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“International Space Cooperation: Addressing Challenges of the New Millennium” is the sixth
Workshop in an ongoing series. This series was conceived and initiated, in the early 1990s,
by the AIAA´s International Activities Committee. The Workshops provide a forum for invit-
ed experts from around the world to come together and debate issues of international impor-
tance in the rapidly evolving space field.

As the Workshops have progressed, the international cooperation discussions have shifted
away from an exclusively government focus to reflect the increasing dependency among gov-
ernment and industry space activities.

This report documents the deliberations of the five Working Groups of Workshop 6, which
took place in Seville, Spain, 11–15 March 2001. The AIAA Workshop benefited from the
cosponsorship of the United Nations Office of Outer Space Affairs, the Confederation of
European Aerospace Societies, and the International Academy of Astronautics. It brought
together a total of seventy-seven experts from 17 nations and three multinational organiza-
tions.

Two of the Working Groups built on work undertaken at the previous Workshop in the series,
relating to space traffic control and satellite navigation. The remaining three Working Groups
addressed new topics of particular relevance at this time in the evolution of the world´s space
programs and their international interactions. They involved Earth- threatening asteroids
and comets, public awareness of space activities, and the contribution of space systems to
the monitoring of multilateral environmental agreements.

As with the output of previous Workshops, this report is being disseminated to key decision-
makers in government and industry around the world, to assist in the development and
implementation of sound policies relating to the topics in question.
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INTRODUCTION

A decade has passed since the International
Activities Committee (IAC) of the American Institute
of Aeronautics and Astronautics (AIAA) initiated a
series of Workshops on International Space
Cooperation. During that time, space activities have
become both more global and more competitive. In
the United States of America, and more recently in
Europe, the aerospace industry has undertaken a
series of major consolidations.  The resulting
“megacompanies” have started to look across
national borders in an effort to find new partners to
enhance their competitiveness in the marketplace.
The space activities of the former Soviet Union are
increasingly interwoven with those of the West.
Although the budgets of government space pro-
grams around the world are, in general, not
increasing, revenues generated in the commercial
space sector continue to rise. These and other asso-
ciated changes require a reassessment, in many
cases, of the manner in which international cooper-
ative activities are promoted, initiated, and carried
to fruition. 

It was against this background that the Sixth
Workshop in the AIAA-IAC series was held, in
Seville, Spain, 11–15 March 2001. Seventy-seven
experts from 17 nations and three multinational
organizations gathered to address five topics con-
sidered to be timely and to merit consideration on
an international basis. Using the successful format
from previous Workshops in the series, each topic
was discussed by a dedicated Working Group. As
usual, all discussions took place on a “not for attri-
bution” basis, so that participants were free to con-
tribute their expertise and not merely “defend”

their organization’s position. The Workshop benefit-
ed from the support and cosponsorship of the U.N.
Office for Outer Space Affairs (UN/OOSA), the
Confederation of European Aerospace Societies
(CEAS), and the International Academy of
Astronautics (IAA).

The sections that follow are intended to highlight
key aspects of the deliberations of the individual
Working Groups and, it is hoped, to encourage the
reader to examine the individual reports in more
depth.

THE WORKING GROUPS

The Working Group on the Future Needs for
Management of Space Traffic continued consider-
ation of a topic first addressed during the April
1999 Workshop. This involved the further identifi-
cation and examination of issues surrounding the
growing number of Earth-orbiting satellites (and
debris) and the development of international
approaches to deal with associated problems.

Self-interest alone is often insufficient to encourage
the safe and responsible operation of space sys-
tems. An external impetus is needed to encourage
the consistently responsible behavior required to
reduce the risk of damage to present and future
space systems, as well as to people, places, and
objects on the Earth. We believe that a single mono-
lithic space traffic control structure and organiza-
tion is neither a necessary nor a practical approach
to providing such an impetus. Rather, space traffic
management can be performed by existing entities
and should consist of a framework of treaties, regu-
lations, standards licensing practices, “rules of the
road,” and operating agreements. This framework
should be fed by continuing study and should
evolve in reaction to economic, legal, and technical
changes. 

Space traffic management encompasses all the
phases of a space object’s life, from launch to dis-
posal. It consists of activities intended to prevent
damage in the near term (such as collision avoid-
ance and coordination of reentry), as well as
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actions that must be taken to reduce the long-term
potential for future damage (such as de-orbiting or
moving satellites into disposal orbits).

Effective means of space traffic management are
required to meet existing and future needs. Major
findings and recommendations regarding these
means include the following:

• U.N. space treaties, which are primarily
intended to govern state activities, are some-
times difficult to apply to the increasingly
commercial space environment, and should be
revised. 

• National space regulation/licensing regimes of
space-faring nations should be coordinated to
incorporate similar requirements that satellite
operators follow space “rules of the road.” 

• Current catalogs of space objects must be
improved to enable effective collision avoid-
ance. 

• Space traffic should be required to coordinate
with air traffic, maritime, and land-based
activities to promote safety. 

• To protect the long-term space environment,
the standards community should work to
develop consistent and generally acknowl-
edged industry standards for debris mitiga-
tion.

• The geosynchronous Earth orbit (GEO) is a
special and unique resource. The codification
and consistent application of best practices
needs to be applied here as a top priority.

