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Foreword

The nature of global space activities has changed radically over the last decade.
No longer are the United States and the Soviet Union the only countries capable of
placing satellites into Earth orbit or sending interplanetary probes into deep space. Europe
and Japan now have substantial space programs and have developed commercially
competitive space systems. Several newly industrialized countries are well along in
building their own space programs. In addition, the U.S. private sector has recently
expanded its interest and investment in space technology. As this report makes clear,
these changes have strong policy implications for the U.S. Government space program
and for the U.S. private sector.

This report presents the major findings of an assessment requested by the House
Committee on Science and Technology and the Joint Economic Committee, on inter-
national cooperation and competition in civilian space activities. The United States
still enjoys a strong competitive position in most space technologies and in space science.
There continues to be broad support for a long-term public commitment to civilian
space activities. But precisely because of our achievements—and those of other space-far-
ing nations—the number of opportunities (and associated costs) that lie before us re-
quire a thoughtful articulation of space goals and objectives. * Such goals should re-
flect a broad public consensus, including, but not limited to, those with obvious stake
holdings in the space program. Defining these goals maybe essential if the United States
hopes to maintain its position of leadership at a reasonable cost. The newly appointed
National Commission on Space, which OTA proposed as one option in an earlier re-
port (Civilian Space Policy and Applications), could help to focus the national debate.

Maintaining a space program well integrated with other national objectives will
also require attention to the quantity and quality of cooperative international space
projects. This report makes clear that the United States must cooperate in space in
order to stay competitive.

In the course of this assessment OTA completed two technical memoranda, pre-
pared at the request of congressional committees. UN/SPACE ’82: A Context for Co-
operation and Competition, was requested by the House Committee on Science and
Technology and the Joint Economic Committee. Remote Sensing and the Private Sec-
tor: Issues for Discussion was requested by the House Committee on Science and Tech-
nology and the House Committee on Government Operations. Some material in this
report is discussed in more detail in these technical memoranda. A list of these and
other related OTA reports appears on the next page.

In undertaking this assessment, OTA sought the contributions of a wide spectrum
of knowledgeable and interested individuals. Some provided information, others re-
viewed drafts of the report. OTA gratefully acknowledges their contributions of time
and intellectual effort.

* For an initial suggested list of such goals and objectives, see Civilian Space Stations and the U.S. Future in Space
(Washington, DC: U.S. Congress, Office of Technology Assessment, OTA-STI-241, November 1984).

JOHN H. GIBBONS
Director
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Chapter 1
EXECUTIVE SUMMARY

OVERVIEW

The United States has lost its monopoly in
Western space technology and operations; over
the past decade, Europe and Japan have devel-
oped the means to compete as providers of
space-related goods and services. At the same
time, major U.S. firms have expanded their in-
terest and investment in the commercial appli-
cations of the technologies of outer space. Both
developments affect the ways that nations now
cooperate in space. Unfortunately, U.S. policies
have not adapted fully to the effects of increased
foreign competition, nor, outside of satellite tele-
communications, has the United States developed
ways to involve its private sector effectively in ap-
plications of space technology. Moreover, it is less
and less appropriate to make “space policy” in
isolation from the broader agenda of domestic
and international commerce and foreign affairs.

Alterations in the political, economic, and tech-
nical context of space activities raise four major
international concerns for Congress: the state of
U.S. competitiveness in space technologies, the
role of the U.S. private sector in space, the access
of U.S. firms to international markets, and the ef-
ficacy of U.S. participation in international coop-
erative space projects and organizations. Because
of these concerns, and because of their interest
in developing policies to enhance the overall
scientific, technological, and economic strength
of the United States, the House Committee on
Science and Technology and the Joint Economic
Committee requested this assessment.

The report assesses the state of international
competition in civilian space activities, explores

U.S. civilian objectives in space, and suggests al-
ternative options for enhancing the overall U.S.
position in space technologies and space science.
It also investigates past, present, and projected
international cooperative arrangements for space
activities and examines their relationship to com-
petition in space. In keeping with the internation-
al focus of this assessment, the report discusses
the relationship between space policy and for-
eign policy. It analyzes domestic policy issues
only insofar as they affect our ability to sell goods
and services abroad or to cooperate effectively
with other nations. It does not assess policies re-
lated to the military and intelligence space pro-
grams except to the extent that they affect inter-
national civilian activities in space”.

The executive summary of this report was pub
lished as a separate document in July 1984.
However, the chapters of this nprt are up to
date as of May 1, 1985. Since July 1984, several
issues identified in the summary as needing pol-
icy attention have been addressed by Congress
and the Administration, at least in part. In order
to preserve the integrity of the separately pub
lished summary, we have updated it by print-
ing changes in boxes set #@ from the original
text. Any other additions or torrections are iden-
tified by being set in brackets. In all other re-
sped& ithis summary is identical to that pub-
lished in july 1984.

CONTEXT

Emergence of International
Competition

Although the U.S. civilian space program re-
mains the benchmark by which other non-Com-
munist nations judge the progress of their own

space programs, Japan and the Western European
space powers (especially France) are now able to
compete with the United States in supplying some
space-related goods and services. Other countries,
notably the Soviet Union, Canada, India, Peoples
Republic of China, and Brazil, produce space

3
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Photo credits: European Space Agency, complements of National Aeronautics and Space Administration

Launch of Ariane (left), developed by the European Space Agency and marketed by
the French corporation Arianespace, S. A. Launch of Space Shuttle
Columbia (right), Nov. 28, 1983, carrying the European-developed Spacelab
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items but do not participate [extensively]l in the
international export market. Most space-capable
nations have sought to use their space assets as
political instruments for cementing ties with
friends and allies and for winning new friends and
influence in the developing world.

Space-related international commerce is likely
to increase in the next decade, but, except for sat-
ellite communications, will continue to be shaped
more by the political, military, and economic in-
terests of national governments than by market
developments. In the satellite communications
sector, which has become part of the larger tele-
communications industry, technology-driven
market developments are forcing governments
to change their regulatory structures.

The emergence of foreign competition presents
both a challenge and an opportunity to the
United States. The European Space Agency (ESA),
which pools the space interests and the financial
and industrial resources of several European
countries, is an important vehicle for develop-
ing European competitive ability in space-related
commerce. Its largest single project, the Ariane
expendable launch vehicle (ELV), built under
French leadership, now competes directly with
U.S. launch services. ESA’S second largest proj-
ect, the Spacelab, built under West German lead-
ership, has increased European cooperation with
the United States in activities involving humans
in space. It has also assisted West Germany to
gain important expertise in building space habi-
tats, thereby helping to set the stage for possible
later competition with the United States.

Outside of the ESA framework, the French Gov-
ernment has established and promoted particu-
lar space businesses (launch services and remote
sensing) that compete in the world market. West
Germany, as well as France, and to a lesser ex-
tent, the United Kingdom and Italy, invest in space
activities for more general purposes: to conduct
basic scientific research; to enhance the techno-
logical capabilities of national industries; to
realize some of the technological and economic
benefits of space applications; and to develop

'[Th is1s beginning to change. Canada, for example, had more
than $300 million in export contracts in 1984. The Soviet Union
and China have offered to sell space transportation services. ]

Photo credit: National Aeronautics and Space Administration

The European-built Spacelab-1 module and attached
pallet being prepared for installation in the
cargo bay of the space shuttle orbiter
Columbia, Aug. 16, 1983

space-related equipment industries. European
governments are developing their space-related
industry behind protectionist barriers where buy-
national government procurement is the rule. A
number of European firms are now able to par-
ticipate in international space markets.

Like the other space powers, Japan has as-
sumed that a government space program will ul-
timately contribute to national economic well-
being. It has not specifically identified space in-
dustries as “targeted” for special emphasis in ex-
port competition; instead it seems to be aiming
to create a sizable space-related industry increas-
ingly independent of U.S. technology and equip-
ment. Although they now compete internation-
ally only in electronics components and ground
stations, Japanese firms will be well positioned to
become major competitors in international mar-
kets for space-related equipment and services by
the early 1990s. Under internal and U.S. pres-
sures, Japan has recently opened its market to
a limited degree to U.S. suppliers of satellites and
telecommunications equipment.
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Although the Soviet Union has the technologi-
cal potential to compete with other countries for
commercial services, space competition between
the United States and the Soviet Union will con-
tinue to be more political and military than eco-
nomic. Both nations today spend more on mili-
tary than on civilian activities in space and make
heavy use of space for purposes of geodesy, nav-
igation, weather forecasting, reconnaissance, mis-
sile-launch warning, and communications. They
are beginning to compete in developing weap-
ons for use in space.

In space-related equipment and some service
markets, international commercial competition
outside of the European and Japanese markets
occurs in countries like Brazil, India, and Aus-
tralia, which desire to develop domestic satellite
communications, and in INTELSAT and INMARSAT,’
but the largest market where substantial open
competition in sales of equipment takes place is
the U.S. domestic market. U.S. firms continue to
dominate both markets, although Japanese ground-
equipment sales have been substantial in devel-
oping countries,

In satellite communications services, inter-
national competition is currently almost non-
existent, except to a limited extent in North Amer-
ica. Carriers typically must hand off communi-
cations at foreign borders or at the geostationary
orbit, and are not allowed to sell full international
services to consumers. In addition, INTELSAT has
monopoly ownership of intercontinental satellite
communications facilities, but major U.S. carriers
and other firms are challenging this international
regulatory management.

U.S. Private Sector Activities in Space

Some of the largest U.S. corporations are now
heavily involved in space-related activities, espe-
cially satellite communications. Other firms are
beginning to invest in developing their own space
transportation, remote sensing, and materials
processing systems. Many corporations derive sig-

ANTELSAT is a 108 [now 109]-country organization carrying two-
thirds of the world’s international communications. INMARSAT is
a 37 [now 42]-country organization which was established in 1979
to facilitate maritime communications across the world’s shipping
lanes. COMSAT Corp. has been designated by the U.S. Govern-
ment to serve as the U.S. representative to both organizations.

nificant revenues from producing specialized
space-related equipment.

However, except for satellite communications,
significant barriers of high cost and high techno-
logical and economic risk continue to deter invest-
ment. In space transportation and remote sens-
ing, competition from U.S. Government-operated
systems is a significant impediment. Nevertheless,
fueled by technological advances and Govern-
ment policy, the trend is toward more U.S. pri-
vate investment in space systems. If current trends
continue, there will be a wide array of privately
financed space activities by the mid-1990s.

One continuing difficult task facing the U.S.
Government will be to foster, in concert with the
private sector, an efficient transition from the cur-
rent preponderance of Government investment in
civilian space activities to greater private sector
investment in the 1990s. Such a transition
occurred easily in satellite communications, be-
cause the demand for telecommunication serv-
ices was already established and satellite circuits
were an immediate cost-effective way to accom-
plish what was already being done on Earth. In
new technology sectors, with small and uncertain
demand, and little institutional infrastructure, the
process of transition is likely to be difficult and
highly specific to the sector. The process will re-
quire periodic attention from Congress. In these
sectors, Government may be able to foster effec-
tive transitions by orienting its research and de-
velopment (R&D) activities toward realistically
evaluated market demand and by involving in-
dustry early in the process. One such strategy is
the National Aeronautics and Space Administra-
tion’s (NASA) Joint Endeavor Agreement (JEA),
through which the private sector is encouraged
to share costs with NASA on projects having sig-
nificant research objectives and potential com-
mercial application.

International Cooperative Activity

Space is by nature and treaty an international
realm. The United States has played the leading
role in international cooperative activities by shar-
ing the fruits of its research with developing coun-
tries, assisting other industrialized nations develop
their own space capabilities, and by helping to
establish the international legal regime in space.
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U.S. cooperative space projects continue to
serve important political goals of supporting global
economic growth and open access to information,
and increasing U.S. prestige by expanding the vis-
ibility of U.S. technological accomplishments. U.S.
noncommercial international space projects have
been managed principally by NASA, and aided
by the National Oceanic and Atmospheric Ad-
ministration (NOAA) and the Agency for Inter-
national Development (Al D). These projects also
support U.S. economic, scientific, and techno-
logical goals of obtaining access to countries for
tracking stations and ground-receiving stations,
influencing the space programs of other coun-
tries, and expanding research opportunities for
U.S. scientists by sharing costs with other
countries.

The examples of INTELSAT and INMARSAT,
two commercially successful international coop-
erative organizations, illustrate that countries with
political differences can cooperate to pursue
common social, political, and economic goals in
space. | NTELSAT, in particular, by establishing
new communications links and using advanced
technology, has served an expanding interna-
tional market for telecommunications and serv-
ices. It has been a large buyer of U.S. satellites.

Until recently, the United States had a virtual
monopoly on the conduct of cooperative inter-
national programs in space (at least in the West).
Now, in part because of the very success of U.S.
efforts to involve the international community,
other nations—especially Japan and some Euro-
pean nations—have developed their own bilateral
cooperative programs. The Soviet Union contin-
ues to expand its international cooperative rela-
tionships in science and space applications. As
a result of these circumstances, the United States
is now one of several potential partners in coop-
erative space projects.

Developing countries will continue to depend
on the United States and other industrialized na-
tions for help in expanding their own capacity

to use and develop space technology. If the
United States wishes to reap the full economic and
political benefits of its space program, its coop-
erative applications program must continue to in-
volve the developing countries, especially because
they are beginning to represent a significant mar-
ket for space-related goods and services.

The United States participates in various inter-
national organizations and meetings on space.
Improved U.S. preparation for these international
forums could result in more favorable treatment
of U.S. interests and concerns. U.S. experience
at UN | SPACE '82'and the International Telecom-
munication Union (ITU) Plenipotentiary‘demon-
strated that such improvements will require long-
term domestic policy goals for outer space; more
effective coordination among U.S. agencies and
the private sector; greater continuity of person-
nel; and recognition that our critics may also rep-
resent important future markets. The series of ITU
meetings in the 1980s and 1990s, including
ORB'’85 on the geostationary orbit, will present
occasions where U.S. policy will be tested.

The United States has signed agreements with
Canada, Japan, and ESA to cooperate in the de-
signphase (phase B) of NASA’s space station
program. Each country will assume its own cost
for this and subsequent phases. The terms of
Cooperation in the mternatlonal development
and operation of eléments of permanent space
infrastructure will réquire careful attention by
Congress to ensure that the United States
achieves its goals in international cooperation.

3See UNISPACE '82: A Context for Cooperation and Competi-

tion—A Technical Memorandum, OTA-TM-I1SC-26 (Washington,
DC: U.S. Congress, Office of Technology Assessment, March 1983).

“The ITU Plenipotentiary Conference was held in Nairobi in Sep-
tember 1982. See hearings before the Subcommittee on Interna-
tional Operations of the U.S. House Committee on Foreign Affairs,
Feb. 22, 1983.
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SPACE APPLICATIONS

OTA examined a range of space technologies.
Each is at a different stage of commercial devel-
opment or Government operational status. Each
therefore presents a different set of potential op-
portunities.

Space Transportation

The emergence of competition from foreign and
U.S. private sellers of launch services requires a
reassessment of the U.S. Government’s traditional
role as a provider of launch services to commer-
cial interests. The Government must examine
whether and how it should continue to use the
Shuttle in competing for foreign and domestic
commercial launches.

The entry of ESA’s Ariane booster into the in-
ternational launch vehicle market brought an end
to NASA’s monopoly in providing space trans-
portation services to commercial entities and for-
eign governments. Eventually Japan will also be
able to offer competitive commercial launch serv-
ices; still other nations are developing their own
means to launch payloads. In some respects, na-
tional launch vehicle programs can be compared
to national airlines: some are conducted primarily
for profit, while others play a role which is clearly
linked to perceptions of “prestige” and “national
self-image.” For these reasons, U.S. competitive
strategies based on price or superior technology
alone will not prevent foreign entry into the launch
services business. Nations that possess the com-
mitment and the minimum economic and tech-
nical resources necessary to develop launch sys-
tems will take some share of the total world
market.

Although there are a number of potential en-
trants, launch service competition for the next
decade is likely to be primarily between NASA,
operating the Shuttle, and Arianespace, S. A., the
French corporations which markets the Ariane.
Both systems use technology developed by gov-
ernments and compete primarily for the launch
of large geosynchronous communication satellites.

°[The French Government owns (through CNES) 34 percent of
Arianespace. The balance is owned by European banks and aero-
space firms.]

The Shuttle, although technically more sophisti-
cated than the Ariane, has no special advantage
in this market. In addition, several U.S. private
firms are competing in offering launch services.

A large percentage of potential launch business
will undoubtedly be removed from international
competition. For instance, with few exceptions,
neither the U.S. Government nor the Japanese
or European governments are expected to make
launch procurement decisions under competitive
international bidding. Such restrictive trade prac-
tices could be altered by international agreement
in the distant future; in the near future, however,
it is unlikely that there will be effective coverage
of launch services under either government-pro-
curement or trade-in-services agreements.

Much of the competitive part of the market will
consist of private U.S. communications carriers
putting up U.S. domestic satellites, INTELSAT,
INMARSAT, and a few countries will also pur-
chase satellite launching services competitively.
Customers will base their choice on price (includ-
ing the cost of financing), the reliability of launch
and schedule, the relative ease of planning and
processing payloads, the cost of insurance, and
the availability of coproduction and other offsets.
As with all large international contracts, political
considerations will undoubtedly play a role.

The Administration policy on launch vehicle
commercialization is ambiguous. On May 16,
1983, President Reagan announced that the U.S.
Government fully endorsed and would facilitate
the commercial operation of ELVs by the private
sector.”However, the President also stated that
the Shuttle is the “primary launch vehicle of the
U.S. Government” and that it would continue
to be available for domestic and foreign commer-
cial users. The President’s policy encourages “free
market competition among the various systems
and concepts within the U.S. private sector,” yet
leaves the Government-subsidized Shuttle as the
main competitor to the private sector’s efforts to
market ELV services.

¢The Titan, the Atlas-Centaur and the Delta launch vehicles have
all been the target of efforts to commercialize existing ELVs. Other
smaller, private expendable launch vehicles are in development.
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Current competition in space launching services from Earth to orbit is between
these five launchers

Current Shuttle prices were developed to en-
courage users to transfer their business from the
trusted ELVs, then operated by the Government,
to the Shuttle. According to NASA, launch prices
for the 1986-88 period will be based on the “out-
of-pocket” costs, that is, those costs which a com-
mercial payload adds to a mission on the assump-
tion that it would otherwise fly partially empty

when carrying a Government payload. Current
and projected pricing policies for commercial pay-
loads allow the Shuttle to compete with Ariane’s
prices while earning some revenue and support-
ing other important national space goals; however,
these policies decrease the probability that U.S.
private firms will be economically successful in
providing competitive launch services.
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The United States can meet the challenge of
competitive foreign launch services by favoring
either the Shuttle or private ELVs for commercial
payloads. If the demand for launch services were
to increase dramatically, both kinds of vehicles
might successfully offer commercial launch serv-
ices; but since a dramatic increase seems unlikely
in the 1980s, the United States must choose
which course it intends to follow.

Continuing to favor the Shuttle, by pricing pol-
icy or by other means, would reinforce its status
as the centerpiece of the U.S. space program and
support the pursuit of other long-term space goals
such as building space stations, encouraging the
development of manufacturing in space, and in-
vestigating new military space technologies. Such
a decision would likely increase the cost to the
taxpayer of the U.S. space program if it leads to
additional subsidized Shulttle flights.

In order to spur the growth of an internation-
ally competitive, private ELV industry, it would
probably be necessary to limit the Shuttle primar-
ily to Government launches or to increase the
price of commercial Shuttle flights substantially.
Additional support might be given to fledgling
launch companies in the way of low-price access
to Government launch facilities, assured launches
(e.g., the Air Force’s recent desire to purchase
10 ELVS), and a regulatory environment condu-
cive to private investment.

Allowing commercial ELV firms to compete
profitably might result in the emergence of a thriv-
ing, mature private space transportation indus-
try in the United States by the 1990s. Because
the Ariane and U.S. ELVs have comparable ca-
pabilities, such a decision might also allow the
Government-subsidized Ariane to capture a larg-
er portion of the international launch market than
it would if it were competing against the subsi-
dized Shuttle.

7Relatively powerful trade remedies for unfair foreign competi-
tion against U.S. goods and services are available to the Govern-
ment. Recently, for example, Transpace Carriers, Inc., the com-
pany seeking to commercialize the Delta launcher, applied to the
President to prohibit Arianespace from marketing its services in the
United States and to penalize U.S. imports from the countries sub-
sidizing Arianespace, S. A., under Section 301 of the Trade Act of
1974.

Satellite Communications

Unlike other technologies discussed in this
report, satellite communications technology has
passed from Government-dominated investment
to commercial status. Civilian satellite commu-
nications is now fully established within the over-
all telecommunications industry.

Competition in International Satellite
Communication Services

In the United States, increasing numbers of
satellite communications service providers, and
types of services, have forced examination of the
structure of the international satellite communi-
cations industry. In particular, several U.S. com-
munications corporations have recently applied



Ch. |—Executive Summary « 11

for authority from the Federal Communications
Commission (FCC) to launch satellites to provide
transatlantic satellite communications services.
The United States must soon decide whether it
wishes to continue its past support of INTELSAT
as the only provider of intercontinental satellite
communications facilities or whether it will per-
mit U.S. firms to launch independent and/or com-
petitive satellites. Preventing U.S. firms from own-
ing independent international satellite facilities
would close off certain potentially profitable op-
portunities to them. But INTELSAT’s monopoly
status is strongly supported by many other gov-
ernments. The United States must therefore weigh
the interests of the U.S. private sector against
other foreign policy objectives and existing in-
ternational agreements.

In November 1984, the Administration en-
dorsed U.S. private transatlantic satellite systems
as “required” in the national interest but it also
circumscribed their ability to compete with
INTELSAT. The matter is currently the subject of
a proceeding at the Federal Communications
Commission (FCC). It is not yet clear how vigor-
ously the Administration might support private
U.S. applicants, nor what competing foreign
commercial systems may be proposed. The
INTELSAT Assembly of Parties meeting in Janu-
ary 1985 coordinated a significant additional
number of U.S and Canadian satellites offering
limited transborder satellite services for the de-
veloping Western Hemisphere regional system
of independent satellite operators. Most of these
services have now received final FCC approval.

The Government must also decide how vigor-
ously to negotiate with other countries to advance
the interests of its consumers and producers in
other areas of international trade in satellite
telecommunications services. Regulatory regimes
in other countries prevent private carriers from
competing freely in international communica-
tions service markets. Other nations typically re-
guire that communications reaching their terri-
tories be handled by their governmental tele-

‘I’Althotngh [almost] all commercial intercontinental satellite traf-

fic must pass through INTELSAT, regional systems provide limited
international services in the regions they serve.

communications monopolies and accept traffic
only from designated U.S. carriers in each mar-
ket segment. Among the alternatives are: 1) bi-
lateral negotiations with individual countries with
the short-term objective of access for additional
U.S. carriers; and 2) longer term multilateral ne-
gotiations on a general GATT’ code on trade-in
services.

All of the foregoing has resulted in a situation
where U.S. consumers have fewer price-service
options in international than in domestic telecom-
munications markets. Moves toward freer inter-
national competition would be consistent with
domestic steps toward deregulation and with re-
cent U.S. efforts to secure fairer international
trade.

Demand for Satellite
Communications Services

Demand for all international telecommunica-
tions services is now probably increasing at 10
percent or more per year. Within this, demand
for satellite communications services is also in-
creasing rapidly, but whether its growth will con-
tinue through the 1990s is highly uncertain. Sat-
ellite services will continue to dominate long-
distance international communications at least un-
til 1988, when the first transatlantic fiber-optic
cable is scheduled for operation. In the 1990s, an-
nual growth in the demand for international sat-
ellite communications services could range from
zero to a rate equal to the growth of international
communications as a whole, depending on the
relative shares of satellites and fiber-optic cables.
The shares of satellites and cables will depend
in turn on consumer preferences, business incen-
tives, industry structure, and above all, on regu-
latory decisions. It is unlikely that the total de-
mand for international satellite communications
will decline during the 1990s.

Competition in Satellite Communications
Equipment Market

U.S. satellite communications equipment firms
continue to dominate the relatively open inter-
national markets, including the U.S. domestic
market. However, access by U.S. producers of

Generd| Agreement on Tariffs and Trade.
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This is one of three INTELSAT communications satellites stationed over the Atlantic Ocean.
INTELSAT'S two other Atlantic Ocean satellites, Major Path | (325.5° E) and Major Path 2 (341.5° E),
have similar configurations.

SOURCE: National Aeronautics and Space Administration.

satellites and other satellite communications
equipment to most industrial country markets is
restricted by “buy national” policies on the part
of post, telephone, and telegraph agencies (PTTs)
or consortiums of PTTs, who are the primary pur-
chasers of such equipment. Most governments
purposely excluded their PTTs from coverage
under the GATT code on government procure-

ment, and thus mu tilateral trade remedies are
not available.

Some bilateral progress has recently been made
on opening up the Japanese communications sat-
ellite equipment market to U.S. suppliers, but
European markets remain tightly protected.
Meanwhile, deregulatory and antitrust actions in
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the U.S. domestic long-distance telecommunica-
tions market have opened up the U.S. equipment
market to international competitors. Consequent-
ly, foreign communications equipment manufac-
turers have greater access to the U.S. market than
U.S. sellers have to theirs.

Advanced R&D

Although some level of Government R&D fund-
ing may be necessary to maintain the competi-
tiveness of the U.S. satellite communications
equipment industry, Congress must determine
how much is appropriate. Increasing congestion
in the geostationary orbit over the Western Hemi-
sphere for satellites using frequencies in the C-
band (6/4 GHz) and Ku-band (14/12 GHz) may
create a market opportunity for Ka-band (30/20
GHz) satellites in the 1990s. This opportunity,
along with potential competition from foreign sat-
ellite system manufacturers, has led to the NASA
Advanced Communications Technology Satellite
(ACTS) program, which would develop a Ka-band
system. ACTS components would be more ad-
vanced than Ka-band technology under devel-
opment in Europe or Japan;“some aspects of
ACTS technology would also be applicable in sat-
ellites operating in the C- and Ku-bands.

Some satellites operating in the Ka-band may
well be launched in the late 1980s, Hughes Air-
craft Co. has already applied for permission to
launch two. As planned, they would also be less
advanced than the proposed ACTS system, but
Hughes questions whether an ACTS-type system
would be commercially viable. Depending on its
perception of the threat of subsidized foreign
competition and the capabilities of the U.S. pri-
vate sector to meet it, Congress could: 1 ) con-
tinue to fund the full ACTS program through the
flight testing stage, 2) fund only minimal commu-
nications satellite research, or 3) fund only that
part of the ACTS research that can be carried out
on the ground or in small-scale Shuttle experi-
ments (on the assumption that the private sec-
tor will finance spacecraft tests of commercially
viable innovations or that spacecraft tests could
be postponed until foreign plans were clearer).

19[Two Ka-band satellites were launched by Japan in 1983. This
year it expects to launch a third.]

Participation in the International
Telecommunication Union

Because most of the communications satellites
over the Western Hemisphere belong to U.S. pri-
vate firms or the Government, the United States
has an interest in protecting the current method
of allocating slots in this hemisphere’s portion of
the geosynchronous orbit. Slots are now regis-
tered by the International Telecommunication
Union (ITU) according to a policy of “first-come,
first served.” * However, many countries of Cen-
tral and South America, along with other devel-
oping countries, espouse the principle of a priori
allotments, whereby countries would be assigned
slots in advance of actual need.

The ITU has called the 1985-88 World Admin-
istrative Radio Conference (“Space WARC”) to
consider international arrangements for planning
and implementing the use of communications sat-
ellites in the geosynchronous orbit. (The particu-
lar meeting which will do so in 1985 is known
as ORB'’85.) If the United States faced a limited
allotment of geosynchronous slots, it would be
obliged to deploy substitute capacity in the Ka-
band or in fiber-optic cables, presumably incur-
ring additional costs.'One such cost might be
the premature obsolescence of certain C- and Ku-
band ground equipment. If C- and Ku-band slots
had to be rented from countries to which they
had been assigned a priori, such rents would also
be an extra cost to U.S. consumers of satellite
communications. Participation in ORB’85 will re-
quire careful planning and coordination among
several U.S. Government agencies and the pri-
vate sector. An isolated, combative stance in
ORB'’85 on the part of the United States against
a priori planning could lead to difficulties in solv-
ing other international telecommunications is-
sues. In particular, ill-considered U.S. actions that
disrupted the ITU’s decisionmaking processes
could lead to changes in international arrange-
ments for allocating and assigning frequencies to

civilian and military communications in general.

*[This does not, however, entitle the country or the private firm
to retain the geostationary slot indefinitely. See ch. 6.]

[This supposes that the C and Ku bands would be saturated,
under given orbital spacing. If not, substitute capacity would not
be required. Large amounts of domestic fiber optic cable capacity
will be installed in the 1990s, in any case.]
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Remote Sensing From Space

Land Remote Sensing”

The U.S. Landsat system is currently the only
civilian land remote sensing system from which
worldwide data are available. By 1990, several
other countries, including Canada, France, Japan,
and perhaps the Soviet Union, expect to deploy
competing systems to sense the oceans and the
land. France is treating its Systeme Probetoire
d’'Observation de la Terre (SPOT) as a commer-
cial enterprise and has organized to market Earth
resources data when the system becomes oper-
ational in 1985.

NASA developed the Landsat system and man-
aged it as an R&D project until January 1983;
Landsat is now managed by NOAA as a Govern-
ment operational system. Landsat 5, launched in
March 1984, is expected to be the last in the Gov-
ernment’s Landsat series. Although NASA and
NOAA will continue advanced research on new
sensors and data processing techniques, using the
Shuttle to test new methods, the Administration
and Congress are now moving to transfer the
operation of land remote sensing to the private
sector.

Although the small size of the present market
for Landsat data and consequent high economic
risk’“stand as major impediments to full commer-

125ee also Remote Sensing and the Private Sector: Issues for Dis-
cussion—A Technical Memorandum, OTA-TM-ISC-20 (Washington,
DC: U.S. Congress, Office of Technology Assessment, March 1984).

13The current annual market for Landsat data is about $10 mil-
lion. Satellite capital costs (for a 5-year lifetime) are likely to be great-
er than $100 million.

SPO m o}
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cialization, several private firms have expressed
interest in providing land remote sensing data
commercially. Phased transfer to private hands,
in which a designated private firm uses its com-
mercial skills to develop a market for Landsat data,
may result in an overall market for data and serv-
ices adequate to support both a self-sufficient land
remote sensing business and the entrance of more
than one data seller.”

Without sufficient oversight, transfer of land
remote sensing to the private sector would nega-
tively affect our relationships with other nations.
In view of the continued importance of the “open
skies” principle to the United States, recent leg-
islation’ * continues the policy of nondiscrimina-
tory sales of land remote sensing data. Not to do
so would be harmful to many U.S. foreign poli-
cy interests, not just those involving outer space.

I AH. R. 5155, passed by Congress June 28, 1984, provides for a

phased transfer [Public Law 98-365].
15H.R.5155 [Public Law 98-365].
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Because the first commercial U.S. land remote
sensing data supplier will have a near monopoly
position, it may also be appropriate to restrict it
from entering into the value-added business® un-
til a competitive international remote sensing in-
dustry develops. Developing country buyers may
otherwise realistically fear that there may be dis-
criminatory access to data.

Lack of dependability of data delivery continues
to be the single most important concern of cur-
rent and potential domestic and international cus-
tomers of remotely sensed data from space. The
lengthy debate over the Landsat program has
caused both domestic and foreign customers to
limit their investment in land remote sensing
hardware and services. Such limitation of invest-
ment, in turn, has impeded the development of
international markets for Landsat-derived prod-
ucts. Building a substantial market for remote-
sensing data will likely require sizable subsidy for
a period of years. It will also require system im-
provements that lead to low-cost data products,
and a strong value-added industry. It will be espe-
cially important for the Government to avoid
competing with value-added firms.

Remote sensing data services are part of the in-
formation industry; interpretation and integration
of these data with other data require extensive
use of information technology. Successful com-
mercialization of Earth resources space-related
systems is therefore directly dependent on ad-
vances in information technology that will make
data manipulation, storage, and retrieval simpler
and less expensive. | n particular, as microcom-
puters become more powerful, and as appropri-
ate computer software is developed, even rela-
tively unsophisticated users may eventually
become purchasers of Earth resources data prod-
ucts—if their prices become sufficiently low.

The pressure for international agreements re-
quiring “prior consent” to acquire remotely
sensed data from another country will continue
to mount as spatial and spectral resolution im-
prove. However, if a strong, open, competitive
market for data products and data services de-
velops, such pressure is likely to diminish.

'¢Value-added remote sensing corporations process and ma nipu-
late remote sensing data to increase their value to the end user.

Beginning in September 1984, the Department
of Commerce attempted to negotiate a contract
with EOSAT Corp.* according to the terms of the
Landsat Commercialization Act of 1984. EOSAT,
Commerce, and OMB have reached agreement
(in May 1985) over the amount of the subsidy
($50 miliion plus launch costs) and EOSAT'S fi-.
nancial risk. It will now be up to Congress to
appropriate the transfer funds. Should the exper-
iment in commercializing land remote sensing
eventually fail, Congress will be faced with a
decision about the future of land remote sens-
ing from space. It could then:

1. decide to reestablish Government owner-
ship of the system,

2. attempt to establish an international land
remote sensing system where costs could be
shared, or

3, cease to fund land remote sensing alto-
gether.

Although Public Law 98-365 calls for contin-
ued R&D on remote sensors and applications
technigques, in August 1984, NASA reduced its
support for near-term R&D on land remote sen-
sors. NOAA devotes less than $1 million yearly
to applications research (for land remote sens-
ing). In contrast, other nations are increasing
their investment in remote sensing R&O.

*A corporation started by RCA and Hughes Aircraft Corp. specifi-
callyto market Landsat dataand to construct, own, and operate fol-
low-on Landsat satellites.

Meteorological Satellites (Metsats)

Public Law 98-166 prevents the sale or trans-
fer of U.S. metsat systems to private industry and
requires that they be operated in the public in-
terest. At present, the commercial value-added
market for weather data from satellites is extreme-
ly small. However, innovative applications of met-
sat data to agriculture and hydrology demonstrate
that, when properly processed and integrated with
other data, they can sometimes substitute effec-
tively for moderate resolution land remote sens-
ing data, Because metsat data have the advan-
tage that they are sensed and delivered twice
daily, their use for these purposes may reduce
the market for higher resolution, Earth resources
data.
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As meteorological satellite systems have grown
sophisticated and consequently more compli-
cated, costs of building and operating the systems
have also grown. In contributing to the continu-
ity of international collection and analysis of envi-
ronmental data, the United States could follow
one of the following policy options:

1. It could continue to operate two civilian
polar orbiters and two geostationary satel-
lites and share data internationally.

2. It could operate only one polar orbiter. Re-
ducing polar-orbiter service would likely
save roughly $25 million per year, but would
lead to reduced service to Hawaii and Alas-
ka as well as to the U.S. military. It would
also reduce our ability to share metsat data
with other nations.

3. Alternatively, the United States could join
with other industrialized nations in a joint
international system, as the Administration
has proposed. The United States could save
money on building and operating meteoro-
logical satellites and demonstrate its leader-
ship in developing space for peaceful pur-
poses by joining with other nations to build
and operate such a system.

Ocean Remote Sensing

NASA'’s experimental Seasat ocean remote
sensing satellite demonstrated in 1978 the utility
of collecting data on properties of the ocean from
space. Although no U.S. civilian system is now
foreseen, the U.S. Navy is planning an operation-
al ocean remote sensing satellite (Navy Remote
Ocean Sensing Satellite—NROSS) for launch in
1988 or 1989. NOAA will collect and distribute
data from NROSS. Canada, ESA, and Japan all
expect to have operational civilian ocean remote
sensing systems in the late 1980s or early 1990s.

None of the systems by themselves will produce
the full range of useful ocean data. [f all parties
were willing to coordinate satellite orbits and to
supply their data in usable form, NOAA could play
a crucial role in collecting, organizing, and dis-
tributing data from the U.S. Navy and the foreign
ocean remote sensing systems. Alternatively, at
some time in the future, it may be desirable to
develop an international ocean remote sensing
system.

Remote Sensing in Developing Countries

Most developing countries lack the basic infra-
structure to use Earth remote sensing data effi-
ciently. Because the meteorological terminals are
relatively inexpensive to install and operate, gain-
ing experience with receiving and processing
weather data may be the best way for developing
countries to build the infrastructure necessary to
utilize remotely sensed land or ocean data. At the
same time, advances in information technology
that will make it easier and cheaper to process
remotely sensed data will vastly improve the abil-
ity of the developing countries to use them. By
continuing to support remote sensing programs
in developing countries, the United States could
help these countries develop their own resources
and stimulate the international market for land
remote sensing data products.

Materials Processing in Space

There is no international commercial competi-
tion in materials processing in space (MPS) be-
cause commercially significant MPS products have
yet to be developed; governments are now respon-
sible for most MPS research activities. Given the
cost and complexity of research in space, and the
limited understanding of space processing and its
supporting technology, international cooperation
in MPS research could contribute substantially to
long-term U.S. objectives in space. A few firms,
working with NASA, are studying specific proc-
esses which could result in commercial products.

The primary motivation for studying the prop-
erties of materials in space is to use a microgravity
environment for extended periods for scientific
and, perhaps, commercial applications. Operat-
ing in a near zero-gravity environment may lead
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to improvements in controlling process variables
such as temperature, composition, and fluid flow,
and afford opportunities for understanding and
improving ground-based production methods.
Where economical, it might eventually lead to
manufacturing selected products in space.

Should MPS products prove to be commercially
viable, the United States would eventually face
market competition from other nations that are
also gathering experience in microgravity re-
search.” Most foreign MPS activities have been
conducted by ESA under the primary sponsor-
ship of West Germany. European MPS activities
include an active sounding rocket program, the
development and use of Spacelab and related
hardware, and the development of the reusable
free-flying platforms, SPAS and EURECA. As a re-
sult of these activities, Europe will likely become
an important source of information on the be-
havior of materials in microgravity. Japan has a
small but active sounding rocket program di-
rected toward MPS research; it has also used the
Shuttle and Spacelab to carry out experiments.
The Soviet Union has done a considerable amount
of MPS research in its Salyut space station, but
this research is unlikely to result in commercial
competition for the United States.

At present, U.S. commitment to the Shuttle and
to the development of an MPS science commu-
nity, as well as NASA’s encouragement of cer-
tain commercial space activities, have given U.S.
industry a technological advantage. This advan-
tage could diminish over the next decade as for-
eign access to space becomes more routine and
the advantages and limitations of microgravity
technology become more widely known.

MPS research and hardware development in Eu-
rope and Japan, in addition to raising the poten-
tial for future commercial competition, have made
these countries valuable partners for internation-
al cooperation. Considering the current limited

1’Foreign ability to compete i n space manufacturing will depend

strongly on availability of the Shuttle to foreign users or on the de-
velopment of suitable foreign launch vehicles and carriers.

understanding of MPS and the high cost of inves-
tigating this technology, international coopera-
tive activities would offer the benefit of expand-
ing the base of knowledge while sharing costs.
The United States should encourage internation-
al cooperation in basic scientific investigations or
in areas in which the United States can benefit
from foreign research (e.g., basic biomedical re-
search and research in solidification). It should
proceed cautiously in areas that might have near-
term commercial applications or in which the
United States holds a clear technological lead
(e.g., continuous flow electrophoresis and con-
tainerless processing).

Any decision to increase Government support
for MPS research should probably include in-
creases in funding for international cooperative
activities such as formal and informal exchanges
of scientific personnel and information, and shar-
ing of facilities such as the Shuttle, Spacelab, and
European- and Japanese-built hardware. Joint re-
search projects such as the International Micro-
gravity Lab proposed by NASA, which would allow
the cooperative use of the Shuttle and foreign MPS
hardware, seem to offer significant benefits and
savings to NASA and the U.S. taxpayer.

I't is impossible to predict the future size or vi-
tality of the markets for MPS products, services,
and equipment. Although in the near-term, a few
commercial MPS products will be developed, the
long-term potential of microgravity research will
not be known until substantially more research
has been accomplished. The potential for devel-
oping a U.S. MPS industry depends on: continued
Government-funded basic research; the availabil-
ity of reliable, low-cost space transportation; and
access to medium- or long-term MPS facilities
such as free-flyers or a space station. It depends
most on the discovery of commercially viable
MPS products.la

18Mc Donnell Douglas and Johnson & Johnson have been work-
ing since 1977 on processes to develop marketable pharmaceuti-
cals. They hope to market their first product manufactured in space
by 1987.
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SPACE SCIENCE

Cooperation

Cooperation between countries in space science
continues to be a major source of cultural, politi-
cal, and social benefits. Cooperation occurs in a
variety of modes—among individuals, institutions,
and governments. The Infrared Astronomical Sat-
ellite (IRAS), by which several major astronomical
discoveries were made recently, is an excellent
example of the high level of science that coop-
erative ventures can achieve.

Exploratory missions in astronomy and plane-
tary science are increasingly complex and expen-
sive. Although political considerations are impor-
tant, the major driving force behind large coop-
erative space science projects will continue to be
the prospect of sharing costs. Yet the complexity
of such missions makes joint management by dif-
ferent governments, space agencies, and research
institutions difficult. For this reason, international
cooperative missions in which costs are shared

GIOTTO LAUNCH 10-7-1985

should be designed so as to keep the manage-
ment as simple as possible.

Now that ESA and Japan are able to mount ma-
jor interplanetary missions, the terms of interna-
tional cooperation have changed. in the inter-
national Halley Watch, for example, the United
States has assumed a supportive, rather than a
leading role. This change from its accustomed role
reflects a recognition that the United States need
no longer rely solely on unilateral efforts to main-
tain momentum in space science generally. The
United States can now anticipate some return on
our earlier investments in the space science pro-
grams of our cooperative partners.

Whatever part the United States assumes in co-
operative space science activities, it is extreme-
ly important for the United States to adhere to
its cooperative agreements. As a case in point,
the U.S. decision in 1981 to reduce substantially
its participation in the International Solar Polar
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Mission continues to be named as an example
of the difficulties involved in cooperating with the
United States.

Competition

It is difficult to speak of direct competition in
space science, at least among Western nations,
as every nation’s plans are known well in advance
and there is little to be gained from duplicated
research. (This was part of the reasoning behind
the U.S. decision not to send a spacecraft to Hal-
ley’s Comet.) Relative prestige is primarily a func-
tion of previous accomplishments and available
resources.

Space science is also one way in which the
United States demonstrates its leadership in space
technology. Although the United States maintains
a leadership position in space science, as other na-
tions gain greater experience, the United States
faces increased competition in certain subfields
of space science from ESA, Japan, and the Soviet
Union. One way in which the United States can
maintain its broad base of knowledge and tech-
nology, while minimizing costs, is to continue to
cooperate with other countries, and to be aggres-

sive in proposing experiments for foreign space-
craft.

Another competitive aspect of space science,
and one which is fairly new, is the competition
for cooperative partners on scientific missions.
The Soviet Union has used such cooperation as
a way to branch out from its Intercosmos base
of Soviet bloc countries, to extend its influence,
and to acquire needed scientific/technological ex-
pertise, The recent flight of an Indian cosmonaut
aboard the Salyut 7 space station is one exam-
ple. The Soviets are continuing an elaborate pro-
gram of joint scientific projects with France. The
United States must not overlook this competitive
factor with regard to Third World interest in space
science as a means of building the infrastructure
necessary for space applications. in the long run,
the United States must remain cooperative in
space science in order to remain competitive.

The international market for space science
equipment and services is relatively small. Be-
cause the United States has a well-developed in-
frastructure for supplying this market, it will con-
tinue to dominate the market for the foreseeable
future.

U.S. CIVILIAN SPACE POLICY

Analysis of the issues raised by this assessment
reveals that two major problems dominate the
organization and implementation of U.S. civilian
policies toward space: 1) there is no national con-
sensus about long-term goals and objectives in
space, and 2) the political and economic dimen-
sion of space activities now exceed the purview
of any one Government agency.

Future Goals and Objectives

To maintain focus on the Nation’'s goals in
space, periodic high-level review and discussion
are required. In recent years, the Administration’s
examination of space policy has centered in spe-
cial committees organized within the White House,
and has been dominated by military and national
security, as well as yearly budgetary, concerns.

The current Administration’s space policy com-
mittee, the Senior Interagency Group for Space
(SIG space) reflects this emphasis.* Neither the
private sector nor several agencies®with long-
standing responsibilities in the U.S. civilian space
program are represented.

Observers generally agree that the United States
needs to establish new specific civilian space
goals. One possible mechanism for encouraging
a national debate over the U.S. future in space
is the National Commission on Space, as author-

19The Seniorinteragency Group is composed of representatives
from the Departments of Commerce, Defense, and State, and the
Central Intelligence Agency, the Joint Chiefs of Staff, the Arms Con-

trol and Disarmament Agency, and NASA.
20Fgr example, the Departments of Agricultu re and Interior, the

National Science Foundation, FCC, and AID.
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ized in H. R. 5154.21 A National Commission on
Space could, among other things, provide a pub-
lic forum for analyzing the needs of the Nation
with respect to space. It could also help to de-
velop a national consensus on new long-term
goals and objectives.”

Given the widespread and expanding uses of
space, the diversity of governmental and private
users, and the increase in international commer-
cial competition, a commission designed to rec-
ommend future policy should be as diverse and
as broadly based as possible, and include mem-
bers from the private sector. The Commission
should seek input from all the Government agen-
cies with responsibilities in space, but remain in-
dependent of them. In addition to recommend-
ing goals and objectives, the Commission should
provide guidance for implementing its recom-
mendations in the context of other national goals.

It will be important for the Commission to spe-
cify the relationship of new goals and objectives
to other national goals, and to take account of
the limitations, as well as the strengths, of space
policy. Just as satellite communications have be-
come integrated into the telecommunications in-
dustry, so will other space technologies, as they
mature, become integral parts of larger, nonspace
industries. They will then gradually become less
appropriate objects of space policy, and more ap-
propriate objects of policies related to those in-
dustrial sectors they serve.

I't is inappropriate to use space policy (which
provides direction about the future exploration
and exploitation of space), for example, to make
decisions on international trade in space-related
goods and services in isolation from the U.S.
Trade Representative, decide on the require-

21passed by Congress, June 28, 1984. [Public Law 98-361.1

22Fqr aninitial suggested list of such goals and objectives, see
Civilian Space Stations (Washington, DC: U.S. Congress, Office of
Technology Assessment) [OTA-STI-241, November 1984.].

ments of international satellite telecommunica-
tions in isolation from the FCC, or to plan inter-
national programs in isolation from the Depart-
ment of State. Nor should space policy per se be
used to guide the overall planning of operational
Government systems. For example, as the long
debate over the Landsat program has demon-
strated, systems that are expected eventually to
provide continuing services should be planned
primarily by those who will be expected to pro-
vide the technology, and use and pay for services.

Organizing for Space Activities

In the past, what this Nation sought to accom-
plish in space was achieved primarily by NASA
within the broad principles and goals of the 1958
National Aeronautics and Space Act (NAS Act).
Today, the increase in foreign and commercial
activities means that other Government agencies
now play a greater role in space. Already, the De-
partments of Agriculture, Commerce, Interior,
and State, and the FCC, in conjunction with the
private sector, manage most of the civilian ap-
plications of space technology. Recently the De-
partment of Transportation (DOT) has been charged
with promoting and regulating private sector
space transportation systems.” Strengthening U.S.
competition with other space-capable nations, or
improving our ability to cooperate effectively, will
require careful attention to the means of coordi-
nating the activities of all of the Federal agencies
with an interest in space with each other and with
those of the private sector. *

For example, the 1984 fiscal year authorization
legislation for NASA, H.R. 5154,24 amended the
NAS Act to include a provision directly related
to private sector activity in space:

The Congress declares that the general wel-
fare of the United States requires that the Na-
tional Aeronautics and Space Administration
seek and encourage, to the maximum extent
possible, the fullest commercial use of space.

23This assignment was mad.by President Reagan. Congress is
now considering DOT'’s role in space transportation. [Public Law
98-575, signed Oct. 30, 1984, now gives DOT regulatory authority
over private sector launch activities.]

*[The Government must also authorize and supervise private sec-
tor activities in accordance with international treaties and agree-

ments on space.]
24[Pyblic Law 98-361.1
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This provision directs NASA to involve itself in
the commercial exploitation of space. Yet NASA,
by itself, is not well-equipped either to choose spe-
cific technologies for commercial exploitation or
to foster the creation of new space industries.

Seeking the fullest commercial use of space will
require the direct involvement of those agencies
versed in domestic commerce and regulation, in-
ternational trade, and foreign affairs, Government
decisions regarding commercial space activities
must above all be responsive to how the actual
markets and industries involved work, and how
international ,competition in space industries re-
lates to international competition generally.

In order to foster effective coordination, it will
be important for Congress to designate clearly a
lead agency for regulating a particular private sec-
tor activity. As new specific commercial space
technologies mature, agencies other than NASA
should be given primary responsibility for their
oversight. The recent designation of DOT as the
lead agency for private space transportation serv-
ices indicates how the responsibilities for oversee-
ing commercial space activities could be orga-
nized in the future.

The ability to pursue foreign policy objectives
through cooperative space activities is hampered
by the fact that no single agency has control over
U.S. cooperative activities. Currently, the respon-
sibility for cooperative international civilian space
activities is divided among the Department of
State, Department of Commerce, Department of
Transportation, FCC, and NASA. The conduct of
foreign policy is the responsibility of the Depart-
ment of State, which has little expertise in space.
if the United States wishes to use its civilian space
activities to pursue U.S. foreign policy interests
more aggressively, it will be important to expand
the Department of State’s space expertise.

Cooperation and Competition
as Part of Policy

Cooperation and competition with other na-
tions are not ends in themselves; they are merely
tools with which to carry out long-term national

security, political, and economic objectives. Na-
tions have cooperated for humanitarian reasons,
for example, in the U.S. Advanced Telecommu-
nications Satellite experiments of the 1970s or the
current U. S., Canadian, French, and Soviet SARSAT
project. They have also cooperated to obtain
technology or resources which would later allow
them to compete economically or politically. Ex-
amples of this include ESA’S work with the United
States on Spacelab and NASA's cooperative pro-
grams involving remote sensing. European com-
petition with the United States in launch services
and remote sensing has helped to establish Europe
as an important partner for cooperation with
other nations.

If the United States wishes to retain an inter-
national leadership role in the continued explora-
tion, development, and use of space it must be
effective at both cooperation and competition.
A clear understanding of long-term national goals
and objectives and a workable division of respon-
sibilities and coordination among the various Fed-
eral agencies as well as between Government and
the private sector will therefore be essential.

Photo credit: EuropearSpace Agency

Artist’s view of the European-developed EURECA
space carrier being deployed from the U.S. Space
Shuttle with the Canadian-built remote
manipulator arm
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Chapter 2
INTRODUCTION

International cooperation and competition in
space science and technology have played im-
portant roles in the U.S. civilian space program
since its inception in 1958. Although the program
was primarily established to meet a competitive
challenge from the Soviet Union, the National
Aeronautics and Space Act identifies international
cooperation as a fundamental U.S. goal and
declares that “activities in space should be
devoted to peaceful purposes for the benefit of
all mankind” (sec. 102a).

For many years only the United States and
the Soviet Union had the capacity to build and
launch complex space systems. In the last dec-
ade, the Western European countries and Japan
have also succeeded in developing advanced
space systems; in large part they have done this
by assimilating U.S. technology and expertise
through cooperative scientific and commercial
ventures with the United States.

In the 1980s, advanced foreign capabilities
have or will become comparable to those of the
United States in virtually every area of civilian
space technology except manned flight. Foreign
accomplishments now provide new opportuni-
ties for bilateral and multilateral cooperation; they
also present the challenge of greatly increased
commercial, political, and military competition.

Significant changes have also occurred in the
U.S. relationship with the developing world. A
few developing countries, resolved upon using
space technology to promote their economic
growth, have begun to press for the establishment
of international organizations and legal regimes
with the power to ensure equitable access to
space systems and resources. Such developments
are often inconsistent with U.S. policies and ob-
jectives, particularly those designed to encour-
age private competition and investment in space
activities. This has occasioned a reassessment of
the traditional U.S. support for certain coopera-
tive activities, particularly those sponsored by the
United Nations or its specialized agencies.

Because of their interest in maintaining U.S.
leadership in space technology, in capturing the
economic benefits of commercial space activi-
ties, and in using space technology as an instru-
ment of foreign policy, the House Committee on
Science and Technology and the Joint Economic
Committee asked the Office of Technology As-
sessment (OTA) to prepare this report. * The com-
mittees requested an assessment of “international
cooperation and competition in space, " that
would “compare the technical status of foreign
space systems . . . and investigate ways that U.S.
space applications and space science programs
could be used more effectively to further U.S.
commercial and foreign policy interests. ” They
asked OTA to examine U.S. relationships with de-
veloping as well as industrialized countries and
to offer suggestions about how “this country can
work together with other nations for mutual ben-
efit. ”

This study builds upon the OTA report Civil--
ian Space Policy and Applications. *That assess-
ment identified international competition in space
technology as a critical issue, described the cur-
rent and projected space programs of other coun-
tries, and discussed domestic initiatives to make
better use of our own space assets. During the
course of the current study, OTA also published
two technical memoranda each of which high-
lighted important issues of cooperation and com-
petition. *UN/SPACE ’82: A Context for Interna-
tional Cooperation and Competition focused on
U.S. participation in the second United Nations

! Letter from Congressmen Don Fuqua, Ronnie G. Flippo, Larry
Winn, Jr., and Harold C. Hollenbeck of the U.S. House of Repre-
sentatives Committee on Science and Technology to the Honorable
Ted Stevens, Chairman, Technology Assessment Board, Mar. 8,
1982; Letter from the Honorable Roger W. Jepsen, Vice Chairman,
Joint Economic Committee to the Honorable Ted Stevens, Chair-
man, Technology Assessment Board, Mar. 24, 1982.

2Civilian Space Policy and Applications (Washington, DC:U. s,
Congress, Office of Technology Assessment, OTA-STI-177; June
1982).

‘Technical memoranda are issued on specific subjects analyzed
in recent or ongoing OTA projects, They are issued at the request
of Members of Congress who are engaged in committee legislative
actions that are expected to be resolved before OTA completes
its assessment.

25
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conference on the Exploration and Peaceful Uses
of Outer Space.’ The conference offered a win-
dow through which to view the needs of the de-
veloping world, the formation of international
space policy, the roles that the United States and
its agencies play in this process, and the poten-
tial effect of the process on U.S. public and pri-
vate interests. Remote Sensing and the Private
Sector: Issues for Discussion investigated the re-
cent proposal to transfer the meteorological and
land remote sensing satellite systems to the pri-
vate sectors Among other things, it discussed the
size of the market, public good aspects of remote
sensing, U.S. Government (including military and
intelligence) needs for data, and the use of re-
motely sensed data to further foreign policy ob-
jectives.

In order to identify and refine the issues pre-
sented in this report, as well as the two previously
published technical memoranda, OTA convened
several workshops that assembled experts from
different subject areas:

Space Technology and Foreign Policy: UNI-
SPACE '82 offered an opportunity to review the
development of international space policy, the
role that the United States and its various agen-
cies play in this process, and the potential effect

SUNISPACE '82: A Context for International Cooperation and
Competition—A Technical Memorandum (Washington, DC: U.S.
Congress, Office of Technology Assessment, OTA-TM- ISC-26, March
1983); requested by the House Science and Technology Commit-
tee and the Joint Economic Committee.

‘Remote Sensing and the Private Sector: Issues for Discussion—
A Technical Memorandum (Washington, DC: U.S. Congress, Of-
fice of Technology Assessment, (OTA-TM-ISC-20, March 1984); re-
quested by the House Science and Technology Committee and the
House Government Operations Committee.

of this process on public and private U.S. inter-
ests, After OTA completed the first draft of the
UNISPACE '82 Technical Memorandum, it held
a workshop to discuss the draft and the issues
raised by U.S. participation in international con-
ferences.

