexwioa Gnitcd Stata, the t'oited W- 

5. The Depasitq Go- d m  d G m t  Bri& nnd SortL 
ptlp inform .11 an kdrnd, a d  the U.S.S.R. 

signnzsrxy "* ?!!!! di S t a t o  shrll inform dl states which ' 

tb.d.t. d d s i p a t ~ m ,  t6. emimxxietathe treaty o f X  
date of dsposit cf 6 ins-- dates of deposit and taw into 
mcnt of rrrttfiertion of md aces- force d each state. 
rion to rbir Treaty, the &a d its P ~ y n p h  6 & for ~ - m -  
en- into f m  and other noticescc9 tion of thc treaty by the ntted 

6. TEis Trntp &dl be rcgis- States, the United w o r n  of 
teed by the D c p w i q  Govern- Gmt Britain and Xorthern Ire- 
menu p m a n t  to Jruele 101 of lad, and the ITS3.R. in accord- 
the Chutuof the vnitcd ,Yatiom. ma u+th Artid* 102 of the L'nited 

Katious Charru : 
&ticlo i02, United Sations 

Chrmcr: 
"1. Every treaty and ere* 

inwtionai agreement en- 
knd into bv any Slembtr of 
the t'nitcd ?istiom after the 

P wcnt  Charter comes into 
orce shaR as soon as possible 
be rcgis~ered ~Ath tha %re- 
tuiat md pubtished by it. 
"2. 30 putp to any such 

m~ or internationd 
menr which h u  not T:Z 
registered in accordance with 
the revisions of psragrsph 1 
d % hricle map ioroka 
that treaty or recment be- 

Xations." 
Y fore snp organ o the United 



Amy Gtoc PuQ to th4 That? bmtndments map be proposed 
MJ m m  b th bt UiF a&? ~ b k h  8 to 
W y .  Amendments &dl entar t& tmu;t. State tbu are putits 
mto fcvcs foe each State Pmj to to tbO treaty ma' then accepe tbe 
the rccepting the amcnd- amurdmcnts, a d  when r majaritv 
mslrtr a p  thsir umptum by a bra accepted them, tbe amend- 
~ j & t y  d tbe States P& to ments .enter into force for tbose 
the Tmrt~ .ad thereafter for each states. Tienafter, the unend- 
reaminkg Staze Party u, the ments eo into tffm for each of the 
Treaty a due dmtc d amptan- renainlng states on the date when 
by it. axapted. 

Any SW P w t ~  to ~ ' l e  k t _ r  It a state wishes to withdnrw 
map girs notice o;f its a-:thdrn~-al frcm the treaty. it may nocif~ in 
ham he  Tmtv o m  -vC;:r dter -..riting tht D t a q  Govern- 
its en- i m t o  ?orce br m n t t m  ments. i.e., the y snit4 a t a t e ,  the 
notibc~tlo. to rbc Dep- Gcr- C6rd Kingdom of G m t  Mta in  
emmc11ts :'wch wit dmsd shall and Sorthern Ireland, and the 
take C a e  one par f m  the date l*.S.S.R. h e  par dter t hee  
d receipt of t b  norification. governments m i r e  the notice. 

the nithdranal of a state becomes 
eftectire. 

This Trsrty, of which the E T The trcatp, in five l a n p q e s  
b h .  Russim, Freach, S aois (Eqlish, Russian, French, Span- 
and Chinese tests we equ& au- ish, and Chinese) is deposited in 
thend; shJl be deposited in the the archives of the United Smtes. 
uchiws of the Depositary Gor- the rniced Kingdom of Great 
cmments. Duly certiiied copies Britnin and Sorthern Ireland. 
of this Trtap shan be transmitted hnd the V.S.S.R. These Deposi- 
b _ ~  the Depositsr~ Gorernments t- Gorernments u e  then to 
to the Goterrments of the signa- send certified copies to e r e F  state 
t o v  and acceding States. which signs or accedes to the 

uutp. 

f s WITNESS WHEREOF the undersigned, J u l ~  eutLorized, hare signed 
this Treat?. 

Doh- in triviicnte. at the &tits of Wnshinzton. London and J!osco\t. 
this taent7-<erenth d a ~  of J m u q  one thbusand nine hundred 
and sixty-seren. 

For the Gnited States of Imerica: 
DEAS R U ~ K  
A R T E ~ R  3. GOLDBEEG 

For the Cnited Kingdom of Grent BriteIn and Sonhrrn IreIand: 
PATRSCK D L ~ S  



Far the Union ol Soriot ScnMst Rc~ublia: 
b. F. I l o~mwa 

Far Chile: 
&Dorm0 Tom 

For Sd&: 
HUQO B. MrroAi?t 

For Italy: 
S~.oro Fauor~~rn 

For Ethiopia: 
T~sao~a EL~xtr-hLm.~~ 

For Ohuu: 
~ R A J U X  BL~JAXIX BAS KOFI 

For Cppnrr: 
k u o n  ROSPIDW 

For Cmda: 
A. EMAR Rrrc~xr 

Fw Bulgaria: 
DA LWES GOERASSIYOV 

For Australia : 
Joav Krxra WALLER 

For Denmark: 
Ftsrvxso .%GERCP 

For Huagarv: 
J ~ C H  R a ~ ~ r i ~ f l  

For Icclmd: 
P n u ~  T~oRsrat\;sos 

For Czeehdovakia: 
Du. K.~REL DCDA 

For Rumania: 
PSTRE B.~L.\cE.\sc 



For Polmd: 
ZDWUW Stswcsm 

For CdanbL: 
E~YLY EcIuvanaf~ 0:;osac~ 

Far F*d: 
h r r  Bfm- 

For Pansma: 
Rrcaa~o hi. 9- E. 