Commercialization of Remote Sensing: OTA or-
ganized two different workshops on this subject.
In the first, participants drawn primarily from the
private sector discussed those broad issues im-
plicit in the transfer of remote sensing systems
related to international trade, use of remotely
sensed data in foreign policy, public good aspects
of land and meteorological remote sensing, and
finally, national security issues. The second work-
shop, composed solely of participants from the
executive agencies, discussed most of the same
issues from the standpoint of Government poli-
cy and plans.

Internationa/ Trade in Space Equipment: This
workshop discussed the applications and effects
of current rules on trade in space-related serv-
ices, equipment, and products. Additional issues
discussed included potential Government re-
sponses to “unfair” practices in space markets,
the likely evolution of the industrial organization
of the space transportation industry, and the po-
tential effect of deregulation on the international
communications industry.

OTA is grateful to the workshop participants
and to the many others who provided informa-
tion or reviewed portions of this draft or of the
drafts of the two technical memoranda. Their
helpful and timely comments and suggestions
helped to make it possible to complete this
report.

FOREIGN COMPETITION

Having begun in many cases by building com-
ponents and subsystems for U.S. and INTELSAT
satellites, European and Japanese capacities now
extend to the design and operation of complete
systems for communications, land remote sens-
ing, and weather observation, as well as the ve-

hicles to launch them. Although no single coun-
try can yet match the U.S. range of technical
abilities, nor its experience in systems operation,
foreign technologies are now fully comparable
in specific areas, such as expendable launch
vehicles and satellite ground stations.
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Until recently, the United States benefited from
the space programs of other nations because they
provided markets for U.S. goods and services.
Now, even though the overall market is increas-
ing, foreign competition could threaten U.S. firms
with the loss of significant sales and the country
as a whole with potential loss of prestige and po-
litical influence. Already, technology developed
by the European Space Agency (ESA) supplies a
large portion of the satellite communications and
space transportation needs of the European com-
munity. | n 1985, the French SPOT system is ex-
pected to begin supplying commercial remotely
sensed data internationally. The Third World mar-
kets for space technology, once completely dom-
inated by U.S. producers, are gradually opening
to European and Japanese sellers.

These advances are part of an overall evolu-
tion of European and Japanese expertise in ad-
vanced technology. Influential opinion sectors in
Europe and Japan believe that they must com-
pete fully in advanced technology, and associ-
ated management skills as a prerequisite for

economic growth, political status, and national
security in a world dominated by the two super-
powers. To obtain the necessary technology and
skills they have targeted specific industries for spe-
cial attention, particulady industries where inter-
national competition was thought to be important.
Space technology is a prime exemplar of this phe-
nomenon; it has not only been promoted domes-
tically through research and engineering pro-
grams, but also imported from the United States
via educational and scientific exchanges and
through the activities of U.S. aerospace and com-
munications firms.

In part because of its long-standing position as
the unchallenged leader in space applications
technology, the United States has been slow to
recognize and respond to foreign challenges. This
report offers a range of policy options which at-
tempt to define appropriate roles for Government
in its task of maintaining technological leadership
in an increasingly competitive international envi-
ronment.

PRIVATE SECTOR SPACE ACTIVITIES

The Carter and Reagan Administrations and
Congress have encouraged private sector invest-
ment in space technology. Consequently, in ad-
dition to expanding its major role in satellite
communications, the U.S. private sector would
like to offer space transportation services. It may
soon be obtaining and selling satellite remote
sensing data, and has also offered limited expres-
sions of interest in materials processing in space.

The U.S. Government attempts to avoid com-
peting with private commercial activities. How-
ever, since the development and use of space
technology is a long-term, expensive undertaking
and certain specialized government needs can-
not always be supplied by the private sector, gov-
ernments have traditionally been the driver be-

hind the evolution and growth of space technol-
ogy. This preeminent government role, combined
with the political sensitivity of the use of tech-
nologies that by nature transcend national bound-
aries, has inhibited the transfer of space technol-
ogy to private sector hands.

In remote sensing and space transportation, al-
though the U.S. Government creates a large part
of the total demand for these services, it is also
a potential competitor to private sector efforts.
This report offers policy options which attempt
to resolve the conflict between the Government’s
responsibilities for encouraging private sector in-
vestment in space and its responsibilities for main-
taining the technological vitality of the Nation.
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INTERNATIONAL

International cooperation for peaceful purposes
has been a central element of the U.S. civilian
space program since its inception. Cooperative
activities have taken primarily three forms: 1)
bilateral agreements with other industrialized
countries, usually with a technological goal; 2)
multilateral agreements in United Nations and
other international forums to develop the legal,
regulatory, or organizational norms for using
space; and 3) assistance projects undertaken by
the U.S. Agency for International Development,
with the help of the National Aeronautics and
Space Administration (NASA) and the National
Oceanic and Atmospheric Administration (NOAA),
which use space technology to benefit develop-
ing nations.

To make up for lack of individual size, Euro-
pean countries have also developed methods of
cooperating multilaterally in order to pool finan-
cial and technical resources. The multinational
ESA is coordinating projects in advanced satel-
lite communications, ocean and land remote
sensing, and expendable launch vehicles. It is also
the lead agency for extensive bilateral agreements
with the United States in space science and in
the design and construction of Spacelab, the
manned Shuttle laboratory. In Japan, the national
space agency, NASDA, is developing its own fam-
ily of launch vehicles (based on technology leased
from U.S. corporations), as well as advanced
communication satellites and ocean remote sens-
ing systems. Japan also has an active space
science program. Much of this work is being pur-
sued in cooperation with U.S. aerospace and
electronics firms as well as with NASA. The So-
viet Union cooperates most actively with allied
socialist states. More recently, it has developed
programs with India and also with France.

In the past 25 years, the United States has en-
gaged in hundreds of bilateral and multilateral
cooperative ventures in every area of space tech-
nology. U.S. launchers have orbited complete sat-
ellites and instrument payloads for dozens of
countries. As others develop indigenous space

COOPERATION

capabilities they become potentially valuable
partners for cost-constrained U.S. projects. Yet,
cooperation in any high-technology venture can
result in some transfer of valuable technical
“know-how.” As private sector commercial activ-
ities increase there will be less Government in-
centive to cooperate because successful coop-
eration may lead to a decrease in market share
or create new competitors.

The U.S. cooperative relationship with devel-
oping countries is also undergoing a period of sig-
nificant change. In the past, the United States
used the Landsat or the Advanced Telecommuni-
cations Satellite (ATS) programs to demonstrate
how space technology could benefit the devel-
oping world. In recent times, however, the
United States has come under strong criticism
from developing countries for failing to support
an agenda dedicated to equal and guaranteed ac-
cess to space technology and resources.

The dominant dispute over the use and acqui-
sition of space technology is between the indus-
trialized and the developing countries, In gen-
eral, the developing countries seek to gain greater
access to, and control over, the resources of outer
space and the advanced space technologies of
the industrialized nations. They do this primar-
ily by advocating legal and regulatory regimes for
space activities in international organizations,
where they outnumber and can outvote indus-
trialized countries. The developing countries also
promote the establishment of multilaterally funded
and controlled bodies to transfer know-how and
technology to the Third World. Industrialized
countries, on the other hand, fear turning over
control to multilateral organizations. In the
United States, the ideological emphasis has
shifted from a policy of using space for “all man-
kind,” to a desire to encourage the private ex-
ploitation of space. Yet private exploitation of
space resources assumes acquiescence by other
countries in U.S. goals. Increased private sector
activities will require political as well as market
accommodation by all countries,
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ORGANIZATION OF THE REPORT

The main body of this report begins with dis-
cussions of cooperation and competition in chap-
ter 3 and chapter 4. These chapters provide the
conceptual and institutional context essential to
understanding the technology-oriented policy op-
tions that appear in the report. The interaction
between cooperation and competition is dem-
onstrated concretely in each of the following
technology chapters.

Chapter 5 describes the technology and the
current issues involved in space transportation.
It discusses commerce in space transportation
equipment and services and the relative merits
of their individual needs and products. Shuttle
and Ariane price competition, launch vehicle de-
mand, the role of the private sector and the long-
term effects of government owned or sponsored
technology are all examined. It also considers the
history and future of cooperation in space trans-
portation.

Chapter 6 examines international cooperation
and competition i: 1satellite communications, the
only fully commercialized sector of space tech-
nology, in the context of the international tele-
communications industry as a whole. Internation-
al satellite communications, which has been
highly structured by regulation in the past, is now
an arena in which a deregulated U.S. domestic
telecommunications industry is poised to imple-
ment new technologies in international markets
if it can gain access to them. This chapter ana-
lyzes how the outcome of technological competi-
tion between fiber optic cables and communi-
cation satellites could affect the long-term
demand for satellite communications services and
equipment and how economic, political, and reg-
ulatory factors could affect this competition. It
analyzes U.S. policy toward international insti-
tutions like INTELSAT and the ITU, NASA'’s ad-
vanced communication satellite research pro-

gram, international trade in telecommunications
equipment and services, and international facil-
ities regulation.

Chapter 7 focuses on remote sensing and the
technical, political, and economic issues involved
in the operation of this technology. It pays par-
ticular attention to the worldwide market for
meteorological, land, and ocean remote sensing
services and summarizes civilian needs of the
U.S. Government. The United States is attempt-
ing to transfer land remote sensing functions (the
Landsat system) to the private sector. This chap-
ter examines the transfer process and explores
policy issues related to it. Because several foreign
governments are planning to launch remote sens-
ing systems, this chapter summarizes the attri-
butes of these systems and examines the competi-
tive challenge the systems pose for the United
States.

Chapter 8 examines foreign and U.S. materials
processing research and assesses the potential for
the development of marketable products. It also
discusses competitive foreign services and equip-
ment. The value of pursuing cooperative MPS
programs is discussed in detail, particularly with
reference to basic scientific research.

Chapter 9 describes current cooperative and
competitive aspects of space science. [t details
the role of cooperation in reducing costs and ex-
panding possible activities, and discusses the
emergence of competition as a new factor in
space science.

Finally, chapter 10 offers a broad examination
of the cooperative and competitive policy options
presented in the technology chapters and dis-
cusses the wider issues posed by U.S. involve-
ment in international civilian space activities. The
chapter suggests several options for addressing
these issues.
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Chapter 3

INTERNATIONAL SPACE COOPERATION

INTRODUCTION

International cooperation in civilian space
activities has been a major component of U.S.
space policy ever since specific provisions for co-
operation were included in the 1958 National
Aeronautics and Space Act (NAS Act). Later
amendments strengthened the role of interna-
tional cooperative agreements in pursuit of scien-
tific and technical research. Because each suc-
cessive administration and Congress have
perceived international cooperation in civilian
space activities to be beneficial to U.S. interests,
U.S. involvement in international cooperation has
stood the test of time and the annual appropria-
tions process.

In the early days of the Space Age, the United
States played a leading role in establishing the
international legal regime for outer space. It was
also a major force in establishing the multilateral
communications organizations, INTELSAT and (to
a lesser extent) INMARSAT, and in making the
results of remote sensing from space available
worldwide; in addition, it offered participation
in scientific space projects to other countries (see
fig. 3-I).

Recently, the National Aeronautics and Space
Administration (NASA) opened its manned space
flight program to other nations by flying foreign
mission specialists on the Shuttle.

Cooperative programs in space, managed prin-
cipally by NASA, but also by the National Oceanic
and Atmospheric Administration (NOAA) and the
Agency for International Development (AID),
have supported the following U.S. technological,
political, and economic goals:

. Technological:

—Affording access to foreign countries for
tracking stations, launch sites, and ground
receiving stations.

—Expanding research opportunities for U.S.
scientists by sharing costs and acquiring/
using knowledge from other countries.

—Allocating scarce resources such as the
geostationary orbit.

. Political:

—Promoting international peace and reduc-
ing tensions through mutual under-
standing.

—Promoting greater openness and access
to information.

—Increasing U.S. prestige by giving high in-
ternational visibility to U.S. technical and
scientific accomplishments.

—Affording political access to countries
where U.S. influence is otherwise weak.

« Economic:

—Promoting economic development in de-
veloped as well as developing nations.

—Developing global markets for U.S. space-
related goods and services.

—Sharing costs of expensive, long-term
programs.

The very success of U.S. international cooper-
ative programs has helped intensify international
challenges to U.S. leadership in space science
and space applications. The pressure comes not
only from other nations competing in space.
Developing countries, voting in blocs, now chal-
lenge U.S. leadership in international organiza-
tions that deal with space matters. These chal-
lenges raise critical questions about the future of
Us. cooperative space projects:

1. How can the United States use its participa-
tion in international multilateral organiza-
tions and meetings on space to promote U.S.
interests?

2. How can the United States cooperate most
effectively with the developing countries?

3. On what terms might the United States most
profitably cooperate with the industrialized
nations?

This chapter summarizes the history of U.S. in-
ternational cooperation in civilian space activi-
ties and describes its major accomplishments. it
describes foreign cooperative programs and dis-
cusses issues arising from an altered international
outlook with respect to space are discussed.
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INTERNATIONAL COOPERATIVE PROGRAMS WORLDWIDE

United States

Early Legislation

The history of cooperation in the use of outer
space for peaceful purposes bears the indelible
imprint of the U.S. Congress. Influential Mem-
bers of both houses, including Speaker of the
House John W. McCormack and Senate Majority
Leader Lyndon B. Johnson, recognized as early
as 1957 that a strong national space program of-
fered a basis for international cooperation in
activities which could extend peaceful pursuits
on a worldwide frontier.

On January 15, 1958, Senator Johnson called
for U.S. leadership in developing the capacity to
explore the space environment. lie suggested
that we invite the scientists of other nations to
work with U.S. scientists on projects to extend
the frontiers of mankind and to find solutions to
the problems facing the world:'

Our President . . . has a rare opportunity to
lead in this labor boldly and forcefully and in the
vigorous pursuit of peace; he will find the Na-
tion undivided in its support . , . it would be ap-
propriate and fitting for our Nation to demon-
strate its initiative before the United Nations by
inviting all member nations to join in this adven-
ture into outer space together. The dimensions
of space dwarf our national differences on Earth.

Later, on March 5, 1958, President Eisenhower
approved a proposal for dividing control of space
activities between the Department of Defense,
which was to retain projects primarily associated
with military requirements, and the National Ad-
visory Committee for Aeronautics (NACA), which
was to be the nucleus of a new civilian agency.
The President’s Science Advisory Committee pub-
lished “Introduction to Space” on March 26,
1958, and on April 2, the President sent a special
message on “Space Science and Exploration” to
Congress with a draft proposal for legislation. The
message stated that “a civilian setting for the
administration of space functions will emphasize

‘Address by Senator Lyndon B. Johnson before a meeting of the
Columbia Broadcasting System Affiliates, Shoreham Hotel, Wash-
ington, DC, Jan. 14,1958.

the concern of our Nation that outer space be
devoted to peaceful and scientific purposes.”

Although the Eisenhower Administration and
Congress agreed on dividing space activities be-
tween military and civilian agencies and expand-
ing NACA into the National Aeronautics and
Space Administration, the special congressional
space committees made several changes in the
administration’s bill, particularly with regard to
the need for international cooperation. These ac-
tions reflected the testimony of scientists and
engineers who had been engaged in global proj-
ects of the International Geophysical Year. Ac-
cording to Senate Resolution 327, Report No.
1925, 85th Congress, 2nd session, July 24, 1958:

Particular attention should be paid to preserv-
ing and extending the patterns of cooperation
which were formed during the International
Geophysical Year. The IGY programs have been
an inspiring example of cooperation between
the scientists of 66 nations working through their
own professional organization, the International
Council of Scientific Unions (ICSU) and its
Special Committee, the CSAGI (Comite Spé-
cial de 'Année Geophysique Internationale).
Another pattern of cooperation developed be-
tween scientists and their governments when
public funds and facilities were provided for IGY
research projects. Cosmic research and devel-
opment can become an important force for
world peace. We must not lose what has thus
far been gained both on the international and
national levels by scientists working with each
other and with their governments.

The Senate also took account of certain techni-
cal facts:

... that the orbits of satellites are global in
nature and pass over national boundary lines;
tracking stations were needed throughout the
world; and international space cooperation
could promote peaceful relations among states
and form the basis for avoiding harmful and de-
structive actions in space. (Emphasis OTA. S.)

The NAS Act begins with a Declaration of Pol-
icy and Purpose:

The Congress hereby declares that it is the pol-
icy of the United States that activities in space
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should be devoted to peaceful purposes for the
benefit of all mankind. (Sec. 102 (a).)

The policy declaration provides that:

The Administration, under the foreign policy
guidance of the president, may engage in a pro-
gram of international cooperation in work done
pursuant to this Act, and in the peaceful applica-
tion of the results thereof, pursuant to agree-
ments made by the President with the advice
and consent of the Senate (sec. 205).

Recognizing that not all of NASA's international
arrangements could be in the form of treaties sub-
ject to the advice and consent of the Senate,
President Eisenhower, in signing the bill on JUly
29, 1958, stated that while treaties may be made
in this field, the section does not preclude “less
formal arrangements for cooperation” since
otherwise the section would “raise substantial
constitutional questions. ” A later (1975) amend-
ment incorporating provisions on Upper Atmos-
pheric Research further specified that NASA,
under the President’s direction and after con-
sulting the Secretary of State “shall make every
effort to enlist the support and cooperation of
appropriate scientists and engineers of other
countries and international organizations. ™

NASA International Program

In keeping with the spirit of the 1958 NAS Act,
NASA has developed an extensive program of in-
ternational cooperation which has opened the
entire range of its space activities to foreign par-
ticipation. Cooperation by the United States with
other nations (who pay their share of the cost of
a project on a fully proportional basis) contrib-
utes to the U.S. space research program and to
broader national objectives by:

+ stimulating scientific and technical contribu-
tions from abroad,
enlarging the potential for developing the
state of the art,

+ providing access to foreign areas useful for
data collection during space, flights,

« enhancing satellite experiments through for-
eign ground-support programs,

2 nternational Aspects of the National Aeronautics and Space Act
of 1958, as amended (72 Stat. 426).

developing cost-sharing and complementary
space programs,

+ extending international ties among scientific
and national communities, and

« supporting U.S. foreign relations and foreign

policy.

Cooperative activities have ranged from launch-
ing foreign-built spacecraft on U.S. launchers to
ground-based studies, analysis of data, and infor-
mation exchanges. They include, for example,
contributions of experiments or payloads to be
flown in space by NASA, joint projects to develop
flight hardware, use of data or lunar samples pro-
vided by NASA missions, training, visits, and joint
publication of scientific results. In addition, NASA
provides certain services on a reimbursable basis,
including launching satellites and data and track-
ing services (table 3-1).

Cooperative programs and activities involving
nations and groups of nations are established by:
1) agency-to-agency memoranda of understand-
ing (MOUSs), 2) agency-to-agency letter agree-
ments, or 3) more formal intergovernmental
agreements. The relative complexity, total shared
cost, and duration of the program or project dic-
tate in part the type of arrangement used to estab-
lish the cooperative effort.

Bilateral arrangements between the United
States and one other country are by far the most
common. NASA prefers bilateral activities over
multilateral ones because they are substantially
less complex and easier to manage.’Because of
the complexities inherent in international coop-
eration by government agencies, the fewer in-
volved the better. Technical and cost difficulties
also arise in the joint development of hardware.
For this reason, NASA has found that the most
desirable arrangements involve the development
of separate spacecraft or separate major compo-
nents. In such missions the management and
technical interactions can be kept simple.® Joint
ventures with the European Space Agency (ESA)
tend to have some of the complexity of multina-

3UNISPACE '82: A Context for Cooperation and Competition—
A Technical Memorandum (Washington, DC: U.S. Congress, Of-
fice of Technology Assessment, OTA-TM-ISC-26, March 1983), app.
B (prepared by NASA).

‘See, for example: Working Group Report on Space Science, i n
Global Space Activities: An AIAA Assessment, 1981, pp. 52-53.
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Table 3-1 .—NASA Cumulative Statistical Summary Through Jan. 1, 1984

Cooperative arrangements

Number projects/

Number of countries/ invest igat ions/actions

international completed or in
organizations

progress as of 1/1/84

Cooperative spacecraft projects . . ..........

Experiments on NASA Missions:
Experiments with foreign principal

investigators . . ...

US. experiments with foreign co-investigators
orteammembers .............. ... ...

U.S. experiments on foreign spacecraft . . . .
Cooperative sounding rocket projects . ... ...
Joint development projects . . ..............

Cooperative ground-based projects:

Remotesensing . .......................
Communication satellite . .. ..............
Meteorological satellite . . ................
GeodynamicCs. . . ... .
Spaceplasma............. ... .. ... .....
Atmosphericstudy . ... ...
Support of manned space flights . . ... ....
Solar system exploration. . ...............
Solar terrestrial and astrophysics .. .......

Cooperative balloon and airbrone projects:

Balloon flights. . ........................
Airborne observations .. .................
International solar energy projects .. ........
Cooperative aeronautical projects .. .........
U.S./U.S.S.R. coordinated space projects . .. ..
U.S./China space projects .. ................

Scientific and technical information

exchanges ......... ... ... . . .,

8 38
14 73
1 56

3 14
22 1,774a

5 9
53 163

51 (27) 19
44 (122)C 11
43 20

38 10

14 1

21 2

8 10
25 11

9 14
12 17
24 9

5 40

1 9

1 5
70 3

aNumber of actual launches.
bAIDSAT Demonstrations,
APT stations,

SOURCE: National Aeronautics and Space Administration

tional ventures (although they are considered by
NASA to be bilateral), since ESA represents a
multinational consortium and is subject to more
complex internal political pressures than a na-
tional agency would be.

Some examples of major cooperative programs
illustrate the breadth of the U.S. international
space program:’

. Cooperative space projects involve cooper-
ation between the United States and other
nations to develop, launch, and operate
communications satellites, scientific satel-
lites, and Earth sensing satellites. A typical
example is the Communications Technology
Satellite (CTS), a joint effort with Canada in

°A complete list of NASA's cooperative programs can be found
in 25 Years of NASA International Programs, NASA, January 1983.

1976. Canada built the satellite at its Com-
munications Research Center (CRC), using
special hardware supplied by the United
States, which enabled the CTS to transmit at
high power levels to small terminals. NASA
launched the satellite and shared operations
with Canada.

Foreign experiments on NASA missions in-
clude, for example, an investigation of com-
posite materials processing in space con-
ducted by the Japanese National Research
Institute for Metals in 1973 aboard the U.S.
Skylab. The University of Bern, Switzerland,
mounted a series of experiments on U.S.
manned missions between 1969 and 1973
to measure the composition of solar wind.
The Netherlands’ Dekt Technical Institute
built a telescope to measure cosmic ray elec-
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9 m
around the world.

trons, which it mounted on NASA's fifth Or-
biting Geophysical Observatory.

U.S. experiments on foreign spacecraft are
also supported, such as a NASA experiment
to study aspects of spacecraft behavior on
a European Space Agency flight.

Cooperation on sounding rocket projects
has involved scientific research with many
nations in all regions of the world. The pur-
pose of these flights is usually upper-atmos-
phere research, since sounding rockets follow
a suborbital trajectory. An example is a series
of flights in 1980 on NASA rockets carrying
German and Norwegian experiments to study
energetic processes in the upper atmosphere.
Foreign ground stations are evidence of the
widespread use of land and meteorological
remote sensing. Ten foreign Landsat receiv-
ing, processing, and data distribution facil-
ities now exist around the world. Some 125
countries own meteorological satellite re-
ceiving stations. Remote sensing projects
have resulted in research on the oceans,
winds, waves, snow cover, and snow melt-
ing. When nations report their national space
activities to the United Nations, the most fre-
guent (and often the only) entry is a remote
sensing agreement on the use of Landsat data

Photo credit: National Aeronautics and Space Administration

The Active Magnetospheric Particle Tracer Explorer
(AMPTE) spacecraft is being encapsulated atop the
Delta launch vehicle in preparation for launch (1984).

AMPTE involves the United States, the United
Kingdom, and the Federal Republic of Germany.

Cooperative ground-based projects cover a
wide spectrum of cooperative research and
data analysis in such fields as remote sens-
ing, communications, meteorology, and
geodynamics. These often involve a com-
bination of ground measurements with asso-
ciated satellite data received at foreign
stat ions.

Cooperative educational projects.°The Sat-
ellite Instructional Television Experiment
(SITE) was a cooperative effort (1 975-76) be-
tween NASA, which furnished the ATS-6
communications satellite, and the Indian
Space Research Organization, which devel-

6’United States Civilian Space Programs 1954- 1978, report pre-
pared by Congressional Research Service for House Subcommit-
tee on Space.

and derived information products to solve
resource problems.
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oped programs on agriculture and family
planning to broadcast to approximately
2,400 Indian villages. In 1976 the Agency for
International Development (AID) and NASA
sent films and discussions on remote sens-
ing via the ATS-6 experimental communica-
tions satellite to 27 participating developing
countries. (Later the ATS-6 was moved to lo-
cations above the Western Hemisphere for
further cooperative demonstrations.)

. U.S./U.S.S.R. cooperation. * These projects
date from 1962, when NASA and the U.S.S.R.
Academy of Sciences cooperated on mete-
orological studies. Between 1962 and 1964
there were experiments on telecommunica-
tions, and from 1962 to 1973 on geomag-
netic mapping.

These early joint activities were based on
agreements between NASA and the Soviet
Academy of Sciences. In 1972, however, an
intergovernmental agreement was reached
between the Nixon Administration and the
Soviet Government. One outcome of this
agreement was the Apollo-Soyuz Test Proj-
ect (ASTP), which culminated in 1975 in the
only joint manned space flight between the
two countries. Other areas of cooperation
established under the agreement included
meteorology, the natural environment, near-
Earth space, the Moon and planets, and
space biology and medicine. After the highly
successful ASTP mission, the agreement was
renewed by President Carter in 1977.

The centerpiece of the renewed agree-
ment was the commitment to plan for a joint
Salyut/Shuttle program. However, in 1978
and 1979 a series of events on the interna-
tional political scene led to a progressive
hardening in East-West relations. This trend
culminated with the Soviet invasion of Af-
ghanistan in late 1979 and the imposition of
martial law in Poland. As part of the U.S.
sanctions against the Soviet Union, the May
1977' agreement was allowed to expire with-
out renewal in 1982. The only remnant was

*See Issues in U. S.-Soviet Cooperation /1 Space (Washington,
DC: U.S. Congress, Office of Technology Assessment, in press), for
a comprehensive discussion of U.S./Soviet cooperation.

"The “1 972 Intergovernmental Agreement on Cooperation in the
Exploration and Use of Outer Space for Peaceful Purposes. ”

a low level of information exchange in space
medicine and biology.

Recently, the climate in Congress and the
Administration for renewed cooperation in
space has improved. In the spring of 1984,
members of the Senate Committee on For-
eign Relations expressed interest in renew-
ing and expanding U.S. cooperation with the
Soviets. In July, the President proposed a
joint U.S./Soviet mission to demonstrate the
feasibility of space rescue. Such a mission
cou Id serve as the cornerstone to increased
cooperation in space with the Soviets. These
interests culminated in a bill signed by Presi-
dent Reagan on October 30, 1984 (Public
Law 98-562). Testimony presented at hear-
ings on September 13, 1984 concerning the
Senate bill indicated cooperation with the
Soviets in several scientific disciplines related
to space would be fruitful.®

The United States and the Soviet Union are

both cooperating with France and Canada
in the COSPAS/SARSAT search and rescue
program. (See app. A.) The United States is
also cooperating with the Soviet Union,
through ESA, on the International Halley
Watch (see ch. 9).
The United States and China are cooperat-
ing on a communications broadcast satellite
system, a Landsat ground receiving station,
and aeronautical technology. The Shanghai
Observatory of the Chinese Academy of Sci-
ence is interested in cooperating with NASA
on measuring Earth’s crustal movements.

NASA’s international program also encom-
passes resident research associateships for sen-
ior foreign scientists, international fellowships,
technical training for foreign scientific and tech-
nical personnel, and hosting foreign officials and
scientists who visit NASA’s facilities.

8President Reagan discussed the subject in a meeting with Sovi-
et representatives in June 1984, and in a speech on June 27. House
Resolution 536 and the companion Senate Resolution 236 proposed
the renewal of cooperation. See Issues tn U.S./Soviet Cooperation
in Space (U.S. Congress, Office of Technology Assessment, Tech-
nical Memorandum, in press); statement of Dr. Bernard Burke, be-
fore the Senate Committee on Foreign Relations, Sept. 13, 1984,
“President Signs Bill Aimed at Restoring Cooperation in Space, ”
Aviation Week and Space Technology, Nov. 5, 1984,p. 16; “U.S.
Plans Soviet Talks on Joint Manned Mission, * Aviation Week and
Space Technology, Jan. 7, 1985, pp. 16-18.
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The U.S. capacity for international cooperative
programs is dependent on a strong U.S. national
program; if civilian space budgets become over-
constrained, it becomes difficult to budget for the
U.S. (NASA) share of planned joint international
projects. In one case the United States had to
back out of a major planned project because of
budgetary constraints:

... NASA’s success in international participa-
tion became a political liability in 1980-81 when,
in order to absorb its share of the Administra-
tion’s budget reductions, NASA found it neces-
sary to reduce funding in one of its major science
missions. The problem was that all three of its
major science projects had significant interna-
tional participation: Space Telescope (with ESA),
Galileo/Jupiter orbiter probe (West Germany)
and the International Solar Polar Mission (ESA).
Because of the high cost of this international par-
ticipation in space science, NASA, for the first
time in its history, had to step back from an in-
ternational commitment. NASA terminated de-
velopment of the U.S. satellite for the interna-
tional Solar Polar Mission. The project has been
subsequently restructured and now includes
only a single satellite built by Europe, but to be
launched by NASA on the space Shuttle.’

Budget stringency has limited some of NASA’s
projects, but at the same time it has led to a dif-
ferent form of cooperation, relying on the newly
developed capacities of other nations.

A prime example is the upcoming return of
Halley’'s Comet. After reviewing its options, the
United States decided not to mount a mission
to Halley’s Comet, while ESA, the Soviet Union,
and Japan all decided to develop encounter mis-
sions. However, in order to provide important
data and assure that U.S. scientists and the world
scientific community would be able to fully par-
ticipate in this historic event, NASA organized
an International Halley Watch (IHW) program.
IHW is an international network of ground-
based observatories which will provide signifi-
cant scientific and ephemeris [positional] data
important for assisting the three Halley en-
counter missions ... By sharing leadership in
exploring the heavens with other qualified
space-faring nations, NASA stretches its own re-
sources and is free to pursue projects which, in

SUNISPACE '82, op. cit., app. B.

the absence of such sharing and cooperation,
might not be initiated.”(Also see the more
detailed discussion of IHW in ch. 9.)

Cooperation in building space infrastructure is
perhaps the most important cooperative activity
that the United States will embark upon this dec-
ade. It is keeping interested governments well in-
formed of U.S. developments.” Japan and ESA
have also funded their own studies of permanent
stations in space.”Recently, Canada and Japan
have signed agreements with the United States
entering upon phase B (the preliminary design
phase) of the space station planning. * ESA is ex-
pected to sign a similar agreement in June 1985.

Most future NASA international cooperation
will raise a question as to whether bilateral ar-
rangements can be emphasized as they have in
the past. As shown by examples of multilateral
cooperation in science such as the International
Halley Watch, and on an even greater scale by
international organizations governing satellite
communications (i.e., INTELSAT and INMARSAT),
multilateral cooperative efforts are manageable
and may still be appropriate for certain technol-
ogies (e. g., navigation and search and rescue) in
this era of emerging commercial competition. pri-
marily because of the network of intergovern-
mental cooperation required, such technologies
might not be implemented without multilateral
cooperation.

Other U.S. Cooperative
Programs in Space

U.S. AGENCY FOR INTERNATIONAL
DEVELOPMENT (AID)

AID has over the years utilized new technol-
ogy to support rural health, agriculture, and edu-
cation programs in the Third World. In the early
1970s, immediately following its use of educa-
tional television in El Salvador and the Ivory
Coast, AID examined the potential of satellites

19UNISPACE '82, op. cit., app.B.

1Aviation Week and Space Technology, Feb. 13,1984

12For @ thorough discussion of possible international cooperation
in space stations, see Civilian Space Stations and the U.S. Future
in Space (Washington, DC: U.S. Congress, Office of Technology
Assessment, OTA-STI-241, November 1984),

*See Harry R. Marshall, Jr., “U.S. Space Programs: Cooperation
and Competition From Europe, ” Current Policy, No. 695, U.S. State
Department, May 1985.
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for delivery of services to remote, isolated, and
rural populations. It gave particular attention to
the public service projects funded by NASA
Goddard using the ATS/1 and the ATS/3 space-
craft. Providing very high frequency (VHF) voice
channels, the spacecraft were used in the State
of Alaska Medical Network project and in the
Peace-Sat Network in the Central Pacific oper-
ated by the University of Hawaii.

Preliminary project prototype work by AID was
started in the mid-1970s using ATS/6 in the Bra-
zilian SACI”project. AID also sponsored sym-
posia for key Third World administrators to help
them ascertain through “hands on” experience
what indigenous needs might be met by apply-
ing lessons learned from the ATS/-l -3-6 demon-
strations. They studied the use of various tech-
nology mixes (i. e., voice, slow-scan video,
two-way audio interactions), and examined the
variety of educational materials produced for
parents, students, teachers, and administrators.

The results of these symposia prompted AID
to fund a multinational 27-country demonstration
project in 1976 called Al D/SAT, an immediate
follow-on to the highly successful ATS/6 India Sat-
ellite Television Instruction Experiment (SITE)
project. The AID/SAT project, simple in format
but effective in its impact on the leadership of
the participating nations,”led eventually to AID’s
current University of West Indies project and its
Rural Satellite Program. AID is now funding sat-
ellite programs in Peru, The Philippines, and In-
donesia.

The Department of State is responsible for co-
ordinating the diplomacy and policies of coop-
erative land remote sensing programs to assure
consistent development of the international
aspects of the Landsat program. AID has sup-
ported and encourages remote sensing activities
in developing countries by providing U.S. ex-
perts, training, and demonstrations; project
grants; financial and technical support for coop-
erative programs with U.S. industries and insti-

" SACI: USAID, Satellite Technology Demonstration, 1974-75,”
Towards International Tele-education (Boulder, CO: Westview
Press, 1984), p. 115.

14See Civilian Space Policy and Applications (Washington, DC:
U.S. Congress, Office of Technology Assessment, OTA-STI-177, June
1982), p. 208.

tutions; and financial support for education in
U.S. universities, on-the-job training, and crea-
tion of national and regional remote sensing
centers. Centers have been established in Nairobi,
Kenya; Ouagadougou, Upper Volta; and
Bangkok, Thailand. (See table 7A-1 in app. 7A.)

Other U.S. Government agencies have also as-
sisted AID in providing foreign nations with Earth
resources remote sensing information. The U.S.
Geological Survey (of the Department of the in-
terior) has sponsored numerous international
remote sensing training programs at the EROS
data center in Sioux Falls, SD, and in many for-
eign countries, all in support of the Landsat pro-
gram. NASA provided technical support in the
form of hardware, personnel, and computer
software.

The Soviet Union

Like the United States, the Soviet Union has
long recognized the value of international coop-
eration in space activities. Since the early 1960s
the Soviet Union has stated its commitment in
principle to such cooperation, but it was not until
the 1970s that it began to practice what it pro-
fessed-at least with a few partners.” The most
dramatic Soviet-U.S. cooperative activity was the
Apollo-Soyuz Test Program, but the two coun-
tries engaged in a variety of other space science
and remote sensing projects in the 1970s. More
recently, the Soviet Union is cooperating with
France, the United States, and Canada in the
SARSAT/COSPAS project for locating lost ships
and planes by satellite-relayed radio beacon (see

app. A).

The Soviets have carried out several space sci-
ence missions with France and have given con-
siderable assistance to the Indian space program.
They are active participants in multilateral orga-
nizations: governmental, such as the U .N. Com-
mittee on the Peaceful Uses of Outer Space
(COPUOS); and nongovernmental, such as the

‘5For a detailed description of overall Soviet international coop-
eration in space, see Joseph Whelan, “Soviet Attitude Toward {n-
ternational Cooperation Space” in U.S. Congress, Senate Committee
on Commerce, Science, and Transportation Soviet Space Program:
1976-80, Part I Committee Print (Washington, DC: U.S. Govern-
ment Printing Office, December 1982), pp. 205-305.
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Photo credit: Nationat Aeronautics and Space Administration

Photo of the Soviet Soyuz spacecraft taken from the
Apollo spacecraft during the joint U.S.-U.S.S.R. Apollo
Soyuz Test Project in 1975.

International Astronautical Federation. However
their greatest cooperative activity has taken place
within the confines of the Soviet-led Intersput-
nik and Intercosmos programs.

Intersputnik

The Soviet Union and its allies were reluctant
to join INTELSAT when it was founded in 1964.
The Soviet objected to U.S./COMSAT manage-
ment, to the use of U.S. technology, and to the
system of weighted voting whereby influence was
determined by a country’s percentage of use of
the system. (Soviet need was for only 2 to 3 per-
cent of global international traffic, compared with
the United States’ 50 to 60 percent.) In 1968, the
Soviet Union and eight other socialist states (Po-
land, Czechoslovakia, East Germany, Hungary,
Romania, Bulgaria, Mongolia, and Cuba) pro-
posed an alternative system, which in 1971 was
formally agreed to and called Intersputnik. Al-
though its services are open for any state to use,
few other countries have joined.” There is rela-
tively little commercial or private traffic between
most Intersputnik members and the rest of the
world. Since the Intersputnik network was initially
based on use of the nongeosynchronous Molniya
satellites, * "it was difficult and expensive for

16Syria, Vietnam, and Laos joined for both political and techni-
cal reasons.

17The Molniya communications spacecraft follow a highly ellip-
tical orbit (40,000 km by 500 km) that allows them to linger for
several hours over the northern latitude of the Soviet Union and
spend very little time at southern latitudes. To provide continuous
communications coverage, a total of 12 satellites have been em-
ployed. Although the Soviet Union is now beginning to deploy
geostationary satellites as well, the Molniya satellites continue to
provide most Soviet domestic and international services.

INTELSAT Earth stations, which are designed to
work with fixed geosynchronous satellites, to
make use of the moving Moiniyas.

In recent years, however, the Soviet Union has
begun to orbit geosynchronous Statsionar satel-
lites which are more accessible to global users.
As their international communications needs
have grown, the Soviet Union, Cuba, and Ro-
mania (to be followed soon by Poland) have also
begun to use INTELSAT through Earth stations on
their own territories. increasing de facto integra-
tion of global satellite communications appears
to be occurring even in the absence of formal
agreements. *

Intercosmos

Most Soviet joint and cooperative projects have
been conducted with allied socialist states. In
1967, the Intercosmos program was founded to
coordinate activities among the Soviet Union, its
East European allies, and other Communist states
such as Mongolia, Cuba, and more recently Viet-
nam. Several scientific satellites have been flown,
using instruments designed by member-states
under the overall direction of the Soviet Union.
Instruments and experiments, such as an East
German multispectral camera built by Carl Zeiss
Jena, have also flown on the Salyut series; many
of these were associated with the flights of guest
cosmonauts from participating states. To date,
cosmonauts from Czechoslovakia, poland, East
Germany, Bulgaria, Hungary, Romania, Mongol-
ia, Vietnam, Cuba and, most recently, France and
India, have been trained in the Soviet Union and
spent time on board Salyut stations. The purpose
of Intercosmos seems to be largely political; the
Soviets thoroughly orchestrate these activities,
and emphasize propaganda.

Intercosmos projects are designed and man-
aged very differently from U.S. cooperative proj-
ects. The experiments and guest cosmonauts of
member countries are invited, free of charge,
onto Soviet spacecraft on a nearly rotating basis.
However, it should be noted that this approach
differs from that of the United States toward its

185ee Nicholas Matte, Aerospace Law: Telecommunications Sat-
ellites, prepared by the Centre for Research of Air and Space Law,
McGill University, for the Social Sciences and Humanities Research
Council of Canada, 1980, pp. 118-123.
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allies only in degree and tone. Both nations are
well aware of the manifold benefits of coopera-
tion. A lengthy retrospective article on the sub-
ject by a former cosmonaut expressed it in the
following way:

... space exploration requires considerable allo-
cations. Quite often many costly space projects
are beyond the means of individual states and
demand the cooperation of a number of coun-
tries . . . Now it is becoming important to create
space vehicles through the joint efforts of vari-
ous states and use them for peaceful scientific
and practical purposes. *

Remote Sensing

The Soviet Union has also developed remote
sensing systems for civilian as well as military pur-
poses. Perhaps the most ambitious civilian-ori-
ented remote sensing work has been done on
manned missions, particularly aboard Salyut 6.
Some 50,000 photographs were taken using the
large East German MKF-6m multispectral camera,
and some of the data obtained has been shared
with allied and developing countries, such as
Cuba, Vietnam, Morocco, and Angola.

As a member of the World Meteorological Or-
ganization, the Soviet Union has distributed
weather photos from its Meteor-series meteoro-
logical satellites since 1966. Meteor satellites have
carried a variety of experimental sensors includ-
ing, recently, advanced Earth resources instru-
mentation. In July 1980, the Soviet Union launched
a prototype remote sensing satellite with three
experimental multispectral sensors providing
ground resolution up to 30 m. They have offered
to share data from this satellite with other countries.

European Space Agency (ESA)

One of the most successful examples of inter-
national cooperation in space is the European
Space Agency, whose members devote anywhere
from a third (France) to nearly all (United
Kingdom) of their national space budgets to joint
projects. In part, this organization was created
to pool European expertise and place European

19V, Sevastyanov and A. Ursul, ““Cosmonautics and Social De-
velopment, ' International Affairs, No. 11, November 1977, pp.
76-77.

space industries in a better position to compete
with U.S. industries. At the same time, ESA has
proven to be a valuable partner for the United
States in a variety of cooperative programs, not
the least of which has been the development of
Spacelab for the space Shuttle.

ESA was established on May 31, 1975, by com-
bining two institutions: the European Space Re-
search Organization (ERSO) (which had been in
operation since March 20, 1964) and the Euro-
pean Launcher Development Organization (ELDO)
(dating from March 29, 1962). The establishment
of ESRO for space research and ELDO for launch-
ing satellites resulted from a desire on the part
of Western Europe to achieve space capabilities
independently of the United States and the
U.S.S.R. The institutional separation of space re-
search from the launching of satellites proved in-
efficient, however, and after 15 years of inter-
cooperative effort these space functions were
merged into ESA.”

Eleven European states are members: Belgium,
Denmark, the Federal Republic of Germany,
France, Ireland, Italy, The Netherlands, Spain,
Sweden, Switzerland, and the United Kingdom.
In addition, Austria is an associate member; Nor-
way has observer status; and Canada has signed
a memorandum of association with ESA. The
1984 budget is about $850 million (compared
with NASA'’s $7.3 billion) and the staff numbers
about 3,400 persons, many of whom are highly
accomplished experts in space science and tech-
nology,*

ESA coordinates the national programs of its
members, developing missions in remote sens-

20£L DO and ESRQ are described and analyzed in “International
Cooperation and Organization for Outer Space, " staff report edited
by Eilene Galloway for the Senate Committee on Aeronautical and
Space Sciences, Senate Document No. 56, 89th Cong., 1st sess.,
Aug. 12, 1965. See Index, p. 564; “International Cooperation in
Outer Space: A Symposium, ” edited by Eilene Galloway for the
Senate Committee on Aeronautical and Space Sciences, Senate
Document No. 92-57. 92d Cong., 1st sess., Dec. 9, 1971; M. G.
Bourely, “The Legal Status of the European Space Agency,” Pro-
ceedings of the International Institute of Space Law published by
the American Institute of Aeronautics and Astronautics, 1633 Broad-
way, New York, NY 10019, 23d Colloquium, Tokyo, Japan; M. G.
Bourely (Legal Advisor to ESA). “Institutional Arrangements for
Space Cooperation in Europe,“ in the 24th colloquium volume for
Rome, ltaly, September 1981.

2 European SPACEe Agency in U. N. document A/COBNF.101/BP/

10, Jan. 30, 1981, pp. 34-40.
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ing, telecommunications, and space science, in
addition to the Ariane launcher, which can place
satellites in geostationary orbit. Because of the
relatively limited budget, cooperative ventures
are quite important to ESA as a means of broaden-
ing the basic agenda of missions. Joint ventures
with individual member countries having an in-
terest in specific areas (e.g., Germany in materials
processing, or the U.K. in astronomy) are the
most prominent mechanism.

ESA has also developed major cooperative pro-
grams with the United States on the basis of
memoranda of understanding with NASA (i.e.,
agency-to-agency agreements), The U.S. Space
Shuttle has orbited the ESA-built Spacelab, a
reusable laboratory for manned or unmanned ex-
periments in life sciences, materials processing,
etc. NASA and ESA are also cooperating on build-
ing the Space Telescope which will be launched
in 1985 by the Shuttle. ESA has not cooperated
formally with Japan. It is cooperating with them
on the missions to Comet Halley.

Although only an observer at meetings of the
United Nations Committee on the Peaceful Uses
of Quter Space (COPUQS), ESA has developed
stronger ways of participating with the United Na-
tions through representation by its member states.
As an international intergovernmental organiza-
tion, ESA has rights and obligations under three
space treaties (assistance to astronauts and return
of space objects, liability for damage, and registra-
tion of space objects). The 1967 Treaty on Outer
Space applies only to sovereign states, but the
other agreements have provisions which have
been extended to ESA by legal actions taken by
its member states. (See the discussion of these
treaties in the following section.)

ESA has an International Relations Advisory
Committee which reports directly to the ESA
council and coordinates national positions on
issues before COPUQOS. The Committee plays a
considerable role in the preparation of ESA mem-
bers for International Telecommunication Union
(ITU) conferences. ESA experts can advise its
members concerning positions to take on space
issues before COPUOS. The association of Can-
ada with ESA can result in even stronger repre-
sentation of any position ESA may decide to
espouse .22

“See Roy Gibson, ‘InternationalRegional Role: Focus on the
European Space Agency” presented at the University of Mississippi
Law Center at a conference on Law and Security in Outer Space
held by the Standing Committee on Law and National Security and
the International Law Section of the American Bar Association, Uni-
versity of Mississippi, May 21-22, 1982. See also Annual Reports
of ESA, 8-10, rue Mario- Nikis, 75738 Paris, Cedex 15, France.
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INTERNATIONAL ORGANIZATIONS

The United Nations

The Committee on the Peaceful
Uses of Outer Space

The first meeting of the United Nations Com-
mittee on the Peaceful Uses of Outer Space
(COPUQS) was held on November 27, 1961, sev-
eral years after the initial efforts had been made
to establish a means for dealing with space issues.
The Committee itself was a direct outgrowth of
controversy over the militarization of space. The
question of disarmament had prompted the U.S.
delegation to the U. N., in January 1957, to make
the following statement to the First Committee
of the General Assembly (Political and Security
Affairs):

Scientists in many nations are now proceeding
with efforts to propel objects through outer
space and to travel in the distant areas beyond
the Earth’s atmospheric envelope. The scope of
these programs is variously indicated in the
terms “Earth satellite, ” “intercontinental mis-
siles,” “long-range unmanned weapons” and
“space platforms.” No one can now predict with
certainty what will develop from man’s excur-
sion into this new field. But it is clear that if this
advance into the unknown is to be a blessing
rather than a curse the efforts of all nations in
this field need to be brought within the purview
of a reliable armaments control system. The
United States proposes that the first step toward
the objective of assuring that future develop-
ments in outer space would be devoted exclu-
sively to peaceful and scientific purposes would
be to bring the testing of such objects under in-
ternational inspection and participation. In this
matter, as in other matters, the United States is
ready to participate in firm, balanced, reliable
systems of control .23

This was probably the first mention of “Earth
satellites” in U.N. debate. In the same year, Can-
ada, France, and the United Kingdom had also
suggested that a subcommittee of the Commit-
tee on Disarmament establish a technical com-
mittee to study the possibilities for an inspection
system which ensure that objects sent through

231 .S. statement to First Committee, Political and Security Affairs,
U.N. General Assembly, January 1957.

outer space would be used exclusively for peace-
ful and scientific purposes.

With the launch of Sputnik 1 on October 4,
1957, came a proliferation of statements and
resolutions, including the following phrase, which
the Soviet representative proposed be included
in the provisional agenda of the 13th session of
the U.N. General Assembly:

The banning of the use of cosmic space for
military purposes, the elimination of foreign mil-
itary bases on the territory of other countries,
and international co-operation in the study of
cosmic space.

The reaction of the United States to this Soviet
proposal was to say that the elimination of de-
fense bases, originally established and subse-
quently maintained by the mutual consent of the
nations concerned, could not be characterized
as “foreign” nor extracted as a price for interna-
tional cooperation in the peaceful uses of the new
environment of outer space.

Henry Cabot Lodge, Permanent Representative
of the United States to the U. N., attached to his
letter to the Secretary General a resolution spon-
sored by 20 nations which set out the need for
what ultimately became the Committee on the
Peaceful Uses of Outer Space (table 3-2).*

The General Assembly resolution 1348 (X111)
December 13, 1958, authorized an “Ad Hoc
Committee” on the Peaceful Uses of Outer
Space. The Soviets, Czechoslovakia, Poland, In-
dia, and the United Arab Republic—all of which
had been named to the Committee—did not par-
ticipate, although they were careful to attend
each subsequent meeting.

The ad hoc committee finished its work on June
25, 1959, and submitted its report to the Gen-
eral Assembly on July 14, 1959. Almost 2'A years

24Dyring the following months, Sept. 2—Nov. 18, 1958, the debate
on the proposed U.N. management unearthed a number of issues
of concern, not the least being questions of the sovereign rights
of airspace, common heritage (then called res communisominum
—benefit of all mankind), international training and an international
space center. All of the foregoing were major issues at the
UN ISPACE '82 conference in Vienna and most are far from being
resolved.
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Table 3.2.-Current Membership of COPUOSt

Albania Kenya
Argentina Lebanon
Australia Mexico
Austria Mongolia
Belgium Morocco
Benin Netherlands
Brazil Niger
Bulgeria Nigeria
Canada Pakistan
Chad Philippines
Chile Poland
China* Romania
Columbia Sierra Leone
Czechoslovakia Spain
Ecuador Sudan
Egypt Sweden
Federal Republic of Germany  Syria

France
German Democratic

United Kingdom
United Republic of

Republic Cameroon
Greece United States .
Hungary Upper Volta
India” Uraguay
Indonesia USS.R.“

Iran Venezuela
Iraq Vietnam
Italy Yugoslavia
Japan .

NOTE: ltalics indicate COPUOS membership 1961-73. Asterisk indicates inde-

pendent launch capability. ESA members also have launch capability.
tGreece and Turkey, Spain and Portugal, alternate membership every 3 years.

SOURGE: Office of Technology Assessment.

later, at the first meeting of the Committee on the
Peaceful Uses of Outer Space. U Thant, Acting
Secretary General of the U. N,, was appointed
temporary Chairman pending the election of of-
ficers. At the same time, the U.S.S.R. became an
active participating member of the Committee.
in the interim between ad hoc status and perma-
nent committee approval, the members agreed
to settle differences by consensus agreement,
That the consensus process worked is borne out
by the formation of five major space treaties and
agreements which are now in force to guide in-
ternational behavior in space.”

Treaties and Agreements

The United States is a party to four major in-
ternational agreements formulated by COPUQOS:

. Treaty on Principles Governing the Activi-
ties of States in the Exploration and Use of
Outer Space, Including the Moon and

25See “International Cooperation in Outer Space: A Symposium, ”
op. cit.

Other Celestial Bodies (1967).*This is the
principal agreement on outer space. It holds
that outer space, the Moon, and other celes-
tial bodies are not subject to national appro-
priation. In addition, among other things, the
treaty defines the principles for the explora-
tion and use of outer space and holds States
responsible for their own space activities and
those of their citizens. The other agreements
elaborate on elements of the 1967 Treaty.

+ Agreement on the Rescue of Astronauts, the
Return of Astronauts, and the Return of
Objects Launched Into Outer Space (1968).”
This agreement provides for the rescue and
return of downed or stranded astronauts as
well as the return of a space object and “its
component parts. ” It specifies that “the State
responsible for launching” shall pay the ex-
penses for recovering and returning the
space object or its parts.

+ Convention on International Liability for
Damage Caused by Space Objects (1972).*
This convention is an extension of articles
VI and VIl of the 1967 treaty. It defines
“damage” as loss of life, personal injury, im-
pairment of health, loss or damage to prop-
erty or persons or property of international
organizations. “Launching” is held to in-
clude attempted launching, and a “launch-
ing State” is one that either launches or pro-
cures the launch of a space object. It is also
one “from whose territory or facility a space
object is launched. ”

+ Convention on Registration of Objects
Launched Into Outer Space (1974).*The
information registered includes the name of

0 Oe——

26 ST 2410; TIAS 6347; Senate Report No. 8, 90th Cong., Istsess.,
Apr. 17, 1967; Senate Committee on Aeronautical and Space Sci-
ences, 90th Cong., 1st sess., staff report on “Treaty on Principles
Governing the Activities of States in the Exploration and Use of Out-
er Space, " committee print, 1967.

27ST 7570; TIAS 6599; ’Agreement on the Rescue of Astronauts,
the Return of Astronauts, and the Return of Objects Launched Into
Space: Analysis and Background Data;’’ Senate Committee on Aero-
nautics and Space Science, 90th Cong., 2d sess., committee print,
July 16, 1968.

281yST 2389; TIAS 7762; Senate Committee on Aeronautics and
Space Sciences, 92d Cong., 2d sess., staff report on “Convention
on International Liability for Damage Caused by Space Objects, ”
committee print, 1972.

29T|AS 8480; Senate Committee on Aeronautical and Space Sci-
ences; 94th Cong., 1st sess., staff report on “Convention on Registra-
tion of Objects Launched Into Outer Space,” committee print, 1975.
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the launching State or States, an appropri-
ate designator or a registration number, the
date and territory of the launching, the ini-
tial basic orbital parameters including the
nodal period, inclination, apogee, perigee,
and the general function of the space object.

In addition to the four international agreements
which the United States has signed and ratified,
the General Assembly has recommended to States
the adoption of the Agreement Governing the
Activities of States on the Moon and Other Ce-
lestial Bodies (1979) . * Among other things this
Agreement provides for the use of the Moon “ex-
clusively for peaceful purposes. ” It also provides
that “the exploration and use of the Moon shall
be the province of all mankind and shall be car-
ried out for the benefit and in the interests of all
countries, irrespective of their degree of econom-
ic or scientific development. " It further states that
“the moon and its natural resources are the com-
mon heritage of mankind . . .“ Austria became
the fifth nation to ratify the Moon Agreement on
June 11, 1984; it is now in force, the other par-
ties being the Philippines, Chile, Uruguay, and
The Netherlands. The United States played a ma-
jor leadership role in obtaining consensus in 1979
on the Moon Agreement in the COPUQS session.
However, while the United States and U.S.S.R.
are parties to all other space treaties, neither has
signed this one.

Of particular importance to potential private
operators of space systems is Article VI of the
1967 Outer Space Treaty which states:

States Parties to the Treaty shall bear interna-
tional responsibility for national activities in
outer space, including the Moon and other ce-
lestial bodies, whether such activities are carried
on by governmental agencies or by nongovern-
mental entities ., . The activities of nongovern-
mental entities in space . . . shall require author-
ization and continuing supervision by the ap-
propriate State party to the treaty.

Although the terms “authorization” and “con-
tinuing supervision” have been interpreted in va-
rious ways, article VI clearly requires some form

0. N. General Assembly Resolution A/34/68, Dec. 14, 1979; Sen-
ate Committee on Commerce, Science, and Technology, 96th
Cong., 2d sess., “Agreement Governing the Activities of States on
the Moon and Other Celestial Bodies, " committee print, 1980.

of licensing and adherence to government-im-
posed regulations.

Similarly, Article Il of the 1972 Liability Con-
vention makes the launching State responsible
for personal and property damage caused by any
satellites or launchers even if they are no longer
under the operation or direct control of the gov-
ernment. At a minimum, the government would
require assurance that the owner of the satellite
system had purchased adequate insurance to
cover possible damages.

The U.S. Government has not yet decided on
the precise mechanisms of ensuring that private
corporations comply with international treaty
obligations. Given the importance of this tech-
nology to U.S. foreign affairs, it is clear that the
Department of State must play a major role.

International Telecommunication
Union (ITU)

The United States is one of 155 nations bound
by treaty to cooperate within the structure of the
ITU for the use of technical facilities for telecom-
munications of all kinds. The ITU, which became
a specialized agency of the United Nations in
1947, has performed this regulatory function
since 1932. Twentieth-century communications
technology imposed the requirement for inter-
national cooperation to ensure technical efficien-
cy and prevent harmful interference between na-
tions and stations in the use of the radiofrequency
spectrum. During the early development of space
communications, the ITU began to study its im-
plications, since all space objects communicat-
ing to Earth require radio services which are
under ITU jurisdiction. *

31ThelTU was formed from the International Telegraph U n {on

(begun in 1865) and signatories to the International Radiotelegraph
Convention. For further information on the ITU, see “International
Cooperation in Outer Space: A Symposium. ” This symposium cov-
ered 41 organizations in 1965, divided into four categories: U.S.
and International Space Cooperation, United Nations and Outer
Space, Intergovernmental International Organizations, and Inter-
national Scientific Community and Professional Associations. For
up-to-date information on these and other organizations, see the
annual report of each and also testimony their officials have given
before House and Senate Committees on Commerce, Space,
Science and Technology, Foreign Relations, Foreign Affairs, etc.
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The ITU is organized into four permanent bod-
ies: 1) the General Secretariat; 2) the International
Radio Consultative Committee (CCIR); 3) the in-
ternational Telegraph and Telephone Consulta-
tive Committee (CCITT); and 4) the International
Frequency Registration Board (I FRB). The CCIR
and CCITT are technical study groups; the IFRB
is concerned with orderly and effective use of the
radio spectrum and orbital slot allocations, in or-
der to reduce communications interference. All
member States are represented in the Plenipoten-
tiary Conference, which meets every 5 to 8 years
and elects an Administrative Council of 36 mem-
bers to coordinate ITU work between sessions.

A Plenipotentiary Conference was held Sep-
tember-October 1982 in Nairobi, Kenya, to re-
view the ITU Convention (adopted in Madrid in
1932 and amended in Malaga-Torremolinos,
Spain, in 1973).* There were a few important ac-
tions that are worthy of note: plans for a major
world administrative conference on telegraph
and telephone in 1988; greater status for the Con-
sultative Committee on Telegraph and Telephone
(CCITT); increased ITU involvement in develop-
ment assistance for Third World members; clearer
recognition of Third World needs with respect
to the geostationary orbit; a newly elected leader-
ship; and a relatively modest budgetary increase
of 26 percent over the next 7 years.

ITU decisions are made by the regional or
worldwide administrative conferences estab-
lished to revise ITU regulations. The ITU con-
cluded international agreements concerning
space communications in 1959, 1963, 1965,
1971, 1973, 1977, and 1979. When the final acts
of a conference are concluded they are referred
to each ITU member for ratification. [n the case
of the United States, these final acts must be sub-
mitted to the Senate for its advice and consent.
The jurisdiction of the ITU includes oversight of
the geostationary orbit; it registers orbital posi-
tions and assigns satellite frequencies. The 1973
Telecommunication Convention and Final Proto-
col, Article 33, provides a basic agreement on
space communications:

“ Final Acts of the Plenipotentiary Conference, ” Nairobi, Kenya,
1982. ITU Document. See also, hearing before the Subcommittee
on International Operations of the U.S. House Committee on For-
eign Affairs, Feb. 22, 1983.

Members shall endeavor to limit the number
of frequencies and the spectrum space used to
the minimum essential to provide in a satisfac-
tory manner the necessary services. To that end
they shall endeavor to apply the latest techni-
cal advances as soon as possible. In using fre-
quency bands for space radio services Members
shall bear in mind that radio frequencies and the
geostationary satellite orbit are limited natural
resources, that they must be used efficiently and
economically so that countries or groups of
countries may have equitable access to both in
conformity with the provisions of the Radio Reg-
ulations according to their needs and the tech-
nical facilities at their disposal (emphasis
OTA’ 5).%

The ITU divides the world into three regions
for regulatory purposes; in 1979 spectrum alloca-
tions were made for Region 1 (Europe, U. S. S. R,,
Mongolia, and Africa) and Region 3 (Asia except
U.S.S.R. and Mongolia) and Australia. The United
States is in Region 2, which is comprised of North
and South America and Greenland. The ITU
made spectrum allocations for Region 2 in 1983.
It is at these regional conferences where decisions
are made by majority vote that issues which sig-
nificantly affect the future of this nation’s com-
munications are decided. The issues are techni-
cal but have become increasingly susceptible to
political influences in a forum where each nation
has one vote.*

The ITU has scheduled a World Administrative
Radio Conference on the Use of the Geostation-
ary Orbit for 1985 and 1988. Its first session will
be held in 1985 in Geneva (ORB '85), and the
second in 1988 (ORB ‘88). Policy is now being
formulated for the U.S. delegation for this politi-
cally sensitive area. Some equatorial countries
continue to claim sovereign rights to segments
of the orbit above their territories; other Third

3International Telecommunication Convention, ch. HI, Art. 33,
Rational Use of the Radio Frequency Spectrum and of the Geosta-
tionary Satellite Orbit, paragraphs 130 and 131. Treaty and Inter-
national Agreements Series (TIAS); also in Space Law, op. cit.
(reference 15), pp. 86-87.

34Proceedings of the International Institute of Space Law, 23d Col-
loquium, Tokyo, Japan, September 1980: M. A. Rothblatt, Inter-
national Cooperation in Regulating 12 GHz Band Geostationary
Satellite Communications Technology, Geopolitics and the Com-
mon Heritage of Mankind, pp. 189-195. Also, Ronald F. Stowe,
Implications of the 1979 WARC for 12 GHz Satellite Services in
Region 2, pp. 93-95. American Institute of Aeronautics and Astro-
nautics, 1633 Broadway, New York, NY 10019.
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World countries are demanding orbit allocations
even though they have no present plans for using
the geostationary orbit (see ch. 6). Actions taken
at this conference will affect INTELSAT, INMARSAT,
U.S. domestic communications, and international
space activities in general.

The U.S. national paper for UNISPACE '82,
March 23, 1982,*points out that the ITU’s
WARC 1979 proved that international consensus
on regulating and managing the frequency spec-
trum and geostationary orbit is possible: the ca-
pacity for channels of the fixed, broadcast, and
mobile satellite services was increased; remote
sensing satellites were given new allocations; and
small Earth terminals and two-way communica-
tions links were facilitated. However, the United
States has stated that the WARC 1985-88 confer-
ence “may be crucial in determining whether a
comprehensive international regulatory system
can be maintained which will continue to facili-
tate the flow of the benefits of communications
satellite technology to developing countries. ” The
United States has submitted to the ITU some op-
tions and criteria for technological adjustments
to communication needs. In addition, the United
States is directing research and development ef-
forts toward improving the use of the limited re-
sources of orbit and frequencies (see ch. 6 for
discussion of issues the United States will face at
WARC '85-'88).

International Telecommunications
Satellite Organization (INTELSAT)”

INTELSAT is a global commercial telecommuni-
cations satellite system owned by 109 member
countries. it has a capital ceiling of $1.2 billion.

~5united states National paper, Second United Nations Confer-
ence on the Exploration and Peaceful Uses of Outer Space. For
further details on WARC '79, see Radio frequency Use and Man-
agement: Impacts From the World Administrative Radio Confer-
ence of 1979 (Washington, DC: U.S. Congress, Office of Technol-

ogy Assessment, OTA-CIT-163, January 1982).
36For further information on INTELSAT see INTELSAT: 1984 An-

nual Report, 490 L’Enfant Plaza, SW, Washington, DC 20024; IN-
TELSAT: report describing the organization; Multilateral Intergovern-
mental Cooperation in Space Activities, Background Paper, Second
United Nations Conference on the Exploration and Peaceful Uses
of Outer Space, United Nations document A/CON F/101/BP/l O, Jan.
30, 1981, pp. 1 -27; and Current and Future State of Space Tech-
nology, Background Paper, Second United Nations Conference on
the Exploration and Peaceful Uses of Outer Space, United Nations
document A/CONF.1010/8P/2, Mar. 16, 1981, pp. 6-7.

The United States played a major part in estab-
lishing this intergovernmental organization. For
the first 6 years of its operation, the Communi-
cations Satellite Corporation (COMSAT) managed
INTELSAT under a contract from INTELSAT's
Board of Governors. Since 1977, INTELSAT has
been operated administratively and technically
by an international secretariat.

INTELSAT is not an agency of the United Na-
tions, but it has some cooperative agreements
with the ITU, The organization has successfully
combined both governmental and nongovern-
mental entities into a global commercial service.
INTELSAT'S management structure provides a sys-
tem within which to solve problems of national
representation, investment shares, and equitable
access to technology; these issues are resolved
through technological solutions, seldom subject
to current political rhetoric; furthermore, these
practical solutions respond to the global demand
for communications services, which has been
constantly increasing and providing mounting
profits.

INTELSAT’s Operating Agreement provides in
Article 6 that “ . . . each signatory shall have an
investment share equal to its percentage of all uti-
lization of the INTELSAT space segment by all
signatories. ' The U.S. investment share (1984),
which comes through COMSAT (as signatory for
the United States), is 23.1 percent. The United
Kingdom owns the next highest investment share,
of 12.9 percent.”

U.S. participation takes place within each of
INTELSAT'’s four organizational units: 1 ) the
Assembly of Parties is made up of governmental
representatives who meet every 2 years to de-
termine policies and long-term objectives; each
member has one vote; 2) the Meeting of Signa-
tories is comprised of either governmental or
government-designated telecommunications en-
tities that meet annually on such matters as cap-
ital investment and shares, approval of Earth sta-
tions for access to INTELSAT services, allotment
of satellite capacity, and adjustment of charges;
each signatory has one vote; COMSAT casts the

37See ch. 6 for a complete list of | NTELSAT members, signatories,
and investment shares, and the INTELSAT Annual Report for in-
vestment shares of any given year.
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U.S. vote; 3) the Board of Governors is composed
of signatory members who have an investment
share (either individually or in groups) of not less
than a specific amount which is determined each
year by the signatories. INTELSAT seeks to have
about 20 members on the Board and, in addi-
tion, “up to five groups composed of at least five
signatories from within the same ITU region . . .
regardless of the size of their investment shares”;
and 4) the Executive Organ is headquartered in
Washington, DC, and has a staff of about 400 per-
sons from about 40 different nations.

The purposes of INTELSAT's definitive multi-
lateral agreement, which recognizes the 1967
Treaty on Outer Space, are to provide advanced
technology, efficient and economic facilities for
the benefit of all mankind “with the best and
most equitable use of the radiofrequency spec-
trum and of orbital space. ” The preamble pro-
vides that “satellite telecommunications should
be organized in such a way as to permit all
peoples to have access to the global satellite sys-
tem”; and ITU members that invest in the system
will participate in “the design, development, con-
struction, including the provision of equipment,
establishment, operation, maintenance and
ownership of the system. "

Nonmembers may use the INTELSAT system
and are charged on the same basis as the 109
members; 145 nations use INTELSAT services, in-
cluding the U.S.S.R. INTELSAT has a program for
assistance and development which can be espe-
cially helpful to developing countries. The pro-
gram includes feasibility studies for Earth segment
stations, reports on financing and technical pro-
posals, modernization and training, operation
and maintenance, and coordinating frequencies
in accordance with ITU regulations. In some
areas “1 NTELSAT has enabled developing coun-
tries to leapfrog over generations of communi-
cations technology without having to invest a
great deal of time and money in a telecommuni-
cations satellite system of their own . . . “*

38|nternational Telecommunications Satellite Organization (I N-
TELSAT) Agreement with Annexes and also Operating Agreement
Relating to the International Telecommunications Satellite Orga-
nization (I NTELSAT). In Space Law, op. cit. (see reference 15), pp.
173-304.

¥Multilateral Intergovernmental Cooperation in Space Activities,

op. cit. (see reference 36), p. 21.

International Maritime Satellite
Organization (I NMARSAT)”

The impetus to create INMARSAT'1 came from
the commercialization of this technology by
COMSAT during the 1970s and from a resolution
of the Intergovernmental Maritime Consultative
Organization (IMCQ), a specialized agency of the
United Nations, which in 1974 called for a con-
ference to establish an international maritime sat-
ellite system. The conference was held in Lon-
don in 1975-76, and concluded with two agree-
ments patterned after those which established
INTELSAT: a Convention on the International
Maritime Satellite Organization and an Operat-
ing Agreement on INMARSAT. Both agreements
entered into force on July 16, 1979. INMARSAT,
as established, is not a U.N. organization but is
comparable to INTELSAT.

INMARSAT developed technologically from the
U.S. Marisat satellite system, which was started
by COMSAT General Corp. in 1976. The inter-
national system, which is fully compatible with
the Marisat system, has 43 member states; head-
guartered in London, it began operations in 1982.

INMARSAT’s purposes are to improve maritime
communications to handle situations involving
distress and/or safety, through communication
between ships and shore and among ships at sea.
INMARSAT’s high-speed satellite communica-
tions have improved search and rescue missions,
medical assistance, warnings of weather con-
ditions, and information to assist navigation.
INMARSAT is exploring the feasibility of estab-
lishing a Future Global Maritime Distress and
Safety System by the end of this decade, which
would improve maritime distress and safety pro-
cedu res.

40 For more information on INMARSAT, see International Maritime
Satellite Organization, INMARSAT, 40 Melton St., EustonSq., Lon-
don NW1 2EQ, England; Satellite Communications for Shipping.
INMARSAT, London, England. Investment shares as of August 1981,
p. 15.

41 INMARSAT, established to facilitate maritime commgica'on
across the world’s shipping lanes, is important because it repre-
sents an area of European rather than American leadership in space
activities and because it marks, for the first time, the participation
of the Soviet Union in an international commercial space orga-
nization.
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INMARSAT is structured as follows:

1. An Assembly of member states meets at 2-
year intervals to consider policy, activities,
and long-range objectives for recommenda-
tion to the Council.

2. The Council has 18 signatories (or groups of
signatories) which have the largest shares of
investment and, in addition, four represent-
atives to ensure fair geographical represen-
tation and concern for developing countries;
it is responsible for the space segment and
its economic and efficient management;
members vote according to the percentage
of their investment shares.

3. The Directorate has a Director General and
staff responsible for the actual operation of
worldwide maritime communications.

The United States has the largest investment
share (31 percent), followed by the United King-
dom (15 percent), Norway (12 percent), Japan
(7 percent), and the U.S.S.R. (7 percent) .42 Voting
shares are limited to a maximum of 25 percent.
The United States designated COMSAT as the sig-
natory for its representation .43

The space segment of the INMARSAT system
is composed of satellites and tracking, telemetry,
command, monitoring, etc. Capacity to perform
maritime communications has been leased from
COMSAT General (a wholly owned operating
subsidiary of COMSAT). INMARSAT leases some
transponders from the European Space Agency—
the Maritime European Communications Sat-
ellites and some from INTELSAT (V-MCS). Future
INMARSAT satellites will have greater capacity
and higher in-orbit power than the transponders
it now leases. IN MARSAT has recently signed a
contract for purchase of second generation sat-
ellites from a consortium headed by British Aer-
ospace. Hughes Aircraft Corp. is the prime sub-
contractor.

425ee app. 6C for a complete table of | NMARSAT members and
Investment shares,

“nternational Cooperation inQuter Space: A Symposium, edited
by Eilene Galloway for the Senate Committee on Aeronautical and
Space Sciences. Senate document No. 92-57, 92d Cong., 1st sess.,
Dec. 9, 1971 (see pp. 331-363).

World Meteorological
(WMO)

The origins of the WMO can be traced back
to 1853, when the first International Meteorolog-
ical Conference was held in Belgium. Participants
recognized the importance of sharing meteoro-
logical research and data. In 1873, the interna-
tional Meteorological Organization (IMO) was
organized. IMO became a specialized agency of
the United Nations in 1947 and began function-
ing as the WMO in 1951. All sovereign states and
territories with weather services may become
members. WMO is not an international opera-
tional organization, but rather a planning and co-
ordinating body with basic programs to assist all
nations. It is a specialized agency with specific
weather-related tasks that are planned with due
regard for operating efficiency to produce needed
information from global sources and for world-
wide distribution. The WMO has been highly suc-
cessful in eliciting cooperation among nations.

Organization

The United States launched the first meteoro-
logical satellite on April 1, 1960. When the U.N.
General Assembly passed resolution 1721 (XVI)
on December 20, 1961, on the peaceful uses of
outer space, it recommended that the WMO
make an early and comprehensive study:

(a) to advance the state of atmospheric science
and technology so as to provide greater knowl-
edge of basic physical forces affecting climate
and the possibility of large-scale weather modi-
fication; and

(b) to develop existing weather forecasting ca-
pabilities and to help member states make ef-
fective use of such capabilities through regional
meteorological centers . .,

WMO was requested to consult with others and
submit a report to its members and the Economic
and Social Council (ECOSOC) “regarding appro-
priate organizational and financial arrangements
to achieve those ends, with a view to their fur-
ther consideration by the General Assembly. ”
In addition, the General Assembly requested
COPUQS to review the WMO report and sub-
mit comments to ECOSOC and the General As-
sembly. These U. N.-initiated WMO studies led
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to plans for the World Weather Watch (WWW),
which was organized to use the new satellite
technology to improve meteorological services:

Such improvements will have a profound im-
pact on the agriculture, commerce, and indus-
try of all nations and will permit more accurate
and timely warnings of severe storms and other
weather hazards for the protection of life and
property. It will further the safety and efficiency
of international air traffic and transportation and
provide essential support to nations in the man-
agement of weather resources and food produc-
tion.*

An additional U.N. resolution in 1967 led to the

organization of the Global Atmospheric Research

Program (GARP), a joint project of the WMO and

t(r|1e I)nternational Council of Scientific Unions
csu).

WMO organizes symposia, workshops, semi-
nars, and provides training courses and fellow-
ships in atmospheric science and meteorology.
WMO's Voluntary Assistance Program assists de-
veloping countries purchase satellite data receiv-
ing stations. The weather services of all countries
now depend on information from satellites.
Through WMO, global, regional, and national
environmental data are collected from the satel-
lites of Europe, Japan, the United States, and the
U. S. S. R., and distributed among all nations.

44.N. General Assembly Resolution 1721 (XVI) Dec. 20,1961.

WMO projections for the future emphasize that
more international cooperation will be required,
especially for the planned World Climate Program.
In 1978, WMO requested a U.S. and a Soviet ex-
pert to evaluate the future need for environ-
mental satellites, including those for meteor-
ology.”

In discussions of the Legal Subcommittee of
COPUQS, the United States has, for many years,
been extremely careful not to commingle meteor-
ological satellites of the NOAA/WMO type with
land remote sensing. However, some delegates
from other nations have discussed rules and reg-
ulations for all remote sensing satellites—civilian
and military, meteorological, and general use as
represented by the Landsat system.

For more than a decade, COPUOS, within its
two operating subcommittees, the Legal Subcom-
mittee and the Science and Technology Subcom-
mittee, has discussed the formulation of principles
which are subject to political differences such as
the issue of prior consent to distribute data sensed
from space. Prior consent has not been made
an impediment to WMO/NOAA weather agree-
ments or those of any other nation. However, the
situation is now further complicated by U.S. na-
tional actions to turn the Landsat system over to
the private sector (see ch. 7).

45The Role of Satellites in WMO Programmed in the 1980s, ”
World Weather Watch Report No. 36, Annex IIl.

ISSUES IN COOPERATION

The changing role of industrialized countries
in space, and the aspirations of the developing
countries, coupled with a relatively static U.S. ap-
proach to cooperation in space, have raised sev-
eral important issues for the United States:

.How can the United States use its partici-
pation in international multilateral organi-
zations and meetings on space to promote
U.S. interests? The conduct and outcome of
recent international meetings on space has
not always been favorable to U.S. interests.
In part, this has come about as a result of

U.S. attempts over the last few years to limit
potential damage to its positions, while at the
same time posturing itself to reduce its activ-
ities within the various organs of the United
Nations that deal with communications, treaty,
and regulatory matters.

How can the United States cooperate most
effectively with the developing countries?
Developing and newly industrialized nations
are demanding a greater voice in the use of
the assets of outer space (e.g., apportion-
ment of the geosynchronous orbit—see ch.
6), and a larger share of the perceived social
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and economic benefits. Their demands have
taken the form of intense political pressure
at the United Nations and elsewhere.
.On what terms might the United States
most profitably cooperate with other indus-
trialized nations? Greater competitiveness,
both among governments and the private
sectors of different countries, alters the con-
text for cooperation and may make it more
difficult to establish cooperative programs.

Cooperating in International
Organizations

Space is by nature and treaty an international
realm about which cooperation between nations
on some level is essential, if only to avoid poten-
tial conflict over its resources. The United Na-
tions and other multilateral organizations serve
as the forums for countries to discuss their needs
and resolve their differences, The various treaties
that provide the framework for the international
use of space were forged in the U.N. COPUQOS.

When arranging the terms of cooperative tech-
nical agreements, the United States has preferred
to cooperate bilaterally rather than multilaterally.
Nonetheless it has actively participated in COPUOS
and the International Telecommunication Union
(ITV), and during the 1960s and 1970s it provided
leadership in forging the five ratified space treaties
and agreements. Today, however, the U.S. ap-
proach to international organizations in general,
and to the United Nations i n particular, is exem-
plified by its behavior at the United Nations Con-
ference on the Peaceful Uses of Outer Space
(UNISPACE ’'82) and the ITU Plenipotentiary in
Nairobi in October 1982, “The United States has
been generally reluctant to concede that its in-
terests can be promoted or seriously jeopardized
at such conferences (i. e., UNISPACE ‘82). It ap-
proached UN | SPACE '82 warily and attended pri-
marily to “limit the damage” that UN | SPACE '82
could cause to U.S. interests. " Although the
United States was effective at UNISPACE '82 in
preventing wording inimical to U.S. interests from
appearing in the final UNISPACE 82 conference
report, it was less effective in using the confer-

W6 (UNISPACE ‘82: A Context for Cooperation and Competition,
op. Cit., p. 4.

ence to promote and explain U.S. positions on
outer space.

U.S. actions at recent conferences indicate that
the United States has adopted a “damage limita-
tion” approach to participating in multinational
organizations. It has also threatened to withdraw
on several occasions, Such a stance, if main-
tained, will leave the United States in the posi-
tion of having to “go it alone,” while others, both
friends and potential adversaries, continue to
operate in coalitions.

The United Nations

The United States played a leading role in the
formation and development of the U.N. Commit-
tee on the Peaceful Uses of Outer Space. It en-
couraged cooperative programs with NASA and
transfer of some space technology to industrial-
ized and developing countries. U.S. programs
have consequently helped them realize some of
the benefits of space technology. Because of
these efforts by the United States, and the rapid
evolution of space industry, applications of space
technology have become an integral part of the
operations of several U.N. committees and U.N.
specialized agencies such as the ITU, the Food
and Agricultural Organization (FAQO), the World
Meteorological Organization (WMO), and the in-
ternational Maritime Commission (IMCO).

Developing countries see the U.N. as their pre-
ferred agent for deliberation and guidance for
space affairs as well as a forum in which to ex-
press their political views. Specifically, the U.N.
Special Political Committee, under whose admin-
istrative management the Committee on the
Peaceful Uses of Outer Space (COPUQS) func-
tions (fig. 3-2), is the focus of their hopes and as-
pirations, fears and concerns with respect to
space. It provides the major forum for space-re-
lated issues—new regulations, proposed restric-
tive regimes, and challenges to Western world
policies, politics, and business practices. If
COPUQS, which operates by means of consen-
sus, fails to reach agreement on a given course
of action, the Special Political Committee, which
is dominated by the developing countries, may
refer matters to the General Assembly for action.
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For example, one issue which COPUQOS has de-
liberated for 10 years is that of direct broadcast
satellites (DBS). The United States wants no re-
strictions imposed on the right to broadcast or
otherwise to transfer information across national
borders. Until 1982 it had been successful in pre-
venting a restrictive set of principles on DBS from
being adopted. However, in November of that
year the developing countries, led by the G-77,
demonstrated their willingness to take this unre-
solved issue directly to the General Assembly.
The Special Political Committee, despite the ob-
jections of the United States and a few Western
allies, removed the DBS issue from COPUOS and
referred it to the General Assembly. The latter
passed the resolution by a large majority and
adopted a set of nonbinding principles govern-
ing the use of direct broadcast satellites. d’ These
principles endorse the right to “prior consent”
to the nations receiving such broadcasts. Al-
though nonbinding, the principles foster a dis-
turbing trend of bringing political pressure on the
United States and other industrialized countries
at the expense of the consensus process.

Championed by the G-77, the use of majority
voting rather than consensus may also be used
to influence the outcome of other long-term
issues of international debate, such as remote
sensing and equitable sharing of the geostationary
orbit. Members of the G-77 see the control of
new technologies as necessary in order to change
their societies in the directions in which they wish
to move.

Currently, the U.S. response to the well-orga-
nized political pressure from the developing
countries is to threaten to withdraw or curtail its

a7A/SPC/37/L.5/Rev, 1; nov. 19, 1982. Preparation of an Interna-
tional Convention on Principles Governing the Use by States of Arti-
ficial Earth Satellites for Direct Television Broadcasting (Argentina,
Bolivia, Brazil, Chile, Colombia, Ecuador, Egypt, India, Indonesia,
Iraq, Kenya, Mexico, Niger, Nigeria, Peru, Philippines, Romania,
Uruguary, and Venezuela; revised draft resolution).
The relevant section reads:

Consultations and agreements between States.

A State which Intends to establish or authorize the establishment
of an International direct television broadcasting satellite service shall
without delay notify the proposed receiving State or States of such
intention and shall promptly enter into consultation with any of those
States which so requests.

An International direct television satellite service shall only be es-
tablished after the conditions set forth in paragraph 1 above have
been met and on the basis of agreements and/or arrangements in
conformity with the relevant Instruments of the International Tele-
communication Union shall be exclusively applicable.

38797 0 - 8 - 3 : Q 3

support for the organization in question. The
United States has withdrawn from UNESCO and
raised this possibility in the ITU, COPUOS, and
the United Nations Conference on Trade and De-
velopment (U NCTAD). Each of the above orga-
nizations serve different purposes and the use-
fulness of U.S. participation in them may differ.
The question of U.S. participation in one should
be analyzed independently of participation in
others. Although threat of withdrawal may ap-
pear to be an effective short-term tactic in some
circumstances, its potential long-term cost in po-
litical, social, diplomatic, and economic terms
may be too large a price to pay. Stressing, as the
Administration does, that the U.N. has changed
dramatically since the emergence of space tech-
nology, but refusing to change with it, is to cir-
cumvent the critical question of our political ef-
fectiveness within the U.N. Withdrawing from a
given committee or specialized agency simply
further reduces our effectiveness in working with-
in multilateral forums on substantial issues that
affect our interests i n space .48

In the U.N. Secretariat, the office within which
space issues are administered is the Outer Space
Affairs Division (OSAD). Currently the United
States has no high-level representation in OSAD, *
although the Soviet bloc is well represented. Be-
cause allU.N. employees are international civil
servants, countries cannot intervene directly in
the personnel actions of the Secretariat. How-
ever, they can further their own interests by rec-
ommending the selection of citizens for the
OSAD staff. The United States has not been as
active as it could be in promoting U.S. interests
in OSAD. * * If the United States desires to in-
crease its effectiveness in the United Nations, it
should be alert to potential openings and plan
in advance to recommend the appointment of
qgualified personnel. To such end, advance dis-
cussion with incumbents, U.S. departments and
agencies, and foreign government and U.N. offi-
cials as appropriate, should be undertaken in
timely fashion.

WSPACE '82 A Context for Cooperation and Competition,
op. cit, p.8, 9.

*See Unispace *82: A Context for International Cooperation and
Competition, op cit., pp. 32-33, for an account of the selection of
the Chief of OSAD prior to UNISPACE '82, and how countries may

become involved in the selection of U.N. personnel.
**|bid.
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In 1984, the United States drastically reduced
its participation in the deliberations of COPUQOS,
which is the chief forum for international rules
of outer space. The full Committee of COPUOS
(composed of 53 member nations) is essentially
a plenary session of its member nations to con-
sider items on the agenda it adopts at the open-
ing meeting of each session. Subjects assigned
to its two subcommittees are routinely included
and form a major part of its agenda. It is within
these subcommittees that the United States over
the years has been able to gain support of other
nations for its positions in the full Committee and
U.N. General Assembly sessions. The reports of
the COPUOS subcommittees are also routinely
included in the annual report COPUOS submits
to the General Assembly. The General Assembly,
after consideration of the COPUQS report, by res-
olution assigns the items for deliberation of the
subcommittees at its next session. Although in the
past the United States has maintained a leading
presence in COPUOS and its subcommittees, and
generally sends several delegates with a variety
of expertise in space-related matters, it sent only
one delegate to the February 1984 meeting of the
Scientific and Technical Subcommittee of COPUOS.”
In 1985, the United States, by sending several ex-
perts to the COPUOS subcommittees, partici-
pated more fully in the ongoing work of the Com-
m ittee.

The uncertain stance of the United States
toward COPUQS, arising from controversy within
the Administration concerning the usefulness of
COPUQS, has already had an adverse effect on
how other countries perceive U.S. participation.
A long-term drastic reduction in U.S. participa-
tion in COPUOS could send a message to the de-

“9His statement to that group reflects one point of view about
the usefulness of U.S. participation in COPUOS:
Finally, Mr. Chairman, my delegation wishes to underscore that
our doubts about the future usefulness of the committee have not
in any way dissuaded the United States of the importance of inter-
national cooperation in the use of outer space. . Delegations can
be sure that our many existing cooperate programs with other na-
tions in space science and applications will continue to grow in the
future. Nonetheless, we find it quite regrettable that the Committee
on the Peaceful Uses of Outer Space now threatens to join the grow-
ing number of U.N. bodies that have grown increasingly impotent
and irrelevant as a result of confrontation, politicization and rhetorical
excesses.
Statement by Ambassador Jose S. Sorzano, U.S. Deputy Permanent
Representative to the United Nations, to the Scientific and Tech-
nical Subcommittee of the Committee on the Peaceful Uses of Outer
Space, Feb. 15, 1984.

veloping countries that the United States lacked
interest in working with them in the peaceful ap-
plication of space technology.

The importance of COPUOS to the world space
community should not be underestimated. it is
the one place where all countries, developing
and industrialized alike, can discuss legal, scien-
tific and technical issues related to space on a
continuing basis. Attendees at both COPUOS
subcommittees (the Legal Subcommittee and the
Scientific and Technical Subcommittee) tend to
have strong technical or legal backgrounds, and
their discussions focus on legal and technical
issues. To a large extent the discussions of these
subcommittees are protected from overt politi-
cal rhetoric.

Legal problems currently being discussed with-
in the Legal Subcommittee include:

- the definition and/or delimitation of outer
space;

+ matters relating to the character and utiliza-
tion of the geostationary orbit;

« legal implications of remote sensing of the
Earth from space, with the aim of formulating
draft principles; and

+ the possibility of supplementing the norms
of international law relevant to the use of nu-
clear power sources in outer space,

The Scientific and Technical Subcommittee has
over the years discussed such issues as:

. Exchange of Information:
—National, regional and international pro-
grams.
—Governmental and nongovernmental
space organizations.
—NManuals on technical requirements.
—World Data Centers.
—SPACEWARN communications networks.
. Encouragement of International Programs:
—International Year of the Quiet Sun,
—World Magnetic Survey.
—Synoptic rocket experiments,
—~Polar cap experiments.
—Space communications.
—Satellite meteorology.
—Scientific and technological assistance, ed-
ucation and training.
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. International Equatorial Sounding Rocket
Launching Facilities:
—Scientific value.
—Usefu Iness.
—Basic facilities.

Given the importance of the subcommittees to
the work of COPUQS, it may not be possible to
protect U.S. interests fully by cutting back dras-
tically on U.S. participation either there or in the
plenary sessions of COPUQS. Often, points of
view at variance with the demaocratic principles
of a free and open society could be debated, tem-
pered, and sometimes changed within these sub-
committees.

Although in the short run, the threat of cutting
back drastically on U.S. participation at COPUOS
may serve a useful political purpose in counter-
ing the perceived trend toward politicization of
COPUQS, in the long term, reduced U.S. partici-
pation will lessen U.S. influence in international
decisions on space activities. When the United
States and the Soviet Union were the only two
players in space, such a stance would have been
more plausible than today, when all the major
industrialized nations and several newly indus-
trialized nations have increasingly strong space
programs. In particular, as the U.S. private sec-
tor increases its investment in space technologies,
it will need the support and encouragement of
its Government in international forums such as
COPUQS, where the private sector point of view
is often misunderstood. By sending only one del-
egate to the Scientific and Technical Subcommit-
tee in 1984, and one with relatively little techni-
cal or scientific expertise, the United States ran
the risk of being perceived to be uninterested in
the matters being discussed therein, and of itself
contributing to the politicization of COPUOS. As
noted, the United States sent more delegates to
the Subcommittee meetings in 1985.

The International Telecommunication Union
(ITU). Cooperation with other countries within
the ITU has been crucial to maintaining access
to frequencies the United States needs in order

to support its Armed Forces, the Intelligence
Community, its diplomatic missions, the Voice
of America, and Radio Free Europe and indeed
for everyone who wishes to use the electromag-
netic spectrum. Similar cooperation will be nec-
essary in the future if U.S. industry is to expand
its sales of telecommunications equipment and
services. Inherent in any multilateral undertak-
ing is cooperation and compromise on the
sometimes conflicting interests of parties to the
process. This is generally attainable when tech-
nical managers apply their knowledge and under-
standing of the limitations of the usable spectrum
to maximize its use for the maximum public good.

However, the technical experts must also work
in the context of the political and economic in-
terests of the countries they represent. This is why
in the ITU the West faces strong political pres-
sures from the group of nonaligned nations which
function as the Group of 77 (G-77). The G-77 is
committed to using international multilateral
organizations to gain economic and political
power. For example, at the ITU Plenipotentiary
in Nairobi in 1982, the G-77 garnered strong sup-
port for a resolution condemning Israel for its in-
vasion of Lebanon. After long and heated discus-
sion, the United States, citing dangers to the
international management of the electromagnetic
spectrum if such strictly political issues were
allowed to disrupt the workings of a technical
group, threatened to pull out of the ITU if the
vote carried.

The resolution condemning Israel failed by a
scant four votes, demonstrating the power of the
G-77. However, the United States cannot use the
threat of a pullout in every instance of political
concern. It is certain that the United States and
its allies will face similar situations more often at
the series of ITU meetings to be held over the
next 5 years—all of which will address issues of
great importance to the United States.

How the United States presents itself, or is
perceived by others to present itself, to the rest
of the world at multilateral conferences is a
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source of some concern to Congress.” Yet, the
guestion is not whether multinational organiza-
tions present the optimum means for the United
States to pursue its cooperative programs, but,
rather, whether the United States can use its par-
ticipation in the ITU and other international orga-
nizations as opportunities for exerting leadership
that would benefit the United States, including
its space-related private sector industries.

Two critical issues, requiring global coopera-
tive support, must be kept in the diplomatic
forefront during this period of criticism of the
U. N.: first, the White House commitment to the
Space Station program and, second, the expan-
sion of the U.S. private sector into U.N. mem-
ber nations’ markets for telecommunication
goods and services. Those nations under criticism
are now and will be in the future, in part, the
same countries that NASA will eventually turn to
for support and that the private sector will be
asked to do business within an effort to reduce
U.S. trade imbalances.

Attitudes established and policies created in
one U.N. organization do carry over to others.
As UN ISPACE '82 and the 1982 ITU Plenipoten-
tiary in Nairobi clearly demonstrated, wherever
possible the G-77 pursues its strategy of using
U.N. and global conferences to demand changes
in global resource allocation and technology
t ransfer.”

Space Technology as a
Tool for Development

Space technology has become increasingly im-
portant to some developing and newly industrial-
ized nations because they have come to see it
as a way to bypass intermediate stages of devel-
opment and to become more independent of the
industrialized countries. Cooperative space ven-
tures can assist developing countries in this de-
velopment process. For example, as chapter 7
points out, land remote sensing data have aided

50See hearing before the Subcommittee on Space Science and
Applications of U.S. House Committee on Science and Technolo-
gy, 97th Cong., July 14, 1982; hearing before the Subcommittee
on International Operations of U.S. House Committee on Foreign
Affairs, 98th Congress, Feb. 22, 1983.

s'\UNISPACE ’82: A Context for Cooperation and Competition,

op. cit., p. 49.

both industrialized and developing countries to
achieve better control over their agricultural and
forestry planning. These data have also served as
a powerful tool for locating needed nonrenew-
able resources.

As the SITE experiment in India demonstrated,
satellite communication can help countries to
“leapfrog” certain older technological develop-
ments and allow countries with inadequate ter-
restrial communications to build a strong educa-
tional and telecommunications network.

Space technology can be a powerful tool to
accelerate national development: it provides a
way of leap-frogging over obsolete technologies
and getting away from percolation and trickle-
-down models of development for which devel-
oping countries do not have the time. It could
effectively deal with the problems of illiteracy,
isolation and lack of information afflicting the de-
velopment process. Depending on each coun-
try’s unique social, economic, cultural and re-
source context, and taking account of other
alternative technologies, space could play an im-
portant role in specific areas of development.sz

Developing countries face four major difficul-
ties in joining the “space club” in any significant
way: 1) lack of capital; 2) few technically skilled

52 Report of th.SecondUnited Nations Conference on the Ex-

ploration and Peaceful Uses of Outer Space, Vienna, Aug. 9-21,
1982, U.N. A/CON F.101/1 O; paragraph 11.

Photo credit: National Aeronautics and$pace Administration

A Satellite Instructional Television Experiment (SITE)
Direct Receive Antenna installed in the village of
Kerelli, about 100 kilometers west of Hyderabad,
in 1975.
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personnel; 3) small scientific support base (com-
puters, facilities, etc.); and 4) the need for stable
government and policymaking apparatus com-
mitted to the long-term political and financial sup-
port of space. In addition, because of these im-
pediments to using space technology, developing
countries also have difficulties in forming and par-
ticipating in stable multinational associations for
using space.

One of the trickiest political issues for devel-
oping countries relates to the difficulty of rely-
ing on foreign assistance without becoming over-
ly dependent on, or influenced by, the donor
country. India, for example, has judiciously em-
ployed the assistance of both East and West over
the past 15 years, while working toward an in-
dependent space capability. The People’s Repub-
lic of China has attempted to do the same, though
its unstable internal politics has prevented China
from taking full advantage of all the external aid
it might have received in developing indigenous
space capabilities.

Developing countries have shared in the bene-
fits of space technology by using satellite com-
munications for international telecommunica-
tions (primarily via INTELSAT-see ch. 6) and
tracking weather patterns using meteorological
satellite data (see ch. 7). Some have also begun
to make limited use of Landsat data. Most devel-
oping countries depend heavily on foreign aid
to support applications of both the Metsat and
Landsat data.

Major cooperative options available for devel-
oping nations are likely to continue to fall be-
tween those offered by the United States and the
U.S.S.R. ESA, as a multinational coordinating
body, has no mechanism for funding foreign aid
to developing countries, nor does it solicit foreign
proposals (other than from the United States or
the Soviet Union and Japan) for cooperative mis-
sions. Individual European nations do carry on
cooperative activities in space on a bilateral basis
with developing countries, especially with former
colonies, and though these are often of signifi-
cant value to the recipient country, the overall
amount of assistance is small compared to that
offered by the United States or the Soviet Union.
Japan is not likely to seek a wide variety of coop-

erative bilateral agreements with less capable
nations, as its tightly defined program is highly
national in character and Japan engages in coop-
erative programs only for clear, pragmatic returns.
However, it has engaged in a limited number of
multinational projects. It is most likely to coop-
erate with other nations in the Western Pacific
Rim.

India, with its highly successful, if small, indige-
nous space program, and its influence in the G-
77, is an obvious potential partner for coopera-
tive activities with smaller countries. However,
lack of available capital limits what it can do.
China, which has offered to cooperate in launch-
ing other Third World satellites and in develop-
ing joint space systems when its own abilities
have matured, could be a major force in coop-
erative activities in a decade or two.

Developing countries need general education
in mathematics, science, and technology; direct
training with space technology; and funding for
equipment in order to overcome their deficien-
cies in being able to put space technology to
work in their economies, Though they have used
a variety of multilateral platforms within and with-
out the United Nations to press their case for
greater assistance from the industrialized nations,
they have made little headway in obtaining sup-
port for broad multilateral help from the United
States, From the U.S. standpoint, bilateral and
limited multilateral cooperation are preferable to
blanket extensions of technology sharing to a
wide variety of parties because the former two
modes allow for greater specificity in meeting the
needs of both the donor and recipient.

The United States has less to gain from broad
multilateral cooperation because the direct po-
litical and economic benefits to the United States
are less clear. Nevertheless, the developing coun-
tries are pressing for greater multilateral cooper-
ation. The United States might gain political and
economic benefits by offering to fund more mul-
tilateral educational programs, supported in part
by private industry. The U.S. Telecommunica-
tions Training Institute (USTTI) is one example of
the sort of training that might be offered. In the
USTTI, expenses are shared by the U.S. Govern-
ment and the telecommunications companies
that participate in the program.
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This issue is tied directly to the question of how
the United States should participate in the United
Nations. U.N. assistance in technology develop-
ment is necessarily multilateral. Yet, in contrib-
uting to development programs, the United States
loses much of the control over the funding and
nearly all of the credit for having provided the
funding. Thus, it is loath to contribute to devel-
opment programs within the U.N. structure, par-
ticularly if the funding is used on projects the
United States would not otherwise agree to or
to support the U.N. bureaucracy. If the United
States were to contribute more heavily to multi-
lateral assistance, it would certainly wish to do
SO in circumstances in which it could exercise
more control over funded projects.

Cooperation in the Face of Competition

Cooperative agreements with other industrial-
ized countries have always been undertaken for
a different set of reasons and under a different
set of guidelines than those with developing
countries; in addition to the considerable politi-
cal benefits accruing from cooperating with our
allies, considerations of saving U.S. costs and of
exchanging engineering know-how have been
important. However, in recent years those in-
dustrialized countries with whom we cooperate
have also become commercial and scientific
competitors. Thus, as noted elsewhere in this re-
port, the terms on which we might wish to co-
operate with the industrialized, space-capable na-
tions have altered. Because of their increased
capability in space our new competitors have
something to teach us, The possibility for cost-
saving and sharing engineering and scientific
know-how have become more important than
they once were.

Although by cooperating with other space-
capable nations the United States can accomplish
important technological goals, it also runs the risk
of transferring certain technology to potential
economic competitors. Yet the United States can-
not hope to lead in all space technologies with-
out enormous expenditures. Cooperation contin-
ues to be in the long-term economic interest of
the United States. As the technology chapters dis-
cuss, precisely what policy to follow will depend
on the particular technology under consideration.

The competitive risks of technology transfer are
high in some and lower in others. In general,
however, the potential for technology transfer to
the United States, or cost sharing, requires a re-
examination of the terms of cooperation with the
industrialized nations.

In some respects, the United States must co-
operate with the western industrialized nations
in order to demonstrate leadership in space. As
chapter 4 emphasizes, the terms of such competi-
tion in the political realm extend not only to the
western industrialized nations, but also to the So-
viet Union. For example, the Soviet Union has
cooperated with France in space science and in
the manned space program by bringing a French
cosmonaut aboard the Salyut space station. The
United States has flown a German payload spe-
cialist aboard the Shuttle and will, in the future,
fly French and Arab payload specialists as well
as other foreign nationals.

Cooperation among competitors is well illus-
trated in the commercial satellite communica-
tions industry, where competitors sometimes
team up for commercial reasons. For example,
in the competition for supplying Arabsat, for po-
litical reasons U.S. companies were at a strong
disadvantage. However, by teaming with the
French firm Aerospatiale, the U.S. firm Ford
Aerospace was able to capture the majority share
of the contract to build Arabsat. *

If the United States is able to establish the pri-
vate sector in the land remote sensing business
(see ch. 7), the French-built SPOT remote sens-
ing satellite will in one sense be in direct com-
petition with a U.S. firm for high resolution data.
Yet, data from the U.S. system will not have spa-
tial resolution comparable to the SPOT data for
several years. On the other hand, the U.S. sys-
tem will have greater spectral capabilities. Con-
sequently, because the competing systems serve
somewhat different aspects of the overall mar-
ket, it is in the interest of both to cooperate, at
least, in setting data format, satellite passage, and
perhaps in using the same receiving stations. The
United States could promote the interests of the

$3See ch. 6. Aerospatiale became the prime contractor and Ford

Aerospace the chief subcontractor. Ford Aerospace has actually
built the satellite.



Ch. 3—Internationa/ Space Cooperation .61

U.S. data sellers and data users by encouraging
cooperation between the two countries. Mech-
anisms already exist for such cooperation, and
these could be continued and perhaps extended
in some form if transfer of U.S. land remote sens-
ing to the private sector is accomplished. As of-
fered as an option in chapter 7, it maybe appro-
priate to consider establishing an international
remote sensing corporation.

Because cooperation for scientific purposes can
benefit all participants, it may be appropriate for
the United States to seek cooperative ventures
in studying materials processing in space. It might
be possible to provide facilities, etc., on a coop-
erative basis. However, in this area, technology
transfer at the production stage is a serious con-
cern, because the potential for using U.S. tech-
nology in competition with U.S. private sector
is higher. In some areas of materials processing,
because of European experience, the United
States could be in a position to gain technology
from the Europeans.

in activities such as meteorological or ocean
remote sensing where the public interest is para-
mount, interdependence and cooperative ar-
rangements are and will remain highly produc-
tive. For example, the United States is now
attempting to develop a cooperative meteorolog-
ical polar orbiter system with the Western in-
dustrialized countries (see ch. 7). This is a form
of cooperation that would not have been possi-
ble before the Europeans and the Japanese de-
veloped the ability to compete with us in design-
ing and building space systems.

As noted in chapter 9, space science has also
become an arena for competition among nations.
However, space science remains the most active
area for government-to-govern ment cooperation,
for the purpose of saving costs as well as for in-
creasing understanding among nations and fur-
thering scientific knowledge. Chapter 9 details the
many cooperative ventures in space science that
the United States has carried out or has planned
with other nations.
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Chapter 4
COMPETITION

THE SPACE POWERS

Dominant Role of Governments

Space activities today are primarily governmen-
tal: governments finance the research and devel-
opment of space technology. They launch and
operate satellites. Even though private sector in-
terest in space has increased, governments still
constitute the major markets for space-related
goods and services. (Civilian satellite telecommu-
nications services in the United States are an ex-
ception to this rule, but in most countries out-
side the United States the telecommunications
service industry is owned and managed by the
govern merit.)

Given this governmental domination of space
activities, competition in space-related goods and
services is often not conducted in a free-market
environment. For instance, private firms supply-
ing space-related goods and services have often
acted as contractors to government agencies,
rather than suppliers in a market of many buyers.
The role of the private sector in some space-re-
lated industries has grown more substantially. In
the case of ground equipment for satellite com-
munications, for example, domestic and interna-
tional firms compete internationally for the busi-
ness of many buyers. Should materials processing
in space prove profitable, private commercial ac-
tivity may be expected. In the areas of remote
sensing and space transportation, though, gov-
ernment involvement is likely to remain large,
even though the role of the private sector is ex-
pected to expand. Space commerce occurs—and
will continue to occur—in a context shaped pri-
marily by the political, military, and economic
interests and actions of national governments.

Comparison of National Space Efforts

Globally, the constellation of space powers
closely resembles the constellation of political-
military powers. The superpowers of space are
the United States and the Soviet Union, followed
somewhat distantly by Western Europe (with a

partially unified space program under the Euro-
pean Space Agency (ESA)I and Japan.

When national space budgets are compared
(fig. 4-1), the space programs of the United States

"fust as the Western European Community is not fully integrated,
neither are the space programs of the European Space Agency mem-
bers. About half of the West German space budget goes into ESA
projects. Less than half the French space budget goes to ESA. Most
of the smaller British, Italian, Dutch, and Spanish space budgets
go to ESA.

Figure 4.1.—National Space Budgets
Compared—1984 (billion u.s. dollars)
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AIncludes military space budget, but excludes classified military and intelli-
gence Drograms. ) )
Estimated cost the United States would incur toduplicate Soviet effort.

SOURCE: Office of Technology Assessment.
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and the Soviet Union are by far the largest both
absolutely and relatively. Recent estimates mark
the overall Soviet space effort as substantially
greater than its U.S. counterpart.z *Some 600,000
people are thought to be employed in the Soviet
space programs, civilian and military (as much
as four times the total in the United States). So-
viet expenditures on space in 1985 are estimated
to be some $23 billion, representing from 1.5 to
2.0 percent of Soviet gross national product
(GNP); total U.S. space expenditures are esti-
mated to represent only about 0.5 percent of U.S.
GNP.

In contrast, the French, the West German, and
the Japanese space budgets are each only about
3 percent that of the United States (civilian plus
military). When percentages of GNP devoted to
space budgets are taken as indices of national ef-

2Alain Dupas, ““Un Programme Spatial En Plein Remouveau, ” La
Recherche, November 1984, vol. 15, pp. 1420-1427.

3Nicholas Johnson, “The Soviet Space—Current Plans and Pro-
grams—Future Direction, " Space: The Next Ten Years, TMSA Pro-
ceedings, 1984, p. 94.

fort devoted to space, the level of U.S. space ef-
fort is approximately 6 times that of France, 11
times that of West Germany, and 11 times that
of Japan. Although the governments of France,
West Germany, and several other European coun-
tries (plus Canada) aggregate parts of their space
budgets in the European Space Agency, the U.S.
space budget is still eight times that of ESA. In
short, in terms of spending the United States is
by far the leading space power of the non-Com-
munist world, whether the measure of effort is
absolute or relative.

Table 4-1 .—Space Expenditure

As a percent

Country of “GNP
United States. . . .................... 0.47
France........... ... ... ... .. ... 0.08
Federal Republic of Germany......... 0.04
Japan .. ... 0.04
taly .. ..o 0.03
United Kingdom . . . ................. 0.03

SOURCE: SEST/Euroconsult 1964-M.

INTERSECTING LINES OF COMPETITION

Political Competition

International competition in space began as a
highly political duel between the United States
and the Soviet Union. The Soviet Union scored
a propaganda coup against the United States
when it launched the first artificial Earth satellite,
Sputnik 1, in 1957. When the U.S. Navy team,
having started essentially from scratch, failed to
get a Vanguard satellite into orbit, the Army’s
rocket team under Wernher von Braun, relying
on a great deal of accumulated experience dating
from the German V2 program in World War 11,
managed to launch Explorer 1. An informal race
then began to get the first man into orbit. The
United States started work on Project Mercury
late in 1958, but in 1961 the Soviet Union won
that sprint with Yuri Gagarin in Vostok 1. Six
weeks later President Kennedy announced his
goal of placing Americans on the Moon by the
end of the decade. The United States won that

long-distance race in 1969.Both sides proclaimed
their interest in exploring space for the benefit
of mankind, but political motives clearly ranked
high in the decisions to race for space.

The Soviet Union, generally inferior to the
United States in economic and technological per-
formance, was able to prove superiority in at least
some areas. The United States, particularly in the
early years, felt a strong need to “catch up” with
the Soviet Union. Both sides found in space suc-
cesses a source of national pride and self-respect.
At the same time, they demonstrated to the rest
of the world that their respective (and competing)
political and social systems were powerful and

‘For discussions of the evidence as to whether the Soviets were
seriously committed to the moon race, see Marcia Smith, “Program
Details of Man-Related Flights” in U.S. Congress, Senate, Soviet
Space Programs, 1971-75, Vol. |, Staff Report Prepared for the Use
of the Committee on Aeronautical and Space Sciences, U.S. Sen-
ate, 1976, pp. 218-221; see also Charles S. Sheldon, Il, “Projec-
tions of Soviet Space Plans, " ibid., pp. 502-515.
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effective. Moreover, each hoped that recognition
as an advanced technical power would enhance
its attractiveness as a political and trading partner.

After the United States reached the Moon, the
contest became less direct (at least in civilian
space activities) between the two great space
powers, but the element of political competition
remained. By then, several new entrants had en-
tered the field. The European Space Research Or-
ganization (a precursor of ESA) seems to have
originated in a December 1960 discussion among
a group of European scientists about the impact
of space technology on science and:

the then-hot issue of the “brain drain”
[owing] to the explosive development of science
and technology in the United States. s

Although in its first years—between 1966 and
1970—the European Space Research Organiza-
tion concentrated on scientific research:

The stated objectives of space collaboration
in Europe . . . were constantly presented in a
way that obscured the most fundamenta/ reason
for cooperation, which was to help European in-
dustry develop its know-how and potential.G

Here is how the Director of Programs of the
French national space agency has described
French space policy:

For twenty years France has had the constant
will to develop a European capacity in the do-
main of space and to prove that our country and
Europe are in a position, as much in the domain
of launchers as in that of satellites and associ-
ated ground equipment, to play a role on the
world level. This will, which is affirmed equally
in the national program and in the European
cases, has permitted us to acquire, step by step,
the autonomy indispensable for satisfying nation-
al and European needs and for developing a dy-
namic and exporting space industry.’

There is not much doubt that the “autonomy”
mentioned here means autonomy from the
United States, During that same 20 years France
has consistently striven for military, political, and

SA. Dattner, “Reflections on Europe in Space—The First Two Dec-
ades and Beyond, " ESA BR-10 (Paris: European Space Agency,
March 1982), p. 5.

slbid., p. 7.

’Jean-Marie Luton, “La politique spatiale franchise,” Les Cahiers
Francais, No. 206-207, May-September 1982, p. 89.

economic independence from the United States.
It has also encouraged its European partners to
do likewise—preferably asserting European inde-
pendence under French leadership.

The transformation of the French Diamant
launch vehicle program into the ESA Ariane pro-
gram was consistent with this broader French Eu-
ropean policy. The French argued in the 1960s
and early 1970s that Europe needed its own
launch capabilities, independent of the United
States, so that a European satellite industry could
develop. They expressed fear that although the
United States had said it would always make
launch services available to the Europeans, it
might not actually do so if the Europeans chose
to build satellites in competition with American
products.

Offering to lead the development of a European
launcher within ESA, the French used a cooper-
ative space project for competitive purposes. The
French launch vehicle program was brought to
bear in the French effort to compete with the
United States for leadership in Europe. In addi-
tion, European pooling of resources on the Ariane
has permitted ESA to raise a challenge to U.S.
domination of the market for launch services.
Other ESA projects—weather observation satel-
lites and communications satellites—appear de-
signed to reduce European dependence on Amer-
ican suppliers.

Most of the space powers, major and minor,
have sought to use their space assets as political
instruments for cementing ties with friends and
allies and for winning friends and influence in the
less developed countries. (See ch. 3 for more de-
tails.) The Soviet Union has encouraged the French
in their assertions of independence from the
United States by offering themselves as an alter-
native partner in space cooperation.’The Soviets
have used their Intercosmos and Intersputnik co-

8As a Congressional Research Service Analyst has put it, “Expand-
ing space relations with France opened up potential opportunities
for the Soviets to influence the French politically, particularly in
seeking the much cherished Soviet foreign policy goal of dividing
the West.” Joseph Whelan, “Soviet Attitude Toward International
Cooperation in Space, ” ch. 3 of Soviet Space Programs: 1976 -80,”
op. cit.,, p. 290.

The French, for their part, have found it useful to counterbalance
U.S. power by forming a closer relationship with the Soviets than
the United States would like to see.
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operative space programs to strengthen ties with
East European and other Communist countries.
They have also given extensive assistance to the
Indian space program.’

As emphasized in chapter 3, the United States
has a long record of international cooperative
projects in space technology with both industrial-
ized and non industrialized nations, with both al-
lies and nonallies. Besides seeking the benefits
of the international pooling of resources, the
United States has also tried to use these cooper-
ative projects to demonstrate: 1 ) the relative
openness of American society, and, particularly,
American science, in comparison with the closed
nature of Soviet society; and 2) the advantages
of association with the United States and its ad-
vanced technology.