For I ' u J c  ' 

K m x m r ~  SOWAXLASY 

For Gnccb.r 
AL-ER A. lh~s 

For the Philip ' 
Jmfi F. 

For TurLs,r: 
31~x3~ ES~XBEL 

For 
V ~ u r o  M ~ c m o n c  

Far Afghanistan: 
D& ABDUL YUXD 

For Argentina: 
ALVARO C. ALSOGARAT 

For the t'nitcd Arab Republic: 
~ ~ O S T A T A  BWU 

For E.iti: 
A= BOSROXXE' 

For Lmmbomg. 
M a c ~ ~ c s  S T E I N W ~  

For Viet -I Y am: 
Bm Drcx 

For J'enezuela: 
ESRIQCE TEIERA-P.IRIS 



For the F e d 4  Republiz d Germany: 
Huvucrr I i ~ ~ r s a  

For M: 
AVU~AX &auu 

For El SdP.dor: 
~ M O X  Dt C L ~ I R Y O ~ ~  DuI&.u 

For Thril.nd : 
Suuca Sc';uusarxzxor 

For Sweden: 
H G B ~ T  oa BESCHE 

For Ecuador: 
GU~TAVO ~ E A  

Far Togo: 
ROBZRT A ~ ~ r o s  

For the Dominican Re ublic: e Htcroir Caecu- ODOY 

Far SuiudaDd: 
Fnxs SCM~TDER 

Fcr Burundi : 
C ~ i u a x ~  Sa~arm 

For Ireland: 
\Tittuu P. Far 

For Cameroon: 
JOSEPE S. m o s o  

For Indonesia: 
SCiitTO ~ ~ S C X O W I D . \ G B O  

For Baliris: 
Jnxo S ~ s ~ r s ~ s - G o r ~ r ~  

For Botswana: 
Z~CRARIAE ~ E O D I R E U S G  ~ I A T T E ~ S  

For Leotho: 
.~LJERTO 3. >[ORALE 

For Kona. 
H t c s  Cnct Lru 

For the Congo r Finshuja: : 
CYRILLE .\DOCL.* 



For Uruguay: 
Rimtx A. ALSJILXDRO CUEULT 

For the Central ...rican Republic: 
Nxcart G~~tf,~-Dovaram 

& t w n  January 27, 1967, md Febm~aq 26, 1967, the iOllc?wing 
countries signed the Treat_r On Outer SF=: 

-. c.uJrl Datr 
kqer-, , -, , , , - - - -, ,, , - - , , , ,- - - - - - - - - - ,- Febmary 1.1967. 
Somnli., , , , , , - - - - , -, - - - , , ,- - - - - - - - - - , , - - Febnruy 2,1967. 
Jordan-, ,,,, ,, - -, , - ,- -- - - - , - - - - - - - , - - - - - Febrnarp 2,1967. 
Brad ,,-,,,, , , , - ,, -,- - - , ,- - ,- - - -- - -, - - - - Februarg 2,1967. 
Belgium -,,,,,, - - - - -, -- -- - - -,- , - - * -- , - -- - Febmuy 2,1967. 
Sepal , , ,- -, - - ,, - - - , ,,,, - - - - - - - - - - - - , F e b ~ q  3,1967. 
Somay ,,-,, ,,-, . -- -----,--, -- ---,-,--, Z e b r u q  3,1961. 
Gu-ma,- - , , , - - -,, , , - -- - - - - - -- - - - - -- - - - F e b ~ 8 q  3,1961. 
Sethsrisnds,, ,,--- - , -- - - - - - -- - ---- - - - - - Februq lo! 1967. 
Austria,, , , , , , - - - - - - - - - - , - -, - - - - - - - - - - - Februvy 20, 1967. 
lldapsia ,,,,,-- -,-, - -,,,, ,,- --- - --.- - -  Februtq 20. 1967, 
Leburon- - , , , - - - -, , , - - - - , - - - - - - - - - - - - ,- Februaq 2% 1967. 
Iraq, ,,,-- -,,- -- - - , - -- ,-, --- --- -- - - - - - - Febru y 27, 1967. 
Tb. East G m s n  regime and .\Io>golin sisned the watp in 110s- 

cow, Januaxy 27, 1967. Sierra L ~ n e  signed In .\loscow and London 
Jnnuaq 27, 1987. 'Inm i p e d  in London, J m u q  27, 1967. 
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