In the arena of international organization pol-
itics, the competitive aspect of space coopera-
tion comes to the fore.l” The United States and
the Soviet Union have each tried to show in in-
ternational forums that it was the more peaceable
user of space technology and the nation whose
activities were most in the interests of “mankind”
or the international community. The Soviet Union
has in recent years made much of its willingness
to resume negotiations on space weapons, an of-
fer made especially effective by the unwillingness
of the United States to discuss the question of
arms control measures for space. ' *

Military Competition

The space competition between the United
States and the Soviet Union has long been mili-
tary as well as political (fig. 4-2). Many Americans
took the launch of Sputnik 1 to signify that the
Soviets were about to deploy large numbers of
Intercontinental Ballistic Missiles—a feat the So-
viet Union did not achieve until several years after

9“In the case of India, space cooperation was to play . . . [the
role ] ... of an instrument for expanding Soviet political influence
in this leading country of the Third World, and thus furthering its
larger purpose of linking the Third World to the Soviet Union’s ex-
pected global destiny.” Whelan, op. cit.,, p. 290.

105ee the technical memorandum which is part of this OTA study,
UNISPACE '82: A Context for International Cooperation and Com-
petition, OTA-TM-ISC-26 (Washington, DC: U.S. Congress, Office
of Technology Assessment, March 1983).

"1See ibid., “Appendix B: The Militarization Issue at UN ISPACE
‘82, " pp. 61-67.

Figure 4-2—U.S. Civilian and Miiitary Space Budgets,
1977.84 (millions of 1982 dollars)
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the United States had done so. Somewhat more
quietly, the United States and the Soviet Union
set about applying space technology to the en-
hancement of terrestrial military power. A discus-
sion of the military space programs of the two
nations is beyond the scope of this report. How-
ever, both sides now make extensive military use
of space for purposes of geodesy, navigation,
weather forecasting, reconnaissance, missile-
launch warning, and communications.

Economic Competition

The one line of space competition in which the
U.S.-Soviet antagonistic relationship has not been
central has been the economic. Indeed, for most
of the Space Age there has been very little inter-
national economic competition at all. The Soviet
Union has been the main supplier of space-re-
lated goods and services to the Communist world.
But, except in France and India, it did not try to
compete with the United States as the chief sup-
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plier to the rest of the world. Most non-Commu-
nist national space programs have been highly
dependent on U.S. satellites, U.S. launch serv-
ices, and U.S.-licensed space technology.

The U.S. space program remains the bench-
mark by which other non-Communist nations
judge the progress of their own. At the same time,
Japan and the Western European space powers
(especially France) have been seeking greater in-
dependence from the United States as the ma-
jor supplier of space technology and of space-
related goods and services. These new space
powers are beginning to offer some competition
where before the United States held a virtual
monopoly. Instead of relying substantially on U.S.
suppliers, they are beginning to produce space-
related goods and services domestically. Some
are beginning to offer export competition as well.

Competition is greatest in the areas of launch
services, satellite remote sensing services, and
communications satellite equipment and services.
Competition in the processing of materials in or-
bit is currently embryonic but may become sig-
nificant in the future.

Intersections of the
Lines of Competition

In part because space activities are so heavily
governmental, the political, military, and eco-
nomic lines of competition are not so divergent
as the above analysis might indicate. In fact, they
are sometimes difficult to separate.

1. Political-economic: For example, when a gov-
ernment undertakes to build a domestic launch
vehicle industry (as have France and Japan),
does it do so to conserve or earn additional
foreign exchange, or does it do so to remove
U.S. influence over the national space pro-
gram? Economic dependence may seem insep-
arable from political dependence, and eco-
nomic independence may be sought even
when it is economically inefficient. Govern-
ment efforts to subsidize exports of space
goods or services in order to gain political in-
fluence over potential buyers may have “mer-
cantilist” economic motives that reinforce the
political competition.

2. Political-military: The U.S. military space pro-
gram may have important effects on the polit-
ical competition. For example, if the Soviets
succeed in fostering the impression that the
U.S. program is the main cause of the current
“militarization’ of space, the United States
may lose good will otherwise earned by its co-
operative programs and its visible successes in
space technology.”If the Space Shuttle or a
future space station are seen as dominated by
the military, that perception may reduce the
willingness of the European Space Agency to
cooperate in using the U.S. vehicle or plat-
form.”U.S. cooperative programs may also
be hampered by attempts to limit the export
of technology for “national security” reasons.

3. Military-economic: The same problem may af-
fect the competitiveness of U.S. firms in the
international space marketplace. Efforts to
keep American technology out of Soviet hands
may also keep it out of the hands of potential
Western customers.”If the process of control-
ling exports appears capricious, it could give
the United States a reputation of being an un-
reliable supplier. Technology kept out of hands
of the U.S. civilian space program (say, high-
resolution remote sensors) may weaken its
ability to compete with foreign providers of re-
motely sensed images.

The impact of the U.S. military space pro-
gram on U.S. competitiveness in space indus-
tries is complex and ambiguous. For example,
billions of military dollars spent over many
years have certainly helped to build the scien-
tific and technological base, the manpower,
and the plants which have made U.S. firms the
competitors they are in international space
markets.ls Potential competitors with the U.S.
point to this subsidization as ample reason for

12UNISPACE '82, op. cit. ‘
13ESA’s bylaws prevent cooperation in military-related activities.

14Technology and East-West Trade: An Update, OTA-IS C-209
(Washington, DC: U.S. Congress, Office of Technology Assessment,
May 1983).

15Forareport on how government work has benefited one Sup-
plier of space equipment, see James Cook, “A Paragon Called
TRW,” Forbes, July 18, 1983, pp. 102-114.
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their own government subsidies. On the other
hand, it is also true that the increasing govern-
ment expenditure on military space programs

absorbs engineers, technicians, and special-
ized plants that might otherwise have partici-
pated more directly in the civilian competition.

NATIONAL PROGRAMS AND STRATEGIES

Economic Motives for National
Space Programs

The economic motives for national space pro-
grams are more complex than the straightforward
desire to compete for international markets in
space goods and services. The space-faring coun-
tries commit national resources to space activi-
ties in part out of hopes or beliefs that:

- space research will contribute to the general
advancement of national scientific devel-
opment;
efforts in space technology will contribute
to building and maintaining a strong national
technology base;
applications of space technology such as
remote sensing or satellite communications
will contribute to national economic growth;
useful products will spin off from space tech-
nology;
leadership in space technology will benefit
other industries in international competition
by promoting perceptions of the nation as
being at the forefront of modern technology
in general;

- the space program will foster the develop-
ment of space-related industries with com-
petitively exportable products; and
the export of space-related goods or services
will help open up new markets for other
high-technology exports.

The mix of economic motives varies from coun-
try to country. Degrees and kinds of governmen-
tal support for space activities therefore vary in
turn with national conceptions of how those ac-
tivities might contribute to economic growth and
competitiveness.

The Programs

European Space Agency

The European Space Agency (ESA) is something
more than an alliance of national space programs,
but something less than a third space superpow-
er. It is a mechanism for pooling the financial and
industrial resources (table 4- |1 ) of several Euro-
pean countries in cooperative space projects (see
also ch. 3).

The French threatened in 1970 to quit the Euro-
pean Space Research Organization (ESRO) unless
it reduced its purely scientific programs in favor
of developing applications satellites. In 1971, the
European Launch Development Organization
(ELpo) abandoned its planned Europa series of
launchers. Late in 1972, the French indicated a
willingness to provide the majority of funding for
a European launcher. In July 1973, the ESRO
states accepted the French proposal. In the same
year, the European Space Council (with members
from both ESRO and ELDO states) arrived at a
“package deal” in which they agreed to form the
European Space Agency, combining the previ-
ous functions of ESRO and ELDO (the actual
merger took place in 1975).

During the late 1960s, West Germany sup-
ported the French position on the importance of
a European launch vehicle independent of the
United States. In 1969, the United States offered
the Europeans the opportunity to participate in
the Space Shuttle program. The Germans were
interested. More eager than the French to
strengthen cooperative ties with the United
States, they were more willing to rely on U.S.
guarantees that the Shuttle would be fully avail-
able for European satellite launches.
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Table 4-2.-National Shares of European Space Agency Projects, 1983

General

budget— Meteosat ERS-1 L-Sat phase
Member state ESA Kourou Science exploitation Phase B ECS 1 & 2 ECS 3,45 C/ID Spacelab ELA-2 Ariane 4
Belgium . . 4.61 4.49 4.50 3.72 3.27 3.19 3.70 5.07 11.00 2.80
Denmark ., ~ ~ ~ ~ ~ ~ 2.30 251 2.92 1.99 0.33 0.74 1.30 1.81 2.75 0.15
France. 27.47 21.40 25.00 18.31 25.93 26.52 - 12.07 59.55 52.90
Germany 24.88 25.57 25.66 24.00 30.68 30,42 - 64.78 21.00 20.79
Ireland. ... ., .. 0.49 0.54 - - - - - - - 0,04
| t a | y , 7.36 12.46 12.46 10.61 14.78 13.85 32.80 1.00 2.00 7,75
Netherlands?” 5.50 6.00 - 5.00 0.94 1.77 11.80 2.53 - 2.00
S p a i n 4,76 5.04 - 2.00 0.17 0.53 2.60 3.38 2.50 2.50
Sweden ., ., : : . 392 4,25 - 3.90 1,62 3.97 - - - 1,39
Switzerland . 384 3.99 4.10 1,70 2.13 0.55 - 1,00 1.00 1,60
United Kingdom ... 12.50 13.75 14.05 13.34 20.15 18.46 34.30 7.60 - 3.55
Other participants:
Austria - 0.38 - — - - - 0.75 0.76 — -
Norway, ,., ,.. 0.54 — - 1,50 - - - - - -
Canada . . . ... .. . 1.45 - - 9.10 - - 9.00 - - -
Other income . - - 11.31 4.83 - - 3.75 - - 4.53
Key

ESA Kourou Launch facility in French Guana for the Ariane launcher
Science includes Exosat-X-ray observatory satelfite
International Solar Polar Mission
Hipparcos—Space astronomy sateltite
Giotto—probe of Comet Halley
Participation m NASA Space Telescope
Meteosat Exploitation Use of data from the ESA geostationary weather observation satellites
ERS-1 A remote sensing satellite, with sensors for physical oceanography, glaciology, and
climatatology To be launched in 1987

SOURCE European Space Agency

When the ELDO and ESRO members combined
those organizations in the new ESA, they agreed
on a division of labor among the three major par-
ticipants. France would pay for 62.5 percent of
the development of the ESA launch vehicle (Ariane).
The United Kingdom would pay for most (56 per-
cent) of the Marots maritime communications sat-
ellite (later “Marecs A and “Marecs B"). Ger-
many would take the lead in the Spacelab, a
Space Shuttle project, paying for 52.5 percent of
its developmental G Thus ESA'S largest single proj-
ect, the Ariane launcher development under
French leadership, was designed to deal compet-
itively with the U.S. space program. The second
largest project, the Spacelab under German lead-
ership, was designed to increase cooperation with
the United States.

The explicit rationale for ESA was to allow the
member states to combine their resources for ac-
tivities in a field—space technology—too costly
for any single European nation to engage in alone.
The Convention chartering ESA specifically

'6Michiel Schwarz, “European Policies on Space Science and
Technology, 1960-1978." Research Policy 8, 1979, pp. 204-243.

ECS 1,2,3,4, & 5 Series of European Communication Satellites to operate 1984-1994

L-Sat Development of large, multi-purpose satellite for direct broadcasting, business communica-
tions, experimentation with 30/20 GHz technology

Spacelab: Modular laboratory designed for U S Space Shuttle cargo bay

Ariane Development of vehicle to provide independent European launch services and to compete
In the international launch services market

ELA-2 Constructlon of a second Ariane launch site at Kourou, French Guyana

charges the Agency with elaborating an “indus-
trial policy” designed not only to “coordinate na-
tional space programmed in a cost-effective man-
ner,” but also to:

. improve the worldwide competitiveness of
European industry by maintaining and develop-
ing space technology and by encouraging the
rationalization and development of an industrial
structure appropriate to market requirements,
making use in the first place of the existing in-
dustrial potential of all Member States.”

Citing ESA accomplishments in space science,
in satellite telecommunications, and in launch
vehicles (the Ariane), an ESA official boasted in
1982:

[these are] . .. cases where Europe can be de-
scribed as a winning participant in the global
world competition for space products, compet-
ing successfully with the superpowers, whose
space potential is well known to everybody and
whose monopoly one thought could not be
menaced .18

17“‘Convention for the Establishment of a European Space Agen-

cy, " Article V1. .
16 Dattner, op. cit.,p.37.
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The members of ESA expect an economic re-
turn from their participation in its activities, and
the Agency has tried to show that those expec-
tations are being met. It commissioned a series
of studies with the Theoretical and Applied Eco-
nomics Bureau (BETA) of the Louis Pasteur Uni-
versity of Strasbourg aimed at showing the eco-
nomic benefits of being in ESA. BETA asked a
sample of 77 firms to identify the economic value
of the benefits they derived from having received
ESA contracts. The benefits were described as:
“technological” —development of new products,
diversification into new fields; “commercial’-
increased market penetration; “organization and
methods” —knowledge and management tech-
niques learned which improved internal opera-
tions; “work factor’ '—vaiue of building skilled de-
sign and production teams.

The study concluded that the $1 billion which
ESA and its predecessors had granted in contracts
from the early 1960s through 1975 had yielded
another $2.7 billion in benefits to some 550 con-
tractors. In particular, additional exports of $622
million were attributed to the “technological”
and “commercial” categories of benefit:

This indicates the successes achieved by ESA’'S
contractors in penetrating difficult export mar-
kets such as the United States, where they have
taken part in space programmed funded by
NASA and INTELSAT.”

As one judges the validity of ESA claims about
the economic value of its programs, one should
of course realize that both ESA and its contrac-
tors have a vested interest in showing that nation-
al returns from the ESA subsidies are greater than
the face value of the contracts. Moreover, despite
the apparent successes of some European aero-
space firms, ESA programs have not necessarily
maximized European competitiveness in interna-
tional markets. The European Space Agency to
some extent reflects the continuing resistance of
Western European nation-states to genuine inte-
gration into a larger political and economic unit.

19”’Economic Benefits of ESA Contracts: Summary of a Study Con-
ducted by the Theoretical& Applied Economics Bureau of the Louis
Pasteur University of Strasbourg for the European Space Agency,”
ESA BR-02 (Paris: European Space Agency, October 1979).

For example, the European Space Agency Con-
vention provides that the industries of the mem-
ber states should share “equitably” in the work
of ESA—that the contracts granted should be in
rough proportion to the contribution of each
state’s government to ESA. This has become
known as the principle of “fair return” or juste
retour. The principle of fair return means that ESA
is not able to choose those firms that may offer
the best combination of quality and cost, but in-
stead must distribute its contracts geographically.
Then, too, the necessary intermeshing of various
national elements into a single project must im-
pose additional costs on the manufacturers.

Other circumstances also deprive the European
space-related industries from the benefits of com-
petitive bidding. One problem is that expensive
space projects become objects of political pres-
sure. Most ESA contracts are currently negotiated
directly rather than competitively. Another prob-
lem is that although three international consor-
tia formerly competed for ESA contracts, those
consortia are breaking down because of indus-
trial mergers, the juste retour principle, and the
lack of sufficient business to keep all of the con-
sortia working at once. z”

Differences in national priorities have led to sig-
nificant departures from another important prin-
ciple, that of a single European “industrial struc-
ture.” The communications satellite industry is
especially fragmented. Although the Marecs mari-
time communications satellite is an ESA project,
with the second, Marecs B, satellite, British par-
ticipation went to 69 percent, while the next big-
gest share was only 13 percent, held by Ger-
many. * The European Communications Satellites
(ECS), for telephone and some television trans-
mission, have more even participation: Germany
31 percent, France 26 percent, United Kingdom
20 percent, Italy 14 percent.

20Gee W. Thoma, “The Sophia Antipolis Workshop on the Rela-
tionship Between ESA and Industry, ” ESA Bulletin, May 1983, pp.
13-15.

*Marecs B failed to orbit because of a launch failure. Marecs B2
was successfully launched and deployed in November 1984.
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But in direct broadcast satellites, the intra-Euro-
pean competition seems to be growing. Within
ESA, the British (34 percent) and the Italians (33
percent) are leading the development of the L-
Sat entirely without French and German partici-
pation. Germany and France are sharing in the
development of direct broadcast satellites (the TV-
Sat/TDF 1) entirely outside the ESA framework.
Meanwhile, the United Kingdom, despite the lack
of an agreed European standard for satellite di-
rect broadcasting, is proceeding with its own na-
tional direct broadcasting satellite.

France

In the 1960s, France identified certain indus-
trial projects as “national champions’ '—projects
intended to bring France prestige and autonomy
as well as economic benefit. One such project
was the Concorde supersonic transport, a tech-
nical success but an economic failure. Another
was the Plan Calcul, intended to give France a
highly competitive computer industry (marginally
successful at best). The French Government con-
tinues to try to guide the development of French
industry through formal plans (the eighth such
plan is now in effect), There is less emphasis on
specific projects like the Concorde, but some
space projects seem to have taken on the role
of “national champions” pursued as much for
prestige and independence as for economic re-
Sults.”

French President Mitterand and his first Minis-
ter of Research and Industry called for increased
research aimed at restructuring French industry
to reduce imports and increase exports of high-
technology products.” The Centre National

2t For a summary description of recent French industrial policy,
see “Appendix D: Foreign Industrial Policies” in U.S. Industrial
Competitiveness: A Comparison of Steel, Electronics, and Automo-
biles, OTA-ISC-135 (Washington, DC: U.S. Congress, Office of Tech-
nology Assessment, july 1981), pp. 190-200.

" Mercantilism for the 21st Century, ” Business Week, jan. 10,
1983, p. 54. For a fuller report on French industrial policy, see the
special report on “France,’: the same issue, pp. 45-74.

See also Jean-Pierre Chevenement, Minister of Research and In-
dustry, “La Politique Industrielle,”” in Industrie & Energie Francaise:
Lettre d’information No. 101 (Paris: Ministry of Research and In-
dustry, Sept. 7, 1982). In this speech, the Minister outlined his views
on industrial policy to the heads of the French national research
organizations and of the nationalized industrial enterprises.

For a description of French industrial research objectives, see Re-
cherche et Technologie, No. 2 (monthly information letter of the

d’~tudes Spatia/es (CNES) manages most of the
French space program (table 4-2). CNES is an in-
dependent agency under the “tutelage” of the
Ministry of Research and Industry. It disposes of
an annual budget of around 3 billion francs
(about $325 million) (fig. 4-3). Much of that
money is spent with the four largest aerospace
firms of France: Aerospatiale, Matra, SEP, and
Thomson-CSF-firms that are themselves owned
by the French Government (table 4-3).*

CNES, like NASA, operates government research
laboratories and oversees contractor work on sat-
ellites and launch vehicles. Unlike NASA, CNES
itself is a key shareholder in important commer-
cial ventures. Not only has CNES managed the
development of ESA’S Ariane launcher, but it is
the largest single shareholder (34 percent) in
Arianespace, the company created to manage the
marketing, production, and operation of the
rocket. Similarly, CNES holds 34 percent of SPOT
Image, S. A., the company which will sell the serv-
ices of the French SPOT remote sensing satellite.

CNES formulated the French space policy
adopted by the French Government in October
1981. According to the Director of Programs of
CNES, the objectives of French space policy
include:

To consolidate our position in the principal
domains of application (telecommunications,
television, Earth observation), to construct a solid
space industry and enlarge our penetration of
the international market for launchers, satellites,
and associated services and ground equipment.*

In addition, the French space program is to
carry out basic engineering and scientific research
to prepare for changes in space systems of the

Ministry of Research and Technology), September 1982. See also
JoelStratte-McClure, “French Technology: Preparing for the 21st
Century, " Special Advertising Supplement to Scientific American,
November 1982, oo. F1-F30. ,

230ne firm, the Societe Europeene de Propulsion (S. E. P.) nicely
illustrates the French competitive attitude. The French Government
created the firm in 1969 to develop solid rocket motors for the
French nuclear missile force. In 1971, the Ballistics and Aeronautics
Laboratory (L. R. B.A.) was folded into S.E.P.to “ ... create a unit
competitive with the American companies in the domain of large
liquid-fueled motors for satellite launchers. * Pierre Soufflet, presi-
dent and director general of S. E. P., “La S. E.P.,” in “Les quatres
grands de I'industrie spatiale francaise’ in Les Cahiers Francais, No.
206-207, May-September 1982, p. 11.

“Luton, “ op. cit., p. 94.
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Table 4-3.—French Space Programs

Project Mission Year Comment

National programs

Telecom | ............ Business telecommunications; TV; 1983 Telecom satellites 1A and 1 B; Ariane
telephone; overseas connections launcher

SPOT ................ Inventory of terrestrial resources by 1985 SPOT 1 satellite; Ariane launcher

satellite remote sensing

Biiaterai programs

ARGOS ............. .Operational service of location and
collection of meteorological and
oceanographic data

1978-1989 French system aboard 10 U.S. NOAA
satellites

ARCAD3............ .Study of the magnetosphere 1981 Soviet Arcad satellite; French computer
and experiments
SARGOS ............ .Search and rescue of ships and planes in From 1982 French system aboard 6 U.S. NOAA
distress satellites
First manned flight . . . .Studies of materials, astronomy, 1982 French experiments conducted with
medicine, biology aboard a Soviet space French-Soviet equipment
station
Venera-Halley . ........ Study of Venus in 1985 and Halley’'s
Comet in 1986 1984 French experiments on two Soviet probes
TDFL1................ Direct Broadcast Television satellite with 1985 Cooperative program with West Germany;

1 French TDF 1 satellite, 1 German
TV-sat

two France networks

Projects with European Space Agency (degree of French participation varfes)
Ariane 1,234 ......... European heavy launcher developed under 1979-1986 Ariane 1 qualified 1981; Ariane 2-3 two
supervision of CNES flights in 1984; Ariane 4 available 1986;
Financing mostly French

Meteosat . ........... . Imaging, broadcast and collection of 1982 1 European Meteosat satellite: Ariane
meteorological data launcher
MARECS . ........... . Maritime communications 1982 Marecs A lost in Ariane launch failure;
Financing mostly British
EXOSAT .............. X-ray astronomy 1982 Satellite planned for Ariane launch but
switched to U.S. Delta launcher
ECX................ . European Communications Satellite; intra- 1982-1990 5 satellites; Ariane launcher
European telephone and telegraph
Spacelab . ........... .Orbiting laboratory integrated with U.S. 1983-1986 Financing predominantly German
space shuttle
Giotto. .............. .Study of Halley’s Comet 1985 Planetary probe to be launched in July
1985; Overflight of Mars in 1986; Ariane
launcher
Hipparcos .......... .. Study position and movement of stars 1986 Satellite to be launched by Ariane
international programs
Intelsat V International telecommunications Since 1980 12 satellites plus 3 options on Intelsat

network; Launchers: Ariane and Atlas
Centaur

SOURCE: Adapted from Cahlers Francais, *‘Les enjeux de I'esnare,” No. 206-207, May-Sepatember 19S3, p. 91

particularly in international markets, from the com-

1990s, to participate in international research,
petence and methods acquired over 15 years.””

and to maintain European solidarity and coop-

eration. Although the French space program is gener-

CNES is to work closely with other French Gov-
ernment agencies to respond to their special
needs in such areas as meteorology, telecommu-
nications, broadcasting, and national defense. At
the same time its mission also includes “the en-
couragement of French industry to get full value,

ally justified in terms of its contribution to indus-
trial competitiveness, two projects in particular
have the flavor of the “national champion” ap-
preach: they may be pursued as much for their

»Jean-Marie Luton, .| o ¢ N, ES.” Ibid., p. 96.
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Figure 4.3.—CNES and NASA Budgets Compared®
France: CNES
R&D  Program

. support
Science

Applications

Q ! I

Launchers

R&D
United States: NASA

apreaof circle represents relative size of space budgets
SOURCE: Office of Technology Assessment

contributions to visibility and prestige as for their
promise of economic return. One project is the
Ariane rocket, formally an ESA program, but pre-
dominantly a French one. The other is the SPOT
land remote sensing satellite, which France pro-
ceeded with independently when it was not ac-
cepted as an ESA project (see chs. 5 and 7).

West Germany

Unlike France, which seems determined to es-
tablish and promote particular space businesses
(launch services and remote sensing) in the world
market, West Germany seems more inclined to
support space activities for more general pur-
poses: to invest in basic scientific research, to
enhance the overall technological capabilities of

German industry, to be a cooperative trading
partner and ally (e.g., Ariane and spacelab), and,
in the case of communications satellites, to realize
some of the benefits of space applications.

The German space budget of about $350 mil-
lion a year is administered by the Ministry of Re-
search and Technology (BMFT) (fig. 4-4). An offi-
cial BMFT document describes the purposes of
the space program this way:

1. Advancement of basic research as a cultural
contribution and basis of a longer run secu-
rity and productivity of our economy. Ger-
many belongs to the small circle of countries
which have traditionally advanced funda-
mental research. These countries are the
same that today possess the strongest eco-
nomic power in the world and have reached
the highest standard of living. Thanks to the
advancement so far, the employment of
space technology has become a firm com-
ponent of the methods of basic research in
the Federal Republic of Germany (FRG). This
component should be secured and further
developed.

2. Innovation through the application of space
technology above all for public services,
where satellite communication and Earth ob-
servation stand in the foreground. Further,
with its extreme demands on scientific and
technical creativity, the space program
should stimulate motivation and productive
readiness in all areas of science and
economy.

3. Strengthening of the competitiveness of in-
dustry through direct commercial utilization
of space technology. The industry should
reach a level of accomplishment that allows
it to achieve a share of the world market for
space-technological products (table 4-4).
Our own use of these products for public
services will advance competitiveness in the
world market, *

26Der Bundesminister fur Forschung und Technologies, Viertes
Weltraumprogramm, Bundesrepublik Deutschland (Federal Repub-
lic of Germany: Ministry of Research and Technology, 1982) (OTA
translation of quotation).
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Table 4-4.—Turnover of Major French Space Firms
(millions of French francs)

1978 1979 1980 1981
Aerospatiale
Subtotal space and missiles .. .......... 1,781 2,543 2,642 2,845
Total . ... 9,500 11,400 13,200 16,500
Percent space and missiles . ............ 19 22 20 17
Matra
Satellites ... ...... ... 172 169 285 499
Launchers .. ... ... . ... 67 85 55 152
Other . ... 51
Totalspace .............ccciiiiinn... 239 254 340 702
Total ... 2,249 2,939 2,903 4,501
Percentspace................. ... 11 9 12 16
SEP
Satellites 7 6 33 62
Launchers .......... ... ... .. ... ... 344 291 244 342
Subtotal space ........................ 351 297 277 404
Total ..o 854 773 908 1,055
Percentspace .. ........... ... ... ...... 41 38 31 38
Thomson-CSF
Satellites . .. ... ... ... 53 53 13 250
Ground Equipment . ......... ... ... ... 219 275 421 NA
SpaCe . ..t 272 328 560 NA
Total ..o 6,955 9,440 12,794 NA
Percentspace............... ... ....... 4 3 4

SOURCE: S.ES.T,"L'Industire Spatiale DansLe Monde,” vol. 1, Paris.

Figure 4-4.—Funding Organization of
German Space Activities

Foreign
authorities

Othey. German.
authorities

Projects and programs

8German aerospace research establishment.
SOURCE: DFVLR.

Table 4-5.—Turnover in the Largest
German Space Firms, 1981

Personnel Turnover
(space (million
Company activities) dollars)
Messerschmitt-Boelkow-
BlIohm/ERNO . ......... 1,200 177.60
Dornier ................. NA 88.80
AEG-Telefunken .......... 600 39.96

NA—Not available,
SOURCE: S.E.S.T.,"L'Industire Spatiale Dans Le Monde,” vol. I, Paris.

Given the ability of the Spacelab to support
manned experiments in orbit, materials process-
ing in space is a logical field of interest for Ger-
man research.” (See ch. 8, “Materials Process-
ingin Space.) The FRG contributes well over 25
percent of the ESA microgravity research pro-
gram, its share for 1984 being some $12 million.

27The German reason for building the Spacelab had moretodo
with wanting toacceptthe partnership in advanced technology of-
fered by the United States than it did with anya priori beliefin
the usefulness of the Spacelab in developing a materials process-
ing industry.
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Recently, ESA approved Phase Il of this program;
it will run from 1985 to 1989 with a total budget
envelope of some $170 million. Of this, the FRG
has agreed to contribute 40 percent. Total FRG
spending for MPS research totaled $28 million in
1984, a sum rivaled only by NASA’s 1984 expend-
iture of about $25.6 million.

Japan

Over the past several decades, Japan has evolved
a variety of mechanisms by which the govern-
ment—particularly through the Ministry of inter-
national Trade and Industry (MITI)—influences
private businesses so as to try to shape the na-
tional economy along planned lines. These mech-
anisms have included:

... selective access to governmental or govern-
ment-guaranteed financing, targeted tax breaks,
government-supervised investment coordination
in order to keep all participants profitable, the
equitable allocation by the state of burdens dur-
ing times of adversity , . ., governmental assist-
ance in the commercialization and sale of prod-
ucts, and governmental assistance when an
industry as a whole begins to decline, *

There is considerable debate about whether
MITI has enforced a strategic “industrial policy”
which successfully picks and promotes “winners”
in international economic competition.” What-
ever the actual effectiveness of MITI, its economic
planners did design a new strategy they hoped
would adapt the Japanese economy to the new
conditions encountered in the 1970s and ex-
pected in the 1980s.

The current Japanese declaratory strategy
stresses growth of “knowledge-based” industries
and the development of Japan as a “high-tech-
nology” society, one less dependent on the im-
port of raw materials for re-export as manufac-

28Chalmers Johnson, MITI and the Japanese Miracle: the Growth
of Industrial Policy, 1925-1975 (Stanford, CA: Stanford University
Press, 1982), p. 311.

29Cf.Roberts, Op. cit.; Philip Trezise, “Industrial Policy Not the
Major Reason for Japan’s Success, ” The Brookings Review, spring
1983, pp. 13-18; Gary Saxonhouse, “Japanese High Technology,
Government Policy, and Evolving Comparative Advantage in Goods
and Services” (University of Michigan, Department of Economics:
photocopy, Apr. 1, 1982.); Jimmy Wheeler, Merit E. Janow, and
Thomas Pepper, Japanese Industrial Development Policies in the
1980s: Implications for U.S. Trade and Investment (Croton-on-Hud-
son, NY: The Hudson Institute, 1982), p. 138.

tured goods and more dependent on the export
information and technology produced in Japan.
Consistent with this approach is an emphasis on
strengthening Japanese science and technology.

JAPANESE SCIENCE AND
TECHNOLOGY POLICY

The Japanese are fully aware of their national
weaknesses in science and technology (com-
pared with, for example, the United States). Their
government has outlined policies to build on Jap-
anese strengths and remedy their weaknesses.
Japanese research expenditures account for
about 10 percent of the world’s total, as does the
Japanese GNP. Japan also possesses about 12 per-
cent of the world’s researchers.” It exports about
12 percent of the world’s technology-intensive
products. Using a mix of indexes of technologi-
cal “power,” the Japanese Science and Technol-
ogy Agency found Japan to be relatively high in
current technological capability, but lower than
desirable in the potential for developing new
technology. In terms of royalties paid for the
licensed use of foreign technology, Japan is still
a net importer of technology. Even so, when new
annual licensing only is measured, Japan has al-
ready begun to export more technology than it
imports.

The Japanese Government wants to reinforce
this trend. It has concluded that in order to do
so it will have to increase government support
of the basic research that can lead to new tech-
nology in the longer run. As other observers have
noted:

... there is a distinct bias in Japan’s overall re-
search expenditures toward applied research
and prototype development—a bias reflected
both in government-supported R&D and private
sector research expenditure. *

In the latter months of 1980, the ministers
whose tasks related to science and technology
met and agreed on a set of policies intended to
“make Japan into a so-called science and tech-
nology-oriented country, ” The first measure in
this new set of policies was to increase govern-

30Much of the following taken from “Science & Technology White
Paper '81 Released,” Science & Technology in Japan, January 1982,

pp. 6-14.
I'Wheeler, Janow, and Pepper, OP.cit.
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ment investment in research and development
(R& D),”and thereby increase the proportion of
national income devoted to R&D to 2.5 percent
and eventually to 3 percent. *The government
undertook to improve the coordination of nation-
al R&D policy among several ministries and agen-
cies. In fiscal year 1981 it appropriated a special
“Science and Technology Promotion Coordina-
tion Fund” to be managed by the national Coun-
cil for Science and Technology. (This fund went
from about $14 million in fiscal year 1981 to
about $25 million in fiscal year 1982.)

Although the Japanese Government has recog-
nized the need to increase basic research, it has
also selected some specific areas of applied re-
search that it thinks will help advance the goal
of becoming a “technology-oriented country. ”
One such area, a highly visible one, has been that
of industrial robotics. Japan has already assumed
world leadership both in the use and the export
of computer-controlled machines in manufactur-
ing.* Another well-known project is the “Fifth
Generation Computer Project,” a research effort
on which Japanese Government and industry will
spend about $500 million over 10 years.

THE JAPANESE SPACE PROGRAM

The Japanese space program, although not ex-
plicitly a part of this “high-tech” emphasis, seems
to be consistent with it. About 16 percent of all
Japanese Government research and development
expenditures is space-related. In 1968 Japan
formed a Space Activities Commission (SAC) to
formulate space policy (fig. 4-5). The chairman
of this five-man Commission is the Minister of the
Science and Technology Agency; the STA pro-

“" Science & Technology White Paper '81 Released,” op cit., p.
11.

The other elements of the policy for promoting science and technolo-
gy were as follows:

«Expansion and improvement of evaluation systems;

. Establishment of an organic system for coordinating activities among

academic, industrial and government circles;

. Promotion of original scientific and technological development;

. Recruitment and training of science and technology personnel;

. Promotion of international cooperation’ in science and technology.

33The United States already was spending about 2.5 percent, but
about a quarter of that went to military research, while much less
Japanese research is military.

34See, for example, Computerized Manufacturing Automation:
Employment, Education, and the Workplace, OTA-CIT-235 (Wash-
ington, DC: U.S. Congress, Office of Technology Assessment, April
1984).

vides the Commission staff. In October 1969, the
SAC put together the first “Space Development
Program, " a plan it reviews annually. 35

In 1978 the SAC issued an “Outline of Japan’s
Space Development Policy,” enunciating “prin-
ciples” and “priorities” for the long term. Al-
though the policy statement holds as a priority
goal “keeping Japan’s level of science abreast
with international standards, ” the key words are
probably “ . . . promoting the development of
science and its application in ways suitable to Ja-
pan.”

® Space science: Japan has launched several sci-
entific satellites for observing astronomical,
near-Earth space, ionospheric, and atmospher-
ic phenomena. They will send their first inter-
planetary satellite, PLANET A, to study Halley’s
Comet this year. They built hardware for the
joint U.S.-Japan Space Experiments with Par-
ticle Accelerators aboard the Space Shuttle’s
first spacelab mission in 1983. Pursuing space
science is consistent with the Japanese goals
of promoting basic research in Japan and par-
taking of the benefits of international scientific
cooperation.

®* Meteorological satellites: In 1984, Japan
launched its third geostationary meteorological
satellite. (It should be noted that Japanese me-
teorological satellites have relied heavily on
American suppliers of key technology.) The
weather information provided to Japan is ob-
viously of benefit to the Japanese economy,
particularly because Japan is so fully a maritime
nation. But by beaming its images to 13 other
Asian and Pacific nations, the satellite also rein-
forces Japan’s efforts in international coop-
eration.

The program contributes to Japanese inter-
national policy in other ways as well. The first
Japanese weather satellite, launched in 1977,
was a part of the World Weather Watch pro-
gram of the First GARP (Global Atmospheric
Research Program) Global Experiment. In
1978, Japan held a Joint U.N./WMO Training
Seminar on the Interpretation and Analysis and
Use of Meteorological Satellite Data for Asia

3Masao Yoshiki, “Japan’s Space Programs, " International Aero-
space Symposium, Paris, June 2-3, 1981, p. 1.
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Figure 4-5.—Schematic Chart of Organization for Space Activities
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and the West Pacific, bringing together 32 rep-
resentatives of 19 countries.”

.Launch vehicles: Building on American tech-
nology (licenses to make the McDonnell Doug-
las Delta), Japan is developing its own stable
of launch vehicles, to culminate in the H-1 and
H-11. The former will be capable of delivering
550 kilograms of payload to geosynchronous
orbit. (See ch. 5 for more details.) The Japa-
nese launch vehicle program is consistent with
the principle of “autonomy.” It also opens up
the possibility that someday Japan will enter

3’National Paper: Japan, ” op. cit., p. 25.

the international competition in launch vehi-
cle services. But that day is not on the imme-
diate horizon: the modest payloads deliverable
by the H-1 will not match the capabilities of
the Ariane series, let alone that of the Space
Shuttle. Indeed, a major communications sat-
ellite planned for the late 1980s by Nippon
Telegraph & Telephone (NTT) will be far too
heavy for the Japanese launcher.

Satellite communications: Satellite communi-
cations has offered one promising avenue
along which Japan can pursue its goal of de-
veloping a high-technology, information-based
economy. NEC—uwith technical assistance from
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Hughes Aircraft Corp.—has become the lead-
ing manufacturer of INTELSAT satellite trans-
ponders and ground terminals.”

In February 1983, Japan launched the world’s
first operational Ka-band (30/20 GHz) commu-
nications satellite. Japan plans a series of di-
rect broadcast satellites and is conducting re-
search on mobile satellite communications.
They reportedly intend to begin launching mul-
ti-beam communications satellites in 1988, as
a part of NTT's “Information Network Sys-
tern. "

Satellite communications will allow Japan to
improve its domestic communications net-
works and no doubt contribute in that way to
the advancement of Japanese technology. But
presumably the industry will also more directly
draw on and stimulate Japanese strengths in
electronics technology. As the first, or close to
the first, operators of a Ka-band satellite com-
munications system, Japanese firms may be in
a position to compete more fully in any inter-
national satellite market that develops for ad-
vanced satellites of this type.

Remote sensing: In 1975, the Science and
Technology Agency formed the Japan Remote
Sensing Technology Center (RESTEC). Since
1979, Japan has had an operational Landsat re-
ceiving station, In 1981, the Machinery and in-
formation Industry Bureau of MITI created a
public nonprofit corporation (with funds from
27 firms), the Earth Resources Satellite Data
Analysis Center. One objective of the ERS-DAC
is to help locate mineral resources (the Presi-
dent of ERS-DAC is Director of the Japan Pe-
troleum Exploration Co.). Another seems to be
to lay the groundwork for marketing remote
sensing services.”

37See U.S. Congress, House Committee on Science and Tech-
nology, Science, Technology, and Energy: Report of a Congressional
Study Mission, 97th Cong., 1st. sess., Serial Q, May 1981, p. 19.

See also Neil Davis, “First Japanese Mass Production Satellite Plant
Completed,” Space World, January 1983, p. 33.

aajgppﬁ.tLaunchaMulti-Beam Communications Satellite,”” Aero-
space Daily, Aug. 24, A2 =, 301.

39ERS-DAC activitiesinclude the following: contracting for re-
search and development in computer image processing and anal-
ysis software; contracting for research and development on the geo-
logic applications of remote sensing for finding nonrenewable
resources; engaging in foreign market research on user needs and
the technical state of the art; exploring foreign technology transfer
and liaison with foreign remote sensing organizations; sponsoring
symposia and publishing documents for internal dissemination of

The Japanese National Aeronautics and Space
Development Agency (NASDA) plans to launch
the first of a series of ocean and land remote
sensing satellites in 1986 (see ch. 7), Mean-
while, remote sensing is one of a handful of
fields selected by the Council for Science and
Technology as a “new vital research theme”
to receive support from the Science and Tech-
nology Promotion Coordination Fund.”One
reason for Japanese Government support of
supercomputer technology is the large-scale
computing capacity useful for remotely sensed
image processing.”

The Japanese Government has not stated an
intention to make Japan an active competitor
in the international remote sensing market.
Even so, the Japanese program could put Ja-
pan in a position to:

—satisfy future Japanese remote sensing needs
without dependence on foreign satellites or
image processing facilities;

—enter the market for image-processing equip-
ment and software;

—enter the market for remotely sensed data,
image processing, and image analysis; and

—offer remote sensing services to less devel-
oped countries in exchange for special con-
sideration in supplying nonrenewable re-
sources.

As an especially knowledge-intensive, high-
technology industry, remote sensing seems to
be a natural choice as a small element in the
stated Japanese industrial strategy for the 1980s
and 1990s.

In sum, the Japanese have been making steady
progress in space, but their program has, for the
past several years, maintained a level budget (fig.
4-6), which means that their real effort has de-
clined after inflation.” Like the other space

remote sensing analysis techniques. Source: 1982 ERS-DAC
brochure.

“* New Fund for Coordination and Promotion of Science and
Technology Policies, “Science & Technology in fapan, January 1982,

. 21,
P Al See Buzbee, et al., op. cit., p. 1189.

“Takashi Yamada, ‘‘Japan’s National Space Program-Current
Programs and New Directions, ” Space: The Next Ten Years, TMSA
Symposium Proceedings, 1984, p. 324.
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Figure 4-6.—Japanese Space Budget
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powers, Japan has accepted the assumption that
a government space program will ultimately con-
tribute to national economic well-being. Japan
has not specifically identified space industries as
“targeted” for special emphasis in export com-
petition. The Japanese space program instead
seems aimed at developing space technology—

and doing so with increasing independence from
U.S. technology and equipment. Whether they
are to become major competitors in the interna-
tional markets for space-related equipment (be-
yond the electronic components and ground sta-
tions they now sell) and for services will probably
not be apparent until the 1990s.

THE WORKABILITY OF COMPETITION IN
SPACE-RELATED MARKETS

As space applications become more commer-
cial, questions of industrial organ ization—com-
petition, monopoly, regulation—and of interna-
tional trade assume a greater role in discussions
of space policy, At the same time, debates over
competition and protection are staples of public
policy in many other areas of the general econ-
omy; much of this wider debate is relevant to the
emerging space industries. Moreover, some pol-
icies in the space arena may be determined by
broad existing U.S. policies governing competi-
tion and international trade in the general
economy.

Space transportation and satellite communica-
tions are two technology sectors that provide ex-
amples of this shift of focus of the space policy
discussion onto questions of industrial organiza-
tion and international trade. As private sector and
foreign space transportation firms challenge the
position of NASA as the U.S. Government space
transportation “firm,” the question of whether
or not the industry can be organized competi-
tively—or should be—revolves around the ques-
tions of Shuttle pricing, government procurement,
and U.S. and foreign government subsidization.

In international satellite communications, which
has traditionally been organized noncompetitive-
ly, technological changes, the newly competitive
long-distance telephone industry in the United
States, and the Government’'s drive for a broad
agreement on international trade in services are
among the elements forcing the focus of the
space policy debate to change.

International Commerical Competition
in Space-Related Markets

As the earlier part of this chapter has demon-
strated, the space arena has been and continues
to be the scene of political competition among
space powers. It is also the scene of growing com-
mercial competition in most space-related sec-
tors. The competing enterprises may be private
firms or governmental organizations. They are
subject to greater or lesser coverage of general
international trading rules that govern commerce
among nations in today’s world.”In certain in-

“App. 4A surveys the international trading rules applicable to
space commerce.

Competiﬁon and Regumlop in the

The competitive organization of mdustry
of industrial organization, even though this h
tries are considered to be workably competitive
competition, we rely on competition to keep the

oly profits and thus misallocating society’s mw

TS TIFINA LIPS SIGSKANINEALEY IR SWAIWLY . 8 8 e

firms will bid for customers by reducing prices a

the course of the business cycle.*

aat rhm netitive

B iddd s A

*+Over the business cycle” is an average concept. There’s no expectation that prices will ever be such that normal profits
will be earned at any one time. When there is overcapacity, competitive firms may reduce prices below long run average cost
until the overcapacity is worked off, and when there is a shortage of capacity, prices may be above long-run average cost until

capacity increases.
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stances they are also governed by domestic and
international regulation.

The International Trading Regime in
Space-Related Equipment

The current structure of international trading
rules is primarily designed to regulate trade in
commodities rather than services. Although the
multilateral rules and understandings that have
been negotiated through GATT*and OECD*do
have a significant effect on international trade in
equipment in general, especially when the stakes
are relatively small, the many exceptions, exclu-
sions, escape possibilities, etc., that have been
built into the rules can be used by sovereign gov-
ernments to avoid effective trade discipline when
the stakes are large or when political considera-
tions dominate.

Since France and Japan, and to a lesser extent
other industrial countries, have made the deci-
sion to join the United States as space powers,
it would be wishful thinking to believe that they
will fully abide by the trade rules i n competition
for sales of space-related equipment. In most
areas they would probably lose out to U.S. sup-
pliers in open competition, as a result of the price-
guality dominance of the latter.

From the point of view of U.S. space-related
equipment suppliers, perhaps the most damag-
ing exclusion in the trade rules is the exclusion
of the major non-American buyers of satellite
communications equipment from the list of gov-
ernment organizations covered by the GATT
Government Procurement Code. These organi-
zations are the European and Japanese PTTs
(post, telephone, and telegraph organizations)
that have communications monopolies (or near
monopolies) in their respective countries. The
code document, which has been signed by most
of the industrial countries, specifies which gov-
ernment agencies in each country are covered,

4General Agreement on Tariffs and Trade. The name refers both
to a treaty adhered to de jure and de facto by 117 countries and
to an organization, which has a permanent staff, the GATT Secre-
tariat.

4sQOrganization for Economic Cooperation and Development.
Membership includes the United States, Canada, Japan, Australia,
New Zealand, and the governments of all Western European in-
dustrial market economies.

and the European countries and Japan have spe-
cifically excluded their PTTs from coverage. Be-
cause the PITs largely follow “buy-national” pro-
curement policies, American aerospace and tele-
communications equipment firms are systemati-
cally excluded from a significant share of the
international trade in satellites and ground-seg-
ment equipment.

Under considerable pressure from the United
States, Japan agreed in a 1981 bilateral agreement
to open up government procurement for the NIT
to American equipment suppliers.” This agree-
ment was also extended to the suppliers of all
other countries and in 1984 was extended to De-
cember 31, 1986. U.S. observers currently dis-
agree about whether enough progress in open-
ing up NTT procurement occurred to justify
renewing the agreement or not. No important
progress has taken place in opening up European
telecommunications equipment markets.

In third-country markets, the GATT Subsidies
Code, a second major multilateral trade agree-
ment, in theory, limits all kinds of subsidized ex-
port competition. In practice, however, it has not
been used to cover the important types of subsi-
dies in space-related equipment exports, such as
R&D subsidies and the subsidized operation of
government space organizations. Although these
types of subsidies affect export competition, they
also have justifications unrelated to international
trade that are within the sovereign powers of in-
dividual nations. Separating the effects of these
subsidies on trade from other effects has not yet
been attempted to any extent in the case of R&D
subsidies.

The OECD Arrangement on Officially Supported
Export Credit, a third major multilateral trade
agreement among the industrial countries, is de-
signed to eliminate one particular type of export
subsidy—subsidized credit. It applies to sales by
both private and governmental organizations and
is effective to a degree in preventing competition
for third-country markets using subsidized export
finance. Perhaps the heart of the arrangement lies
in the elimination of credit subsidies that are rela-
tively small. In instances where exporter govern-

“6‘NTT Pact Extended for Three Years, Abe Holds Trade Talks
With U.S. Official,” U.S. Export Week/y, Jan.31, 1984, pp. 580-581.
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ments do not choose to make large credit subsi-
dies, the arrangement now keeps them and their
competitors from offering interest rates substan-
tially below commercial interest rates and in this
way lessens “unfair” competition .47 A special
OECD arrangement exists for satellite ground sta-
tions; among other things, it limits the duration
of export credit for ground stations to 8 years.”

There are limits, in practice, to this discipline
in the use of export credit. Despite the arrange-
ment, governments find ways to subsidize large-
ticket, high-technology sales to less developed
countries, both for political reasons and to pro-
mote exports. No existing multilateral agreement
disallows credit subsidies with a large grant ele-
ment in sales to less developed countries; they
are simply given the label of “official develop-
ment assistance” when the credit subsidy ex-
ceeds a spercent grant element.

Space-related transactions—e.g., the sale of a
satellite communications system—are often large
and politically significant to exporter countries.
Hence, large credit subsidies appear to be the
norm rather than the exception in sales of space-
related equipment to less developed countries.
The other industrial countries have justified the
trade restrictions they have erected for space-re-
lated equipment and services and for subsidiz-
ing competition in third-world markets by argu-
ing that they are simply countervailing against the
strong subsidy and industrial-policy support the
United States gives to its aerospace industry
through the defense budget.

International Trading Regimes in
Space-Related Services

General international trading rules do not as
yet exist for trade in services of any kind (with
the one important exception that export credit
for services is covered by the OECD arrange-
ment). Thus, different international trading re-
gimes exist for each different service industry. in
the four space-related service industries discussed
in this report-space transportation, remote sens-

47For an extensive treatment of the subsidy issue see Gary Clyde
Hufbauer and Joanna Shelton Erb, Subsidies in International Trade

(Cambridge, MA: MIT Press, 1984).
“8Unpublished document, supplied by the U.S. Treasury.

ing, materials processing, and satellite commu-
nications—only the latter has a well-defined in-
ternational trading and regulatory regime. Space
transportation and remote sensing have only be-
gun to glimpse real commercial competition and
international trading regimes have not been de-
veloped for these industries. The materials proc-
essing industry (as well as its international trading
regime) does not yet exist.

The questions of industrial organization and in-
ternational trading regime are discussed in the
following section in the context of each of the
service industries, but we note here that the in-
ternational trading regime in international satel-
lite communications has largely eliminated inter-
national competition in both the sale of services
and the ownership of facilities. International trad-
ing regimes in finance and other auxiliary serv-
ices important for international trade in large,
risky, and long-lived space-related ventures, are
also highly anticompetitive in many countries be-
cause of restrictive national regulation and con-
stitute an important non-tariff barrier to the sale
of U.S. space-related services and equipment in
these countries.”

Competitive Analysis of International
Space-Related Service and
Equipment Industries

Space Transportation Services

The space transportation services industry has
recently passed from infant industry status, where
to all intents and purposes there was only one

4By ““anticompetitive’ trading regimes, we mean that in the mar-
kets involved, firms (particularly foreign firms) are significantly re-
stricted in entering the market, in offering products or services at
their discretion, in pricing these products and services, and in in-
vesting in facilities. The International Banking Act of 1978 estab-
lished a U.S. Federal regulatory framework giving “national treat-
ment” to foreign banks (i.e., nondiscriminatory treatment of foreign
banks vis-a-vis U.S. banks). U.S. banks and other financial institu-
tions, however, are not accorded national treatment in many other
countries. In a recent survey for the Senate Committee on Bank-
ing, Housing, and Urban Affairs, the Controller of the Currency
found that significant progress had been made since an earlier 1979
survey in securing national treatment for U.S. banks in six of the
seven OECD countries surveyed (Canada, Finland, Norway, Por-
tugal, Spain, and Sweden, but not Australia); Department of the
Treasury, “Report to Congress on Foreign Government Treatment
of U.S. Commercial Banking Organizations, 1984 Update, " sub-
mitted July 5, 1984.
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producer carrying commerical payloads, to a
more complex competitive status. NASA is still
the dominant producer and still receives annual
congressional appropriations for space transpor-
tation, but there are now four additional actual
or potential major competitive carriers, Ariane-
space [Ariane], Transpace Carriers, Inc. [Delta],
General Dynamics IAtlas-Centau r], and Martin
Marietta Titan].

In addition to these major carriers or potential
carriers, several specialty carriers now offer or
may soon offer minor or specialized services,
such as low-earth-orbit and sub-orbital space
transportation. Identified in this report are Space
Services, Inc., Starstruck, Inc., Orbital Sciences
Corp., OTRAG (Germany), and Bristol Aerospace,
Ltd. (Canada), but other firms are likely to enter
this specialty market in the future.

Two classes of potential competitors are gov-
ernment launch agencies (in the U. S. S. R.,”In-
dia, China,”Brazil, and Japan), which so far have
not indicated a commercially important desire to
compete in the general international space trans-
portation market, and the large U.S. aerospace
firms that do not currently maintain launch ca-
pability but are well entrenched in one or another
aspect of space (e.g., Hughes Aircraft Co. or Brit-
ish Aerospace).

Whether or not the fringe of the space trans-
portation services industry develops or aerospace
firms enter the market will depend primarily on
future demand for space transportation and the
pricing of services by established subsidized pro-
viders like NASA and Arianespace.

By far the largest current demand for commer-
cial space transportation comes from the com-
munications industry. This demand for placing
communications satellites in orbit is relatively well
known for the next 5 years, but becomes highly
uncertain thereafter. “This uncertainty arises be-
cause satellite and fiber-optic cable technologies
will be active technological alternatives in vol-

50The U.S.S. R. has offered its Proton launcher to INMARSAT in
what may be called international competitive behavior.

51Chi  has recently offered to sell lau nch services to other na-
tions. See “China Offering Launch Services to International Users,”
Aviation Week and Space Technology, Apr. 8, 1985, pp. 25-26.

“See chs. 5 and 6.
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ume long-distance communications in the 1990s.
With the greater integration of space-related
commerce into the economy, economic events
far from space will strongly influence the market
for space transportation.

Other civilian demand for space transporta-
tion—for materials processing, remote sensing,
space station activities, space science and space
R&D—-is even more uncertain. Complicating
everything will be military demand for both NASA
Shuttle bay capacity and, perhaps, for expend-
able launch vehicles (E LVs).”

Under continuing high demand, the space
transportation industry could mature rapidly in
the late 1980s and early 1990s. NASA, or private
sector descendants, would be providing Shuttle
services to space stations and to firms parking
free- flyers in space or sending communications
satellites on “upper stage” rockets to geostation-
ary orbit. ELV operators, Arianespace and a num-
ber of U.S. firms, would probably be providing
an array of tailored services primarily to the com-
munications industry. Firms providing specialty
services might be competing for a variety of low-
mass communications and materials processing
payloads. The space transportation industry could
develop vigorously in the normal competitive
mode.

Under low demand, however, the industry
structure would be far different. There might be
an excess supply of Shuttle services. Arianespace
might be the only ELV operator, with most or all
U.S. aerospace firms either definitively discarding
plans to offer ELV services on current-generation
vehicles or simply continuing to hold back. Some
specialty firms might die out. NASA and Ariane-
space might continue to provide commercial
launches in protected home markets and engage
in subsidized export competition in international
markets.

Of several key decisions that will affect com-
petition in space transportation, the first concerns
whether competition can be the preferred indus-
trial organization in this industry, as it is in Amer-
ican industry in general, or whether there are spe-
cial characteristics in the industry that make an

53 See ch.5 for a more extensive discussion of space transportation.
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organization based on regulation necessary. Re-
cently, the theory that transportation industries,
absent special circumstances, operate more effi-
ciently under competitive conditions has been
widely put into practice. In the face of this gen-
eral practice, proponents of regulating space
transportation would have to argue that special
circumstances do indeed obtain .54 Their argu-
ment might emphasize the political and military
aspects of space, the large investments often nec-
essary and the need for special institutions to ac-
complish national objectives.

The essence of competitive organization in any
industry is freedom of pricing and entry.”in
space transportation, pricing freedom would ap-
ply to both private and government entities. In
the United States, space transportation is far from
being a perfectly competitive industry. Firms are
free to enter, but may face subsidized price com-
petition from Government-owned systems (e.g.,
the Shuttle). But attempting to make it more com-
petitive by establishing price controls, allowing
price fixing, or maintaining entry restrictions
would be contradictory. Workable competition
depends on firms having sufficient freedom of
both entry and pricing that customers will have
full freedom of choice. In this, as in many other
industries, regulating imperfect competition in or-
der t(()3 improve it may prove to be counterproduc-
tive.®

54The Department of Transportation (DOT), with the demise of
the Civil Aeronautics Board at the end of 1984, now has full respon-
sibility for both economic and safety regulation of the airline in-
dustry; it also has recently been given the lead responsibility for
regulating the space transportation industry. The recent history of
regulation of the airline industry may offer some guidance to what
form regulation of space transportation may take; in recent years,
economic regulation of entry, price, and capacity for both passen-
ger and cargo has largely been removed for domestic but not for
international air transportation.

s5lt also needs to be specified that in space transportation or any
other market where the buyers may be government entities, “free
entry” has to mean more than just the freedom for sellers to offer
price-service combinations at their discretion. There must also be
buyers willing to purchase the best price-service offering, rather
than be constrained to purchase only from certain sellers because
of political directions.

s6Mixed public/private industries are a' particular caseinpoint.
Aside from advantages in government procurement, public firms
are likely to have an advantage in their cost of capital and in their
de facto insurance against bankruptcy due to losses. Conversely,
they are likely to suffer from the disadvantage of being used as an
employment utility and, generally, from political interference. Thus,
there is usually no shortage of imperfections in competition involv-
ing such firms. Nevertheless, the use of regulation to cure such con-

A second important decision affecting competi-
tion in space transportation concerns the amount
of subsidy that will be provided to NASA in the
future to provide commercial space transporta-
tion services. If it is not Congress’ intention to sub-
sidize these services, NASA would have to earn
a market return on its investment in facilities to
provide them. Measurement of NASA’s rate of
return on investment in these facilities is not a
trivial exercise, and key accounting determina-
tions would need to be made (beyond those now
provided by NASA) as to what facilities should
be counted and how much of their services
should be ascribed to civilian launches.

Large new investments (e.g., the purchase of
additional orbiters) in a program to carry com-
mercial cargoes would make the subsidy ques-
tion salient. Under these circumstances, Shuttle
prices that did not take account of capital costs
related directly to commercial cargoes and did
not reasonably allocate costs of all kinds between
commercial and government business, would
constitute the subsidization of one competitor
(NASA) in a mixed public-private international in-
dustry.”

A third important decision affecting competi-
tion will be what stance the United States should
take toward international competition. It should
be clear that, in addition to developing other
space-related industries, France, Japan, and other
countries are convinced that they must have a
space transportation capability. This commitment
has been based on various theories about leading-
sector industries, but it is undoubtedly also
grounded in straightforward considerations of na-
tional pride.

Given their commitment to developing launch
capability, it appears inevitable that they will also
practice restrictive procurement when their
space-related industries might not otherwise de-
velop the minimum level of sales to justify oper-
ations. Open access of U.S. producers to these

ditions may often be a cure worse than the disease, if imperfect
competition is replaced by a government-managed cartel.
57Similar questions concern Arianespace, but since an important
current subsidy of international launches comes from discriminatory
pricing in favor of non-European cargoes, a more conventional in-
ternational trade approach against “dumping” is possible if serv-
ices should come to be covered by U.S. antidumping statutes.
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markets and full coverage of their space indus-
tries by liberal international trade principles do
not, therefore, appear to be possible in the near
future. Rather than attempting to prevent trade
restrictions in the international market for launch
services, the United States could try to minimize
their impact and scope.

Continued efforts to get a multilateral code on
trade in services, *'o make general progress on
government procurement and subsidies, to achieve
an agreement on mixed credits in trade with de-
veloping countries, and to make sure that space
industries are not systematically removed from
coverage would probably help to achieve this ob-
jective. In addition to multilateral trading rules,
bilateral negotiations and reciprocity legislation
have also been advocated as mechanisms for se-
curing access of U.S. firms to foreign markets.

How open the U.S. market should be to space
transportation firms from countries that exclude
U.S. firms and how to counteract subsidized
competition in the U.S. market and in third-
country markets are related questions. The use
of U.S. trade law and administrative procedures
to impose countervailing penalties has been the
traditional U.S. method of ensuring that competi-
tion is fair in the U.S. market. Transpace Carriers,
the U.S. space transportation company offering
the Delta launcher, has attempted to use them
and has asked the Administration to penalize
Arianespace and the European governments sub-
sidizing it, if negotiations fail to ameliorate any
unfair competitive practices in space transpofta-
tion.”

58|n the case of services (space transportation included), the only
multilateral agreement of any substance that currently applies is
the OECD Arrangement on Officially Supported Export Credit, but
the United States is leading a campaign to start multilateral negoti-
ations for a GATT code on services.

$9Inits June 1984 petition, filed with the U.S. Trade Representa-
tive's Office, Transpace Carriers, Inc., charged European Space
Agency member states (particularly France) with subsidizing Ariane-
space in its provision of expendable launch services. The Transpace
complaint objected to Arianespace’s two-tiered pricing structure
(lower for non-European buyers); the subsidized provision of launch
and range facilities, services, and personnel; the subsidized provi-
sion of Centre National d’ Etudes Spatiale personnel; and the sub-
sidization of mission insurance rates for Arianespace customers.
The complaint asks the President to negotiate for an end to such
practices, in the meantime to bar Arianespace from marketing its
services in the United States, and to impose economic penalties
against ESA-country imports under Sec. 301 of the Trade Act of 1974.
(U.S. Export Weekly, June 12, 1984.)

Satellite Communications Services

The satellite communications industry is the
most mature of all the space-related industries
and has been big business since the late 1960s.
If we define the international satellite communi-
cations industry to be the firms that sell interna-
tional communications services using communi-
cations satellites, the major U.S. industry
participants are AT&T, Western Union, RCA, IBM
(through SBS), ITT, GTE, MCI, McDonnell Doug-
las, United Brands,~ and COMSAT. These are the
large, basic U.S. long-distance telecommunica-
tions firms.”

After a decade of deregulatory action in long-
distance domestic communications, culminating
with the AT&T divestiture, these firms are now
vigorously competing in the various domestic
communications/basic communications submar-
kets. In addition, other U.S. firms specialize in
various types of enhanced communications and
distribute them over circuits leased from the basic
communications carriers. A number of such firms
are those whose business has primarily been in
the information industry but which, because of
the merging of the data processing and telecom-
munications industries, are now offering satellite
communications services of various sorts in com-
petition with traditional communications firms.
Private corporate networks are also a significant
element in the domestic market, since they pro-
vide excess communications capacity from their
private communications networks for resale.
Hence the U.S. domestic market is now vigor-
ously competitive.

$The involvement of these firms in international telecommunica-
tions is not well known. McDonnell Douglas participates through
its FTC Communications, Inc., Tymshare, Inc., and Tymnet, Inc.
subsidiaries. United Brands participates through its TRT Telecom-
munications Corp. subsidiary, and its ownership interest in Inter-
national Satellite, Inc.

61 For amore complete list of firms that sell or intend to sell basic
international communications services, see ch. 6.

62 n recent yearsboththe information and communications in-
dustries have seen substantial technological changes that make it
impossible to draw a clear boundary between them. Digital and
other communications transmissions in communications networks
can be made more efficient with computer processing (e. g., packet
switching), and computer networks also require special commu-
nications facilities and software to optimize their use. Particular
users, such as banks, may benefit when their computer and com-
munications hardware and software are designed as an integrated
system. The manufacture of specialty components for such com-
munications/com putation systems is now a major economic activ-
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Overseas, most countries have governmental
communications monopolies, for instance the
post, telephone, and telegraph organizations
(PTTs) of Germany and France, and these are
often very large firms. As regulated monopolies,
they typically handle all the telecommunications
of their countries—satellite and terrestrial, domes-
tic and international. Although this is the domi-
nant pattern, there is some institutional variation.
In Britain, the government monopoly, British
Telecom, has recently given way to an industry
with two major firms, and both have now been
privatized. In Japan and Canada, the international
satellite communications firms are regulated pri-
vate rather than public monopolies.

In all industrialized countries, regulatory au-
thorities have been and will increasingly be fac-
ing the need to decide: 1 ) where the regulated
domestic “network” (carrier-owned equipment)
ends and what customer-owned equipment can
be connected to it; and 2) where the precise di-
viding line between regulated communications
and unregulated data processing is. The need to
make and revise these determinations has already
brought large regulatory changes in U.S. domestic
communications and will almost certainly do so
in other countries. At a minimum, competition
will develop in the equipment and enhanced
services industries at the fringes of the govern-
mental telecommunications monopoly. The new
fringe competitors, along with firms from other
countries, will, in turn, seek entry into interna-
tional communications and create pressure for
regulatory changes there as well. The countries
that are experimenting with or about to experi-
ment with competition in long-distance domes-
tic communications will also be adding poten-
tial competitors and stimuli to change to the
international communications industry.

This is a process that is only beginning. Com-
petition among carriers in international commu-
nications is still highly constrained by regu lation.
The carrier selected by a consumer to initiate a

ity. The communications service and equipment firms are enter-
ing various information lines, and computer firms are entering
various communications service and equipment lines. The recent
AT&T divestiture decision was predicated, among other things, on
the idea that it is no longer possible to draw a definitive line be-
tween the two industries.

communication is almost never able to deliver
it internationally over its own facilities or more
generally to optimize an international network
for the use of its customers. Instead, because of
U. S., foreign, and international organization reg-
ulatory restrictions, it must hand off the commu-
nications to other entities at some point in its
journey with the result that linkage through a
whole chain of entities is typical of international
communications transmissions,

Little competition takes place between the en-
tities in this chain. In all major countries, entry,
prices, service offerings, and facilities in the in-
ternational satellite communications industry are
highly controlled. International competition be-
tween service sellers from different countries does
not yet exist to any extent. Even connection rights
to other countries’ networks currently are severe-
ly limited for all but a handful of traditional U.S.
carriers.

Despite the complexity of international inter-
connection, a number of large multinational
firms, such as Citicorp (connecting 1,400 offices
in 93 countries), Merrill Lynch, Texas Instruments,
General Electric, Shell Qil, etc., have developed
their own private international communications
networks.” At the present time, these networks
are the closest that international communications
come to being handled by a single entity. Facili-
ties outside their premises are typically not owned
by the communicating firm, but the network is
functionally controlled by it from initiation to
completion of communication. These corporate
networks are beginning to constitute a challenge
to the international regulatory regime as it is now
constituted, because excess capacity on these
networks (including that on U.S. domestic satel-
lites) is potentially resalable to those who now
use international common carrier facilities. If
large-scale competition among resellers were per-
mitted internationally as it is within the United
States, the competitive situation in international
communications services would be very different.
Hence, the issue of resale of capacity reaches to

630.S. Department of Commerce, U.S. Industrial Outlook 1984,
pp. 46-48; “Multilevel Network Connects Worldwide Worksta-
tions,” Telecommunications, North American Edition, August 1984,
pp. 41-45.
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the heart of the current international regulatory
regime.

To date, INTELSAT, an international satellite
consortium owned by the PITs (or other telecom-
munications organizations designated by its 109
member governments), provides most of the
transponders used in intercontinental civilian
communications. " However, competitive pres-
sures may change this situation in the next few
years.

Technological developments and market
growth have created competitive pressures that
are likely to reduce the dominance of INTELSAT
in coming years. First, a number of regional in-
ternational systems have come into existence in re-
cent years. Second, since the AT&T divestiture
and the privatization of the British telecommuni-
cations industry, a number of private U.S. and
British firms are poised to construct satellite or
fiber-optic undersea cable facilities in competi-
tion with INTELSAT and the traditional cable con-
sortia, which have been dominated by AT&T and
the European PTTs.

Under stringent limitations to safeguard
INTELSAT'S revenue base, the Reagan Adminis-
tration at the end of 1984 urged the Federal Com-
munications Commission to process favorably the
applications of five u.s. corporations wishing to
launch satellites for transatlantic communica-
tions. *The FCC, for its part, in early 1985 rec-
ommended that the State Department approve
the application of a British carrier's U.S. partner

6‘(:0}\—4;;\?3 Private firm, which functions as an intermediary

in virtually all U.S. intercontinental civilian satellite communica-
tions, is the U.S. representative.

ssIntersputnik,aninternational satellite organization with mostly
East bloc countries as members, INMARSAT, an international sat-
ellite organization of which the United States is a member handling
marine communications, and the “domestic” satellites of coun-
tries that send communications to territories on other continents
(e.g., France's Telecom | or U.S. COMSAT satellites transmitting
to Pacific territories), are the other elements in intercontinental com-
m unications at the present time. See ch. 6 for further information.

65sOther systems from the United States and other countries would
seem to be in the wings, as well, if the applications of the first five
are affirmatively acted on. For instance, France’s Telecom 1, de-
signed for satellite communications with its overseas territories in
the Americas, has a reception “footprint” that covers large parts
of the United States and could be used for transatlantic communi-
cations to the United States.

to land a high capacity U. S.-U. K. undersea fiber-
optic cable.”

If some or all of the alternative satellite and
cable systems come into being, as now seems
likely, both the operations of INTELSAT and the
international communications regime will be al-
tered significantly. At present, it is not clear how
the foreign satellite link will be arranged. The
alternative satellite proposals are not definitive
on the terms of interconnection with the very
same foreign telecommunications entities that are
the part owners of INTELSAT with whose facili-
ties theirs would be competing.

As it attempts to allow greater competition gen-
erally in international telecommunications, the
FCC should analyze whether the incentives U.S.
and foreign carriers will operate under will re-
sult in overcapacity in U.S. international telecom-
munications. One element in this determination
involves the amount of capacity to be provided
by the potential new satellite firms. Another in-
volves the planned capacity of INTELSAT'S VI and
VIl series satellites. A third involves the capacity
to be provided by the proposed transatlantic
fiber-optic cables and the similar cables that have
been proposed for transpacific communications.
If open facilities competition should lead to over-
capacity in international communications that re-
sulted in higher rather than lower rates through
service regulation, continued facilities regulation
to avoid the overcapacity might be justified even
in a partially deregulated market. (See ch. for
a discussion of competition between satellites and
fiber-optic cables.)

The FCC has regulatory authority over both the
construction and use of U.S. international tele-
communications facilities. The prevailing pattern
of FCC facilities approvals in international (but
not in domestic) communications has been to ap-
prove the investment of U.S. carriers in interna-
tional facilities owned by consortiums of car-
riers—COMSAT in INTELSAT for satellites and
AT&T and the other international service carriers
in cable consortiums with European PTTs. The

®FCC News, “Preliminary Action on Tel-Optic and SLC (Subma-
rine Lightwave Cable Co. ) Cable Landing Applications, Report No.
30992, Mar. 4, 1985.
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current exceptions to this involve North Ameri-
can regional use of U.S. domestic satellites owned
by single carriers in communications with certain
Western Hemisphere destinations. The Commis-
sion has also in the past regulated the relative use
of existing satellite and cable facilities for trans-
atlantic service and is investigating what its pol-
icy toward facilities competition should be in the
North Atlantic during the 1986-91 period.

The market for international satellite commu-
nications services is part of the total market for
international telecommunications, which has
been growing rapidly since 1970 and will prob-
ably continue to do so. The fraction of this grow-
ing total that will be carried by satellite (and con-
sequently the demand for satellites for this
purpose) is difficult to predict. Among other fac-
tors, it will depend on the relative cost of satel-
lite and fiber-optic cable capacity, which remains
uncertain because technological developments
are extremely difficult to predict. The decisive fac-
tor, however, is likely to be the facilities regula-
tion policies of the FCC and other governments.

In formulating U.S. policy regarding competi-
tion in international communications, policymak-
ers should realize how much the market would
have to be liberalized before it could be regarded
as competitive, A not very likely competitive sce-
nario can be specified as a standard for compar-
ison to make this point. In a fully competitive in-
dustry, hundreds or thousands of communica-
tions firms from many countries would offer va-
rious kinds of international voice, data, and TV
services to individual consumers and businesses
around the globe. Unrestricted leased circuits and
lines would be freely available from a variety of
large and small satellite and cable owners. In
most places local telephone service would still
be provided by regulated common-carrier monop-
olies, but access by long-distance communica-
tions firms would be on a nondiscriminatory ba-
sis, regardless of their nationality and the
destination of the communication. Regulatory
problems would be transmuted into problems of
trade-in-services, with governments negotiating
about subsidies, nontariff barriers, and discrimina-
tion in government’s procurement of communi-
cations services, rather than regulating the prices,
entry, and investment of carriers.

This portrait of a fully competitive telecommu-
nications industry is probably unrealizable in the
next decade, because the current structures of
international telecommunications regulation are
firmly entrenched in many countries, and the
United States cannot unilaterally alter them even
if it would like to. The policy questions that arise,
therefore, will most usefully be cast in terms not
of the general wisdom of competition vs. regu-
lation, but rather whether the particular partial
moves toward deregulation under consideration
will produce economically and/or politically ef-
fective outcomes within the time-frame envis-
aged. This stance is particularly useful since many
of the proposed future actions in U.S. interna-
tional communications are likely to be reactions
to developments in technology or in domestic
telecommunications markets, and the issue will
be how most effectively to secure their benefits
in international communications in the context
of continuing restrictions.

Remote Sensing Services

Remote sensing from space provides data re-
lating to the Earth’s atmosphere, land masses, and
oceans. In all three cases, these data have “pub-
lic-good” characteristics.” Different governmen-
tal responses to their public good aspects, de-
pending on whether they originate from meteor-
ological, land, or oceans remote sensing systems,
have resulted in different industry structures and
different competitive patterns from those char-
acterizing the other space applications technol-
ogy sectors.

67"'Public good” is used here in the technical sense used in for-

mal economic theory to refer to those goods or services like na-
tional defense, city parks, and public health services, where the
cost of servicing an additional consumer (marginal cost) is negligi-
ble and where it is often impossible or undesirable to charge con-
sumers for the service they consume. The general principle that
economic efficiency is served when consumers pay just the extra
cost of servicing them is only approximately honored in most in-
dustries, but in the case of industries producing public goods, it
is either impossible, infeasible, or undesirable even to approximate
it. Hence, alternative arrangements are common in the provision
of “public goods, " often involving government subsidy and pro-
duction. Although consumers who do not pay for the data may
be excludable from consumption (e.g., by coded signals), the trans-
actions costs of excluding them may be large compared with mar-
ginal cost of servicing them. See app. 4A, for a fuller treatment of
public goods.
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In the United States and other countries, the
public benefits of having a meteorological remote
sensing capability have been considered large
enough to justify subsidized Government produc-
tion. Accordingly, industry participants in the
United States and elsewhere have been govern-
mental organizations producing meteorological
data and distributing them free or at the cost of
reproduction. ® Currently, both the geostationary
and the polar-orbiting meteorological satellite sys-
tems are operated by the National Oceanic and
Atmospheric Administration. NOAA provides free
direct data transmission to Earth receivers around
the globe and a variety of data products which
can be purchased for the cost of reproduction.

Commercial operation of the meteorological
remote sensing system might be both possible
and profitable for private firms, but because of
the public good aspects of the industry, the level
of operation and the pattern of distribution of
benefits that would result would not be economi-
cally efficient. Congress, in fact, acted in 1983 to
prevent transfer of the U.S.-owned meteorolog-
ical satellites to the private sector (Public Law 98-
166) for this and other reasons.

Land remote sensing shares some of the pub-
lic good characteristics of meteorological remote
sensing”but there are two important differences
in how the government and the public at large
regard it. First, the public interest in assuring that
the land remote sensing industry operates effi-
ciently (in the sense that additional users pay only
the extra cost of servicing them) is not as great
as in weather remote sensing where universal ac-
cess to the data is an important public goal. Sec-
ond, fewer citizens benefit directly from land re-
mote sensing data than from meteorological data.

s8Although it would be possible to charge for weather-related sat-
ellite data, the costs of doing so are disproportionately large. First
of all, the cost to NOAA of supplying data transmission to one more
receiving station is zero. Society would also suffer an extra cost
if data leading to weather forecasts were subject to user charges.
If the general public were not informed about weather dangers,
society as a whole would suffer avoidable costs from weather
disasters.

690ceanremote sensing also shares public good characteristics
but will not be discussed here. The United States is planning an
ocean remote sensing system to be operated by the Navy; the Navy
Remote Ocean Satellite System (N ROSS) is scheduled for deploy-
ment in 1987. NOAA is planning to distribute data from NROSS
to civilian users.

Moreover, the few users there are can sometimes
use alternative aerial-photogram metric and ground-
observation data sources. Hence, U.S. policy-
makers have chosen to attempt to transfer the
Government’s Landsat system to the private sec-
tor (Public Law 98-365).

The difficulties in implementing this policy stem
primarily from the fact that the market for land
remote-sensed data is not currently large enough
to sustain a single, unsubsidized, self-sustaining
private enterprise, let alone a competitive indus-
try. Only small amounts of land remote-sensed
data have actually been sold to private sector
buyers in either raw or analyzed form. At pres-
ent most of the consumers of land remote-sensed
data are governmental agencies.

Private sector users are either firms that proc-
ess the data for their own use, principally petro-
leum or other minerals firms, or “value-added
firms,” such as Earthsat Corp. and ERIM, Inc.,
which purchase raw data from the U.S. Govern-
ment, analyze them and convert them to infor-
mation suitable for clients. These companies are
essentially in the information business. Such
firms, for example, offer enhanced data for sale
to agribusiness, forestry, and mineral-exploration
companies.

Much of the potential demand for satellite re-
mote sensing that has been identified is price sen-
sitive and will not materialize at high prices. 'o
Data consumers will continue to use photogram-
metric data when they are inexpensive enough,
or do without.

Despite the current meager prospects for com-
mercialization, international competition has nev-
ertheless emerged. SPOT IMAGE, S. A., a French
Government-owned remote sensing company,
will soon begin offering remotely sensed data to
customers in the United States and elsewhere in
the world.

Because of the characteristics of the two sys-
tems, data from SPOT and from the Landsat sys-
tem are not perfect substitutes. The SPOT system,

79The steep decline in sales of multispectral data after the Price
increased in October 1982 is evidence of such price sensitivity. The
availability of aerial photogrammetry and ground observation are
one reason for this price sensitivity. See Remote Sensing and the
Private Sector: /ssues for Discussion, op. cit., ch. 5.
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for instance, provides relatively high resolution
data (20 meters) in three color bands (or 10 me-
ter resolution in black and white). It also provides
quasi-stereo, an important feature for mineral ex-
ploration and mapmaking. The U.S. Landsat sys-
tem has two instruments providing data: relatively
low resolution data (80 meters) in four wave-
length bands; and higher resolution data (30
meters) in six wavelength bands. Given these fac-
tors, and the current uncertain state of private
sector entry into land remote sensing in the
United States, exactly how the competition will
develop is a matter of conjecture. SPOT IMAGE,
nevertheless, has already embarked on an aggres-
sive data marketing effort in the United States.

The present inadequate size of the market leads
to the question of how much subsidy, if any, is
desirable for this infant industry and how long
it should be maintained. Both the United States
and France will have to answer this question on
a continuing basis; both currently are providing
significant subsidies to establish the firms. The in-
adequate size of the market and other considera-
tions also lead to the question of how much reg-
ulation should be imposed on the U.S. private
satellite operator or operators.” (See ch. 7 for a
fuller discussion of these issues.)

Materials Processing Services

Whether or not an industry processing mate-
rials in space will come to exist for any substan-
tial volume or value of materials processed is still
highly uncertain. The industry analyzed in this
section, therefore, should be thought of as a po-
tential industry rather than an actual one.

The set of firms likely to be processing materials
in space is potentially a diverse one. Two main
groups of firms will probably be, first, large
pharmaceutical, metallurgical, electronics, or
ceramics firms processing materials for them-
selves; and, secondly, specialized firms selling
materials processing services, such as unmanned
orbital processing units (“free-flyers”), special
metallurgical furnace services, or microgravity
processing facilities. The large cost of establish-
ing a credible space processing facility will limit

7"The Department of Commerce currently has regulatory respon-
sibility.

entry to existing firms or entrepreneurial groups
that can marshall substantial resources. Joint ven-
tures, like the one already in existence between
McDonnell Douglas, Ortho Pharmaceutical, and
NASA might be common as the industry gets
underway. Although the cost of entry may be
high, there appear to be a large number of firms
in materials-using industries and aerospace firms
able to deploy sufficient resources, particularly
if NASA offers subsidized shuttle services to them.

It is uncertain whether the relatively high ex-
pense of processing materials in space will sub-
stantially deter their marketability. Even if a ma-
terial were produced in space, and marketed in
sufficient volume, there would always remain the
possibility that the space-based operation could
be undercut by terrestrial production of an ade-
quate and less costly substitute.

The industry, it should nevertheless be empha-
sized, is poised for rapid development if the risks
are reduced and if a high value material is found
that can be produced most efficiently in space.
For example, if the McDonnell Douglas electro-
phoresis process should efficiently produce high-
purity interferon in space and if interferon should
prove to be the wonder drug of the decade, a
number of pharmaceutical firms and aerospace
firms catering to the pharmaceutical industry
would be able to enter rather quickly. Such a de-
velopment would also produce increased de-
mand for space transportation and materials proc-
essing capacity.

Among U.S. pharmaceutical, metallurgical, and
other manufacturing firms which might manufac-
ture materials in space for their own use, com-
petition is now the organizing principle in most
cases and would undoubtedly continue to be, as
long as firms were allowed nondiscriminatory ac-
cess to space processing facilities. Competition
will probably also be the organizing principle of
the processing services industry. However, if as
seems likely, the market for processing is both
small and broken up into specialized segments,
society will have to rely on potential rather than
actual new entrants to contest the several little
monopoly markets and keep prices down.

There would probably be few barriers to inter-
national competition in the materials processing
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industry. Materials processed by a French firm,
for example, and brought down from space in
France could be imported into the United States,
subject, presumably, to whatever tariffs were ap-
plicable. The principal, and probably the only im-
portant, barrier to free international competition
in materials processing, will be the question of
foreign access to the NASA Shuttle, as it is cur-
rently the most practical way to retrieve proc-
essed materials from orbit.

The Transition From Political to
Economic Competition

In this chapter we have looked at the various
political and economic aspects of international
competition in civilian space activities. With the
increasing commercialization of space, a num-
ber of space-related activities are caught between
the political competition of “national space pro-
grams” and the economic competition of inter-
national commerce.

Prior to the development of vigorous commer-
cial civilian space activities, the arguments in fa-
vor of continued support of space activities are
usually scientific and political, although they
usually also include subsidiary industrial-policy
reasoning. Congress supports the national space
program both for national pride and also for tech-
nological development that may lead to later eco-
nomic growth and exports.

As commercial activities develop, however, the
arguments used to justify government space activ-
ities begin to be measured against general con-
cepts of international trade. Previously unfettered
national space policy—in its competitive as-
pects—becomes challenged as to its fairness and
consistency with general international trading
rules. Appropriations for the national space pro-
gram in areas of commercial activity are now
characterized by some as subsidies against which
countervailing duties can in principle be assessed
or against which other retaliatory measures can
be taken. The government space agency now be-
comes a government entity covered or potentially
covered by the GATT government-procurement
agreement. Assistance to developing countries in

satellite communications or launch services, pre-
viously seen as an essential part of bringing the
benefits of space technology to all mankind, now
becomes the subject of international negotiations
on export credit subsidies. And trade negotiators
have to deal with whether or not space-related
services should be included among those to be
covered by potential future agreements on inter-
national trade in services.

This process is actually the natural outgrowth
of successful commercialization and the begin-
nings of healthy international trade, rather than
a threat to them. I n space-related equipment the
process has been clearly underway for some time.
Trade restrictions and subsidies in space-related
equipment manufacturing industries are increas-
ingly seen as part of industrial policy in these in-
dustries and referred to as “targeting.” As in other
industrial contexts, government-supported R&D
in early phases of an industry are difficult to deal
with under the international trading rules, but in-
sofar as the targeting takes the form of large cur-
rent subsidies or trade restrictions, it becomes the
subject of trade negotiations, like those, for in-
stance, that have taken place with Japan on space-
segment satellite communications equipment.

In space-related services, the process is less
clear, mainly because general international trad-
ing rules on services have not yet been agreed
on even within the industrialized countries, and
each trade sector currently has its own rules. in-
ternational satellite communications services, for
instance, are subject to the unique regulatory re-
gime that governs international telecommunica-
tions services generally.

What this implies for an understanding of com-
petition in international civilian space activities
is that as each space sector matures commercial-
ly, it becomes subject not only to the international
politics of space but also to the broader and more
complex politics of international trade and reg-
ulation. A national political commitment to
space—and to competition for leadership in space
activities—may come into conflict with another
national commitment to fair competition within
an open world trading system.
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APPENDIX 4A-THE MAIN

INTERNATIONAL TRADING RULES

OF RELEVANCE TO INTERNATIONAL COMPETITION IN
CIVILIAN SPACE ACTIVITIES

The general international trading rules have been
the subject of extensive negotiation in recent years.
Trade specialists generally agree that the rules are hav-
ing a significant effect on the sales of equipment, but
that this effect is somewhat hard to quantify. With re-
spect to services, general international trading rules
do not yet exist to any extent, although informal ne-
gotiations are currently underway to explore the pos-
sibility of a services code.

Three major trading rules affect “unfair” competi-
tive practices in international trade in equipment, in
addition to the general GATT principles of equal ac-
cess and equal treatment:

1. the OECD Arrangement on officially supported

export credits,

2. the GATT code on subsidies, and

3. the GATT code on government procurement.
These three codes fill gaps in the GATT treaty but do
not have universal coverage. They are largely re-
stricted to the industrial countries, but a few devel-
oping countries are signatories.

in their present form they are quite new. Although
the OECD Arrangement has existed since the early
1970s, the minimum interest rate levels allowed for
official export finance had until recently been so much
lower than commercial interest rates that a large sub-
sidy element remained. However, starting in 1982, the
minimum rates have been close to commercial rates.
When they are adhered to, these minimum rates now
serve effectively to discipline export finance subsidies
in equipment sales. The new GAIT codes on subsidies
and government procurement are also quite recent;
they entered into effect only in 1980 and 1981, re-
spectively, and experience with them is still limited.

in addition, because of incomplete country cover-
age, specific exclusions, ease of escape, differences
in interpretation, and ineffective enforcement, the
trading rules are observed, when they are observed,
through a combination of deterrence and negotiation.
Essentially they set a standard that can be followed
voluntarily or against which deviations can be
measured.

The deterrence effect probably constitutes the ma-
jor effect of the rules. Governments comply voluntarily
with the rules because they want to avoid being con-
fronted by other governments asserting that they have
violated agreed trade rules and threatening retaliation.

The trade rules also set the standard for negotiation,
which is the predominant way that they are “en-

forced.” Although the term is used, enforcement is
clearly the wrong concept. The conciliation and ne-
gotiation activity referred to as “enforcement” does
not even approximately resemble an adjudicatory pro-
ceeding. It is primarily carried out on a bilateral basis
but also takes place, on occasion, in the GATT multi-
lateral framework, Bilateral negotiation (or negotiation
among small groups of countries) may concern ques-
tions of compliance with the general trade rules, but
often these negotiations will be sector-specific, e.g.,
for aircraft or satellite ground stations. Frequently, the
participants in such negotiations hammer out sector-
specific arrangements that may conflict significantly
with the principles embodied in the general rules.

GATT dispute settlement panels complement bilat-
eral negotiations in “enforcing” the trade rules in sev-
eral ways. First, a GATT panel may award the right
to take retaliatory action as “compensation” for a
trade rule violation after conciliation has failed. Le-
gitimizing retaliatory action in this way reduces the
possibility that a generalized trade feud will result from
retaliation against retaliation. Secondly, the possibil-
ity that a retaliatory action taken on the basis of a
country’s domestic law might subsequently be found
by a GAIT panel to be itself a trade rule violation tends
to lessen the incompatibility of these actions with the
rules. The major limitation on the usefulness of the
GATT panels is that panels in the past have typically
decided cases on the narrowest of grounds.

The actual workings of the trade codes have not al-
ways been transparent. Only narrow specialists, in
government agencies and in specialized private law
firms, are fully aware of all the relevant provisions of
the various agreements and statutes bearing on a par-
ticular problem area and how they work together. In
a given case, these complexities may result in a deter-
mination quite different from what a nonspecialist
might expect from a straightforward reading of the
documents.

One topical example of the complexity of trade
codes and laws is the question of how to classify a
launched satellite under U.S. trade law. Suppose a
French company offered to sell a satellite with subsi-
dized financing to an American buyer delivered CIF
space. Would imposition of a countervailing duty
under section 301 of the Trade Law of 1974 be avail-
able as retaliation against such an unfair trade prac-
tice as it would be in the cases of other subsidized
sales of equipment imported into the U.S. market?
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Under U.S. trade laws, the satellite would be classified
as an export from France but it could not be classified
as an import into the United States, since it had not
physically entered through customs. Because it was
not an import, countervailing duties or charges there-
fore could not be levied under section 301. However,
under section 1912 of the Export-Import Bank statute,
the Secretary of the Treasury may direct the Em-Im
Bank to subsidize the sale of an American product in
the U.S. market in retaliation, if that product is com-
peting with a subsidized foreign product. This action
is available even when the equipment has not passed
through customs.

It appears to be the consensus of the trade experts
that the trading rules should be seen as “working”
in the general international trade in equipment, pri-
marily by their deterrence effect but also through ne-
gotiation. This is particularly true when the stakes are
relatively small. When the stakes are large, however,
the many exceptions, exclusions, and escape possi-
bilities that have been built into the rules, can be used
by sovereign governments to avoid effective trade dis-
cipline. Roughly speaking, where international trade
per annum in a sector on the order of $1 billion or
more is involved, the trade rules are likely to be seri-
ously breached by governments.

Exclusions and Exceptions Keep
Space-Related Equipment From Being
Effectively Covered by the
International Trading Rules

None of the three major codes referred to above
effectively constrain “unfair” competition in space-
related equipment because of exclusions and excep-
tions. Perhaps the most damaging exclusion involv-
ing space-related equipment is the exclusion of the
major non-American buyers of satellite packages (sat-
ellites transported into space and insured) from the
list of government organizations covered by the GATT
government procurement code. These organizations
are the PTTs (post, telephone, and telegraph organi-
zations) that have communications monopolies in
their respective countries.'The code document spe-
cifies which government agencies in each country are
covered, and the European countries and Japan spe-
cifically excluded their PTTs. (Because of this refusal
to include the PTTs, the United States, in retaliation,
excluded the Corps of Engineers from its list. NASA,
however, is included.) Because the PTTs do largely

' See ch. 6 for discussion of recent events concerning transfer of some PTT
ownership to the private sector and the introduction of limited competition
intelecommunications in the United Kingdom and Japan.

follow “buy-national” procurement policies, Ameri-
can firms are systematically excluded from a share of
the international trade in satellites and communi-
cations equipment.

In practice, the subsidies code does not effectively
cover the types of subsidies that are important in
international sales of space-related equipment. Al-
though the code contains broad language prohibiting
unfair subsidies that affect international trade, it illus-
trates what a subsidy is only by a short list of examples,
all of which relate directly to international trade ex-
cept for a general “any other subsidy” category. Not
by accident, none of the examples relates to research
and development expenditures or generally to the
subtle types of assistance included under the rubric
of “industrial policy. ”

Whether or not the subsidies code will be of any
use in disciplining international trade in space-related
equipment is problematic, because R&D and indus-
trial-policy subsidies frequently occur in the space sec-
tor, and they will be the hardest to bring effectively
under the subsidies code. To be sure, the category in-
cluding “any other subsidy, ” defined as “any subsidy

. which operates directly or indirectly to increase
exports of any product from, or to reduce imports of
any product into, [the] territory” of a contracting party,
is avery broad one which could easily be interpreted
to cover R&D and industrial policy in general. It has
not been effectively tested, however. The general im-
pression among trade specialists is that it will be diffi-
cult to apply the subsidies code to those subsidies,
whose focus is primarily domestic, even if their im-
pact on international trade is substantial.

The United States has plainly been the country that
has most heavily used R&D and other industrial-policy
subsidies in the aerospace industry. This has not es-
caped the attention of other industrial countries and
has been a point of contention in recent trade nego-
tiations. It should also be noted that the process of
countervailing against industrial policy measures is not
a trivial technical problem; such things as “reasonable
price,” subsidy margin, and injury would be difficult
to determine in a satisfactory way in order that an
appropriate countervailing duty or other measured
retaliation could be imposed.

The OECD Arrangement on export credits applies
universally to the official export finance of 22 OECD
signatories (excluding Turkey and Iceland), whether
or not the exports are undertaken by a government
entity or a private firm. Nevertheless, it has a big ex-
ception in it where sales to developing countries are
concerned. Soft terms can still be offered on big-ticket
items to developing countries with relative impunity,
as long as they are called “official development assist-
ance” (ODA) rather than “officially supported export
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credits. ” There has to be a “grant element” of greater
than 25 percent in order to escape into the ODA cat-
egory and be free of the strictures of the export credit
agreement.’

A separate OECD Arrangement on Mixed Credits
has recently been discussed within a working group
of the Development Assistance Committee of the
OECD (as opposed to the Export Credit Committee),
and it would supposedly further discipline the use of
mixed credits (i.e., development assistance mixed with
export credits). Disentangling true development assist-
ance from commercially motivated sales would be de-
sirable and is probably manageable in practice. How
much success any ODA arrangement would have,
though, is in doubt in the light of the demonstrated
desires of some of the negotiating governments to sub-
sidize exports to developing countries by granting aid.
Subsidized credit to developing countries will there-
fore probably continue to be substantially undisci-
plined in high-cost items such as the sales of satellite
packages and other space-related equipment. On the
other hand, smaller sales of instruments and other
equipment may well generally take place in confor-
mance with the OECD guidelines and not be the oc-
casion for heavy-handed official competitive jockeying.

To summarize this section on exclusions and excep-
tions, each of the three major trading rules has an im-
portant exclusion or exception that removes a large
part of international trade in space-related equipment
from its coverage.

International Trading Rules for Services

In the area of services, there have been indications,
starting at the GATT ministerial talks in 1973 and ex-
tending to Economic Summit meetings since that time,
that the major industrial countries might be willing to
consider a code on services.

There are a number of barriers to an agreement on
international trade in services, however. Europeans
do not regard services as trade in the classic sense,
are worried about cultural imperialism from the
United States, and have service industries that are
heavily regulated and not very entrepreneurial. In the
area of telecommunications services, for instance, a
complicating factor is the fact that revenues from the
PITs often subsidize unrelated activities, including bus
service. In this context it is unlikely that much will be
m 1s defined as one minus the ratio of the present value of
the stream of payments that are proposed divided by the present value of
the stream that would occur if the Arrangement terms governed, both dis-
counted at the appropriate Arrangement rate. Deals, with financing still la-
beled as officially supported export credits, with grant element between 20

and 25 percent are permitted, but there must be advance notification to the
member governments adhering to the Arrangement.

accomplished for telecommunications services in mul-
tilateral negotiations.

What can be accomplished in the relatively near fu-
ture, however, would nonetheless be useful. Removal
of the nontariff barriers to the movement of commod-
ities, such as insurance and banking industry restric-
tions, might be one accomplishment. Another would
be to develop rules regarding competition with state-
owned monopolies. A third would be to develop
guidelines on the cost of capital that state-owned or
regulated service enterprises must be charged.

Sovereignty Considerations Largely
Dominate the General Trading Rules
When They Are Applied to
Space-Related Equipment

The international trading rules are not strong enough
to restrain sovereign governments from taking action
they deemed to be of substantial importance to sov-
ereignty and defense, including certain actions in
space with respect to goods and services. The escape
clauses, exclusions and fuzzy areas built into the trade
rules provide governments with plenty of opportunity,
in cases of particular importance to them, to elude
the bite of the trade rules. Because France and Japan,
and to a lesser extent other industrial countries, have
made the decision to develop wide-ranging space pro-
grams, it would be wishful thinking to believe that they
would fully abide by the trade rules in competition
for sales of space-related equipment or space trans-
portation services, because for some time at least, they
would probably lose out in open competition with
American suppliers such as Hughes Aircraft.

However, the debate is not all one-sided. One jus-
tification other industrial countries have offered for the
trade restrictions they have erected in the space area
is that they are simply countervailing against the strong
subsidy and industrial-policy support the United States
gives to its aerospace industry.

How International Trading Rules
Actually Affect Competition for U.S.
Exporters of Space-Related
Goods and Services

The question of whether or not the international
trading rules affect competition at the level of the ac-
tual marketplace, of course, goes beyond the ques-
tion of whether or not the general trading rules do or
do not have effect. For one thing the recent exchange
rate divergence of the dollar and other foreign cur-
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rencies, has had a more damaging effect on the over-
all position of U,S. equipment exporters than all ex-
isting tariffs and quotas combined.

From the business point of view, the government
decision to take complaints to bilateral negotiation or
to GATT panels rests on a prior business decision “to
fight this thing out through government channels,”
Considering that victories “through government chan-
nels” may be pyrrhic or much delayed or not valua-
ble, the reality of engaging in competition in interna-
tional markets is that competition takes place on many
fronts, including price, quality, service, political con-
nections, and regulatory action. Some markets will
simply be off bounds to U.S. exporters no matter what

general or special agreements exist. Others may, in
fact, be penetrable despite supposedly formidable
barriers.

One tactic that has been used by American equip-
ment manufacturers, in the defense area and also in
other equipment areas, is to develop non-U. S. com-
ponent suppliers with the conscious purpose of ob-
taining political support for entering the market in the
component supplier’'s country. In pursuit of this goal,
the seller may acquiesce in or seek out offset arrange-
ments that it would not otherwise consider. Formal
international trading rules would have difficulty under
the best of circumstances in countering such subtle
trade restrictions.



Chapter 5
SPACE TRANSPORTATION



Contents

Page
Introduction. . . . . . . L e e 103
The Space Transportation Industry . . . . s oo oo 103
The providers of Space Transportation Serwces ......................... 103
Buyers of Space Transportation Services . . . ... ... ... ... e 122
Competition in Space Transportation . . . ........ ... .. it 125
Development of Competition . . .. ............ .. ... ... ... ... 125
Assessmentof Demand . . . ... ...... . . ... ... .. 126
Nature of Competition . . ... .. .. e 128
Effects of Competition . . . . ... ... L, 134
Cooperation in Space Transportation . . . ... .. ... .. ... ... ... 137
Current Policies. . . . . . . . .. . . 138
Future Policy OptioNns.. . . ... o e 140
List of Tables
Table No. Page
5-1. Ariane Flights . . .. ... 115
5-2. Transportation Costs to Geosynchronous Orbit . ..................... 132
5-3. NASA vs. Arianespace Financing . .. ..133

5-4. Companies That Contribute to Manufacturlng Japanese Launch Vehlcles 139

List of Figures

Figure No. Page
5-1. U.S. Launch vehicles . . . . . . . . . . ... ... ... 104
5-2.The Hermes Spaceplane . . . . . vreeereennn. 116
5-3. Foreign National Comparative Launch Vehlcle Development C e 118
5-4. Projection of Future Space Shuttle Demand Rockwell International. . . . ...127
5-5. Outside Users Payload Model Battelle’s Columbus Laboratories . ....... ,128
5-6. Low Model Market Share by Launch Vehicle . . .. ... ... ........129
5-7. High Model Market Share by Launch Vehicle . ..............ooils 130
5-8. Arianespace Financing . . . ... ... .. 133

5-9. Rockwell International Estimates That the Shuttle is Most Economical
Over ELVs at High-Volume Operations. . .......ccooeiiiiiiiiiinnnnns 135



Chapter 5

SPACE TRANSPORTATION

INTRODUCTION

Space transportation is an industry in which the
U.S. Government has acted both as the primary
seller and the primary buyer. But over the last
10 years the European Space Agency (ESA) has
developed the Ariane launcher, and in 1980 the
corporation Arianespace was formed to market
Ariane launch services. Taken together, these
events have ended the U.S. monopoly in com-
mercial launches. Now that the Space Shuttle has
been certified “operational” and the U.S. Gov-
ernment has, for the most part, terminated its use
of the present fleet of expendable launch vehicles
(at least for civilian launches), private U.S. firms
may take over their operation. In addition, recent
activities of some small u.s. firms suggest that a
new generation of low-cost, low-capacity ELVS
could soon be competing in the launch vehicle
market. Thus, the National Aeronautics and
Space Administration (NASA) monopoly in U.S.
commercial launches may be ending as well.

Although NASA and Arianespace compete for
launch customers, neither has had much difficulty

filling current flight manifests. However, the en-
try of additional launch service providers over the
next 5 years could lead to a situation where
launch service capacity exceeds demand. In the
past, space transportation policy in the United
States has focused on development of new tech-
nology. The emergence of foreign competition
and the interest of the U.S. private sector in pro-
viding launch services require a reassessment of
the Government’s role as space transportation
service provider.

This chapter assesses the challenges of inter-
national competition and the opportunities for
future cooperation in the international space
transportation industry. It gives additional con-
sideration to the role the private sector may play
in developing a space transportation industry
based on the principles of competition and open
entry.

THE SPACE TRANSPORTATION INDUSTRY

The Providers of Space
Transportation Services

National Aeronautics and
Space Administration

When NASA was established in 1958 it was
charged with responsibility for the . . . devel-
opment and operation of vehicles capable of car-
rying instruments, equipment, supplies, and liv-
ing organisms through space.” The launch vehicles
that NASA developed (through contracts with pri-
vate manufacturers) created the opportunity for
commercial space endeavors. Until the establish-
ment of Arianespace, NASA was the only seller

' National Aeronautics and Space Act of 1958, sec. 102(c)(3), 42
U.S.C. 2451,

of commercial launch services. The U.S. manu-
facturers of expendable launch vehicles (ELVs)-
although they are “commercial companies”-
have not sold vehicles except through NASA.

In a typical pre-Shuttle commercial transaction,
the buyer would contract with NASA to launch a
payload—generally a communications satellite.
NASA would then contract with one of the launch
vehicle manufacturers for delivery of a launch vehi-
cle; when it was complete, NASA would integrate
the payload into the launch vehicle and supervise
both launch and insertion of the payload into or-
bit. With a fully operational Shuttle, NASA no longer
needs to order individual vehicles for each of its
launches; its responsibilities for launch services have
otherwise remained the same.

103
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NASA entered into its first launch services agree-
ment in July 1961, with American Telephone&Tel-
egraph (AT&T) for the experimental Telstar com-
munication satellites.”Under this agreement AT&T
financed, designed, and built the satellites and re-
imbursed NASA for the costs it incurred for the
launch. NASA's policy then was to recover incre-
mental, “out-of-pocket” costs associated with the
launch and not the “sunk” costs associated with
the development of the vehicle or of the terrestrial
support facilities. Since that time, NASA has con-
tinued to provide launch services on expendable
vehicles for its own missions and, on a “reimburs-
able basis, ” for other U.S. Government users, for-
eign governments, and private entities.’The cur-

2The Space Industrialization Act of 1979: hearings on H.R. 2337
before the Subcommittee on Space Science and Applications of
the House Committee on Science and Technology, 96th Cong.,
Ist sess. p. 85 (1979) (Statement of Dr. Robert A. Frosch).

3Although it was NASA’s policy to recover incremental, ‘‘out-of-
pocket” costs in 1961, this later was changed to recovering “all
reasonable costs.” Launch services provided on a “reimbursable
basis” implies, then, a recovery of “all reasonable costs. ”

rent pricing policy for the Shuttle-although similar
to the policy for ELVs—raises a number of specific
problems which are discussed in detail below.

Provision of a reliable vehicle is only one element
of a launch service. Launch pads must be built and
special facilities must be provided for integrating
the payload and the launch vehicle. Equipment and
personnel must be available for tracking and con-
trol of the vehicle after launch, and pre- and post-
launch safety procedures must be developed and
implemented. The complex technical nature of
launch services, the need for elaborate terrestrial
facilities, and the high cost of operations have, un-
til 1982, prevented any challenge to NASA’'s mon-
opoly in free world space transportation services.

NASA has used the following vehicles to launch
commercial payloads (fig. 5-1):

Delta: When NASA modified the Thor IRBM
in 19s9 to produce the Delta it was thought to
be only an interim launch vehicle. However, with
177 launches to date—94 percent of which have

Figure 5-1.—U.S. Launch Vehicles
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been successful-the Delta has become the most-
used U.S. launch vehicle. The Delta has been
constantly upgraded by its manufacturer, McDon-
nell Douglas, during its 25-year history and pres-
ently performs at nearly 30 times its original pay-
load capacity. The Delta 3920/PAM-D, which
began service in 1982, is capable of launching
payloads of 2,800 pounds to geostationary trans-
fer orbit."

The Delta can be used with a two- or three-
stage configuration. The first stage, or booster,
is an elongated Thor missile with Castor IV solid
strap-on motors. The second stage (the Delta
stage) is a liquid stage with restart capability. First-
and second-stage guidance is accomplished by
an inertial guidance system mounted in the sec-
ond stage. The Delta third stage can be a solid
rocket motor with spin stabilization, or the Shut-
tle-compatible payload assist module (PAM) (dis-
cussed below). This interchangeability made the
Delta the obvious choice as backup vehicle dur-
ing the early Shuttle program. NASA no longer
books satellites on the Delta, either as primary
or backup vehicles. As of January 1985, there
were four Delta launches left on NASA’s books.

Atlas-Centaur: The Atlas-Centaur is a 2.5-stage
vehicle which uses liquid oxygen and kerosene
as propellants in the Atlas booster and liquid ox-
ygen and liquid hydrogen in the Centaur upper
stage.’Based on the Atlas ballistic missile, the
Atlas rocket was first used as a space booster in
1958. NASA first used the present Atlas-Centaur
configuration in 1966, to launch the Surveyor
lunar-landing spacecraft. Since this time, the
Atlas-Centaur has been used for low-Earth-orbit
(LEO), lunar, planetary, and synchronous trans-

‘The Delta and Titan ELVs and the shuttle-PAM and shuttle-TOS
combinations all require apogee kick motors; therefore in this re-
port their capabilities are given as pounds to geostationary trans-
fer orbit. These upper stages place about twice as much weight
into geostationary transfer orbit as eventually reaches geostationary
orbit. For example, the PAM-D can place about 2,800 pounds into
geostationary transfer orbit, but only 1,350 pounds into geostation-
ary orbit. The Centaur stage of the Atlas-Centaur ELV, the Shuttle-
Centaur, or Shuttle/TOS-AMS, and the Shuttle-l US do not require
separate apogee kick motors; the capabilities of these vehicles are
given as pounds to geostationary orbit.

5The Atlas is referred to as a one-stage booster because it shuts
down and jettisons two of its three engines during its flight. See:
R. Teeter, “U.S. Capability for Commercial Launches, ” AIAA Space
Systems Conference, Oct. 18-20, 1982, Washington, DC, AIAA-82-
1789, p. 1.

Photo credit: McDonnell Douglas

Delta Launch Vehicle

fer orbit missions. This vehicle can launch 2,600
pounds to geostationary orbit (about 5,000
pounds to geostationary transfer orbit; see foot-
note 4) and has a 91 percent success rate with
53 launches.

Atlas-Centaur performance was improved in
1982 to enable it to launch the INTELSAT V sat-
ellites. General Dynamics’ Convair Division, the
manufacturer of the Atlas-Centaur, had planned
to add strap-on boosters like those used on the
Delta to increase performance. In order to com-
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pete for smaller payloads, General Dynamics also
considered developing a tandem adapter and a
stretched payload shroud to allow the Atlas-Cen-
taur to carry two Delta-class satellites or one
PAM-DII or Ariane-4 class satellite. As a result of
NASA discontinuation of Atlas-Centaur bookings,
such modifications may depend on General Dy-
namics’ success at marketing this vehicle com-
mercially. As of January 1985, there were six Gov-
ernment-contracted Atlas-Centaur launches left.

Titan: Designed by the Air Force to meet its
own needs, the Titan has not, to date, been used
as a commercial launch vehicle, although sev-
eral firms have expressed interest in offering a
“commercial” Titan launch service. The Titan has
been configured in several different ways since
the vehicle was first manufactured under contract
by Martin Marietta in 1955. One of its current
configurations, the Titan IIIC, is a three-stage
solid-and-liquid-propellant launch vehicle. Its
central core is composed of two liquid stages.
Two 120-inch-diameter, solid-propellant motors
are added as an “O stage. ” The final or third
stage, called the transtage, contains an inertial
guidance system and altitude control system. The
transtage has a multistart capability and provides
the propulsive maneuvers for achieving a vari-
ety of circular and elliptical orbits. Titan lIC can
launch multiple payloads to the same or differ-
ent orbits on the same launch and can place
about 6,000 pounds into geosynchronous trans-
fer orbit.

The Titan 1D is a two-stage solid-and-liquid-
propellant launch vehicle. it is essentially a Titan
[IIC with the transtage removed. This vehicle was
designed to launch heavy, low-altitude payloads
for the military. It can place about 30,000 pounds
into LEO.

The Titan 34D, (considered for possible com-
mercial use) is similar to the Titan 11C and can
use the transtage, the Boeing inertial upper stage
(IUS, discussed below), the Centaur, or the
TOS/AMS upper stages (discussed below). As a
result, the Titan 34D can be used as a backup
vehicle for Shuttle upper stage payloads. It is ca-

61 bid. Of the six satellites manifested on Atlas-Centaur, three are
U.S. Navy Fltsatcoms and three are INTELSAT VA communication
satellites.

pable of launching about 4,000 pounds into geo-
stationary orbit.

ELV Derivations: The Air Force has announced
plans to purchase a fleet of 10 ELVs as a backup
and/or complement to the Shuttle fleet."General
Dynamics and Martin Marietta each received
contracts to study a larger launcher based, re-
spectively, on the Atlas and the Titan. The Air
Force declared the Titan-derivative the victor in this
initial competition; in a second round, undertaken
at the insistence of NASA, the Air Force recom-
mended the Titan-derivative over the proposed SRB-
X, an ELV based on Shuttle hardware.’ These pos-
sible derivations are mentioned because, when de-
veloped, a commercial version could very well
emerge.

Shuttle? The Shuttle is the world’s first partially
reusable, manned, launch vehicle. The prime
contractor is Rockwell International. The Shut-
tle system consists of an orbiter with 3 liquid-fuel
engines, two solid rocket boosters and a large ex-
ternal fuel tank (ET). The orbiter is about the size
of a DC-9 jet and carries both the crew and pay-
load, When fully developed it will be able to
place 65,000 pounds into low-Earth orbit (LEO)
and return payloads up to 32,000 pounds,

The Shuttle is launched by the combined fir-
ing of the liquid fuel engines on the orbiter (which
are fed by the ET) and the solid rocket engines.
The solid rocket casings are parachuted back to
Earth and land in the ocean to be recovered and
reused. On all Shuttle flights to date or planned,
the ET, when nearly empty, is released just before
orbital insertion so as to be destroyed on its re-
entry trajectory by atmospheric friction. How-
ever, one or more ETs may eventually be orbited
as components of (or raw materials for) perma-
nent LEO infrastructure.”

7“Commercial ELV Competition Planned by Air Force, " Aero-

space Daily, Feb. 22, 1984, p. 289. ,

8Space Business News, Jan. 14, 1985, p. 1; see also’ ‘presiden-
tial Directive Expands U.S. Space Launches Spectrum, " Aviation
Week and Space Technology, Mar. 4, 1985, pp. 18-20.

%See generally: H. Allaway, “The Space Shuttle At Work,” NASA,
Washington, DC, 1979, NASA SP-432.

0Civilian Space Stations and the U.S. Future in Space (Washing-
ton, DC: U.S. Congress, Office of Technology Assessment, OTA-
STI-242, November 1984), pp. 77-82.
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Multiple payloads—e.g., communication satel-
lites, the ESA-developed Spacelab, or various ex-
perimental pallets—can be carried in the Shut-
tle’s 15 x 60-foot cargo bay. * “When in orbit,
payloads can be lifted out of or hauled into the
cargo bay by the remote manipulator. This 50-
foot robot arm was designed and built by Spar
Aerospace under contract to the National Re-
search Council of Canada.

Shuttle Upper Stages: The Shuttle carries its pay-
loads only to low-Earth-orbit; to reach the higher
orbits in which most communication satellites are
placed an additional upper stage must be used.
McDonnell Douglas manufactures one upper
stage family called the payload assist module
(PAM). *There are currently two versions of this
stage designed to place payloads into geostation-
ary transfer orbit; PAM-D, which has a capacity
of 2,800 Ibs, and PAM-DI 1, which has a capacity
of 4,000 Ibs.

The PAM-DII is used only with the Shuttle,
while the PAM-D can be employed either with
the Shuttle or as the final stage of a Delta.” For
Shuttle use, each system has an expendable stage
consisting of a spin-stabilized solid rocket motor,
spacecraft fittings, and the necessary timing, se-
guencing, power, and control assemblies. Also
required is a spin system to provide stabilizing
rotation, a separation system to release and de-
ploy the stage and spacecraft, and the necessary
avionics to control, monitor, and power the sys-
tem. A cradle structure is also necessary to hold
the PAM and its spacecraft in the Shuttle bay.

The cost of a PAM-D upper stage system is ap-
proximately $7 million to $8 million (1984 dollars)
for a launch in 1987." Costs may vary depend-
ing on whether it is a first or a repeat launch for

1| The Shuttle is large and powerful enough to hold five Delta-
class satellites. However, due to center-of-gravity problems, and
limitations imposed by tracking facilities and the insurance mar-
ket, it is unlikely that the Shuttle will carry more than three or four
satellites at one time.

12Also referred to as the spinning solid upper stage or SSUS. See
generally, “Using the Space Shuttle,” Rockwell International, 1982,

.12,
P 13E H.Petersonand R. ). Thiele, “PAM Commercial Upper Stages
for Space Access,” (Huntington Beach, CA: McDonnell Douglas
Astronautics Co., August 1982), MDAC Paper (8920, p. 1-2.

14“McDonnell Douglas Sees 50 PAM-Ds Sold by 1990,” Aviation
Week and Space Technology, June 25, 1984, pp. 169-171.

Photo credit: National Aeronautics and Space Administration

Shuttle launching Satellite Business Systems
communication satellite. PAM upper stage is
attached below satellite.

a customer, because initial launches require ad-
ditional preparation such as structural analysis.
As of January 1985, a total of 26 PAM upper stages
have been launched. With the exception of the
17th and 18th launches, all were successful.ls

Another upper stage, the inertial upper stage
(1 US), was developed by Boeing, primarily for the
Air Force.”The | US, when used with the Shut-
tle, should be able to place about 5,000 pounds
into geostationary orbit. It is a two-stage solid-pro-
pellant, three-axis-controlled, inertially navigated
upper stage. The | US was designed originally as
an interim vehicle that would bridge the gap be-
tween existing expendable upper stages and the
reusable space tug desired by NASA. When it be-
came apparent that the space tug would not be
developed in the foreseeable future, the “interim

151bid.
'6E. L. Bangsund, “1US Status and Growth Potential, ” Boeing Aer-
ospace, Headquarters Space Division, 1982, 1AF-82-05.
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The PAM-D was designed to be compatible with both the Shuttle and the Delta in order to provide
a backup capability for early Shuttle missions.
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upper stage” gradually evolved into the present
“inertial upper stage. ” The | US can be used on
the Shuttle or the final stage of the Titan 34D.
NASA plans to use the | US only to launch the
Tracking and Data Relay Satellite System (TDRSS)
satellites, after which it will rely on the Centaur
upper stage. The Air Force will continue to use
the |1 US for its launches at an estimated cost of
$60 million per flight.

The Centaur G and G-prime upper stages are
wide-body derivatives of the upper stage of the
expendable launch vehicle, the Atlas-Centau r.
These upper stages are under development by
General Dynamics for NASA and the Air Force.
The Centaur G will be capable of placing about
10,000 pounds into geostationary orbit from the
Shuttle. The Centaur G-prime iS to be used on
the International Solar Polar Mission, and for the
Galileo Jupiter probe, both planned for 1986. This
stage will be capable of placing about 14,000
pounds into geostationary orbit.

Believing that the 1 US would be too expensive
for commercial users and that the PAM-D and
DIl are too small for the large communication sat-
ellites of the late 1980s, a private corporation, Or-
bital Sciences Corp., is working on an upper stage
called the Transfer Orbit Stage (TOS). “The TOS
would be able to place about 13,000 pounds into
geostationary transfer orbit and is less expensive
than the | US. The prime contractor for the TOS
is Martin Marietta.

Orbital Sciences Corp. also plans to offer an
Apogee and Maneuvering Stage (AMS); a bipro-
pellant propulsion module which, depending on
the weight of the payload and the desired orbit,
will operate independently of, or with, the TOS.
OSC intends to charge about $30 million to
launch 1US-class payloads.”

7E. H. Kolcum, “NASA Weighs Greater Role for Centaur, " Avia-
tion Week and Space Technology, July 25, 1983, p. 60.

8D. Dooling, “Business Graduates Plan New Shuttle Stage, ”
Space World, March 1983, p. 29.

19The TOS was full financed by a $50-million R&D limited part-
nership, the largest private financing of any commercial space
endeavor to date.

20-‘Orbital Sciences Offers Upper Stages, ” Aviation Week and
Space Technology, June 25, 1984, pp. 108-113.

Photo credit: National Aeronautics and Space Administration

Artist’'s conception of the proposed Shuttle launched
Centaur Inertial Upper Stage

Aerojet Tech Systems is also undertaking de-
velopment, with in-house funds, of a high-per-
formance, all-liquid upper stage, called the Lig-
uid Propulsion Module (1PM). The basic model
is tailored for launching up to 3,500 pounds to
geostationary orbit; by using tandem stages it
would be capable of launching up to 8,500
pounds to geostationary orbit. Aerojet’s goal is
to offer this stage commercially by 1987 for $10
million. Its engine is derived from the Shuttle Or-
bit Maneuvering System Engine.

Astrotech Space Operations is another firm in-
terested in entering the IUS-class upper stage
market for commercial and military payloads.
Astrotech and its prime contractor, McDonnell
Douglas, hope to develop a liquid-propellant
upper stage (Delta Transfer Stage) capable of plac-
ing as much as 7,500 pounds into geosynchro-
nous orbit or 20,000 pounds into geosynchro-
nous transfer orbit. The Delta stage, as currently
envisioned, would be Shuttle- and Titan-compat-
ible and would cost in excess of $30 million. *

1“ Astrotech Sees Military Uses for Stage, ” Aviation Week and

Space Technology, June 25, 1984, p. 158.
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Photo credit: Bosing Co.

IUS and attached tracking and data relay
communications satellite being launched
from the Shuttle.

Arianespace

Since the early 1960s, Europe has attempted
to mount a coordinated space program to ensure
European participation in the economic, scien-

tific, and political benefits of space activities and
to compete with the United States and the Sovi-
et Union. The latest and most successful organi-
zation is the European Space Agency (ESA),
which was founded in 1975.” ESA inherited the
programs and facilities of its predecessor orga-
nizations, the European Space Research Organi-
zation (ESRO), the European Launcher Develop-
ment Organization (ELDO), and the European
Space Conference (ESC).” ESA'S most important
launch program to date has been development
of the Ariane vehicle.

Ariane 1 is a three-stage ELV with an advanced
liquid-oxygen/liquid-hydrogen third stage. This
vehicle was only the first in a series of as many
as five models; successive designs will improve
payload capacity and performance through the
1980s. With Ariane 2 and 3 already operational,
the ESA member states have approved a program
to develop Ariane 4 as well as the HM-60 engine,
an essential component of the Ariane 5.* Ariane
1 is capable of placing about 3,800 pounds into
geostationary transfer orbit, Ariane 2, about 4,400
pounds, Ariane 3, about 5,200 pounds, and
Ariane 4, about 9,200 pounds. With the suc-
cessful launch of an Ariane 1 on May 23, 1984,
the Ariane vehicle entered into commercial serv-
ice (see table s-1). Previous flights had been de-
velopmental (LO1 -L04) and promotional (L5-V8).
The first Ariane 3 was successfully launched on
August 4,1984. The first flight of Ariane 4 is ex-
pected in 1986. A variety of designs for Ariane
5 are being debated, including a manned Shuttle-
type system called “Hermes” (fig. 5-2).

Using a dual launch system, the Ariane is ca-
pable of carrying two payloads on each flight.
Launches are made from the French-owned, ESA-
funded Kourou spaceport in French Guiana,
South America. Currently, the one pad at Kourou
will allow only five or six flights a year; a new

22ESA has 11full members—Belgium, Denmark, France, West
Germany, Ireland, Italy, the Netherlands, Spain, Sweden, Switzer-
land, and the United Kingdom-and three associate members-Aus-
tria, Canada, and Norway. (See ch. 3 for a discussion of ESA.)

23 For 5 description of European space activities prior to and fol-
lowing the formation of £SA, see: Civilian Space Policy and Appli-
cations (Washington, DC: U.S. Congress, Office of Technology As-
sessment, OTA-STI-177, June 1982).

24Gibson, Roy, “Europe-Towards a New Long-Term Pro-
gramme,” Space Policy (1: 1), February 1985, p. 5.
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Inertial Upper Stage

pad in 1985 will allow about 10 annual au ric_hes.
As of January 1985, there have been 1 Ariane
launches, of which two have been fain res (table
5-1).

Realizing that commercial operations would be
difficult if the 11 ESA nations had to agree unan-
imously to every business decision, ESA and
CNES (the French national space program) estab-
lished a quasi-private corporation called Ariane-
space to produce, finance, market, and launch
Ariane vehicles. ESA and CNES remain respon-
sible for development of future Ariane vehicles
and for operation of the Guiana spaceport.
Arianespace S.A. is incorporated in France
(March 1980) and owned by firms from the states
that funded Ariane’s development, by CNES, and
by European banks. French investors (including
CNES, which is the largest single shareholder with
34 percent) own 60 percent; West German in-
Artist's conception of Delta Transfer Stage vestors own 20 percent; and the remainder is split

Photo credit: McDonnell Douglas
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Ariane L1 on ELA1

Table 5-1.—Ariane Flights

Flight reference Date Launcher Payload Comments
Development flights:
LOL. ... Dec. 24,1979 AR 1 Technological Capsule (CAT) Success
LO2 .. May 23, 1980 AR 1 AMSAT-FIREWHEEL Failure
(Viking engine
instability)
LO.. ..o June 19,1981 AR1 CAT + APPLE + METEOSAT Success
LO.. .. Dec.20, 1981 AR 1 CAT + MARECSA Success
Promotion flights:
LO. i Sept 10, 1982 AR1 (SYLDA) MARECSB/SIRIO Failure
(third-stage Turbo
pump)
Lo. .. June 16, 1983 AR1 (SYLDA) ECS-1/OSCAR Success
L7. ............. . . ...Oct. 19,1983 AR1 INTELSATV-F7 Success
V8 . Mar.5, 1984 AR1 INTELSATV-F8 Success
Arianespace commercial flights:
VO . May23, 1984 ARl SPACENET1 Success
VIO ... Aug.4, 1984 AR3(SYLDA) ECS-2/TELECOM 1A Success
VI Nov. 10, 1984 ARS3 SPACENETF21MARECS 62 Success
V12 .o 1985 AR3(SYLDA) ARABSAT/SBTS-I -

SOURCE" Arianespace, Inc
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Figure 5=2.—The Hermes Spaceplane (conceptual design)

SOURCE: CNES

among the other ESA nations, A U.S. subsidiary
(Arianespace, Inc.) was chartered in November
1982.

Potential Government Sellers

A number of countries have, or are develop-
ing, launch vehicles which would enable them
to enter the launch vehicles market (figs. 5-3a and
5-3 b):

SOVIET VEHICLES®

The Soviets have developed a number of ex-
pendable launch vehicles; the most commonly
used is the Sapwood-A launcher, a derivative of
an ICBM design dating back to the mid-1950s.

25The Soviet Union does not name or identify its launch vehicles.
Soviet surface-to-surface missiles are assigned numbers with the pre-
fix SS by the U.S. military. When such missiles are seen often enough
to be identified by military branches of the NATO powers, code
names such as Sandal, Skean, or Sapwood are assigned. (The Pro-
ton, not having been developed as a missile, does not have an SS
or code-S designator. ) In order to convey more information about
the Soviet vehicle and its various stages, TRW developed the sys-

As presently modified, the Sapwood-A can
launch Soyuz manned vehicles of about 15,000
pounds to low-Earth-orbit. The larger Proton-D
launcher can carry about 44,000 pounds to low-
Earth-orbit and has been used to launch the Sal-
yut space stations. Recent reports indicate that
the Soviets are developing both a Saturn-class
vehicle capable of placing 300,000 pounds into
low-Earth-orbit and a reusable space vehicle simi-
lar to the Shuttle.”

Although the Soviets have long had a reliable
fleet of launch vehicles they have only recently

tern of using capital letters for the first stage, numbers for the up-
per stages and small letters for the final stage. Both the letter and
code designators are used here. For a detailed discussion of Soviet
launch activities, see: Soviet Space Programs, 1971-1975, Staff Re-
port for Senate Committee on Aeronautics and Space Sciences, Con-
gressional Research Service, August 1976.

" Soviets Said to Remove Camouflage Nets From New Launch
Vehicles,” Aerospace Daily, Dec. 14, 1983, p. 227; See also: D.
Doder, “Soviets Say They Plan to Build Space Shuttle,” The Wash-
ington Post, Dec. 13, 1983, p. A 10, c. 1; See also, “Soviets Ready
New Boosters at Tyuratam,” Aviation Week and Space Technol-
ogy, Aug. 27, 1984, pp. 18-21.
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Photo credit: Ariane

Kourou, French Guiana V10 launch, August 4, 1984.
Arianespace/ECS-2 Telecom 1-A

made an attempt to enter the international launch
services market. In June 1983, the Soviets re-
quested that their Proton launcher be considered
as a candidate to orbit INMARSAT’s second-gen-
eration communication satellites.”” At the time
of the Soviet announcement, the other candidate
launch vehicles were the Shuttle, Ariane, Atlas-
Centaur, Delta, and Titan. The INMARSAT coun-
cil accepted the Soviet request and informed its
satellite contract bidders that they must design
their spacecraft for compatibility with at least two
of the six launchers and that one of their selec-
tions had to be the Proton, Shuttle, or Ariane.”

27) M. Lenorovitz, “INNMARSAT Adds Proton to Booster List, "
Aviation Week and Space Technology, Aug. 1, 1983, p. 16; see
also, “Soviets Provide Data to Guide INMARSAT in Launcher Deci-
sion, " Aviation Week and Space Technology, Aug. 8, 1983. p 22.
It should be noted that the Soviet Union is a member of INMARSAT
(see chs. 3 and 6).

8Ayjation Week and Space Technology, Aug.1,1983,p.17.

The Soviets have quoted a launch price of ap-
proximately $24 million (current year dollars) for
the Proton; this is less than the price of either the
Space Shuttle or the Ariane.

Soviet willingness to specify the launch site (Ty-
uratam) and to provide technical data concern-
ing the Proton suggests that they are serious about
the INMARSAT offer. It seems unlikely that a
more general entry into international launch vehi-
cle competition will be forthcoming. Although
the Soviets possess the technology to compete
with NASA and Arianespace or with U.S. com-
mercial firms, they will probably never become
an important provider of commercial launch serv-
ices: first, the Soviets would have to allow West-
ern scientists and businessmen to supervise the
assembly, testing, integration, and launch of their
satellites; second, it is unlikely that the United
States, or any Western government, would allow
sophisticated communication satellites to be ex-
ported to the Soviet Union; and third, it is unclear
whether financing and insurance could be ob-
tained for a Soviet launch.

JAPANESE LAUNCH VEHICLES

Beginning in the late 1950s and through the
1960s, the Institute of Space and Aeronautical
Sciences (ISAS), developed the Kappa and Lamb-
da series of solid-fuel sounding rockets, which
were used for Japanese scientific and applications
experiments. The difficulties of rocket develop-
ment were exacerbated by inadequate guidance
and stabilization technology, the result in part of
a self-imposed reluctance to fund technologies
that might be perceived as having military ap-
plications. ISAS went on to develop orbital
rockets; the first successful 50-pound test satel-
lite was launched by an advanced Lambda in Feb-
ruary 1970. The Mu-class orbital launcher
achieved its first success in 1971 and continues
to be operated by ISAS from its Kagoshima test
range. Nissan Motors is currently designing an
advanced version of the Mu, the M-3-kai-I, which
will be used for Japan’s first planetary explora-
tion missions in the mid-1980s, including a
planned Halley/Venus mission in 1985.

In 1969, the National Space Development
Agency (NASDA), assumed primary responsibility
for launcher development for applications satel-
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Figure 5-3.—Foreign National Comparative Launch Vehicle Development
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lites. Instead of attempting to develop further ver-
sions of the Mu launcher, NASDA decided to pur-
chase U.S. Delta launcher technology. The U. S.-
Japanese Agreement on Space Activities, signed
on July 31, 1969, gave Japan access to this tech-
nology (subject to certain limitations, which are
discussed below). As a result, Japan developed
the N-1 launcher, which is capable of lifting over
500 pounds into geostationary transfer orbit. The
N-1 consists of a Thor first stage, built in Japan
by Mitsubishi Industries under license to McDon-
nell Douglas, a Japanese-developed liquid-fuel
second stage, and a U.S. Thiokol third stage. Ap-
proximately 67 percent of the N-1 is supplied by
Japanese firms.

A more powerful version, the N-11, had its first
successful test flight in February 1981, and is ca-
pable of lifting about 1,500 pounds into geosta-
tionary transfer orbit. The major differences from
the N-1 are use of additional solid-fuel strap-on
boosters and replacement of the Japanese-designed
second stage by an improved version of the
Aerojet-General (U. S.) second stage used on the
Delta. As a result the Japanese contribution to
the N-11 is only 56 percent. For the late 1980s and
the 1990s, the Japanese have a new booster, the
H-1, under development. The major innovation
is a planned liquid oxygen-liquid hydrogen sec-
ond stage to be built by Mitsubishi. The initial ver-
sion of the H-1 will be able to place about 2,400
pounds into geostationary transfer orbit; a
recently funded follow-on version, the H-11, will
have even greater capacity (in the early 1990s).2'3
The H-1 will use an inertial guidance system in-
stead of the radio guidance of the N-1 series.

The Japanese have not announced plans to of-
fer commercial launch services. At present, Jap-
anese launch capabilities are restricted not only
by technology, but also by agreements with the
Japanese fishing industry which allow missiles to
be fired only at two times of the year, January-
February and August-September. In addition, the
U.S.-Japanese agreements which cover the trans-
fer of Delta technology prevent its transfer to third

2"Japan Funds Launcher, Satellite Development,” Aviation Yveek
and Space Technology, Feb. 13, 1984, p. 125.
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countries or its use for launching third-country
payloads. The H-11 launch vehicle, which will be
designed and built entirely with Japanese tech-
nology, will not be similarly restricted.

CHINESE VEHICLES

The Peoples Republic of China’s (PRC) launch
technology has been derived from the Soviet
Union, primarily the SS-4 (Sandal) medium-range
liquid-fueled missile. The design for these mis-
siles was given to the Chinese in the late 1950s
before relations between the two countries de-
teriorated.

The Chinese launched their first satellite, the
380-pound China 1, in April 1970, with a CSL-I
(Long March 1) launcher. Starting with China 3
in 1975, launches were made with the FB-I
(Storm) vehicles, a version of the CSS-X-4 ICBM,
which is equivalent in size to the U.S. Atlas. The
FB-1 can launch about 2,600 pounds into low-
Earth-orbit.

The Chinese are known to be working on a
new launcher, the Long March 3, that would use
the two stages of the FB-1 plus a liquid oxygen-
liquid hydrogen upper stage. If successful, this
would make them third in the world, after the
United States and ESA, to use high-energy cryo-
genic fuels. The Long March 3 would be capa-
ble of launching about 3,080 pounds into geo-
stationary transfer orbit.

China is planning to accelerate its international
cooperative efforts in space, and it has announced
that it is ready to discuss Long March launch serv-
ices with interested customers .30

INDIAN LAUNCH VEHICLES

India began to work on its first launch vehicle,
the SLV-3, in 1973. It is is a four-stage, inertially
guided, solid-propellant rocket designed to lift 80
to 100 pounds to low-Earth-orbit. The SLV-3 suc-
cessfully launched a 75-pound RS-1 technology
demonstration satellite in July 1980.

The Indians are developing the ASLV, which
will be able to lift about 300 pounds into low-
Earth-orbit. The first launch of the ASLV is

30/China Offering Space Launch Services to International Users,”
Aviation Week and Space Technology, Apr. 8, 1985, p. 25.

planned for 1985 or 1986. The ASLV will contin-
ue to use solid propellant for the main motors,
as does the SLV, but will have two solid-propel-
lant strap-on boosters. The PSLV, a vehicle
planned for development in the late 1980s or
early 1990s, will be similar to the ASLV but may
use the Viking engine (currently used on the
Ariane) as its second stage and will be able to
launch 1,300 pounds into low-Earth-orbit. Long-
term plans call for development of a SPSLV ca-
pable of low-Earth-orbit launches of 7,500
pounds. It is unlikely that India will be able to
compete with NASA or Arianespace in the next
two decades.

BRAZILIAN VEHICLES

Brazil has developed a family of solid-propel-
lant sounding rockets called the Sonda; the latest
of these—the Sonda lll—is a two-stage rocket
which can carry payloads of about 130 pounds
to altitudes of 380 miles. Several variants of the
Sonda are now operational and regularly used
for meteorological observation and atmospheric
testing. Although these rockets lack the power
to place a satellite into orbit, current plans call
for development of more powerful boosters.

Potential Non-Government Sellers

U.S. PRIVATE SECTOR ACTIVITIES

Three types of private sector launch activities
are currently under way in the United States:
firms which want to market one of the existing
ELVS (Delta, Atlas-Centaur, or Titan), firms which
want to develop new, low-cost expendable
launch vehicles, and those marketing upper
stages for use with the Shuttle.

When NASA announced in 1983 that it was
seeking private sector operators for the Delta and
the Atlas-Centaur, five firms expressed interest in
marketing these vehicles.” However, when NASA
published its official solicitation for proposals,
only two companies responded with firm offers.
General Dynamics’ Convair Division, the current
manufacturer of the Atlas-Centaur, was the only
company to express interest in that vehicle. Trans-
pace Carriers, inc., was the only company to re-

J’ “Five Firms Seek NASA ELVs,” Space Business News, July 18,
1983.
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quest the right to operate the Delta line. McDon-
nell Douglas Astronautics, the manufacturer of
the Delta, did not bid on this vehicle.

The Titan was not included in the NASA solic-
itation because it is an Air Force vehicle. Prime
contractor Martin Marietta has expressed inter-
est in marketing the Titan as a military backup
for the Shuttle.

Several private U.S. companies are developing
small expendable launch vehicles. Most notable
are Space Services Inc. (SS1) of Houston, TX, and
Starstruck, Inc. (formerly Arc Technologies) of
Redwood City, CA.

[n September 1982, SS1 flew a successful subor-
bital flight of its Conestoga 1 vehicle, demonstrat-
ing payload spin-up and separation capabilities.
This vehicle was an adaptation of the Minuteman
1 second-stage motor and did not have the ability
to achieve orbit. The Conestoga Il being devel-
oped by SS1 will be able to place small payloads
into low-Earth-orbit. The Conestoga 11 will be a
multistage vehicle based on the Thiokol solid-
rocket motors presently used as strap-ens for the
Delta.”®

Starstruck is presently developing a hybrid sol-
id/liquid-fueled rocket engine for its Dolphin
launch vehicle, which may be launched from the
open seas.”In June 1983, Starstruck successfully
tested key propulsion and electronic systems, and
in August 1984 conducted a successful test
launch. Eventually, Starstruck hopes to
in the market for geosynchronous payloads
1,300to 1,500 pounds.*However, the company
has had major financial, technical, and organiza-
tional problems recently and it is not clear that
it will remain in business. *

As discussed above, there are five families of
Shuttle upper stages either existing or under de-

“Space Services Inc., press release, Sept. 8, 1983. See also, "SI
Selling Conestoga 1-6, " Space Business News, Aug. 13, 1984.

33SS1 has a contract to launch the cremated remains of humans
into orbit in an orbiting mausoleum. The firm awaits DOT approval
to do so. See “SS1 Awaits DOT Mission Approval, ” Space Business
News, Jan. 28, 1985, p. 1.

3] Levine, “Shooting for Outer Space, " Venture, October 1983,
pp. 116-117.

' Arc/Starstruck Plans Three Tests In ‘83, ” Space Business News,
July 18, 1983, p. 6.

36See, for example, “Reorganization Gives New Life to
Starstruck,” Space Business News, Oct. 22, 1984, pp. 2-3.

Photo credit: Space Services Inc.

Artist’s depiction of SS1's Conestoga I

velopment in the United States—PAM, | US, Cen-
taur (under development), TOS (under develop-
ment), and the Delta Transfer Stage. Although it
is possible that any of these might be sold com-
mercially, only the PAM (McDonnell Douglas),
the TOS (Orbital Sciences Corp./Martin Marietta),
and the Delta Transfer Stage (Astrotech, McDon-
nell Douglas) were developed as private initia-
tives. The | US was developed for the Air Force
by Boeing, and the Centaur is being developed
under a joint NASA-AIr Force contract by Gen-
eral Dynamics. There might be little competition
between these upper stages because they are de-
signed to serve different weight classes of satel-



122 “ International Cooperation and Competition in Civilian Space Activities

lites. Their approximate capacities to geostation-
ary orbit are: PAM-D—1 ,400 pounds, IUS—5,000
pounds, TOS-5,000 pounds, Delta Transfer
Stage-7,500 pounds, Centaur—10,000 to 14,000
pounds. Although the | US and TOS/AMS are in
the same weight class, the currently planned TOS
should cost substantially less than the IUS.”

The only potential foreign participation in the
Shuttle upper stage market is the Italian Research
Interim Stage (I RIS).SB The IRIS is being developed
by the Italian Government and aerospace indus-
tries and should be able to launch 1,900 pounds
to geostationary transfer orbit or about 900
pounds to geostationary orbit. The limited capac-
ity of the IRIS will prevent it from launching even
small Delta-class communication satellites; how-
ever, it may be ideal for scientific satellites and
small commercial satellites should a market de-
velop for these. The first flight of the IRIS is
planned for November 1986.

FOREIGN PRIVATE SECTOR

In the late 1970s, a private West German firm,
OTRAG (Orbital Transport-und-Raketen Aktien-
gesellschaft), announced its plans to offer private
launch services. However, political complications
with the West German Government, combined
with the company’s inability to find a permanent
location for its launch pad, have so far prevented
OTRAG'S success. OTRAG plans to create a fam-
ily of vehicles using clusters of identical liquid pro-
pulsion units; such units would be added or sub-
tracted to match the payload weight. Their
smallest model would be capable of launching
a 440-pound payload to an altitude of 31 miles
and their largest vehicles would be able to carry
a 1,100-pound payload to 174 miles. OTRAG suc-
cessfully tested a two-unit rocket in 1977 and a
four-unit rocket in 1978. Eventually, OTRAG
hopes to create a vehicle in the Ariane class; how-
ever, its present activities are limited to launch-
ing sounding rocket-class vehicles from Sweden'’s
Kiruna launch site.”

7pAM and TOS upper stages only go t0 geostationary transfer
orbit. Figures given here assume an appropriate apogee motor.

38E, Vallerani, F. Veresio, and L. Bussolino, “IRIS—A New ltal-
ian Upper Stage System, ” 34th Congress of the International As-
tronautical Federation, Oct. 10-15, 1983.

39}, Lenorovitz, ‘Otrag Prepares for Full Launch Service, ” Avia-
tion Week and Space Technology, Sept. 12, 1983, pp. 77-78.

Bristol Aerospace, Ltd., of Canada, has also an-
nounced plans to offer a low-cost commercial
launch vehicle.” Bristol currently manufactures
the Black Brant sounding rocket, which has been
used for research by several space agencies in-
cluding NASA and ESA. Bristol plans to develop
a solid-propellant vehicle capable of placing 500-
to 1,700-pound payloads into low-Earth-orbit and
payloads of up to 800 pounds into geosynchro-
nous orbit. The company hopes to conduct flight
tests in 1988 and to begin commercial launch ac-
tivities by 1990.

Buyers of Space Transportation
Services

At present, the three primary purchasers of
space transportation services are the military, na-
tional and cooperative space programs, and com-
munication satellite service providers. Activities
of the military and of the various national and
cooperative space programs will account for over
75 percent of the total demand for launch serv-
ices over the next decade. Although these activ-
ities are numerically the largest, they raise few
international competitive issues. In the United
States, most NASA and Department of Defense
(DOD) payloads will fly on the Shuttle. A num-
ber of DOD payloads will fly on an ELV desig-
nated as a Shuttle backup. The payloads of ESA
and the ESA member states will most likely fly
on Ariane unless—as in the case of Spacelab—
the unique capabilities of the Shuttle are neces-
sary. International commercial competition in
space transportation will take place primarily with
regard to large communication satellites launched
to geostationary orbit.

Outside the Soviet bloc, the buyers of civilian
communication satellites can be divided into
three submarkets: U.S. communications carriers,
global international satellite organizations, and
considered together, foreign national and region-
al satellite systems.

U.S. Communications Firms

Of these submarkets, that of U.S. communica-
tions carriers is by far the largest. U.S. commu-

“0'Expendable Launch Vehicle,” Bristol Aerospace Ltd., 1983.
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nications and satellite manufacturing firms such
as AT&T, RCA, Western Union, ITT, Satellite Busi-
ness Systems, American Satellite, Ford Aerospace,
and Hughes now own 21 geosynchronous com-
munication satellites, used primarily for domes-
tic U.S. communications. In limited but growing
numbers, they are also used for transborder com-
munications between the United States and
North and South America and the Caribbean.

Up to the present, forecasters have been opti-
mistic regarding the continuing need for launch
services to put U.S. communications satellites in
orbit. One indication supporting this prospect are
the 81 pending and approved applications filed
with the Federal Communications Commission
(FCC) to construct and launch satellites, and to
receive orbital locations. Two studies done for
NASA have also concluded that the demand for
launch services for communications satellites
would remain strong.” One estimated that 61
U.S. communications satellites would be launched
during the 1986-89 period, with 68 more
launched before 2000; the other that between
97 and 163 U.S. domestic communications pay-
loads would be launched between 1984 and
1999.

Recent events, however, put these optimistic
projections in doubt. First, the expected surge in
demand for direct broadcasting satellites has
failed to materialize. Second, current substantial
excess satellite capacity (see ch. 6) may delay or
deter firms from proceeding with announced
plans. Third, in the late 1980s and 1990s, com-
munications carriers are expected to have large
fiber optic networks in place that will compete
with satellite communications in virtually all ap-
plications except point-to-multipoint, sparse area,
and some mobile communications. While the
outcome of this technological competition can-
not now be clearly foreseen, fiber optic cables
and other terrestrial modes linked to fiber optic
local area networks will almost certainly carry
some traffic that satellites heretofore had been
expected to carry. Optimistic projections of the
number of communications satellite launches,

NQutside Users Payload Mode/, Battelle’s Columbus Laboratories,
NASA contract NASW-338; June 1983. For a more complete dis-
cussion of the demand for communication satellites see ch. 6.

therefore, should be treated with considerable
skepticism.

included in the forecasts is launch demand gen-
erated by satellite replacement. Because commu-
nications satellites typically have design lives of
less than 10 years, most of the satellites that are
expected to be in orbit or launched before the
end of 1985 will therefore cease operation before
1995 and, if replaced, will generate demand for
launch services.

The Shuttle, Ariane, Delta, Atlas-Centaur, and
Titan launch vehicles could all meet the needs
of U.S. communication satellite system operators.
The Shulttle, although more sophisticated than its
competitors, has no special advantage in launch-
ing satellites to geostationary orbit, If all these
vehicles are equally reliable, the choice of
launcher will be based primarily on: 1) the price
of the vehicle, 2) the reliability of the launch
schedules, 3) the relative simplicity of planning,
documenting, and processing their payloads.”

INTELSAT and INMARSAT

The International Telecommunications Satel-
lite Organization (INTELSAT) and the internation-
al Maritime Satellite Organization (INMARSAT)
maintain global communications systems.
INTELSAT, which also provides space segment
capacity for many countries that do not have na-
tional systems, currently has 15 satellites in or-
bit, 8 of them large INTELSAT V satellites, which
were launched by Atlas-Centaur and Ariane from
1980 through 1984. Current plans are for
INTELSAT to launch 13 satellites in the 1985-87
period. If all are launched as planned, six of them
will be INTELSAT V satellites, and seven will be
INTELSAT ViIs. The latter series of satellites are
very large and will be able to carry approximately
40,000 separate simultaneous telephone conver-
sations. Still on the drawing board is an INTELSAT
Vi series.

Whether all the INTELSAT Vis will be launched
as planned is in some doubt. INTELSAT transat-
lantic and transpacific satellites will compete with
undersea fiber optic cables, several of which are

“2NASAAdvisoryCouncil Study of Effective Shuttle Utilization,

NAC Task Force for the Study of Effective Shuttle Utilization, Nov.
17, 1983,
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planned for the late 1980s and early 1990s. In
addition, some competition from private U.S.
satellite systems is likely to emerge. Although
INMARSAT is purchasing its own system of sat-
ellites, it currently leases capacity from INTELSAT
and other systems.

Satellites of the INTELSAT 1, 11, and 111 series
were launched on the Delta; satellites of the
INTELSAT IV and V series were launched on the
Atlas-Centaur. To satisfy political pressures that
have arisen since the development of Ariane,
INTELSAT now intends to distribute its business
between U.S. and European vehicles, The Ariane
has been used to launch an INTELSAT V, and the
Shuttle will be used for the initial INTELSAT viI
launch.

As a result of the projected size of the next gen-
eration of INTELSAT satellites (I NTELSAT VI will
weigh ... pounds in orbit) the only vehicles
that could launch them are the Shuttle, Ariane-
4 (under development), Atlas (improved version
not developed), and Titan.

Foreign Satellite Systems

This category includes both the satellites of in-
dividual foreign countries (private or government
owned) and organizations established to provide
services to regional groups of countries. In addi-
tion to voice communication, such systems pro-
vide TV distribution, maritime communication,
data transfer, and direct broadcast TV,

At present, Canada, France, Great Britain, In-
donesia, Japan, the Middle East countries (Arab-
sat), and NATO all have operational systems.
Other planned but not yet operational systems
include: ITALSAT (Italy), MORELES (Mexico),
SBTS (Brazil), AUSSAT (Australia), ECS (Eutelsat),
LUXSAT (Luxembourg), and STW (China). Cur-
rent users of the INTELSAT system may convert
to national or regional satellite systems if they ex-
perience a dramatic increase in traffic volume or
it becomes politically or economically desirable
to exercise greater control over their communi-
cations network (see ch. 6).

Battelle has estimated that between 1983 and
1998 anywhere from 110 to 176 satellites will be
launched for foreign national or regional com-

munications.” Countries that have the ability to
place large payloads into geostationary orbit will
presumably use their own launch vehicles, For
example, the Europeans will favor the Ariane
rocket. Countries such as Japan and China, which
have at present only a limited launch capability,
will within 10 years probably be able to launch
large communication satellites to geostationary
orbit.

Countries which do not possess an independ-
ent launch capability will, like the U.S. domes-
tic communications suppliers, be concerned with
the price, schedule, reliability, and processing
simplicity of individual launchers. The availabil-
ity of favorable financing and/or trade offsets (par-
ticularly for developing countries) may also be
an important consideration .44

In addition to communication satellites, other
space activities such as remote sensing (ch. 7),
materials processing (ch. 8), and navigational sat-
ellites (app. C) may require commercial launch
services. Many activities conducted in low-Earth-
orbit might be launched not only with the Shut-
tle, Ariane, Delta, Titan, and Atlas, but also with
the new generation of low-cost privately devel-
oped launch vehicles and with the vehicles of Ja-
pan, China, and perhaps Brazil and India. Cur-
rent demand for such activities is limited,;
however, together they constitute a significant un-
certainty in future launcher demand estimates.

The Shuttle, because it allows human interac-
tion with and retrieval of payloads, has a decided
advantage over other launch systems for manu-
facturing in space. Unless the Ariane is substan-
tially modified—a subject which has been dis-
cussed within ESA—it cannot compete with the
Shuttle for MPS and other payloads that require
human interaction. Other ELVS are equally dis-
advantaged in comparison to the Shuttle.

“Battelle, op. cit., note 41

“4Rainbow Satellite |nc.’s decision to launch two communication
satellites on the General Dynamics Atlas-Centaur is a good exam-
ple of the value of creative financing. In order to insure that Rain-
bow’s launch business did not go to either NASA or Arianespace,
General Dynamics agreed to provide $200 million in financing for
Rainbow and to give “a back-up commitment for all of the capac-
ity” of one of the satellites. See: Space Business News, July 16, 1984,
p. 1.
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COMPETITION IN SPACE TRANSPORTATION

The entrance of ESA’s Ariane rocket into the
international marketplace brought an end to
NASA’s monopoly in commercial space transpor-
tation services. This fact, combined with the de-
velopment of the Shuttle and the potential entry
of other new launch vehicles, has created a situ-
ation where, for the first time, supply cou/d sig-
nificantly exceed demand in the space transpor-
tation service market. Prior to these two occur-
rences, vehicles were manufactured and con-
sumed as they were needed; therefore, the sup-
ply of launch services was always roughly equiv-
alent to the demand for that service. Depending
on the size of demand for satellites, NASA and
the other launch service suppliers may find them-
selves in a situation where they must compete
for a limited number of payloads.

Development of Competition

Access to space via a capable and reliable
launch vehicle is important to the technological
and commercial goals of all nations that may wish
to orbit satellites. The desire of some nations to
develop an indigenous launch capability derives
from three considerations: first, a lack of confi-
dence that launch services would be available
when needed and without restriction from the
United States or the Soviet Union; second, an in-
terest in enhancing national prestige by demon-
strating the technical virtuosity required to main-
tain an independent launch service; and third,
an intention to participate in any economic gain
to be derived from a wide range of commercial
space services. Some newly industrialized coun-
tries, may also desire to acquire launch vehicle
and precision guidance and control technologies
for use in military ballistic missile systems.

Some European countries—particularly France—
have always been reluctant to concede to the
United States a monopoly in launch vehicles.
Consequently, U.S. hesitation before launching
the French-German Symphonic communications
satellite in 1971 strengthened European determi-
nation to develop an autonomous launch capa-
bility.” The decision to build the Ariane launch

*sCivilian SpPaCe Policy and Applications, op. cit., p. 363.

vehicle was a declaration of political and techno-
logical independence from the United States.

In Japan, space technology has been identified
as an area of future economic significance. A
1981 report by the Ministry of International Trade
and Investment (MITI), emphasized the export
potential of space technology and concluded that
an indigenous space industry is vital because:

As unilateral introduction of technologies from
foreign countries is getting more difficult, it is
necessary to strengthen Japan’s own bargaining
power through accumulation of necessary tech-
nological know-how. *

With a smaller economic and technical base to
draw from than either the United States or Eur-
ope, and lacking the major military program to
ensure political and financial support, the Japa-
nese launcher program has relied on close co-
operation with the United States.

Brazil, India, and China are also developing
their own launch capabilities—for many of the
reasons mentioned above. All three countries
possess a strong desire to be technologically in-
dependent from the developed world, to gain any
economic benefits that derive from the applica-
tion of space technology, and to be regarded as
belonging to the prestigious club of “space pow-
ers.” Although the launch vehicles being devel-
oped in these countries are at present somewhat
limited, their political importance will probably
assure their continued existence. In some re-
spects, national launch vehicle programs can be
compared to national airlines—some are con-
ducted primarily for profit, others play the role
of enhancing “prestige” and “national self-image.”

To date, competition in launch vehicles has
been limited to those developed by governments.
The fact that private or semi-private launch serv-
ices will soon be available introduces a different
kind of competition into this market. On May 16,
1983, the president announced that the U.S. Gov-
ernment fully endorsed and would facilitate the
commercial operation of expendable launch ve-

“5Reporr0fthe Deliberation Council on Basic problems in the
Space Industry, MITI, Apr. 20, 1981.
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hicles (ELVs) by the private sector.”He assigned
the Department of Transportation the task of as-
sisting commercial ELV operations and recom-
mending necessary regulatory, policy, and treaty
changes. Subsequent legislation (Public Law 98-
575), signed into law on October 30, 1984, con-
firmed and strengthened the previous Executive
Order. Whether such private sector participants
can compete with Government-supported launch
vehicles and services has yet to be demonstrated.

Assessment of Demand

Because U.S. space transportation policy will
significantly affect the supply of launch vehicles,
it is important to give some consideration to the
worldwide demand for launch services. NASA
hopes that the four-orbiter Shuttle fleet will be
able to provide 24 launches per year by 1988,
and Arianespace hopes to be able to launch 10
Arianes per year by that time. Experts disagree
about whether the demand for launch vehicles
will exceed the supply. They further disagree
about what, if any, public policies to pursue to
affect supply and demand.”Estimates of demand
must be viewed with caution since they are, at
bottom, only “best guesses.” Such estimates will
be affected by changes in:

+ U.S. and foreigh government space activi-
ties—Building a space station, pursuing
planetary exploration, or pursuing additional
military activities in space will increase the
demand for launch services.

+ Space policy—Encouraging or subsidizing
commercial activities such as remote sens-
ing or materials processing in space could
increase demand.

- Space technology-Satellites with longer lives
could reduce the need for new satellite
launches; new technologies such as DBS
may increase the demand for new launches.

- Terrestrial technologies—Use of fiber optics
may reduce the demand for communication
satellites; technologies such as genetic engi-
neering might reduce the desirability of con-
ducting biological and materials research in
space.

" 47White House ptess release, May 16, 1983.

48The question of whether or not NASA should be competing
for commercial launches is discussed in the policy options.

Photo credit: Nationar Aeronautics and Space Administration

Artist’s depiction of a Shuttle paying a visit to a Space
Operations Center (SOC) in Earth orbit.

The results of the Rockwell International (fig.
5-4) and the Battelle (fig. 5-5) assessments of fu-
ture launcher demand are presented below to il-
lustrate the connection between the demand for
launch vehicles and U.S. space policy .49 OTA has
not conducted an independent appraisal of ei-
ther of these studies; and therefore offers no opin-
ion as to their validity. They are included here
to provide a rough quantitative dimension to this
discussion.”

.Result 1: If the Shuttle fleet can provide 24
flights per year and the Ariane 10 flights per
year, and the Rockwell projection of total de-
mand is correct or low, then by 1988 addi-
tional launch capacity will be needed. This
could be supplied by U.S. commercial or for-
eign ELVS or additional orbiters.

49See also: Projection of Non-Federal Demand for Space Trans-
portation Services Through 2000: An AIAA Assessment for the Of-
fice of Science and Technology Policy of the White House, Ameri-
can Institute of Aeronautics and Astronautics, Jan. 19, 1981; Systems
Analysis of National Space Launch Possibilities, The Aerospace
Corp., March 1983; “United States Commercial Expendable Launch
Vehicles, ” General Dynamics, 1982; Assessment of Constraints on
Space Shuttle Launch Rates, National Research Council, Commit-
tee on NASA Scientific and Technological Program Reviews, April
1983.

59These analyses ar,based on the Shuttle reaching 24 flights Per
year and Ariane reaching 10 flights per year, assumptions that re-
main to be proven by experience. Some analysts doubt that NASA
will be able to reach that level of flights before 1990.
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Figure 5-4.-Projection of Future Space Shuttle Demand Rockwell International
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Rockwell International’s Projection of Future Space Shuttle Traffic Demand, (July 1963).

Time period: 1963-1994 (shown here 1964-1994).
Scope: All NASA, DOD, commercial and foreign (non-Soviet) space transportation demand.
Key assumptions:. Payloads booked on U.S. ELVs would fly on them
« Payloads for Japan and China would fly on their own national vehicles unless specifically
booked elsewhere
« The Ariane will fly full. (5 launch 19S4-5; 10 launches 1986-1994)
« Model includes funded, extensions or follow-ons and potential new missions.
“Equivalent Shuttle Flights:” All payloads characterized in terms of equivalent Shuttle payloads.

. Result 2: Starting with the assumptions listed
in Result 1, if the Rockwell projection for
DOD demand is overstated (as has been sug-
gested by an Aerospace Corp. study),”
and/or, some DOD payloads continue to fly
on ELVS, then the Shuttle and Ariane could
probably meet the total launch demand
through 1994.

. Result 3: If the Rockwell and Battelle esti-
mates of non-NASA, non-DOD demand are
accurate, but Rockwell's NASA and DOD es-
timates are both overstated, then the Shut-
tle and Ariane will create a surplus of launch
capacity through 1994. Neither U.S. com-

s1Systems Analysis of National Space Launch possibilities, Op.cit.

mercial nor other foreign ELVS would be nec-
essary to satisfy total launch demand,

If the demand for launch services were unlim-
ited the United States would be well-advised to
pursue a policy of encouraging both Shuttle use
and the commercialization of ELVS. With the de-
mand for launch services uncertain, the questions
become more complex. Should the Shuttle be al-
lowed to compete with private firms for a limited
number of commercial launches? If the demand
for launch services exceeds the Shuttle’s capac-
ity, should additional orbiters be purchased, or
should ELVS be used to fill the gap? If the Shuttle
fleet is diminished by a catastrophic accident or
unforeseen technical problems, how is the de-
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Figure 5-5.-Outside Users Payload Model Battelle’s Columbus Laboratories
(nominal non.NASA, non.DOD demand)
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. Space station not considered
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“Equivalent Shuttie Flights:” All payloads characterized in terms of equivalent Shuttle payloads.

mand for launch services to be met? In the long
run, will private ELVs or the Shuttle prove to be
the more cost-effective way to meet the additional
demand? Unless additional orbiters or ELVs are
ordered, will the production lines for either re-
main open? Given the U.S. Government’'s com-
mitment to the space station and other space
goals, is cost effectiveness an important short-
term consideration?

The primary focus of this study is international
competition and cooperation; therefore, many
of these questions are beyond the scope of this
report. Those that pertain directly to international
competition are discussed in greater detail in the
policy options that follow.

Nature of Competition

Although there are a number of potential en-
trants, current competition in space transpor-
tation is predominantly between the U.S. Gov-
ernment-supported Shuttle and the European
government-supported Ariane.” The Shuttle and
Ariane are competing primarily for the launch of
large geosynchronous communication satellites.
A recent study conducted for NASA estimated
that from 1983 to 1998 there will be between 103
and 163 non-NASA, non-DOD payloads for which
NASA and Arianespace are in direct competi-
—Competition, between U.S. upper stage manufacturers is to a

great extent dependent on, and subsidiary to, the Shuttle success-
fully competing with other launch vehicles.
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tion.” (See figs. 5-6 and 5-7.) Of this number, the
study estimated that between 29 and 72 payloads
would go to Arianespace. “That is a loss of be-
tween one and two dedicated Shuttle flights per
year over a period of 15 years.

The primary advantages of the Shuttle are that
it is manned, reusable, and able to retrieve and
deploy large objects in low-Earth-orbit. Normally,
none of these advantages is important when com-
munication satellites are launched to geosynchro-
nous orbit. * Its primary disadvantages are that
schedules have slipped about 1s percent each
year, raising questions of reliability and planning,
and that documentation and integration are more
complex and expensive than those of Ariane.

s30utside Users payload Model, op. Cit.

54In 1984, Ariane and the Shuttle each took about half of the com-
mercial space transportation market.

*However, when certain types of malfunctions occur, in either
the satellite or its upper stage, astronauts or payload specialists may
be able to repair the malfunction or retrieve a satellite that has gone
into an anomalous orbit. An example was the recent retrieval of
the Westar and Palapa spacecraft after their PAM-D stages failed.
See “Astronauts Deploy, Retrieve Satellites, ” Aviation Week and
Space Technology, Nov. 26, 1984, pp. 20-23.

These particular disadvantages are quite impor-
tant to commercial launch customers. As a re-
sult, the Ariane launch vehicle, which is less so-
phisticated than the Shuttle, is capable of
competing with the Shuttle for payloads. (In ad-
dition, Ariane competes well with the Shuttle on
the basis of price.) For the same reasons, private
U.S. ELVs, which are technically comparable to
Ariane, can also compete with the Shuttle.

The technical comparability of the Shuttle and
Ariane with respect to launching communication
satellites has focused competition primarily on
launch price and financing.”

Current pricing policies have occasioned com-
plaints of unfair competition on both sides of the
Atlantic and generated considerable unrest
among private U.S. ELV manufacturers. In a state-

$5Shoulday.S. commitment to a space Stati On or an increase
in military space activities reduce the number of commercial Shuttle
flights, or should a catastrophic failure reduce or ground the Shut-
tle fleet, availability would become a more important factor than
price or financing.

Figure 5-6.—Low Model Market Share by Launch Vehicle
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Figure 5“7.—-High Model Market Share by Launch Vehicle
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ment before the Senate Commerce Committee,
NASA Administrator James Beggs cautioned:™

The French are pricing their service very, very
competitively. As a matter of fact, they have set
the price very close to Shuttle-type pricing. They
are, without any question, subsidizing that, be-
cause their costs are not down. With respect to
the cost per launch and the financial terms
... they are more than competitive with us

.. (T)hey are formidable competition, and we
are not taking them lightly.

The Europeans take exception to suggestions that
the Ariane is unfairly being subsidized. Frederic
D’Allest, President of Arianespace, testified before
a Senate subcommittee:”

There is no transfer of money between Ariane-
space and ESA and the other European organi-
zations other than the payments due to Ariane-
space within the framework of the launch
services contracts . . .

s6NASA Authorization for Fiscal Year 1983: Hearings before the
Subcommittee on Science, Technology, and Space of the Senate
Committee on Commerce, Science, and Transportation, 97th Cong.,

2d sess., February 1982, Statement of Hon. James A. Beggs, p. 41.
57Ibid., p.170, statement of Frederic D’Allest.

When establishing Arianespace, we suc-
ceeded in convincing ESA and its member States
that the STS (Space Transportation System) pric-
ing policy during the first 3 years of its opera-
tions involved a huge subsidy, thus creating an
unfair competition. In response, it was agreed
that for the European payloads launched before
mid-1 986, the standard price negotiated with
ESA ... would include a 25-percent extra
charge to support the company.

We consider, and hope you will consider, that
these practices are not very sound, as they
charge the research and development programs
on both sides of the Atlantic, instead of charg-
ing the users who reportedly look to gain great
financial profit from their commercial appli-
cations.

As long as the STS production and operation
costs do not reflect realistically the STS pricing
policy, we shall claim some support through the
European payloads launch prices, to ESA and its
member States.

The principal complaint of the Europeans has
been that the Shuttle price—unlike the price
charged for U.S. expendable vehicles, which was
based on the recovery of “all reasonable
costs’ '—bears little relationship to the cost of
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operating the Shuttle. The price currently charged
by NASA for a Shuttle launch was developed in
1975 and was designed, in part, “to effect early
transition from expendable launch vehicles. *
At the time, NASA felt that Shuttle costs would
fall as they gained more experience with the sys-
tem and the flight rate increased. It was assumed
that there would be a tendency among users to
delay Shuttle use in order to take advantage of
the lower prices in later years. ®

In order to overcome this tendency, NASA
based the Shuttle price on the estimated 12-year
average cost of the program. As a result, cost of
launching a Delta-class payload to geosynchro-
nous orbit on the Shuttle was about one-half of
what it would have cost to use an expendable
Delta.” The initial price for a dedicated Shuttle
bay was $18 million in 1975 dollars or about $40
million in 1984 dollars. * Although exact, per
flight, Shuttle costs (recurring costs per flight,
refurbishment, support facilities, and personnel)
are difficult to calculate, it has been estimated
that each of the five Shuttle flights in 1983 cost
$375 million,”

In 1981-82, when NASA began to reassess its
pricing policy, several U.S. customers had already
switched from the Shuttle to Ariane. NASA felt
that a pricing policy based on current Shuttle
costs would lead to “an unacceptable commer-
cial and foreign users price. *“NASA does plan
to raise the price for a dedicated Shuttle launch
in 1985 to $38 million 1975 dollars (about $80
million in 1984 dollars). President Reagan’s pol-
icy statement of May 16, 1983, declared that after
1988 NASA should charge a “full cost recovery”

price®. If prices continue to fall as experiencxe is

gained with Shuttle operations, the 1988 price
could still be as high as $100 million to $150 mil-
lion in 1984 dollars.

s8C. M. Lee and B. Stone, ‘STS Pricing Policy,” AIAA Space Sys-
tems Conference, Oct. 18-20, 1982, Washington, DC, p. 1.

s9lbid., p. 2.

9[bid.

s Based 0,an escalation rate of 2.192 from 1975 to 1984. Note
that this is the price for a “dedicated payload bay”; a Delta-class
satellite would only take up about 25 percent of the bay, and there-
fore the price to launch this payload would be about 25 percent
of the “dedicated payload bay” price.

62James Abrahamson, testimony before the Subcommittee on
Space Science and Technology, February/March 1984, p. 584.

63 ee and Stone, Op. Cit.

64White House Press Release, May 16,1983.

As described above in Frederic D'Allest’s state-
ment, the ESA nations also felt that the early suc-
cess of Ariane could not be assured if the price
were based entirely on launch costs. An Organi-
zation for Economic Cooperation and Develop-
ment (OECD) study has estimated that the Ariane
is priced at about two-thirds of its cost.” The com-
mercial Ariane price is approximately $54 million,
or $25 million to $30 million per customer for
dual launch. This is purportedly a temporary pro-
motional price to be followed by a “more nor-
mal cost coverage basis. " ESA States pay a 25 per-
cent additional charge to support the Ariane
program.

Price competition between Shuttle and Ariane
has made it difficult for private sector ELVS to en-
ter the market. In an attempt to alter the current
situation, Transpace Carriers, Inc., seller of the
commercial Delta launch vehicle, filed a com-
plaint with the Office of the U.S. Trade Repre-
sentative charging that Aria nespace was engaged
in predatory pricing. The complaint, filed under
Section 301 of the U.S. Trade Act of 1974, stated
that Arianespace charged prices to U.S. firms that
were 25 to 33 percent lower than those charged
to ESA members, and that as a result of this prac-
tice TCI had lost sales to Arianespace.”

In its petition, TCI asked that the President seek
the immediate discontinuance of the two-tiered
pricing policy; the elimination of the cost-free or
below-cost support in facilities, services, and per-
sonnel; and the subsidization of mission insur-
ance rates. Pending the cessation of these prac-
tices, the complaint requested the President to
retaliate by prohibiting Arianespace from adver-
tising and marketing its services in the United
States and by imposing economic sanctions against
the goods and services of the Member States of
ESA.

6sQECD, Trade in High-Technology Products, The Space Prod-

ucts Industry, Paris, 1985.

66See ‘.S, Space Launch Services Company Brings Unprece-
dented Complaint Against Europeans,” U.S./mport Week/y, vol.
9, June 6, 1984, p. 1088. The complaint stated:

As a beneficiary of such subsidy practices Arianespace has been
able to offer launch services to U.S. companies and third country
customers at rates which are substantially less than those charged
to Member States of ESA and substantially below those prices that
Arianespace would be able to charge in the absence of subsidiza-
tion. This unfair competitive advantage has resulted in lost sales to
petitioner and price suppression, if not depression, of bid prices. Fur-
thermore, it poses a serious threat to the establishment of a United
States commercial launch services industry.
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Responding to the TCI complaint, Erik Quist-
gaard, ESA Director General, announced that his
agency was willing to talk to the U.S. Govern-
ment in an attempt to “create conditions for
healthy competition® in launch services.”

To summarize, the price for an Ariane launch
has been set so as to compete effectively with the
Shuttle. The ESA nations, in order to assist in this
goal, pay more for a flight than would the pur-
chaser of a commercial launch.

The Shuttle price rests heavily on the follow-
ing reasoning. First, in the absence of commer-
cial payloads the Shuttle would fly anyway. As
a consequence, NASA charges customers only
for the amount that their payload adds to the cost
of flying all Government payloads for a given pe-
riod and not for a portion of the total cost of an
individual flight. Second, the cost of flying the
Shuttle will decrease substantially as experience
is gained. By spreading the average cost over a
number of years and projecting a rapid decline
in Shuttle launch prices, the near-term average
cost can be kept low. As a result of current NASA/
ESA price competition, launch service purchasers
(largely satellite communication service provid-
ers) are benefiting—at least in the early years of
Shuttle operations—from substantial government
subsidies for each launch.

Given the commitment of the United States and
the European nations to the success of their re-
spective vehicles, these pricing structures are
defensible; they do, however, raise substantial

67"'ESA Replies to Charges on Arianespace Pricing,” Aviation
Week and Space Technology, fuly 2, 1984, pp. 22-23.

barriers to the commercial success of any private
ELVS. Assuming a 65,000-pound capacity and an
$80 million (1984 dollars) price per launch, the
Shuttle can place a Delta-class payload into
low-Earth-orbit for about $1,200 per pound.
However, because the full payload capacity is
rarely used and in order to reach geosynchronous
orbit communication satellites require the addi-
tional weight of upper stages and cradle struc-
tures, the Shuttle cost of placing a payload into
orbit is about $10,000 to $20,000 per pound de-
pending on the upper stage (see table 5-2). This
is compared to the approximate per pound cost
of a Delta ($24,000), an Atlas-Centaur ($25,000),
or the Ariane 3 ($20,000).

At current prices, the Shuttle is less expensive
than any of the ELV alternatives; however, this
advantage will be lost as Shuttle prices increase.
At $125 million per dedicated launch, the Shut-
tle is competitive though not preferable to the
ELVS; at $150 million per launch the Shuttle
ceases to be financially attractive for payloads not
requiring human interaction. *

NASA has expressed concern that it cannot ef-
fectively compete with the Ariane because of the
favorable financing that Arianespace has been

68Prices given here are approximations, supplied toillustrate the
Shuttle’'s competitive position vis-a-vis ELVs. Such estimates do not
reflect the dynamic nature of the launch vehicle industry. NASA
maintains that Shuttle prices will fall substantially as experience is
gained. It is also possible that less expensive upper stages or orbi-
tal transfer vehicles will be developed, thereby reducing the cost
to geostationary orbit. Both General Dynamics (Atlas-Centaur) and
Transpace Carriers Inc. (Delta) have stated that commercial com-
petition and private sector efficiencies will reduce the cost of ELV
launches.

Table 5-2.—Transportation Costs to Geosynchronous Orbit (approximate)

ELVS Shuttle

Maximum Maximum

payload Cost/ib payload Cost/lb to GEO
Vehicie (Ib to GEO) to GEO Vehicle (b to GEO) $83M price $125M price $150M price
Deita. .............o.... 1,350 24,000 PAM-D....... 1,350 17,000 24,000 28,000
Atias-Centaur . . .......... 2,600 25,000°PAM-DII e 2,000 17,000 23,000 27,000
Ariane3................. 2,700 20,000 ‘PAM-A . . ... .. 2,200 17,000 24,000 28,000
Titan 34 D/NUS, . .......... 5,000 31,000 Shuttie/lUS . . 5,000 30,000 38,000 43,000
Titan 34 D/TOS"........... 6,400 17,000  Shuttie OS. . . 6,800 14,000 19,000 22,000
Ariane 4 . ........ ... ..... 4,500 19,000 Shuttle/Centaur . 14,000 9,000 12,000 14,000
eoTafigures.

%ransfer Orbit Stage.

SOURCE: M. C. Simon and O. Steinbroun, “The Economics of Space Development,” General Dynamics, Convair Division, October 1983, p. 3.
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able to offer its customers. The Ariane payment
schedule requires that a company pay 20 percent
of the cost 30 months prior to launch; the bal-
ance is spread over 5 years at low interest rates
while the satellites are in orbit earning revenue
(table 5-3 and fig. 5-8). Typically, Arianespace will
finance 80 percent of the cost, of which 80 per-
cent of the debt will be at a subsidized rate.” The
remaining »percent of the 80 percent financ-
ing would be at market rates.

Although NASA cannot provide financing and
requires that the entire cost be paid prior to
launch, it can, with the help of the U.S. Export-
Import Bank (Ex-Im), offer financing similar to that
of Arianespace in foreign, non-EEC (European
Economic Community) countries.” Recently, the
Ex-Im Bank agreed to guarantee 85 percent of
costs to be incurred by Mexico for a Shuttle
launch; this allowed the Private Export Funding
Corp. (PEFCO) to provide the funding for this

69|, one example, 64 percent of the subsidized debt was at 9.5

percent (from Compagnie Francaise d’Assurance Pour Le Com-
merce Exterieur) and the remaining 16 percent was at 10.5 per-
cent; this resulted in a blended subsidized rate of 9.75 percent.
See NASA Advisory Council Study of Effective Shuttle Utilization,
Nov. 17, 1983, p. 30.

701bid., p. 30.

Table 5-3.—NASA vs. Arianespace Financing (1982 $M)
(FY 1982-85 pricing)

NASA’s STS Ariane
Total launch price:

SBS ... ... .. .o ... .. $12.65 $22.0
iINTELSAT ... ... ... .. $28.34 $39.6

Prelaunch payments required (S6S example):

36 months ... ... ... ..$ 0.1

33 months . .......... 1.25 (1 0"o)

27 months . .......... 1.25 (In%0)  $4.4 (20°/0) due 30
months prior to
launch

21months........... 2.13 (17°/0)

15months . .......... 2.13 (17°/0)

9months . .......... 2.9 (230/. )
3months . .......... 2.9 (23Yo)

$12.65 (100%0)

Postlaunch payments—none 80°/0 balance—
payments begin
6 months after
launch, spread
over 5 years at
5-100/0 interest
SOURCE D. ABletsos, The Current Status and Future Outlook of Foreign Space
Transportation Programs, Rockwell International Shuttle Orbiter
Division

Figure 5-8.—Arianespace Financing
Launch Customer
"'—purchase_"{ fe————— payback ——
|

,'1 bk !
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ja—— 3 years — Joe——oo 5years —__,]
Launch

. Arianespace gets paid up front

. Financing by FrenchlGerman banks

. Rates negotiable (typically 9-10°/0)

. Payback out of revenues —starts 6 months after launch

transaction.” Similar NASA/Ex-Im packages have
been proposed for Australian and Colombian
payloads. A recent report by the NASA Advisory
Council stated:”

In virtually all cases the difference between
Shuttle and Arianespace rates and terms were
not significant. Except for the loss of a Brazilian
launch due to a development loan and offsets,
NASA has not lost any launch business due to
more competitive financing.Based on recent dis-
cussions with senior officers of the Ex-Im Bank,
there is every indication that the Ex-Im will be
responsive to export financing for non-EEC coun-
tries, particularly when there is competitive Euro-
pean export financing involved (emphasis added).

When dealing with EEC countries, neither NASA
nor Arianespace can employ subsidized financ-
ing. EEC export agencies will not provide subsi-
dized financing to other EEC members, and, in
the absence of such subsidized financing, the Ex-
Im bank will not become involved. In any case,
since European nations will almost certainly
choose to support the Ariane program, there will
probably be no significant number of Shuttle sales
to EEC countries.”

nPEFCQ is owned by 52 U.S. banks and manufacturers. lts func-
tion is to provide funding against Ex-Im-guaranteed paper. Its rates
are essentially the prevailing market rate for U.S. Government-guar-
anteed obligations plus a commitment fee and arrangement fee.

72{bid -

73Special Circumstances ma,make possible a limited number of
sales of Shuttle services to EEC members. For example, British Skynet
military satellite will fly on the Shuttle in 1986.
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Arianespace has its strongest potential advan-
tage in U.S. domestic markets. Here, it can pro-
vide 80 percent financing at a subsidized rate
(currently 12.4 percent), and the Ex-Im Bank will
not step in because the customers are U.S. na-
tionals. In examining this issue, the NAC report
acknowledged that it was a potential problem,
but noted that:

... Arianespace financing up to this point did
not present a big enough discount off the adver-
tised Arianespace price to affect significantly and
adversely NASA's marketing of the shuttle.

However, this could become a serious com-
petitive disadvantage in the future if prices
equalized. '4

In summation, current international launch
vehicle competition has been between govern-
ment-supported vehicles and has focused almost
exclusively on price. To date, sales have been
sought to ensure maximum use of the Ariane and
the Shuttle and there has been little opportunity
for profit taking.”In this environment, the suc-
cessful entry of commercial, nongovernment-
supported launch vehicles seems unlikely.

Effects of Competition

Foreign launch vehicles can reduce the de-
mand for U.S. Government and private sector
launch vehicles in two important ways: 1) by fly-
ing their own and regional payloads, and 2) by
marketing their services internationally. Reduc-
tions in demand caused by the former will be dif-
ficult, if not impossible, to offset by altering pres-
ent U.S. practices or policies. Other govern-
ments willing to expend the human and econom-
ic resources to develop their own launch capa-
bilities can, of course, work toward satisfying all
of their indigenous launch needs and may cap-
ture some portion of the overall world demand
for space transportation services. However, the
resulting losses to the United States are likely to
be small, because the vast majority of nations will
continue to be launch service consumers rather
than producers.

74|bid.
7SArianespace claims that in 1985 it made a profit on its com-

mercial launch activities. See Space Commerce Bulletin, vol. 11, No.
1, Jan. 18, 1985, p. 3.

There is substantial difference of opinion re-
garding the effect that the marketing of foreign
launch systems may have on U.S. space trans-
portation services. Under these circumstances,
perhaps the most useful approach is to lay out
possible effects that international competition in
space transportation may have, with a view to
setting boundary conditions for an appropriate
policy response. Possible effects are:

. Reduced demand for the Shuttle: A substan-
tial reduction in demand would occur only
if an international provider were to offer
equivalent services to users at significantly
lower prices. Now it is already the case that
the prices charged to users do not recover
the Shuttle’s operating and maintenance
(O&M) costs, and Rockwell International, the
manufacturer of the Shuttle, has argued that,
with only four orbiters and a low annual
flight rate, these costs probably cannot be
significantly reduced (fig. 5-9).” With Shut-
tle prices set to rise over the next few years
in order to more closely approximate aver-
age operating costs, there is every likelihood
that international providers may capture an
increasing share of the market for users
whose spacecraft do not require hum.. in-
tervention in orbit. However, this result, in
itself, is not a simple economic negative, for
the prices charged for an all-commercial
flight do not recoup the costs of making the
flight.

With these new facts in view, the Office
of Management and Budget (OMB) has
stated that the Shuttle’s primary goal is to
meet U.S. Government needs, not those of
foreign governments or the private sector.
Therefore, the price charged to non-U.S.
Government users should reflect the true
“additive costs” of flying them on the Shut-
tle and should serve to “minimize the over-
all cost to the Federal Government of meet-
ing its own needs.”” In a letter to NASA

’6‘‘Economic Co,,.is,, Shuttle-only Fleet vs. Shuttle/Com-

mercial ELV Mixed Fleet, ” Rockwell International Space Transpor-
tation & Systems Group, May 17, 1983.

77Letter from David A. Stockman, Director, OMB, to james M.
Beggs, NASA Administrator, June 14, 1982; See also C. Covault,
“Shuttle Fund Policy Stirs Concern at NASA,” Aviation Week and
Space Technology, Oct. 18, 1982.
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Annual CPF (1983 $M)

Figure 5-9.—Rockwell International Estimates
That the Shuttle is Most Economical Over ELVS
at High-Volume Operations
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SOURCE: “Economic Comparison: Shuttle-Only Fleet vs Shuttle/Commercial
ELV Mixed Fleet,” Rockwell International Space Transportation and
Systems Group, May 17, 1983.

Administrator James M. Beggs, OMB Direc-
tor David Stockman stated :78

. (T)he appropriate price for excess Shut-
tle launch capacity after 1985 would appear
to be one that:

+ Is the highest price at which sufficient
users will be available to utilize the excess
capacity of the Shuttle system after USG
[U.S. Government] user needs are met.

+ At least covers the additive costs of the
USG to operate the Shuttle system for non-
U.S. Government users.

- Does not in itself lead to the demand for
funding of additional capacity by the USG
(e.g., additional orbiters, ground support
systems).

According to OMB’S view, a reduction in
non-U.S. Government demand for Shuttle

781 bid .

services resulting from foreign competition
would require no policy change. Indeed, the
Stockman letter implies that if Shuttle launch
costs were to rise as a result of a reduction
in demand, then the price charged to non-
U.S. Government users should also be in-
creased.

On the other hand, it should be pointed
out that such a price increase might lead to
a further reduction in demand, thus setting
up a vicious cycle. In economic terms, this
result might make sense, but there is a po-
litical price to be paid, namely that the com-
mercial market may come to see the Shut-
tle as vehicle of last resort, rather than
vehicle of choice. [n that case, the Shuttle
might be perceived as increasingly irrelevant
to the commercial development of space.
Loss of revenue: A 1982 NASA report stated
that: “The present projection of capital lost
to Ariane is estimated to be approximately
$3 bhillion total through 1984, if every com-
patible U.S. customer used Ariane.”” There
is considerable question as to the signifi-
cance of this finding. It should be noted that
this is a potential loss of income, not a real
loss to NASA, since none of the “out-of-
pocket” costs associated with each addition-
al commercial flight would be incurred.
Therefore, the actual “loss” to NASA would
be limited to the amount of “revenue” which
would have been derived from each Shut-
tle launch and the potential costs of a less-
than-optimal use of the Shuttle fleet. Since
the cost of an additional Shuttle flight still ex-
ceeds the revenue produced by that flight,
the marginal value of additional flights is
debatable. In addition, there is no reason to
believe that Ariane will capture “every com-
patible customer.” Current Shuttle manifests
do not reflect an exodus to Ariane; it will
probably be the early 1990s before Ariane-
space can handle more than 10 flights per
year. Therefore loss of revenue does not
seem to be a major problem requiring im-
mediate policy attention.

SAnalysis of Policy Issues, NASA, August1982,p.78.
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Loss of technological leadership: A recent Na-
tional Academy of Public Administration re-
port warned that the loss of U.S. leadership
in space technology “would be felt acutely
on the economic front. ® The report com-
pared space to the electronics and commu-
nications fields where the United States once
held a dominant position and cautioned that
foreign competitors have “increased their
public expenditures for space programs in
recognition of the benefits of such endeavors
to the strengthening of their national econ-
omies.” Broadly taken, this is sound advice.
However, with specific reference to space
transportation it loses some of its urgency.
The Shuttle is, and will be for some time, the
most sophisticated and capable space vehi-
cle flying. Ariane, Shuttle’s main competitor,
challenges the Shuttle in only one important
area—the placement of satellites into geosta-
tionary orbit.

Loss of prestige: The perception that the
United States is first among space powers is
an important advantage, albeit difficult to de-
fine. The United States has had enormous
influence on the international application of
space technology. This is particularly true
with regard to satellite communications and
remote sensing, where the United States not
only developed most of the technology but
also played a major role in establishing the
institutions by which it was shared.

Some diminution of the world’s regard for
U.S. technological prowess is certain to oc-
cur as alternatives to U.S. launch vehicles
begin to appear. However, the United States
may offset such changes by taking a leader-
ship role in defining the organizational struc-
ture of the future space transportation indus-
try. Major questions regarding the roles that
governments and the private sector will play
in this industry, the need for international
regulation, and the usefulness of competi-
tion have yet to be answered. Space trans-
portation is an infant industry; the United
States, as its most important actor, still ex-
erts considerable influence. It is appropriate
that the United States exercise its leadership

ner consistent with long-term U.S. trade ob-
jectives.

Hindrance of private sector entry: The cur-
rent Shuttle pricing policy, not foreign com-
petition, is the most important barrier to U.S.
private sector entry. Though the private
firms—using current ELVs—should be able
to compete on technical grounds with Gov-
ernment-backed launch services, they are
not now financially competitive. Although
the price for a Shuttle launch will be raised
by NASA in 1985 and probably again in
1988, private operators may not be able to
keep current ELV production lines open.
Should the Air Force decide to purchase pri-
vate launch vehicles to complement the
Shuttle, the chosen company would be in
a good position for successful “commercial”
operation. Firms such as Starstruck and SS1,
which do not compete for the same class of
payloads as Ariane and the Shuttle, may not
be affected by Government pricing policies.”
Secondary effects (e.g., loss of satellite sales,
etc.): Although foreign competition may not
cause serious disruption of the Shuttle pro-
gram, it may have indirect effects on other
U.S. industries. A 1982 NASA policy report
cautioned:*

The loss of launch operations to foreign
competition can have important secondary
effects. Foreign candidates for launch services
are candidates for U.S. development of their
satellite and of any related ground stations.
When the direct effects are totaled, the esti-
mate of the direct losses to the U.S. econo-
my is very close to $4 billion over (a 12-year
period).

Although it is possible that Arianespace,
or some other foreign organization, might
eventually offer an attractive “package deal”
including both satellite and launch vehicle,
current buying practices do not indicate a
cause for concern. Recent examples of sat-
ellite double-booking on both the Shuttle
and Ariane and the successful entry of Japan
into the ground station market indicate that
price and product quality remain the primary
concern of the buyer.

81 |t should be noted, however, that Ariane and Shuttle can both
carry small payloads along with larger ones. Their prices for such
services could be substantially lower than the private operators

could afford to charge.
824nalysis of Policy Issues, op. cit.

to ensure that this industry matures in a man-

8Ffncouraging Business Ventures in Space Technologies, National
Academy of Public Administration, May 1983, p. 6.
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COOPERATION IN SPACE TRANSPORTATION

In the heyday of the Apollo program, President
Nixon in 1968 impaneled a Space Task Group
to develop future goals for the U.S. space pro-
gram, One of the recommendations of the Space
Task Group (STG) was that the United States:”

(U)se (its) space capability not only to extend
the benefits of space to the rest of the world, but
also to increase direct participation by the world
community in both manned and unmanned ex-
ploration and use of space.

More specifically, the STG advocated a national
commitment to what would eventually become
the Space Shuttle.” As conceived by the STG,
the Shuttle program would be an international
cooperative effort with possible European design
and construction of major subsystems. In 1970
and 1971, NASA discussed the possibility of a
European contribution to a variety of coopera-
tive ventures including the space transportation
system. While Shuttle design options were pro-
liferating and tradeoffs were being made inter-
nally among NASA, OMB, and Congress, NASA
tried to include the Europeans in the program.
However, in view of the difficulty of resolving
emerging conflicts within U.S. agencies, simul-
taneous negotiations with a multinational Euro-
pean group seemed out of the question.

To prevent the total exclusion of the Europeans
from Shuttle activities, NASA suggested that they
might develop the “space tug.” This potential
role was the subject of extensive discussions last-
ing almost 2 years. As the final design approach
to the Shuttle became fixed in the spring and
summer of 1972, the role of DOD in supporting
Shuttle development became more important.
When the Space Task Group had identified the
Shuttle as the next major technological develop-

®" The Post-Apollo Space Program: Directions for the Future, ”
Space Task Group Report to the President, September 1969, p. 10.

84The ‘{space shuttle” endorsed by the STG was a concept rather
than a specific design. It was merely one part of a set of space activ-
ities which included a space station, an integrated transportation
system and a vigorous program of advanced technology develop-
ment. The integrated transportation system included the basic shut-
tle, an orbital transfer vehicle, and a reusable nuclear stage for larger,
manned systems and for follow-on lunar or planetary missions. All
of these systems were to satisfy three basic characteristics— "corn-
monality, reusability, and economy. "

ment in space, DOD had not been an enthusi-
astic supporter. It was only with the aid of pol-
icy guidance from the President (i. e., that the
Shuttle was a “national” system that would serve
both DOD and civilian payloads) that DOD re-
guirements were brought into the design proc-
ess. Although NASA had primary responsibility
for Shuttle development, the President decided
that for political and economic reasons visible
DOD interest and contribution to the Shuttle
would be desirable.

DOD involvement in Shuttle design resulted in
a further reduction of the European role. Some
DOD missions would require the addition of an
upper stage to place payloads into their desired
orbits. The European space tug was originally in-
tended to serve this function. But, because of the
sensitive nature of certain of these payloads,
DOD decided to take responsibility for the up-
per stage development. As a result, the United
States discouraged European development of a
tug and urged them to redirect their efforts
toward what was to become the Spacelab.

Thus, in 2 years, the United States went from
its initial encouragement of substantial interna-
tional cooperation in space transportation system
development to a position in which only payloads
were being discussed. This change in position left
segments of the European space community sus-
picious of U.S. intentions and disturbed by its
peremptory behavior.

Against this background, future cooperative ac-
tivities in space transportation must overcome
major economic and political hurdles. First, the
military security sensitivities which prevented the
Europeans from building the space tug still exist
and would presumably inhibit other types of
cooperation. Second, both Europe and Japan
foresee possible constraints on their full devel-
opment of competitive commercial spacecraft
and services (e.g., communication and remote-
sensing satellites) if they do not also have con-
trol of an independent launch capability for such
spacecraft. Both Europe and Japan have active
aerospace industries increasingly capable of com-
peting in the world markets. Finally, the Euro-
peans are particularly sensitive to the prospect
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that any cooperative launching enterprise with
the United States would depend on budget sup-
port that cannot be guaranteed.

The ability to reduce costs significantly is one
reason why nations might wish to cooperate on
the development and/or operation of launch ve-
hicles. It is expensive to develop and maintain
an efficient, low-failure-rate launching service to
geostationary orbit. Subsidized and inefficient
launch vehicles may keep aerospace employ-
ment high and help to support production costs,
but are a drain on the economy.

Despite the pull of potential cost savings, the
future of cooperative space transportation re-
search will be further limited if the private sec-
tor can successfully offer launch services. inter-
national cooperation would most certainly
involve government activities that would provide
competition to private firms. It is unlikely that the
United States will find reason to engage in inter-
national development programs in space trans-
portation.

The U.S./Japanese agreements of 1969, 1975,
and 1980 provide a different example of inter-
national cooperation.” Under these agreements
the United States allowed U.S. firms to provide
the Japanese Government—or firms working un-
der contract to the Japanese Government—with
launch vehicle equipment and technology. Al-
though the individual agreements differ slightly,
taken as a whole, Japan agreed: 1) to use the tech-
nology for peaceful purposes, 2) not to transfer
the technology to third countries, 3) to use the
technology exclusively for the launch of satellites
for the Japanese National Space Development
Agency, and 4) not to launch projects for third
countries. As a result of these agreements, U.S.
firms have played and will continue to play an
important role in Japanese launch vehicle tech-
nology (see table 5-4). This type of cooperation
might be used successfully as other nations begin
to develop indigenous launch vehicles.

855ee generally, “Space Cooperation: Agreement Between the
United States of America and Japan, ” July 31, 1969, T. |.A.S. 6735.

CURRENT POLICIES

As a corollary to the development of the Shut-
tle, NASA had planned to phase down and even-
tually terminate ELV programs; this plan was en-
dorsed in the President’s July 4, 1982, policy
statement. “ As a result of early Shuttle successes,
NASA declined to order new Delta or Atlas-Cen-
taur vehicles after 1982. Early in 1983, the De-
partment of Defense also announced that it was
stopping production of the Titan vehicle.*

When it appeared that NASA and DOD would
no longer fund ELV procurement, several private
firms expressed interest in providing this service
on a commercial basis. They encouraged the

ssWhite House Fact Sheet: National SpacePolicy,July4,1982.

87The DOD decision to launch all payloads on the Shuttle is be-
ing reconsidered. The Air Force recently asked Congress to approve
procurement of 10 upgraded Titan or Atlas-Centaur vehicles to be
launched two each year for 5 years. Although claiming strongly
to support the Shuttle, the Air Force has stated that ELVs are neces-
sary to provide “assured access to space. ” See: Aviation Week and
Space Technology: Mar. 5, 1984, p. 19; Apr. 16, 1984, p. 17; Apr.
30, 1984, p. 25; Aerospace Daily, Mar. 23, 1984, p. 129; Defense
Daily, Feb. 28, 1984, p. 317.

White House to develop a policy in support of
their efforts. On May 16, 1983, the Reagan Ad-
ministration announced that “the U.S. Govern-
ment fully endorses and will facilitate commer-
cial operations of Expendable Launch Vehicles
(ELVS) by the U.S. private sector.” One of the
basic goals of the President’'s ELV policy was to
“ensure a flexible and robust U.S. launch pos-
ture to maintain space transportation leadership.”
Although not cited as one of its major goals, the
President’s statement did observe that: “Each
commercial launch conducted in the United
States, rather than by foreign competitors, would
strengthen our economy and improve our inter-
national balance of payments. ”

The ELV policy further emphasized that the
Shuttle is the “primary launch vehicle for the U.S.
Government” and that it would also continue to
be available for domestic and foreign commer-
cial users. NASA has interpreted this to mean that
the Government will not only take care of its own
needs, but also participate actively as a compet-
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Table 5-4.—Companies That Contribute to Manufacturing Japanese Launch Vehicies
(U.S. corporations are given in parentheses)

Vehicle
Covered work N-1 N-11 H-1
Vehicle integration . . .. ................... MHI (M DC) MHI (MDC) MHI
First stage:
Airframe . ... ... MHI (MDC) MHI (MDC) MHI (MDC)
Mainengine .............c.. ... MH1/IHI (RIC) MH1/IHI(RIC) MHUIHI(RIC)
Vernier engine , ..., . ... ... IHI (RIC) IHI (RIC) IHI (RIC)
Strap-on booster . ............. .. ... NM (TC) NM (TC) NM (TC)
Second stage:
Airframe , . ... .. MHI (MDC) MHI (MDC) MHI
Engine........... . MHI (RIC) IHI (ATC) MHI, [HI
Reaction control system . ............... IHI (TRW) IHI (ATC) IHI (TRW)
Third stage:
Airframe .. ... . MHI(MDC) MHI(MDC) MH\NM
MOtOr . .o NM(TC) NM(TC) NM
Satellite fairing . . . ....... ... . ... MHI(MDC) MHI(MDC) MHI(MDC)
Onboard equipment:
Guidance and control equipment . . ....... NEC(HONEYWELL~ JAE,MHI MHI(MDC) JAE, NEC, MH~MPC, MSS
(MDC)
First/third-stage telemeter . . . ............ MELCO MELCO MELCO
Command destruct receiver . .. .......... NEC(MMAE) NEC(MMAE) NEC(MMAE)
Second-stage telemeter and
pulse transponder.. . . ................ NEC(MMAE) NEC(MMAE) NEC
Abbreviations:

ATC:Aeroject TechSystems Co.

HONEYWELL: Honeywell Inc.

{HI: Ishikawajima-Harima Heavy Industries Co. Ltd.

JAE: Japan Aviation Electronics Industries Co. Ltd.
MDC: McDonnell Douglas Corp.

MELCO: Mitsubishi Electric Corp.

MHLI: Mitsubishi Heavy Industries, Ltd.

MMAE: Motorola Military and Aerospace Electronics Inc.

MPC: Mitsubishi Precision Co. Ltd.
MSS: Mitsubishi Space Software Co. Ltd.
NEC: NEC Corp.

NM: Nissan Motor Co. Ltd.

RIC: Rockwell International Corp.

TRW: TRW Inc.

TC: Thiokol Corp.

NOTE: Names of overseas companies given in parentheses are firms from which NASDA'S contractors get cooperation in the manufacture by means of technical assistance,

production licenses, or hardware supply.
SOURCE: National Space Development Agency.

itor in the overall launch market. The President’s
policy encourages “free market competition
among the various systems and concepts within
the U.S. private sector,” yet the policy fails to rec-
ognize that the Government-owned Shuttle is one
of the main competitors for private sector ELV ac-
tivities. Therefore, “free market competition” be-
tween private ELV suppliers may be meaningless
if ELVs are noncompetitive vis-a-vis the Shuttle.

Notwithstanding its support for ELVS, the poli-
cy stated that the price for Shuttle flights “will
be maintained in accordance with the currently
established NASA pricing policies” through 1988.
After this time, “ . . . itis the U.S. Government’s
intent to establish a full cost recovery policy for
commercial and foreign STS flight operations. ”
If the price of a Shuttle launch were increased
before 1988 to reflect actual costs, including de-
preciation, current ELVs might have a better
chance of competing for a share of the commer-
cial market. Such a price increase might be dam-

aging to Shuttle-related commercial activities such
as privately developed upper stages and various
MPS-related activities.

his unclear what effect such an increase would
have on the demand for Ariane launches. It is
possible that an increase in Shuttle prices would
drive some customers to U.S. ELVs or to Ariane,

If, as has been suggested by some analysts, the
Ariane price was chosen to be competitive with
the Shuttle, an increase in Shuttle price might re-
sult in a like increase in the price of an Ariane.
In any case, since “full cost recovery” will not
be the Shuttle pricing policy until 1988, it is un-
certain whether the Titan, Atlas-Centaur, and Del-
ta launch vehicles will be able to sustain launch
activity to see them through to this time. There-
fore, commercial U.S. ELVS may not be an im-
portant participant in the global competition for
launch services.
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FUTURE POLICY OPTIONS

The United States does not lack the “means”
by which to engage in successful private or gov-
ernment-supported international competition in
space transportation; what it lacks is a national
consensus concerning the “ends” of such com-
petition. The development of foreign space trans-
portation systems has caused considerable—and
often unwarranted—concern in the United States.
It is true that foreign competition will reduce the
demand for Shuttle launches and for private ELVS;
whether this requires an immediate policy re-
sponse depends entirely on the constraints that
the Government imposes on NASA and the in-
centives it offers the private sector. The follow-
ing discussion analyzes several different policy
options that have been proposed for the U.S.
space transportation system.

Option 1:
Use the Shuttle primarily for launching
Government payloads

Should the U.S. Government compete in the
international launch service market? The United
States could adopt the policy that the primary role
of the Shuttle is to launch U.S. Government pay-
loads. Such a position might rest on the ideolog-
ical conviction that, except in rare instances, the
Government should not undertake activities that
compete with the private sector. Alternatively,
since commercial payloads launched on the Shut-
tle involve some degree of Government subsidy,
such a policy might flow from a desire to reduce
the cost to the taxpayer of operating the space
program. OMB has indicated its support for such
a policy :*

Generally speaking, when circumstances jus-
tify the funding and management of an opera-
tional system by the U.S. Government that is also
sought by nongovernment entities, the U.S. Gov-
ernment should limit its role to making available
system capacities which exceed its own needs.

Under the OMB approach, NASA would not
regard itself as being in competition with foreign
or domestic launch services. To the extent that

88Stockman Letter, Op. cit.

excess capacity existed, it would be sold “so as
to minimize the overall cost to the federal gov-
ernment of meeting its own needs in the long
run.” The existence of foreign and private U.S.
vehicles would be important only insofar as they
affected the price at which this excess capacity
could be sold. OMB suggested that an appropri-
ate price would be “the highest price at which
sufficient users will be available to utilize the ex-
cess capacity.” Limited competition from foreign
and private U.S. suppliers would allow NASA to
charge a high price for launch services; aggressive
competition would limit the price that NASA
could charge and still sell all of its excess capacity.

Under a policy of noncompetition, an increase
in Government launch activities could significant-
ly reduce commercial Shuttle operations. For ex-
ample, the decision to build a space station or
to increase military activities in space might limit
the space available on the Shuttle for commer-
cial launches. OMB suggested that the Shuttle
price should not “in itself lead to the demand for
funding of additional capacity by the U.S. Gov-
ernment.” This would indicate that, with a very
limited capacity, NASA would discourage com-
mercial Shuttle use by charging higher prices. The
OMB position does not consider the possibility
that an increased Shuttle flight rate might increase
efficiency and reduce costs for all users.

To summarize, a policy that restricted the Shut-
tle primarily to Government payloads would like-
ly have the following results:

eliminate NASA as a major supplier of com-
mercial launch services;

reduce the likelihood that additional orbiters
will be needed in this decade;

increase the likelihood that the U.S. private
sector could make an early and successful
entry into the launch service market;
potentially reduce the cost of operating the
overall Shuttle program by requiring fewer
flights; and

increase the demand for, and potential com-
mercial success of, the Ariane launch
vehicle.
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Option 2:
Capture a high percentage of commercial
launches with the Shuttle

This would appear to be the current U.S. pol-
icy. Two reasons are often stated for a strong U.S.
competitive posture: to maintain its leadership
role in the development and application of space
technology, and to ensure foreign technical and
financial support for future U.S. space activities.
In addition, being regarded as first among the
Free World space powers carries important inter-
national political and psychological advantages.

A recent NASA Advisory Council report on the
Shuttle found that:*

The overwhelming positive appeal of the Shut-
tle lies in current NASA pricing policy, designed
to make the Shuttle competitive to currently
available expendable boosters. Commercial suc-
cess of STS hinges on continuation of this
margin.

In accordance with the Council's report, a pol-
icy decision has been made to pursue interna-
tional launch opportunities aggressively. This
decision entails a commitment to continue the
current practice of subsidizing the Shuttle’s com-
mercial payloads, as well as a requirement that
greater attention be paid to Shuttle marketing.
The NASA Advisory Council report stated:

There was general agreement in the Task
Force that an intensive high level marketing ef-
fort on behalf of Shuttle utilization is warranted.
In this context, marketing means to develop and
implement a broad scale and long range plan
to involve increasing numbers of users in the ex-
ploration of the STS capabilities. It thus involves
market analysis, planning, advertising, customer
service, financing, and insurance, to name a few
areas. It must be a high level, strongly led effort,
with the active participation of NASA top man-
agement to the Administrator level.

The NASA Advisory Council report identified
“the emergence of increased competition” as
one of the primary reasons for pursuing a bold
marketing strategy.

89Study of Effective Shuttle Utilization, * report of the NASA Advi-
sory Council Task Force, Nov. 17, 1983.

To summarize, current policy encouraging the
Shuttle to capture a high percentage of commer-
cial launches, will likely have the following
results:

+ increase the demand for Shuttle services;

+ create a need for additional orbiters in this
decade;

+ potentially increase the cost of operating the
overall Shuttle program;”

+ decrease the likelihood that the U.S. private
sector could make an early and successful
entry into the launch services market; and

*+ reduce the demand for, and the potential for
commercial success of, the Ariane launch
vehicle.

Option 3:
Encourage private launch activities

When the National Aeronautics and Space Act
was written in 1958, it was assumed that the Gov-
ernment would be the prime launch authority.
The NAS Act stated:”

The Congress further declares that such (aer-
onautical and space) activities shall be the re-
sponsibility of, and shall be directed by, a civil-
ian agency (NASA) exercising control over aer-
onautical and space activities sponsored by the
United States.”

The NAS Act refers to the private sector as po-
tential NASA contractors but does not mention
their independent participation in space activi-
ties.” It may be assumed from the historic U.S.
dependence on a private sector economy that
expectations of private launch services were im-
plicit in U.S. space policy, subject only to satis-
fying the applicable health and safety regulations.
More recently, statements of national space pol-
icy by both the Carter and Reagan Administra-
tions have highlighted the importance of private
sector space activities. For example, President
Reagan’s Statement on Space Policy of July 4,
1982, declared:

gosome analysts believe that an increase in Shuttle flights will,

through a combination of learning curve efficiencies and economies
of scale, actually reduce the cost of operating the Shuttle.
s1National Aeronautics and Space Act of 1958, sec. 102(b), 42
U.S.C. 2451,
92|bid., sec. 203(5).
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The U.S. Government will provide a climate
conducive to expand private sector investment
and involvement in space activities . . .

Can the U.S. private sector, encouraged by the
U.S. Government, be competitive with foreign,
government-supported launch systems? This is a
point on which there is significant disagreement
both in the U.S. Congress and in the private sec-
tor. In the U.S. air transportation industry, how-
ever, private U.S. firms have successfully com-
peted with foreign government-owned, often
subsidized, firms. Private U.S. firms, using cur-
rent ELV technology, could probably compete suc-
cessfully against foreign launch vehicles such as
the Ariane.

It is uncertain whether U.S. firms will be able
to compete against both foreign ELVs and the
U.S. Government’s Shuttle. A decision to support
private launch activities aggressively would most
certainly require either limiting the number of
commercial payloads carried on the Shuttle or rais-
ing the Shuttle launch price. On this subject, the
NASA Advisory Council report stated:*

The potential for the successful privatization
of ELVs was considered fairly low by the Task
Force. It seems probable that following divesti-
ture by NASA of an ELV to an entrepreneurial
company, that company would exert every ef-
fort to cause the Shuttle pricing to be revised up-
ward in order to make the ELV more competi-
tive. This would run counter to the Shuttle
pricing policy and its objectives.

It is possible to argue by analogy to the postal
service that the Government and the private sec-
tor might coexist as launch service providers. The
majority of the mail in the United States, by law,
can be handled only by the U.S. Postal Service;
however, private firms are allowed to provide nu-
merous specialty services. If NASA continues to
pursue commercial payloads aggressively, it is
conceivable that some private sector firms might
be able to market expendable launch vehicles to
customers who needed unique services such as
rapid launches or payload delivery to non-Shuttle
orbits. It is doubtful, however, that the near-term
demand for such “specialty services” will be suf-
ficient to sustain even a single private firm.

93/Study of Effective Shuttle Utilization, " op. cit.

At present, the United States is attempting to
pursue policies that simultaneously seek to en-
courage the entry of the private sector into the
launch services market and to maximize the use
of the Shuttle for commercial launches. If the de-
mand for launch services were to increase dramat-
ically, it might be possible to maintain both posi-
tions; since this is unlikely in this decade, the
United States must choose which of these two
courses it intends to follow.

To summarize, a policy that encouraged the
participation of the Private sector with expenda-
ble launch vehicles would likely have the follow-
ing results:

® encourage the formation of an internation-
ally competitive U.S. space transportation in-
dustry;

+ reduce NASA'’s role in space transportation
and the demand for Shuttle launches;

+ reduce the likelihood that additional orbiters
will be needed in this decade;

+ potentially reduce the cost of operating the
Shuttle program; and

+ increase the demand for, and the potential
commercial success of, the Ariane launch
vehicle.

Option 4.
Use the Shuttle to meet all current and
future U.S. space objectives

The Shuttle is not “just another launch vehi-
cle.” It is a unique tool for conducting manned
activities in space that until now were not possi-
ble. It is also a technology in which this Nation
has invested over $15 billion. The NASA Advi-
sory Council recently expressed their concern
that the U.S. commitment to the Shuttle might
be wavering:*

We sensed a great pressure within the govern-
ment to find some way to make the STS “pay
its way” . .. We are concerned that preoccupa-
tion with this thrust may distort our national
priorities in space. In our view the Shuttle is a
great national asset in its own right, and is essen-
tial to pursuit of civil and military objectives in
space.

%1bid.



Ch. 5—Space Transportation .143

It is possible to conceive of a space transpor-
tation policy built around the expansion of space
activities through the Shuttle, Having recently
made the decision to encourage Shuttle-related
commercial activities, to build a space station,
and to use the Shuttle for military space activi-
ties, this Nation has already made a substantial
commitment to Shuttle operations. It is reason-
able to argue, as NASA has often done, that com-
mercial space operation should be coordinated
S0 as to contribute to overall national space goals,
including in this case the success of the Shuttle
program. If current Shuttle-use policies were
combined with a more vigorous attempt to enlist
commercial communication satellites (perhaps at
the expense of developing a reusable orbital
transfer vehicle for payload delivery to geosta-
tionary orbit) and an increased level of effort (and
of expenditure) for scientific and new commer-
cial payloads such as materials processing, Shuttle
utilization might remain the most important single
element in future space policy decisions.

Under such a policy NASA would not be lim-
ited to flying Government payloads, since it
would be desirable to direct the energies of the
private sector into Shuttle-related activities. How-
ever, capturing a large number of communica-
tion satellite launches with the Shuttle would not
be the only purpose of such a policy; it would
also require a commitment to NASA programs
and research activities that would create new
sources of demand for Shuttle services. Such a
policy would rest on the belief that, if the bene-
fits of “space industrialization” are to be realized,
the Shuttle, is indispensable.

Competing with foreign launch vehicles would
not be the primary reason for such a policy. Cap-
turing a large number of commercial payloads
might be useful if it created pressure to “Shuttle-
optimize” satellites and other cargo. Conceiv-
ably, a strong movement in this direction could,
as NASA had hoped in the past, render ELVs ob-
solete.

A policy that sought to maximize Shuttle use
would have to overcome a number of important
domestic and international barriers. Domestically,
there is considerable support for a policy to en-
courage a private ELV industry. There are some
compelling arguments in support of this position.
There is also substantial national interest in re-
ducing the Federal deficit and, therefore, Gov-
ernment expenditure; this includes expenditures
for the space program. Though NASA argues that
revenue from commerical flights will eventually
reduce the cost of operating the Shuttle, critics
charge that, for the foreseeable future, such activ-
ities only add to the cost of the space program.

Even though the Shuttle is technologically su-
perior to the Ariane and other potential foreign
competitors, as long as these competitors can
launch payloads at a price that bears a reason-
able relationship to the cost, they will continue
to do so. For this reason, it is unlikely that for-
eign equipment manufacturers will “Shuttle-op-
timize” future satellites and other space cargo;
likewise, U.S. equipment manufacturers are un-
likely to build “Shuttle-only” equipment as long
as the space transportation market includes both
the Shuttle and ELVS.

To summarize, a policy that encouraged the
maximum use of the Shuttle for all types of mis-
sions would likely have the following results:

+ increase the likelihood that the Shuttle will
play a major role in the successful exploita-
tion of outer space;

+ create a need for additional orbiters in this
decade;

+ decrease the likelihood that the U.S. private
sector could make a successful entry into the
launch service market;

+ greatly increase the cost of operating the
Shuttle program (as well as other NASA pro-
grams); and

+ reduce the demand for, and the potential
commercial success of, the Ariane launch
vehicle.



Chapter 6
SATELLITE COMMUNICATIONS

Contents
Page
Introduction . . . . . .. L e e e e 147
Space Policy and International Telecommunications Policy. . . . . . . . . . . . . . . ... .... 147
The international Satellite Communications Industry . . . . . . . . . . . . . . . .. ... ... .. 147
International Cooperation in Satellite Communications . . . . . . . . . . . . . . . .. .. . . 143
Policy ISSUES . . . . . . e 149
The Demand for International Satellite Communications . . . . . . . . . . . . . . .. 150
The International Satellite Communications Service Industry . . . . . . . . . . .. o 153
The Satellite Communications Equipment Industry . . . . . . . . . . . . . 161
Cooperation and Competition Issues in International Satellite Communications 1168
International Context of Satellte Communications . . . . . . . . . . . . . . . ... ... ... .. 168
U.S. Participation in International organizations Concerned With
TelecommuniCatioNS . . . . . . . . . e 169
Space WARC and the Issue of the Allotment of the Geostationary Orbit . . ... ...... 173
Assistance to Developing Countries . . . . . . . . . . .o e e e e 177
International Trade in Telecommunications SErVICES . . . ... . . .. it 180
International Trade in Satelite Communications Equipment . . . . . . . .. . ... ..... 188
The Advanced Communications Technologies Satellite Program . . . . . . . . . . .. ... ... 193
Policy OPLIONS . . . . . . 198
The Future of INTELSAT . . . . . . . e e e e e , 198
The Future of COMBAT . . . . . . . o e e e e 200
Satellites v. Fiber Optic Cables . . . . . . . . . . e JOo |
Access of U.S. Carriers to Foreign Markets . . . . . . . . . . .. . . . . . e 203
International Trade in Satellite Communications Equipment . . . . . . . . . . . . . . .. ... 205
Research and Development Subsidies ., . . e e s 206
Participation in the International Telecommunication Union . . . . . . . . . . . . . .. ... ... 207
Assistance to Less Developed Countries. . . . . . . . . . . . e .. 208
SYNthESIS . . . . e e e 210

Appendix 6A.—Additional Analysis of the Satellite Communications Service Industry .. 210

Demand for International Satellite Communications: Factors Influencing Its Growth
and Scenarios for the 1990S . . . . . . . . . . . 210
The Regulatory Regime in International Satellite Communications . ............... 220



Appendix 6B: The Communications Satellite Equipment Market. . .................. 226

INtrOdUCTION . . . o e 226

Satellite Markets . . . . . . .. .. e e 226

Satellite Suppliers . . 2 ¥ 4

International Competrtrve Factors |n the Wodd Satellrte Market e ,238

Earth Station Equipment Suppliers . ... .. . . . . e s 238
Appendix 6C: INTELSAT and INMARSAT Members: Signatories and

Investment Shares . . . .. e 244
Appendix 6D:Article XIV and Other Excerpts From the INTELSAT Agreement

Relating to Space Segment “Facilitie separate From INTELSAT” . ................ 247

List of Tables

Table No. Page
6-1. U.S. International Telephone and Telegraph Service Revenues, 1972-85........ 151
6-2 U.S. International Common Carrier Telecommunications Traffic by

World Region, 1982 . . R 1> |
6-3, Scenarios for Satellrte Communrcatrons Demand in the 19903 S (%1
6-4, U.S. Telecommunications Firms Providing International Satellite

CoOmMMUNICAtIONS SEIVICES . . o v v ottt et e e e e e e, 156
6-5. Members of INTELSAT: The Major Non-U.S. Telecommunications Providersof

International Satellite Communications Services. . ................ccutt 159
6-6. U.S. Market Share of Commercial Satellite Prime Contracts . ................. 162
6-7. Prime Contractors for Commercial Communications Satellites . ............... 164

6-8. Earth Station Market Shares, By Country of Supplier For the Period 1965-82....165
6-9. U.S. international Telephone and Telegraph Equipment Trade, 1978-85........ 189

6A-1. U.S.-Europe Telecommunications Forecast~ 1985-95 ............c..cccee. 211
6A-2. Representative Transatlantic Facilities Plans for U.S.-Europe Telecommunications,
1985-95 . C e 212
6A-3. Satellite Share of |nternat|onal Communrcatrons Capacrty CEPT Master PIan
Projections . . . . v 213
66-1. international Communrcatrons and D|rect Broadcast Satellrte Serres ............ 228
66-2. Estimated New and Replacement Communications Satellites
Scheduled for Launch During 1984-2000 . ...... ... ...ttt 236
68-3. INTELSAT VI: Subcontracts Let by the Prime Contractor Hughes Aircraft . ...... 237
66-4. Satellite Earth Station Market Forecast . . . . . . . . . ...238
6B-5. INTELSAT Earth Station Standards . . .......... ... . . it ,.239
66-6. Major Worldwide Suppliers of Satellite Earth Stations ., . ..o 239
66-7. Major Satellite Earth Station Suppliers-Company Profiles, . ...............241
6B-8. NEC Satellite Earth Station Orders as of June 1984 . ..........ccocoienen. 243
List of Figures
Figure No. Page
6-1. Texas Instruments’ Worldwide Data Communications Network . .............. 157
6-2. Texas Instruments’ information Network Concept e 158
6-3. Radio Signal Attenuation . . . .. S ¥
6A-1. Cost of Satellite vs. Cable Transmrssron Conceptual Dragram e 214
6B-l. Estimated Worldwide Investment in Commercial Communications Satellites,
1965-85 . . vy 227
6B-2. Estimated Worldwrde |nvestment uncommercral Communrcatrons Satellrtes
1985-89 . - ... 233
6B-3. Locations of Commercral Communrcatrons Satellrtes in Geosynchronous Orbrt
as of June 25, 1984 . C ....234
6B-4. Locations of Commercral Communrcatrons Satellrtes |n Geosynchronous Orbrt
Planned for as of june 25, 1984 . . . . ... ... . . . . . e 235
6B-5. Typical Ground Station Costs for Differing Antenna Sizes ...............,..240

613-6. INTELSAT Satellite Earth Station Suppliers . . . . . . . . i, 243



Chapter 6

SATELLITE COMMUNICATIONS

INTRODUCTION

Space Policy and International
Telecommunications Policy

Satellite communications is the only substan-
tial commercial exploitation of space. As com-
munication satellites came into commercial use,
many people concerned with international sat-
ellite communications policy assumed that most
of the important issues in the satellite arena could
be analyzed apart from the regulatory issues of
the wider telecommunications industry. The pol-
icy they made, embodied initially in the Commu-
nications Satellite Act of 1962 and the INTELSAT
Agreement of 1973, evolved with its own mo-
mentum, its own objectives, and its own “space”
constituencies. The Federal Communications
Commission (FCC) then molded the regulatory
framework to accommodate the policy frame-
work.

Recently, the regulatory framework that the
FCC put in place to reconcile U.S. international
satellite communications policy with commercial
reality has come u rider new challenge in a num-
ber of different contexts and must adapt in fun-
damental ways. Technological, economical, and
regulatory changes have resulted in a situation
where almost no aspect of international satellite
communications can any longer be analyzed
apart from the international telecommunications
industry—terrestrial and satellite—as a whole. At
the same time, most of the major issues in inter-
national satellite communications have also be-
come issues of telecommunications regulation
rather than space policy.

International competition in satellite commu-
nications equipment has also taken on a new di-
mension now that the U.S. market has opened
up because of domestic deregulation. Foreign
suppliers, who had hitherto largely sold in pro-
tected markets or according to the allocation for-
mulas of international agencies, are free to sell
in the United States, but U.S. suppliers are seri-
ously restricted in Europe and Japan.

The International Satellite
Communications Industry

These shifts in policy emphasis are taking place
at a time when satellites provide the dominant
transmission technology in international telecom-
munications. Approximately two-thirds of trans-
oceanic international telecommunications now
pass through satellites; the remainder is carried
via undersea cables.' The information transmitted
includes not only telephone conversations, telex
messages, and television programs, but increas-
ing amounts of computer-processed data. In the
future, videoconferencing may become a large
service. Multinational corporations now send
large quantities of data around the world within
private line networks. In the general international
economy, the exchange of goods and services
among nations is paralleled by streams of related
information and electronic financial transfers.

More and more, the same firms that carry data
from one point to another also process the data.
This merger of two formerly separate activities—
telecommunications and data processing—al-
ready has led to substantial regulatory changes
in both the domestic and international telecom-
munications of the United States, a process that
is beginning to occur in several other countries
as well. The 1984 breakup of AT&T in an antitrust
consent decree is the most spectacular, but only
one, result of the pressure that technical changes
are placing on regulatory structures.’

Within the United States, several of the largest
U.S. corporations now offer both domestic and
international satellite communications services.
AT&T, Western Union, IBM, RCA, ITT, and GTE

! Departments of State and Commerce, “A White Paper on New
International Satellite Systems, " February 1985, p. 7.

2,.S. Congress, Office of Technology Assessment, Effects of /n-
formation Technology on Financial Services Systems, OTA-CIT-202

(Washington, DC:U.S.Government Printing Office, September
1984), ch. 6.
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are important examples. * Each of the three largest
communications satellite makers—Hughes, Ford,
and RCA—also offers, or is about to offer, satel-
lite communications services. In addition to these
firms, which offer services for sale, a number of
large U.S. firms, e.g., Citicorp and General
Electric, have sizable private communications
networks.

Abroad, the picture is much different: except
in a few countries, telecommunications is a gov-
ernment monopoly (the so-called “PTT” or post,
telegraph, and telephone entity).’Internationally,
the International Telecommunications Satellite

Organization (INTELSAT), a consortium with
more than 100 member countries, is the monop-
oly provider of intercontinental satellite facilities.*
INTELSAT was established under U.S. leadership
pursuant to the Communications Satellite Act of
1962, which also authorized the charter of the
Communications Satellite Corp. (COMSAT) as a
private company. COMSAT is a carriers’ carrier
(all U.S. carriers sending international satellite
communications via the INTELSAT system must
pay COMSAT's tariff) and represents the United
States in the INTELSAT Board of Governors. It
currently has an investment share in INTELSAT
of 23 percent. Other countries are typically rep-
resented on the INTELSAT Board of Governors
by their PTTs.

Both INTELSAT and the PTTs in the industrial
countries are beginning to feel pressures for in-
creased openness to competition—pressures from

*Several of these firms use their own satellite systems for domestic
satellite services; the others lease transponders from satellite pro-
viders. For reasons discussed below, virtually all International sat-
ellite communications are sent via leased transponders.

IThe divestiture decisions contained in the AT&T consent decree
are, of course, just one of the possible ways in which industry struc-
tures could be reformed to take account of the new technological
realities. Other countries, notably the United Kingdom, Japan, and
France, responding to these same technological realities by alter-
ing industry structures in other ways.

Some traffic is now or will shortly be carried on regional sys-
tems in the Western Hemisphere, Southeast Asia, Europe, and the
Middle East, on INTERSPUTNIK, a Communist bloc satellite sys-
tem, and on INMARSAT, an international system for marine com-
munications. The Western Hemisphere regional system is often
omitted from the list of regional systems, perhaps because it is made
up of unrelated private carriers rather than operated by an inter-
governmental organization, and is usually referred to as “‘transbord-
er services. " Currently, U.S. domestic satellite operators are au-
thorized to carry international traffic to Canada, Mexico, Bermuda,
and many locations in the Caribbean.

the continued growth of demand for telecommu-
nications services, from the new information and
telecommunications technologies, and from the
new competitors in the U.S. markets They fear
that unilateral moves by the United States will
cause changes in the current international regu-
latory regime that will make them change valued
modes of operation and, in the case of INTELSAT,
threaten its economic viability.” At the same time,
some developing countries are demanding changes
in the ways in which the international commu-
nity assigns the radio frequencies and geosyn-
chronous orbital positions.

International Cooperation in
Satellite Communications

The United States cooperates extensively in in-
ternational satellite communications and, in ad-
dition to its membership in INTELSAT, partici-
pates in several other international organizations
concerned with it. U.S. concerns in these coop-
erative processes are not only related to the wel-
fare of U.S. producers and consumers of telecom-
munications services and equipment. They also
are concerned with linkages to wider foreign pol-
icy concerns—e.g., relations with other industri-
al countries and with the developing world, glo-
bal national security communications capabilities,
the effectiveness of international institutions, and
the general international trading system.

SEliM. Noam, “Telecommunications Policy on the Two Sides Of
the Atlantic: Divergence and Outlook, " Columbia University, Re-
search Program in Telecommunications and Information Policy,
New York, Aug. 15, 1984. See also testimony and statements in
“international Satellite Issues,” U.S. Congress, House Committee
on Energy and Commerce, Subcommittee on Telecommunications,
Consumer Protection, and Finance, Hearings, June 13, July 25 and
26, 1984, Washington, DC, 1985,

6We use the term “international regulatory regime” (Or “inter-
national communications regime”) broadly to include all govern-
mental and intergovernmental actions affecting the operations of
the international communications carriers. These include treaties
and other formal and informal intergovernmental agreements in
the area of telecommunications, other elements of international
law affecting telecommunications, the actions of international orga-
nizations such as the ITU or INTELSAT, and the actions of national
governments that affect the international telecommunications in-
dustry.
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Policy Issues

These pressures for change pose issues for U.S.
international communications policy that involve
both international competition and international
cooperation. Important current policy issues of
relevance to international satellite communica-
tions are mentioned below.

Competition for INTELSAT

Should the United States attempt to foster great-
er competition in the provision of international
satellite communications facilities? If so, would
the United States serve this objective, and wider
U.S. foreign policy concerns, by allowing private
U.S. firms to construct satellite facilities for use
in whichever country markets they can gain en-
try, in possible competition with INTELSAT?

Competition for COMSAT

Should other U.S. telecommunications carriers
be allowed access to INTELSAT on the same basis
as COMSAT? If COMSAT continues as the sole
U.S. investor in INTELSAT and as the sole U.S.
“wholesaler” of international satellite commu-
nications, should COMSAT be required to divest
itself of its other activities or could they be car-
ried out in separate subsidiaries, as at present,
with accounting controls to guard against its mo-
nopoly activities cross-subsidizing its competitive
ones?

Satellites v. Cables: Facilities Regulation

How will the international facilities regulation
of the FCC affect the future of satellite commu-
nications? The future distribution of traffic in in-
ternational communications between satellites
and undersea cables is partly dependent on the
cost and performance characteristics of the two
technologies, but it also depends on whether the
Government regulates investment in new satel-
lite and cable facilities and whether it mandates
the shares of the traffic that U.S. service carriers
must send over the two media. Should the cur-
rent regulatory regime be maintained or can com-
petition be relied on to determine investment in
long-distance international facilities in the same
manner that it does in the substantially deregu-

lated U.S. domestic telecommunications in-
dustry?

Access of U.S. Carriers to Foreign
Telecommunications Service Markets

Now that several dozen large U.S. corporations
are active in U.S. domestic satellite communica-
tions, as basic, enhanced, or private communi-
cations providers, how can the United States en-
deavor to assist them in gaining access to foreign
telecommunications service markets (principally
in the industrial countries)? Should the United
States adopt a demanding posture at the risk of
straining relationships with our principal trading
partners?

International Trade in Satellite
Communications Equipment

What additional action should the Government
take to try to assure fair international competi-
tion in both space- and ground-segment equip-
ment? Can foreign governments be persuaded to
end their PTTs’ discriminatory procurement pol-
icies by agreeing to apply the GATT agreement
on government procurement (or a similar prin-
ciple) to PIT procurement of telecommunications
equipment? Would reciprocity legislation help?
How disadvantaged are U.S. satellite communi-
cations equipment makers likely to be in the
availability of and interest rates charged for offi-
cial export finance for sales to less developed
countries? Would a new international agreement
help?

NASA Satellite R&D

How much should the Government spend on
research and development to help keep the U.S.
satellite manufacturing industry technologically
vital and ahead of potential foreign competitors?
In particular, is the NASA Advanced Communi-
cations Technologies Satellite (ACTS) program a
desirable program that the private sector is not
financially capable of mounting? Or should the
private sector be relied on to do its own R&D?
Should the U.S. Government match foreign ci-
vilian R&D programs in satellite communications
or would the ACTS program actually engender
greater foreign efforts to surmount U.S. domi-
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nance in communications satellites? Finally, how
much success is a government-conducted R&D
program likely to have in developing marketable
technology?

Space WARC

What should be the U.S. approach to cooper-
ation with other countries in international tele-
communications organizations? In particular,
how should the United States approach the in-
ternational Telecommunication Union’s (ITU)up-
coming World Administrative Radio Conferences
on space services (“Space WARC”), so as to pro-
tect U.S. access to the geosynchronous orbit and
the radio frequency spectrum? Should temporary
or permanent withdrawal from ITU’ (and other
international organizations concerned with sat-
ellite communications, such as the U.N. Com-
mittee on the Peaceful Uses of Outer Space
(COPUQS) be considered as active contingencies
in the wake of U.S. withdrawal from the U.N. Ed-
ucational, Scientific, and Cultural Organization

(UNESCO)?

Aid to Developing Countries

Should Congress attempt to direct more U.S.
development-assistance resources into telecom-
munications? Should the United States encourage
multilateral assistance to developing countries
through the World Bank or specialized interna-
tional telecommunications institutions, such as
INTELSAT (cross subsidies) and the ITU (devel-
opment assistance), or are bilateral programs,
such as those that might be carried out by the
U.S. Agency for International Development
(AID), more effective in achieving U.S. objectives?
Can mixed credit programs f~r buyers in devel-
oping countries assist U.S. telecommunications
exports?

The Demand for International
Satellite Communications

The Importance of the Demand Factor

The demand for satellite communications, its
size and rate of growth in this decade and in the

"Whether significant cross subsidies are created by INTELSAT pric-
ing is in dispute (see below).

1990s, will be one of the fundamental variables
affecting issues of importance to the United States
in international space and telecommunications
policy.” The prospect of high demand for satel-
lite communications over the North Atlantic
would make it easier for the United States and
other governments to allow the entry of private
satellite communications firms in competition
with INTELSAT. High demand for satellite com-
munications services would also result in higher
derived demand for space transportation services
and for satellite equipment and would affect in-
ternational competition in both areas. One effect
of high demand would not be favorable, how-
ever. High demand would tend to exacerbate any
situation of crowding in the geostationary orbit.’

Growth of International
Telecommunications as a Whole

U.S. international communications has been
growing rapidly since high-quality voice service
was inaugurated in transatlantic service via under-
sea cable in 1956. U.S. carriers’ international real
revenues grew at an annual average rate of ap-
proximately 13 percent during the 1972-84 period
(table 6-l). For 1985, the Department of Com-
merce projects a growth rate of 14 percent.

8Care should be taken with the concept of “demand for interna-
tional satellite communications, ” since satellite communications
and terrestrial communications are extremely close substitutes in
telephony and most other international volume applications. It
should probably be thought of as a demand derived from total in-
ternational telecommunications demand that is determined by the
institutional and regulatory structures of both cables and satellites
and also by the relatively small differences in the characteristics
of the services provided. The general conclusion that satellite and
cable transmission modes are close substitutes is not changed by
the existence of certain uses, such as point-to-point television or
certain high-speed interactive data communications, where the two
modes are not close substitutes. At present these uses are relatively
low-volume uses in international satellite communications.

°Crowding (or congestion) in the geostationary orbit is said to
occur when preferred or substitutable orbital slots in a desired fre-
quency band are not available to an applicant. This may be be-
cause they are occupied by another satellite or reserved for future
use by another user. Thus, the applicant experiences the economic
costs of changing desired services. Crowding can be local or can
occur in an entire region of the geostationary orbit, such as the
Western Hemisphere. Certain observers eschew the term as
misleading, since no physical crowding occurs, and the spacing
is fixed by regulatory decision. At 2 deg. orbital spacing, for instance,
satellites would be approximately 500 miles apart. The volume of
two-way communications that can be handled in a given slot also
depends on the technology in use by the satellite.



Ch. 6—Satellite Communications .151

Table 6.1 .—U.S. International Telephone and
Telegraph Service Revenues, 1972-85

International Growth
revenues rate’
Year (1972% millions) (percent)
1972 .. ... 663 -
1977 ..o 1,339 15.1 (1972-77)
1978 . . ... 1,607 5.7
1979 . ... 1,906 18.6
1980 . ... ... ... 2,082 9.2
1981 . ... ... 2,250 8.1
1982 . ... ... 2,325 3.3
1983 . ... ... 2,500 7.5
1984e . . ........... 2,800 12.0
Average twelve-year period . . ... ... ... 12.8 (1972-84)
1985p . ... 3,200 14.3

KEY; e = estimated; = projected.
aAVOrag(e.)é rnpOﬁnd growth rate calculated on the end points for indicated peri-

ods of over 1 year,

SOURCE: U.S. Department of Commerce, u.S. Industrial Outlook 1985, pp. 31-7,
31-9.

U.S. carriers expect rapid growth of interna-
tional communications to continue. In forecasts
prepared for a working group meeting in connec-
tion with the FCC'’s facilities planning process, the
U.S. international service carriers'® projected the
demand for U.S.-Europe common carrier com-
mu nications (including new services) to increase
at an average annual rate of 16.3 percent during

1011983, the major U.S. companies involved in the planning
process were AT&T, RCA, Western Union, GTE, MCI, and ITT and
COMSAT.

the period 1985-95. They foresee demand for ca-
pacity of 82,000 voice-equivalent circuits in
1995.11

Table 6-2 shows the distribution of two-way
telephone and telex services between the United
States and various world regions in 1982. In that
year, 86 percent of telephone and 80 percent of
telex minutes were transmitted along high-vol-
ume corridors to Europe, North Asia, and the
Americas.” Transatlantic traffic to Europe alone
accounted for about 50 percent of total minutes.

Demand Forecasts Subject
to Substantial Uncertainty

Forecasts of demand a decade ahead are, of
course, subject to wide forecast error, because
the assumptions regarding price, economic growth,
technology, market development, and consumer
response on which they are implicitly or expli-
citly based are themselves subject to great un-
certainty.

One assumption behind the U.S. carriers’ fore-
cast stands out as particularly uncertain-their

11 This growth rate refers to the forecast of November 1984. Table
6A-1 in app. 6A presents these November 1984 overall forecasts.
It also presents 1983 forecasts (which were significantly higher) by
carrier and by major destination country.

12Ngtincluding Canada and Mexico. These percentages are taken
from table 6-2.

Table 6-2. -U.S. International Common Carrier Telecommunications Traffic
by World Region (Voice and Telex), 1982°

Telex
(million (million
minutes) (percent) minutes) (percent)
Europe. ...l 1,003 49.7 152 45.2
North ASIa . ..ot 209 10.3 59 17.6
Americas®. . ...... ... 525 26.0 58 17.2
Subtotal ................. 1,737 86.0 269 80.0
NearEast., ................ 148 74 19 5.7
Other Asia/Pacific’. ......... 87 4.3 33 9.9
Africa..................... 46 2.3 14 4.3
Total ... 2,019 100.0 336 100.0

al_ l.ds only telephone and telex traffic. In addition to telex, which was reported by region and by minutes and which ac-
counted for 70 percent of.their revenues, the (former) international record carriers derived 30 percent of their revenues from

teleqraph messages and private lines.

Japan, Republic of Korea, China, Hong Kong, Taiwan, Philippines.
CExcluding Canada, Mexico, and u.s. territories. Canada and Mexico are not included in the source FCC data on internationat

telephone carriers. Mexico is included in the data on telex, but for consistency, we have excluded it from this analysis.

Excluding Hawaii and Guam.

SOURCE: Derived from Federal Communications Commission, Statist/es of Common carders, year ended Dec. 31, 1982, pub-

lished in 1984.

38797 0 - 8 - 6 : QL 3
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assumption that new services, especially video-
conferencing, will not grow to be a large fraction
of total demand.” A study prepared for NASA
in 1980 comes to a different conclusion as do re-
cent statements by other observers. (See app. 6A
of this chapter for further discussion.) If a large
demand for videconferencing should materialize,
perhaps stimulated by new satellite and cable
competitors, demand for international commu-
nications could grow even more rapidly than the
carriers’ forecast.

The Satellite Communications
Component

Will international satellite communications
share in this rapid growth? Will it grow as rap-
idly as international telecommunications as a
whole? The growth prospects for satellite com-
munications are even more uncertain than those
of the total industry. It is even possible that the
growth of international satellite communications
could level out in the 1990s at the same time as
total international telecommunications was con-
tinuing to expand rapidly. This could occur if
undersea cables, using advanced fiber optic tech-
nology, are used relatively more in the future than
satellites.

Although international satellite communica-
tions can be expected to continue to grow rap-
idly in the 1980s,14 the prospects for the 1990s
are much less certain. The s-hare of satellites in
the 1990s will depend on:

+ the growth in the total demand for interna-
tional telecommunications services;

+ the price advantage/market preference, if
any, of fiber optic over satellite transmission
for high-volume applications;”

3Videoconferencing and audioconferencing (no video element)
together comprise teleconferencing. Full-motion videoconferenc-
ing requires broadband telecommunications capability, but slow-
scan videoconferencing (as well as audioconferencing) can be sent
over standard telephane_circuits.

14Atleast through fi%& when the transatlantic TAT-8 and trans-

pacific Transpac 3 fiber optic cables are scheduled to be operational.

15High-volume applications refers to addressable communications,
mostly telephone conversations, that are transmitted point-to-point,
with international transit along major cable or satellite trunk routes.
The growth of demand for services for which satellites are particu-
larly suited—point-to-mu lti-point receive-only television transmis-
sion and low-density communications—will also be a factor, but

+ the strength of industry-structure and other
incentives for carriers to invest in fiber op-
tic undersea cables and use them in prefer-
ence to satellites; and

« the actual growth of undersea cable capac-
ity and the presence or absence of regula-
tory restrictions on its use.

Because all of these factors are uncertain, we
organize the discussion of the demand for satel-
lite communications in the 1990s in terms of three
plausible scenarios:

1. Rapid growth throughout the 1990s.
li: Slow growth throughout the 1990s.
ll: A no-growth plateau in the 1990s.

Essentially the three scenarios represent dif-
ferent outcomes of the modal competition between
fiber optic undersea cables and communication
satellites for international communications in high
volume uses. If users and carriers have significant
preferences in favor of fiber optic transmission,
and if these preferences are not blunted by reg-
ulatory decisions to limit the construction or use
of undersea cables, the employment of satellites
on major trunk routes could decline significantly
in the 1990s, and total satellite communications
use could level off. This would be more likely to
occur if international telecommunications as a
whole did not grow as rapidly as the videocon-
ferencing optimists expect. This is the no-growth
scenario for satellite communications in the
1990s.

On the other hand, less preference for cables
or more stringent regulation requiring carriers to
use satellites could keep satellite communications
carrying roughly the same 50 percent share of the
growing transatlantic market as it does now. This
would be the rapid growth scenario.

A slow growth scenario represents a trend mid-
way between the other two scenarios.

Table 6-3 lists the key variables that are uncer-
tain and the assumptions about them that would
affect demand according to the three scenarios.

a relatively unimportant one in international satellite communica-
tions than the growth of high-volume point-to-point applications
because of the low total communications volume of the former.
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Table 6-3.—Scenarios for Satellite Communications Demand in the 1990s

Scenario | Scenario Il Scenario |ll
Key uncertain variables slow No growth
growth growth plateau
Cost/price advantage/consumer
preference for fiber optic SMALL MODERATE LARGE
transmission for high
volume uses
OR OR
Industry-structure incentives to
adoption of fiber-optic cable MODERATE HIGH
transmission
OR AND
crowth in actual cable capacity
or in capacity available SLOW-TO-MODERATE MODERATE RAPID

under loading restrictions

Note: These scenarios and assumptions are discussed in app. 6A of this chapter. This chart emphasizes the factors affecting
the share of satellite communications. Slow growth In total international telecommunications demand would reduce
the growth of satellite communications in all scenarios and make the growth plateau more likely.

The scenarios and the assumptions behind them
are discussed in greater detail in appendix 6a of
this chapter.

The International Satellite
Communications Service Industry

A number of important issues in U.S. interna-
tional space and satellite communications poli-
cy are embedded in the structure of the world
telecommunications service industry. (Structure
here refers to the prevailing modes of operation,
ownership, and regulation in the industry.) The
world industry and its structure are increasingly
affected by the same technological develop-
ments—the merging of the data processing and
telecommunications industries based on inexpen-
sive computing power, digital communications,
satellite networks, and other technical innova-
tions—that contributed to the break-up of the reg-
ulated-monopoly structure in U.S. long-distance
communications. “ These developments are now
affecting the telecommunications economies of
a number of other industrial countries and are
beginning to force structural change to occur
there as well.”

165ee Richard| Kirkland, “Ma Blue: IBM's Move Into Commu-

_nications,”” Fortune, vol. 110, Oct. 15, 1984, pp. 52-54,58,62. Also
see Dante B. Fascell and Virginia M. Schiundt, “United States In-
ternational Communications and Information Policy: A Crisis in the
Making?” Northwestern journal of International Law and Business,
vol. 5, fall 1983, pp. 486-509.

1’For a discussion of technological change as the leading edge
of change in telecommunications regulation in the United States
and other countries, see unpublished paper by Alan Baughcum,

Since the pace of change is greatest in U.S. tele-
communications markets, conflicts with other
countries in international satellite communica-
tions policy have been growing out of the con-
flicting desires and actions of U.S. and foreign
telecommunications producers and consumers—
both in the United States and other countries—
as they respond to technology-driven changes in
telecommunications markets. These market de-
velopments, rather than the initiatives of the U.S.
or foreign governments, are the primary impetus
behind current policy discussions in satellite com-
munications.18

The Emerging Industry Structure in
U.S. International Communications

Even though the United States has deregulated
much of its domestic telecommunications, the
old regulatory structures affecting U.S. interna--
tional COmmunications remain largely in place.”
While the FCC has relaxed the distinctions be-
tween international and domestic and voice and
record carriers,”this as yet has had little impact

presented at the Research Workshop on Economics of Telecom-
munications, Information and Media Activities in Industrial Coun-
tries, National Science Foundation, Apr. 30-May 2, 1984, Wash-
ington, DC (forthcoming, North-Holland Publishing Co., 1985). Also
see “America calling, " Economist, Nov. 24, 7984, pp. 97-98.

'8Forageneral treatment of the problem of international con-
flicts of jurisdiction, see George Shultz, “Trade, Interdependence,
and Conflicts of Jurisdiction, " Current Policy No. 573, May 5, 1984.

19See app. 6a for further discussion of how the international reg-
ulatory regime has changed in recent years.

' Record” communications—telegraph, telex, and data—are

conventionally distinguished from “voice’ ’-telephone-and from
television transmissions.
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on which firms carry what traffic and on how they
do business internationally. AT&T Communica-
tions still carries almost all U.S. international
telephone communications; the international rec-
ord carriers, formerly restricted to record com-
munications, still handle most of the record traf-
fic; INTELSAT and COMSAT still have a virtual
monopoly on U.S. intercontinental space-seg-
ment communications; and the FCC still oversees
a process in which approved carrier consort~a
plan facilities years ahead.

Nevertheless, pressed by regulatory and tech-
nological changes, the large firms, such as AT&T,
IBM, GTE, ITT, RCA, Western Union, and COMSAT,
have all started to penetrate each other’s former
preserves (or are contemplating it). New entrants
have also been able to enter the international mar-
kets for both basic and enhanced telecommuni-
cations services.”

Several notable events have recently set the
stage for the large telecommunications firms to
start moving toward an undifferentiated interna-
tional industry on the U.S. side:

« The Orion Satellite Corp., RCA, and other
applications to the FCC in 1983, 1984, and
1985 to construct private transatlantic satel-
lite facilities to be owned by individual firms.

+ The FCC decisions to allow COMSAT to pro-
vide retail service and other carriers to in-
dependently own Earth stations transmitting
to and receiving from INTELSAT satellites.”

21Inearly 1985, the FCC was moving toward making entry even
easier by relaxing the procedural requirements for all but “domi-
nant” carriers (those having significant market power). In the course
of this process, it has tentatively concluded that, except for the local
telephone carriers in Alaska, Hawaii, and Puerto Rico, only AT&T
(in message telephone service) and COMSAT are dominant car-
riers and therefore have to be closely regulated. (FCC, “In the Matter
of International Competitive Carrier Policies, " File No. 85-177, re-
leased Apr. 19, 1985.)

22The FCC authorized COMSAT to compete directly with other
carriers for customers’ business in 1982, but the U.S. Court of Ap-
peals for the District of Columbia suspended action until the FCC
resolved other matters, including the issue of Earth stations and di-
rect ownership-type access to the INTELSAT system by carriers other
than COMSAT. (U.S. General Accounting Office, FCC Needs to
Monitor a Changing International Telecommunications Market,
RCED-83-92, Mar. 14, 1983.) In a series of decisions culminating
in an order released in January 1985, the FCC reaffirmed its policy
to allow COMSAT to provide retail service (through a subsidiary
separate from the monopoly World Systems Division), denied car-
riers ownership-type access to INTELSAT, but allowed them and
other users to own their own Earth stations communicating directly

+ The success of Western Union Telegraph
co.”in peneratng th€  international  record

market and the moderate success of MCI and
GTE in penetrating the international tele-
phone market.

« The emergence of a Western Hemisphere re-
gional system based on the satellites owned
individually by U.S. private domestic satel-
lite providers and by Telesat Canada.

« Finally, the plans announced in 1984 by: 1)
Cable’& Wireless, Ltd., a British firm, and its
U.S. partners;*and 2) Submarine Lightwave
Cable Co. (SLC),”a U.S. entrepreneurial
group, to install new very high-capacity,
transatlantic fiber optic cables.”

Because data processing and telecommunica-
tions firms can no longer easily be separated into
different industries, and telecommunications pro-
viders themselves are no longer segmented into
the traditional rigid regulatory categories, the in-

with INTELSAT satellites (FCC, “Second Report and Order in the
Matter of Proposed Modification of the Commission’s Authorized
User Policy Concerning Access to the International Satellite Serv-
ices of the Communications Satellite Corporation,” released Jan.
11, 1985).

2WesternUnion Telegraph Co., formerly the de facto monop-
oly domestic record carrier, should not be confused with Western
Union International, a separate firm, one of the traditional record
carriers and now a wholly owned subsidiary of MCI Corp.

24Application of Tel-Optik Ltd. (Cable & Wireless’ U.S. partner)
for a license to land and operate in the United States a submarine
cable extending between the United States and the United King-
dom, FCC File No. S-C-L-84-002, Sept. 28, 1984

35Applicationof submarine nghtwave Cable Co., FCC File No.
SCL-85-001, Oct. 16, 1984. Submarine Lightwave’s FCC filing says
that the cable would provide 250,0(X voice circuits for telephony
or 72 broadcast-quality video channels, if used entirely for those
purposes; it would cost $450 million, and would be installed in 1989.
The application also states that the cable may in its final design re-
sult in even more usable capacity, since “current technology is de-
veloping extremely rapidly” (p. 2).

26y March 1985, the FCC informed the Secretary of State of its
conclusions that the Tel-Optik application “meets the threshold
reciprocity showing of the Cable Landing License Act and other-
wise appears to be consistent with U.S. interests under the Act. ”
The SLC application was not acted on pending the receipt of addi-
tional information. (FCC News, Report No. 3092, Mar. 4, 1985).
In May 1985 (based on an April refiling by SLC), the FCC recom-
mended to the State Department that it also approve the SLC cable
landing license (letter from Mark S. Fowler to William Schneider,
Jr., May 16, 1985). The Tel-Optik cable landing license was approved e
by the FCC on May 16, 1985, subject to conditions that it is
revocable after due notice of hearing and that it is subject to future
modification by the Secretary of State “to protect U.S. interests as
a result of the sale or lease of capacity to particular foreign or do-
mestic entities” (“In the Matter of Tel-Optik Ltd. Cable Landing
License, ” FCC Mimeo 461 8).
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ternational telecommunications industry is de-
scribed broadly in this report and the formerly
important distinctions between telephone and
telegraph, terrestrial and satellite, enhanced and
basic, international and domestic, and interna-
tional and transborder are not emphasized.

Participants in the U.S. International
Satellite  Communications Market

Of all the U.S. firms participating in interna-
tional communications, AT&T is still the largest
with $38.7 billion in (postdivestiture) total assets
in 1984. IBM, GTE, ITT, MCI, RCA, McDonnell
Douglas, Western Union, Continental Telephone,
United Brands, and COMSAT are also among the
largest U.S. firms. Not all of them (e.g., McDon-
nell Douglas, Continental Telephone, and United
Brands) currently have a large participation in in-
ternational telecommunications, but each is in
a competitive position to expand their already sig-
nificant activities should they so choose. (See
table 6-4 for a listing of U.S. international com-
munications firms.)

In addition to these firms, the list of potential
new entrants into international satellite commu-
nications is large and growing. It includes both
other owners of satellites used in U.S. domestic
communications (e.g., Hughes Aircraft Co.”and
Ford Motor CO.”and those that lease or buy
transponders from them. Several potential en-
trants are new corporations organized to provide
international satellite capacity.

In addition to firms that sell or plan to sell tele-
communications services, a growing number of
other large U.S. multinational firms have put to-
gether very large private international commu-
nications networks, notably Citicorp (connecting
1,400 offices in 93 countries), General Electric,
Merrill Lynch, Shell Oil, and Texas Instruments,
that use the private-line and public services of au-
thorized telecommunications carriers (see figs. 6-
1 and 6-2).” Through resale of excess capacity,
many of them have become telecommunications

Through its HUGhES Communicatiops, INC., and Hughes Com-
munications Galaxy, Inc., subsidiaries.
"Through its Ford Aerospace & Communications COfp.andFOfd

Aerospace Satellite Services Corp. subsidiaries.
29Department of Commerce, U.S. Industrial Outlook 1984, pp.

46-48.

Photo credit: National Aeronaut/es and Space Administration

Westar VI, communications satellite built by Hughes
Aircraft Co., being retrieved by Shuttle astronauts on
mission 51-A after it failed to achieve geostationary
orbit. The astronauts are to the left and right of the
satellite. An astronaut on board controls the remote
manipulator arm to bring the satellite
into the Shuttle bay.

providers in the U.S. domestic market, and if per-
mitted, could participate in the international mar-
ket as well.

As the international regulatory regime®for tele-
communications is currently structured, U.S. in-
ternational service carriers must hand off com-
munications traffic to foreign telecommunications
carriers for entry into other countries. Table 6-5
presents a list of the major carriers of satellite
communications outside the East European bloc;
these are the officially designated representatives
of their countries (“signatories”) to INTELSAT.
The PTTs of Germany and France are both large
entities, as are the PTTs of a number of other
countries. They own most of the telecommu-

30We use the term “international regu latory regime’ (or “inter-

national communications regime”) broadly to include all govern-
mental and intergovernmental actions affecting the operations of
the international communications carriers. These include treaties
and other formal and informal intergovernmental agreements in
the area of telecommunications, other elements of international
law affecting telecommunications, the actions of international orga-
nizations such as the ITU or INTELSAT, and the actions of national
governments that affect the international telecommunications in-
dustry.
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Table 6.4.—U.S. Telecommunications Firms Providing international
Satellite Communications Services

Salected major U.S. corporations currently authorized to Assets
provide International service to consumers, Dec. 31, 1984
directly or through one or more subsldlarie~ ($ mlillon)
International Business Machines Corp. (Satellite Business Systems)™°. .. 42,808
American Telephone and Telegraph Co. (post-divestiture)®'.............. 38,826
GTE Corp. (GTE Sprint Communications GTE Spacenet Corp., Hawaiian

Telephone Co., GTE Telenet Corp™ . ... ... .. . . i 26,364
IIT Corp. (ITT Worldcom, U.S. Transmissions Systems, Inc.)"............. 13,277
RCA Corp. (RCA Globcom, RCA AmMericom). . . . .. ...t 8,221
McDonnell Douglas, Inc. (FTC Communications, Inc., FTC Satellite

Systems, Inc., Tymshare, Inc., Tymnet, Inc.)"". ... ... ................. 6,191
Continental Telecom, Inc. (American Satellite and Space Communications

Co., joint venture with Fairchild Industries™. ......................... 4,557
MCI Communications Corp. (Western Union International, Inc.)........... 3,894
Hughes Aircraft Co. (Hughes Communications, Inc., Hughes

Communications Galaxy, INC.) " Q... ... ...t 3,500’
Western Union Corp. ™. . . ...t 2,259
Federal Express Corp. (Fedex international Transmission Corp.~ . . ... ... .. 1,526
Communications Satellite Corp. (COMSAT International Communications,

COMSAT General Telematics, INC.)™ . . ... ... .. .. et 1,166
United Brands Co. (TRT Telecommunications, Inc., International Satellite,

Inc., Pacific Satellite, INC.)"“. ... ... ... .. . 1,024
Fairchild Industries, Inc. (American Satellite and Space Communications

Co., joint venture with Continental Telecom)™........................ 948

8partial list of other U.S. telecommunications corporations participating in or intending to participate in international satellite
communications service markets: Advanced Business Communications, Inc., Atlantic Transport Co., Bonneville Satellite Corp.,

Compact Video Services, Inc., Cygnus Satellite Corp., Eastern Microwave, Inc., Equatorial Communications Services, Inc.,

Financial Satellite Corp., Graphnet, Inc., International Relay, Inc., Intelmet, Inc., Koplar Communication, Inc., Metromedia,

Inc., Midwest Cable and Satellite, inc., NEP Communications, Inc., Netcom International, Orion Satellite Corp., Pan American
Satellite Corp., Rainbow Satellite, Inc., Reuters Ltd., Satellite Gateway Communications, Inc., Sunbeam Television Corp., Taft
Television and Radio Co., Inc., Turner Teleport, inc., United Video, Inc., Videastar Connections, Inc., Visions, Ltd., Vitalink
Communication Corp., World Telecommunications Corp., 220 Television,
bsatellite Business Systems(SBS})i8 a joint venture with Aetna Life and Casualty Co. 88 of December 1984.1BM owned 60

percent of SBS and with Aetna owning the remainder. COMSAT, an original partner in the joint venture sold its holdings
to the other two partnera.

CCurrantly authorized to provide satellite communications service to specific North American countries.

Authorized t. receive inTELsaT Business Service using its own earth station facilities and satellite circuits leased from
COMSAT.
©Application to provide capacity for specific transatlantic, transpacific or Western Hemisphere satellite Services pending at
the FCC
fEstablished U.S. International Service Carrier.

OApplication to provide specific North and South American international services conditionally approved by the FCC pending

INTELSAT coordination procedure.

FT(; Communications, Inc.,is 20 percent owned by the French Government, 80 percent owned by McDonnell Douglas.
IThis figure is the mid-point of the range of estimated market value by “Wall Street sources” of this privately held corporation
for the New York Times (Jan 11, 19S5, p. D3).

Authorized to provide transatlantic document transmission service.
ku.s. iNTELSAT signatory.

SOURCE: Fortune (Apr. 19, June 10, 19S5), Financial Statements, Moody’s Manuals and News Reports, FCC documents.

nications assets of their countries.” British
Telecom, slightly more than half of which was
sold to private stockholders in November 1984,
remains the preponderant British domestic and
international carrier and is the U.K. INTELSAT
signatory. Kokusai Denshin Denwa (KDD), Ja-
pan’s officially designated international monop-
oly carrier, is both a regulated private firm and
the INTELSAT signatory for Japan.

31y instance, the PTT of France, Direction General des Telecom-

munications, had year-end 1983 assets of FF 164 billion, about $20
billion (source: telephone conversation with France Telecom, Inc.
(New York), October 1984).

INTELSAT is the final element in the interna-
tional industry. At the end of 1983, it had assets
of $1.6 billion .32 Like most of the participants in
the international telecommunications service in-
dustry, INTELSAT provides communications serv-
ices (in this case, space-segment capacity) in both
international and domestic markets.” INTELSAT

32] NTELSAT Financial Statements, Contribution of th,Director

General to the Board of Governors Meeting, BG-58-70E wi3/s4,
Feb. 10, 1984.

M NTELSAT participates in the domestic markets of a number of
countries by leasing transponders for domestic service to telecom-
munications entities, usually its signatory-owners. It also provides
asmall fraction of its space-segment capacity to non-owner gov-
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Figure 6-1 .—Texas Instruments’ Worldwide Data Communications Network
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— Location and date connected

Texas Instruments’ worldwide data communications and electronic mail network is an illustration of the
current possibilities for multinational communications networks. It grew to its present configuration over

three-decades, as domestic and overseas locations were linked by telecommunications. This shows TI's
overseas plant locations and the dates they were linked to the TI corporate network. Exchange of detailed
production, engineering and financial data is routine and allows the corporation to effectively coordinate
worldwide manufacturing operations. Computer-assisted design capabilities in the system also allow
engineers and managers at any location to use the firm's extensive computer
capabilities in the United States

SOURCE: Texas Instruments.

serves as both a communications enterprise with
commercial goals and an international organiza-
tion with important noncommercial goals.

ernments, such as the Soviet Union. How to characterize INTELSAT
has become an element in the policy debates involving INTELSAT
and COMSAT. INTELSAT and COMSAT and those supporting their
positions often denote INTELSAT as a “cooperative” of owner-mem-
bers. Others, in opposition to these positions, who wish to empha-
size the price—and capacity-setting aspects of the organization,
often characterize it as a “monopoly” or a “cartel” composed of
COMSAT and the PTTs. To attempt neutral terminology in this re-
port, we refer to it as a “consortium” or an “international organi-
zation” as appropriate.

Competition in the United States Among
International Communications Firms

The major U.S. participants in international sat-
ellite communications are the same firms that
dominate the massive U.S. domestic telecommu-
nications industry. As we have noted, other large
corporations would also be able to compete in
all segments of a deregulated international mar-
ket, should they choose to or be allowed to
enter.*

Entry is likely to take place in those areas with the highest profit

rates. This applies to both domestic and international markets. Al-
though most domestic market segments are now contestable, in
the sense that firms are free to enter, firms will pick and choose
carefully for actual entry among the richly differentiated opportu-
nities in the communications and information industries that are
available.
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Figure 6-2.—Texas Instruments’ Information Network Concept
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This figure schematically displays some of the characteristics of Texas Instrument’s system and shows how it is
controlled and linked.

SOURCE: Texas Instruments.

An important point to make is that competi- into opportunities that become available than
tion among U.S. firms takes place not only in the firms that attempt to deter entry into their tradi-
services and facilities markets but also in the fi- tional preserves through a strategy of keeping
nancial markets. Firms that are successful in at- their prices and profits low. This second dynamic

tracting funds are able to expand more rapidly (competition in financial markets) will affect the
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Table 6-5.—Members of INTELSAT: The Major Non-U.S. Telecommunications Providers of
International Satellite Communications Services

Investment share®

Country Signatory (percent)
Total nine countries with 3 percent or more: 60.7
United States of America . . .. ............ Communications Satellite Corp. 23.1
United Kingdom . . . ..................... British Telecommunications 12.9
France . . ... Government of France 5.6
JAPAN .« o Kokusai Denshin Denwa Co. Ltd. 3.3
Germany, Federal Republic of . ... ........ Ministry for Post and Telecommunication 33
Australia. . . ... .. Overseas Telecommunications Commission 3.2
Saudi Arabia . . ... .. Government of Saudi Arabia 3.1
Brazil . . Empresa Brasileira de Telecomunicacoes S.A. 3.0
CaNAdA . . o Teleglobe Canada 3.0
The Other 99 INTELSATMembers: 39.3

"Asof Mar 1, 1964.

SOURCE: INTELSAT. See app. 6C, for a complete listing of the members of INTELSAT and their investment shares.

speed with which the old specialist structures re-
maining from the era of tight regulation break
down and new specializations based on compet-
itive advantage emerge.

Foreign competition in U.S. long-distance tele-
communications (in both domestic and interna-
tional market segments) is also a possibility now
that the U.S. market is substantially deregulated.
At least one foreign firm is currently seeking to
enter in a substantial way. Cable & Wireless, a
British firm with some U.K. Government owner-
ship, is reputed to be planning to enter the U.S.
domestic long-distance telecommunications mar-
ket by constructing an extensive fiber optic cable
network laid on railroad rights of way.*It is quite
possible that telecommunications firms from
other countries will also enter in the future. Cable
& Wireless, in joint venture with U.S. investors,
has also applied for and received a cable land-
ing license for a high-capacity transatlantic fiber
optic cable facility (six fiber pairs) between the
United States and the United Kingdom.” A Cable

35Cable & Wireless has discussed the possibility with a number
of U.S. railways. (Department of Commerce, U.S. Industrial Out-
/ook 1984, pp. 46-51). Rights of way along highways, gas or oil pipe-
lines, and electric utility transmission lines may also be usable
(“Golden Opportunity, Can Utilities Move Fast Enough to Cash in
On the Telecommunications Boom?” The Energy Daily, Nov. 16,
1984.) Mercury Communications, the new entrant in U.K. domes-
tic telecommunications, is a wholly owned subsidiary of Cable &
Wireless, Ltd.

36 applicaion Of Tel-Optik Ltd. (Cable & Wireless’ U.S. partner)
for a license to land and operate in the United States a submarine
cable extending between the United States and the United King-
dom, op. cit.

& Wireless subsidiary has already established
service between the United States and Canada. s’

It may be somewhat difficult for European gov-
ernment-owned PTTs to compete directly in the
U.S. market (selling domestic and international
communications services directly to U.S. con-
sumers) without undercutting the diplomatic jus-
tifications they make for preserving their monop-
olies at home.*Nevertheless, the French PIT has
designed its transatlantic satellites Telecom | and
Videosat mwith footprints (transmission area) that
include the Eastern United States. (Any intent to
use them for transatlantic international commu-
nications other than to reach French territories
is denied by French telecommunications offi-
cials. * Self-imposed restraints may not be as
binding for certain foreign private telecommuni-

arrce, “‘IntheMatter of TDX Systems, Inc. . ., File No. ITC 85-
077, Mimeo No. 3604, released Apr. 3, 1985. TDX Systems, Inc.
is a wholly owned subsidiary of Cable & Wireless.

38This reticence may not be as strong in enhanced (computer-
processed) communications services, and entry via INTELSAT Busi-
ness Services will be easy (Eli M. Noam, “Telecommunications Pol-
icy on the Two Sides of the Atlantic: Divergence and Outlook, ”
op. cit., p. 16).

39The stated justification for the Telecom | satellite is to Com mu-
nicate with a French island territory in the Atlantic off of Canada
and French territories in the Caribbean, but there would be no tech-
nical reason why it or the successor satellite Telecom | B, scheduled
to be launched in March 1985, could not be repositioned to offer
competition to INTEL5AT or entry into the U.S. market (source:
telephone conversation with France Telecom, Inc., October 1984).
See also “French PTT Chief, COMSAT Deny Telecom 1 Will Com-
pete With INTELSAT, " Satellite News, Nov. 5, 1984. There has also
been a January 1985 French filing with the IFRB for the Videosat
satellite, whose footprint will include most of the Eastern United
States.
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cations firms like KDD,®Japan’s international car-
rier, however, since they are not government cor-
porations. Cable & Wireless has led the way, but
now that British Telecom has been taken private,
it may also become more aggressive. Similarly,
Britain's Unisat satellite (launch date 1986), which
like the French satellites has a footprint cover-
ing parts of North America,” may not be con-
strained from competing for U.S. business by its
minority government ownership.

In sum, in the highly competitive, new U.S. tele-
communications industry, very large U.S. domes-
tic telecommunications and data processing firms,
as well as a full range of large, small, and foreign
new entrants, are in actual or potential compe-
tition with each other for both domestic and in-
ternational communications opportunities. AT&T
may be able to keep its present dominance in do-
mestic long-distance telephony in the new do-
mestic market, but it will do so only by competi-
tive success. In the long run, technological and
economic forces, which are affecting regulatory
structures in the national markets of other coun-
tries, as well as in the United States, appear likely
also significantly to expand opportunities for firms
other than AT&T in international communications
service markets.”For the present, however, pow-
erful barriers to change in foreign countries are
still limiting these opportunities.

soKpDis formally a private stock company traded on the Tokyo
Stock Exchange. The private status of KDD can be overemphasized,
however. Very strong Japanese Government influence enters not
only through regulatory channels, but also because large blocks
of stock are owned by government employee pension funds and
other government employee organizations.

s1Departments of State and Commerce, «A White Paper on New
International Satellite Systems,” op. cit., p. 25.

42British Telecom, which had previously been separated from the
postal administration, underwent majority privatization Nov. 28,
1984, and is facing limited domestic competition from Cable& Wire-
less’ domestic subsidiary (Mercury Communications) and from
enhanced service providers. The expectation that the European PTTs
will not enter the domestic U.S. telecommunications market is also
subject to some question. Several European state-owned enterprises
have entered the U.S. market in other industries. For instance, Ren-
ault, a French state-owned auto company has a relationship with
American Motors, various European state-owned airlines have ef-
fectively competed for U.S.-origin airline passengers, and several
state-owned banks have established active branches in the United
States.

430ne such technological force impelling change concerns tele-
communications equipment. Developments in customer-premises
communications equipment and in computers have undercut reg-
ulatory rules that require customers to acquire such equipment only
by leasing or purchasing it from their telecommunications carrier.

Competition in Foreign
Telecommunications Service Markets

In “basic” telecommunications services,"in-
ternational competition in foreign markets is prac-
tically nonexistent. Most countries outside the
United States do not allow competition even in
domestic long-distance telecommunications; a
telecommunications monopoly, owned by the
government (or, alternatively, in some cases a pri-
vate monopoly regulated by the government) is
the prevailing mode of industry organization
around the world. While a few countries, notably
the United Kingdom, Japan, and Canada, are
moving toward privatization and limited domestic
competition, they do not as yet envisage com-
petition from foreign (including U. S.) firms. For-
eign carriers must transfer control of communi-
cations passing into (or through) the country to
the PTT at the international border or to an in-
termediate cable or satellite consortium that
subsequently passes control to the PTT.

In contrast, at the information services end of
the information/communications continuum,
U.S. and foreign firms, which provide interactive
data processing services, compete in many na-
tional markets. For regulation to have practical
effect, a boundary has to be drawn somewhere
between the regulated basic communications in-
dustry and the unregulated data processing in-
dustry, since they merge into each other. Unlike
the present situation in the United States, in most
countries, the telecommunications entities at-
tempt to monopolize enhanced communications
and value-added network (VAN) services, which
increase the efficiency of communications in pri-
vate networks. (This latter technique uses com-
puter processing to group communications into
packets going to common destinations.) In a few
countries, private firms, including U.S. ones, are
allowed to compete freely in providing these serv-

Private purchase and interconnection of telecommunications equip-
ment to the public network have been permitted in the United States
since the 1970s and are now allowed in a variety of other coun-
tries. (See Del Meyers, Janice Drummond, and Czatdana Inan,
“World Telecom Spending to Reach $78.5 Billion This Year,”
Telephony, Feb. 28, 1983, p. 43.)

4 e, ordinary voice, record, data, and television transmission,

where computers are not used to process the communications flow.
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ices. (See app. 6afor a discussion of the inter-
national regulatory regime.)

International Facilities Competition

Control of international communications sent
between adjacent countries by land cable, under-
sea cable, or terrestrial microwave passes bilat-
erally at the border from one country’s carrier
to the other country ’s. In certain cases, however,
governments and carriers have devised mukila-
teral mechanisms of joint ownership for interna-
tional satellites and transoceanic cables (described
further in app. 6A). INTELSAT and INMARSAT are
two such consortiums of international carriers,
and there are transatlantic and transpacific cable
consortiums that are jointly owned by U.S. and
Canadian carriers, on the one hand, and Euro-
pean or Asian carriers, on the other.”

As in the provision of basic international tele-
communications services, competition among
firms in the provision of international transmis-
sion facilites is also almost universally not
allowed. The closest thing to competition in inter-
national facilities in the current regulatory regime
is the competition between INTELSAT and the
various transatlantic cable consortia. Even this
competition is largely managed by overlapping
PTT representation in INTELSAT and the consor-
tia, by U.S. regulatory policies encouraging the
“balanced” use of both kinds of facilities, and
by facilities planning processes overseen by the
FCC and other regulatory authorities.”

45U.S. carrier participation in INTELSAT and INMARSAT is through

COMSAT alone, in its role as a carriers’ carrier, in contrast to the
cable consortiums to which most U.S. service carriers belong.
46‘Balanced use,” as used in this report, means the substantial
use of both satellites and cables, without specifying exactly how
this is to come about. At various times in the past, the FCC has
used several formulas to balance the use of satellites and cables
through regulation, including “proportional fill,” “50-50,” and “bal-
anced loading. ”* The loading methodology currently in use was ne-
gotiated among AT&T, COMSAT, and the European PTTs on a
country-by-country basis and approved by the FCC. It is generally
“in accordance with what is known as the ‘balanced loading’ meth-
odology, " defined by the FCC as the “distribution of] circuits among

Recently, these arrangements have been chal-
lenged by the would-be private transatlantic and
Western Hemisphere satellite and cable opera-
tors referred to above. These potential entrants
have received qualified official encouragement
from either the FCC, the executive branch, or
both. As we discuss below and in appendix 6A,
the capacity additions specified in these applica-
tions, together with INTELSAT’s planned addi-
tions and the cable facilities discussed within the
official planning process, are far in excess of the
1995 communications demand projected by the
U.S. international service carriers and their Euro-
pean counterparts.” This would appear to call
into serious question the FCC planning process
and/or the demand projections of the carriers.

The Satellite Communications
Equipment Industry

The large-scale development of the world sat-
ellite communications service industry has been
made possible by the development of a large sat-
ellite communications equipment industry, par-
ticularly in the United States. Despite severe trade
restrictions and growing industrial policy chal-

facilities with unused capacity in a manner which, to the extent
possible, seeks to place equal numbers of circuits on all transmis-
sion systems” [emphasis added] (Federal Communications Com-
mission, “Second Notice of Proposed Rulemaking in the Matter
of . .. Authorization of Common Carrier Facilities to Meet North
Atlantic Telecommunications Needs During the 1985-1995 Period,”
FCC 85-176, released Apr. 22, 1985, p. 3). See below and app. 6A
for further discussion of facilities regulation.

4?For transatlantic communications the FCC has received applica-
tions to install satellite capacity of about 120,000 circuits and fiber
optic cable capacity of about 330,000 circuits in addition to the
proposed capacity additions of the traditional consortia listed in
table 6-A2 in app. 6A. See also discussion of alternative satellite
providers below and in app. 6A. The additional 330,000 circuits
of cable capacity, for which cable landing licenses have been ap-
plied, are in the cable projects of Cable & Wireless and its U.S.
partners (Tel-Optik) and Submarine Lightwave Cable Co., which
are for 80,000 and 250,000 circuits, respectively.
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lenges from Japan and Europe, U.S. manufac-
turers continue to dominate world sales of com-
munication satellites. U.S. ground equipment
manufacturers, however, no longer dominate the
world market for large standardized Earth sta-
tions, and though they still lead in the market for
small Earth stations designed for customer prem-
ises, they are beginning to receive strong foreign
competition there as well,

World Satellite Markets

For the satellite manufacturing industry, the
non-Communist world market can be conven-
iently divided into five parts: the United States,
INTELSAT, Canada, Europe and Japan considered
together, and the rest of the world. During the
1965-83 period, INTELSAT was the largest of
these markets, with 35 satellites launched, fol-
lowed by the United States with 26 (as shown in
table 6-6). U.S. prime contractors manufactured
all 72 of the commercial communication satel-
lites sold outside of Europe and Japan during the
1965-83 period. In contrast, European and Japa-

s8Customer premises Earth stations can be defined as stations
which are located at the point of use.

nese contractors produced only the eight satel-
lites launched for European and Japanese buyers
during the same period and sold none outside
of these reserved markets. In the case of the Jap-
anese satellites placed in orbit, a U.S. company
provided many of the components and provided
technical assistance.

In the 1984-89 period, for satellites whose
prime contractors have already been announced,
the pattern is similar, with the one important ex-
ception that the United States is expected to be
by far the largest single market, with 53 percent
of the scheduled satellites during this period (see
table 6-6). U.S. satellite buyers are of several
types: private communications firms such as
AT&T, Western Union, COMSAT, GTE, Federal
Express, and IBM’s Satellite Business Systems
(SBS) subsidiary, direct broadcasters (e.g., Domin-
ion Video Satellite Corp.), and several smaller and
newer firms that provide specialized satellite fa-
cilities to business and media customers (e.g.,
American Satellite). The three major U.S. satel-
lite manufacturers—Ford, RCA, and Hughes—
have also launched, or plan to launch, their own
satellites for lease or self-use. RCA plans to use
its satellites in its own common carrier operations,

Table 6-6.—U.S. Market Share of Commercial Satellite Prime Contracts

Number of satellites

Seller
No prime

Buyer United States Canada Western Europe Japan selected Total
1965-83:
United States . . . .. .. 26 26
INTELSAT, ......... 35 35
Canada............ 6 1(1) 7
Western Europe. . . . . 5 5
Japan.............. 3(3) 3
Other ., . .......... 5 5

Total . ........... 72 (1) 5 3(3) 81
1934-39:
United States . . . . . .. 40 40 80
INTELSAT .......... 20 20
Canada............ 1 4(1) 5
Western Europe. . . . . 19 19
Japan.............. 8(4) 8
Other®............. 9 2(2) 2(2) 5 18

Total ., . ......... 70 6(3) 21(2) 8(4) 45 150

NOTE: Numbers in parentheses refer to the number of satellites manufactured by foreign prime contractors but with major

U.S. participation.
8ndonesia, Italy, India.

b|ndonesla, Arab States, Mexico, Australia, Brazil, India, Korea, Argentina, Cuba.

SOURCE: Derived from R. Filep, A. Schnapf, and S. Fordyce, “World Communications Satellite Market Characteristics and
Forecast,” prepared for the NASA Lewis Research Center, NASA CR-188270, November 1983. Non-Communist coun-

tries only are included in the list given here.
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both domestically and internationally, and all
three either lease facilities to other firms now, or
plan to.

In the rest of the world, the buyers are almost
always governmental entities such as the Indone-
sian and other ASEAN“PTTSs, for the Palapa se-
ries, or the Arab League consortium of PTTs for
Arabsat.

For the period 1984-89, all sales of communi-
cations satellites to U.S. buyers and to INTELSAT
(where prime contractors are known) have gone
to U.S. prime contractors. *All 19 of the Euro-
pean contracts went to European contractors,
and all 8 of the Japanese contracts went to Japa-
nese contractors (see table 6-7). U.S. satellite
manufacturers will still participate in major ways
in four of the eight Japanese satellites to be
launched during this period, but the other four
will be manufactured by Japanese firms without
the formal association of an American satellite
manufacturer and will use key components of

“9Association of Southeast Asian Nations.
s°Contractors had been selected, however, for only 40 of the 80
announced US. satellites. Whether they will all be built will de-

pend on whether sufficient demand for U.S. domestic satellite com-
munications services develops.

Japanese design.” 'n the rest of the world in the
1985-89 period, U.S. manufacturers are the prime
contractors for, or have major involvement in,
all but three of the satellites with announced con-
tractors. These three satellites are being built by
a Canadian prime contractor (Spar) for Canadian
buyers.

Although the United States continues to dom-
inate markets where competition is allowed, it
should be noted that Canadian, European, and
Japanese manufacturers are now able to build sig-
nificant numbers of satellites without major U.S.
involvement, albeit within the confines of pro-
tected markets. European and Japanese capabil-
ities have grown even more at the component
level, U.S. manufacturers were awarded the
prime contracts for the current (INTELSAT V and
V-A) and the next (INTELSAT VI) generation of
INTELSAT satellites, but non-U.S. subcontractors
received contracts for 23 and 21 percent, respec-
tively, of the contract value of the two satellite
series .52

Satellite R&D

Even though NASA funded relatively little com-
munication satellite research and development
during the 1973-83 period, U.S. market domi-
nance persisted. U.S. industry was relied upon
to finance its own R&D efforts. During the same
period, however, foreign government-funded sat-
ellite communications R&D increased substantial-
ly. At present, the governments of Japan, Cana-
da, United Kingdom, France, Germany, and lItaly;
the European Space Agency; and INTELSAT are
all funding significant satellite communications
research programs. *This imbalance in govern-
ment R&D support led to concern in the United

s1R.Filep, A. Schnapf, and S. Fordyce, “World Communications
Satellite Market Characteristics and Forecast, " prepared by Com-
munications 21 Corp., Redondo Beach, CA, for the NASA-Lewis
Research Center, Cleveland, OH, NASA CR-1 68270, November
1983.

52Filep, et al., op. cit., p.101.

53SeeR.Filep, A. Schnapf, and S. Fordyce, ) apanese and West-
ern European Space Research and Development, ” unpublished pa-
per prepared for NASA Lewis Research Center, Feb. 1, 1984. See
also U.S. Congress, Office of Technology Assessment, /Information
Technology R&D: Critical Trends and Issues, OTA-CIT-268 (Wash-
ington, DC: U.S. Government Printing Office, February 1985), ch.7.
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Table 6-7.-Prime Contractors for Commercial Communications Satellites
(by launch period)

Actual Planned

Company Country 1985-83 1984-89
Prime contractor:

[First launch 1983 or before]

Hughes Aircraft . . ...................... United States 45 33
Ford AroSpace . . . ........ooevuuunnn... United States 10 10
RCA Astro-Electronics . . .. .............. United States 9 27

TRW Defense and Space Systems . . ... ... United States 8 0
British Aerospace Dynamics . . . .......... United Kingdom 4 9
Melco/Ford Aerospace . . . ............... Japan/United States 3 1
CN,S. 1
Spar Aerospace/Hughes Aircraft. . . . ... ... CanadaWnited States 1 :
Total . . 81 84
Additional prime contractors:
[First launch 1984 or later]
Eurosatellite . .. ............ ... .. .. ..... West European Consortium 5
Melco (Mitsubishi Electric Co.). . . . ..... .. Japan 4
Toshiba/GE . ........................... Japan/United States 3
Spar Aerospace . .. ... Canada 3
MatraSpace . .............couuiii.. .. France 2
Aerospatiale (with Ford Aerospace) . . .. ... France/United States 2
Siemens/MBB/ERNO/AEG/ANT . . .. ....... West European Consortium 2
1] = 21
Pr/rne contractor not yet selected: ° 45
Grand total . . . . .o 81 150

aFo,the period "Beginning of 1990" Through “The End of 1999, " 18 prime contractors have been selected (Of which 11 are
u. s.) for specific satellites. During this same period, 149 satellite projects as yet have no prime contractor selected.

SOURCE: Derived from R. Filep, A. Schnapf, and S. Fordyce, “World Communications Satellite Market Characteristics and
Forecast,” prepared for the NASA Lewis Research Center, NASA CR-188270, November 1983. Non-Communist coun-

tries only are included In the list given here.

States that the United States could be behind in
the technology of the next generation of com-
munications satellites and was a prime motiva-
tion for Congress funding NASA’s Advanced
Communication Technology Satellite (ACTS) pro-
gram at higher levels in fiscal year 1985 than pre-
viously.” (See below for further discussion of the
ACTS program.)

Competitive Factors in International
Satellite Markets

The price/quality dominance of U.S. manufac-
turers has been the most important competitive
factor in both the U.S. domestic market and in
INTELSAT contracts. Even the strong dollar has
not hampered their recent successes. Other com-
petitive factors helping U.S. firms are their well-
known experience and the operational reliability
of their satellites.

54Chris Bulloch, “Advancing the Art of Satellite Communications—

Foreign Competition Spurs NASA Satcom Research,” Interavia, Jan-
uary 1985, pp. 25-28.

Protection and discriminatory government pro-
curement are major factors segmenting world sat-
ellite markets and are the major factors deter-
mining sales of satellites in Europe and Japan. Eu-
ropean and Japanese space development policies
have included restrictions on procurement of
complete satellites in order to favor national de-
velopment of space technology. *Recent policy
changes, however, may make possible the sale
of U.S. communications satellites in Japan.”

World Earth Station Markets

In contrast to the relatively small number of sat-
ellite manufacturers, more than 25 sizable firms

$5‘‘Japan’s Satellite Development Program,” Japan Economic in-
stitute Report, Washington, DC, No. 11A, Mar. 16, 1984 and
“Aerospace in Japan: Competition Through Partnership,” Aerospace
America, March 1985, pp. 68-70. See also Neil Davis, ‘‘Japan Broad-
ens Domestic Role in Satellite Development, ” Aerospace Ameri-
ca, February 1985, p. 27.

s6See “New Trade Policy May Boost Japanese Imports of Satel-
lites, ” Aviation Week and Space Technology, May 7, 1984, p. 16;
and William Chapman, “‘Japanese Trade Plan Seems to Open Door
for U.S. Satellite Sales,” The Washington Post, Apr. 28, 1984, p. A20.
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in 7 countries manufacture Earth station equip-
ment (see app. 6B). The equipment for an Earth
station is diverse and includes antennas, track-
ing systems, amplifiers, ground communication
equipment, multiplex equipment, and, for larger
installations, support buildings and equipment
(for air-conditioning, controls, power, etc.) .57
Earth stations vary considerably in size, from large
stations, such as the INTELSAT Standard A sta-
tions that send and receive most international
trunk communications, which have 30-meter an-
tennas, to receive-only equipment whose anten-
nas are less than 1 meter in diameter. INTELSAT
Standard A stations cost $5 million to $9 million
each (higher-density INTELSAT C stations can cost
up to $15 million), compared to 5-meter and
smaller transmit and receive stations that might cost
$200,000 to $300,000. Small receive-only sta-
tions, such as those used for CATV or home re-
ception, can cost as little as $2,000.%

The larger stations are purchased mainly by
common carrier communications firms, which
carry domestic and international switched voice
and message traffic and television. Common car-
riers also use medium-sized stations in locations
with smaller traffic volumes. Specialized data and
television carriers and firms operating private
communications networks use medium-sized
Earth stations located on “customer premises.”
Receive-only stations on customer premises are
typically small and are used only for television
and data reception. They may be purchased by
businesses for point-to-multi-point teleconferenc-
ing networks or data transmission (when it can
be carried out at slow speeds) and by home con-
sumers for television reception.

Nippon Electric Co. (NEC), a Japanese firm, is
the largest manufacturer of large nonmilitary
Earth stations, having manufactured approximate-
ly one-third of all such stations around the
world .61 The cumulative market shares, by coun-

57Eloise Jensen, Tracey Harbaugh, Kenneth Telesca, and James
Mahoney, “Sector Study-Satellite Earth Stations, " The Export-
Import Bank, Washington, DC, June 1984.

81 ndustry sources.

U npublished memorandum, Ford Aerospace & Commun ica-
tions, 1981.

8Chris Bulloch and Paul Rubin, “Satellite Telecommunications—
The Ground Segment Grows, " Interavia, November 1984, pp.
1231-1235.

bibid., p. 1233.

try, for major suppliers from various countries for
INTELSAT standard A and B stations are shown
in table 6-8. Over the whole period, U.S. major
firms had the largest share-39 v. 37 percent for
Japanese firms—but this larger share of U.S. firms
reflects their early dominance. Japanese firms
now dominate new orders.

In addition to leading in sales of standard
INTELSAT Earth stations, NEC also leads in large
and medium-sized domestic-system Earth sta-
tions. It sold in excess of 500 Earth stations in 15
countries prior to 1984 and is particularly strong
in total equipment technology. ™

Despite its worldwide preeminence, up to the
present, NEC has rarely been seen as a major
competitor in U.S. Earth station sales. Neverthe-
less, it recently penetrated the U.S. market in a
significant way, with the sale of 130 RF terminals
(antennas and radio-frequency electronics) to
IBM’s Satellite Business Systems network. (IBM
provided its own digital baseband equipment.)

in 