Although the explosive growth in space traffic pre-
dicted just a few years ago appears to have been
deferred, this pause in growth provides us with the
opportunity to develop the necessary framework of
space traffic management practices, regulations,
and cooperative processes in a relatively orderly
manner, rather than in a crisis environment.
However, action is needed now to begin building
the foundations for space traffic management. 

The Working Group on Earth-Threatening
Asteroids and Comets sought to explore the envi-
ronmental, societal, political, scientific, and engi-
neering issues relating to impacts by these objects,
and sought to make recommendations on how the

international scientific community and governments
around the world should address them.

Near-Earth objects (NEOs) are asteroids and comets
whose orbits cross the orbit of the Earth and pose
an impact threat. In recent years, the scientific
community has come to the conclusion that not only
has the Earth been impacted many times in the
past by NEOs but also that there is a real and credi-
ble threat of future impacts. Although the probabili-
ty of a major impact is low, such an event could
cause a global catastrophe for all living things on
the planet. The threat is serious enough to have
warranted several previous workshops within the
scientific and engineering communities, but an
international approach is lacking, which motivated
dedicated consideration by a Working Group at this
AIAA Workshop.

The Working Group concluded that current NEO
detection efforts are marginal for asteroids and
essentially nonexistent for long-period comets. It
also concluded that whereas countermeasures to
either fragment or deflect an incoming NEO are
possible given sufficient warning time, such efforts
would require a large and coordinated international
effort. Neither international agreements nor organi-
zations exist that could deal with a threat should it
materialize. Furthermore, the general public and
government decisionmakers are poorly informed on
the nature and seriousness of the threat and the
possibility of effective defenses.

Consequently, several things must be done to prop-
erly address the NEO threat. Timely detection, par-
ticularly of smaller asteroids and all long-period
comets, must be improved through the deployment
of additional ground-based telescopes and dedicat-
ed, large space-based observatories; and additional
NEO science data centers need to be established to
supplement the Minor Planet Center for coordinat-
ing detections. 

An international study should be initiated on how
the world’s current space-flight capabilities, proper-
ly augmented with interceptors and effectors, might
be used to counter a near-term NEO threat. Such a
capability may, in the long term, evolve into a dedi-
cated International Planetary Defense System. In
the near term, further rendezvous and robotic sam-
pling missions are required to fully characterize the
properties of NEOs because the appropriate coun-
termeasures will be dependent on the mineralogical
properties of the objects.
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A long-range global strategic plan for raising inter-
national awareness of the NEO issue and coordinat-
ing mostly national programs for improving detec-
tion, providing timely and accurate information,
and mounting effective and coordinated counter-
measures is needed. Given their global nature, the
leadership and coordination functions should be
conducted under the auspices of a multinational
body such as the United Nations. 

The Working Group on Global Navigation
Satellite Systems (GNSS) built on the efforts of the
two previous Workshops (April 1999 and January
1998). The current Working Group addressed criti-
cal near-term and emerging issues primarily associ-
ated with the development of next-generation GNSS
architectures, with a focus on maximizing user ben-
efits. Issues addressed included interoperability,
institutional models for cooperation, integrity provi-
sion (a new topic since the 1999 Workshop), spec-
trum protection, safety and security, liability, and
user support within developing nations. Some of the
recommendations require urgent action, especially
when they address issues that might impact next-
generation systems that are currently being defined,
and others call for longer term or continuous action
(e.g., spectrum protection, liability, user support
within developing nations).

One of the most pressing needs in the development
of next-generation GNSS is for greater understand-
ing about how these systems will operate and com-
plement each other to maximize their benefits for
all users. As the next-generation systems, including
the European Galileo system, the U.S. GPS-III sys-
tem, and the Russian GLONASS-K system, are cur-
rently being defined, decisions will need to be made
very soon if synergistic benefits are to be realized.
The kind of understanding needed between system
developers can only be achieved through open and
continuous communication among the government
and industry players that, unfortunately, has been
hampered by the slow pace of formal consultations
between the United States and the European Union.
Hence, the call for action on the part of the
European Union, the United States, and Russia to
develop a common view on system interoperability
in a time frame that is consistent with current pro-
gram development schedules.

Another area that will impact next-generation sys-
tems, and a new topic at this year’s Workshop, is
the provision of integrity services that measure the
“usability” of signals. Both regional and local aug-

mentation systems are currently used to provide the
different levels of integrity required for the various
transportation modes. Next-generation GNSS archi-
tecture studies are assessing more efficient and less
infrastructure-intensive approaches to providing
integrity services on a global basis. International
transportation standards organizations must devel-
op a common understanding of global integrity
needs and must investigate the feasibility and desir-
ability of common global integrity standards.

The Working Group made a number of specific rec-
ommendations regarding the responsibilities incum-
bent on GNSS user nations, including the continu-
ing need for protection of the GNSS spectrum from
interference and reallocation. Two recommenda-
tions are targeted at the upcoming series of GNSS
workshops being sponsored by the U.N. Office for
Outer Space Affairs, in response to recommenda-
tions from the 1999 AIAA Workshop. As part of this
effort to inform developing nations about GNSS
applications and benefits, the workshops should
include discussions of the need to support the pro-
tection of the GNSS spectrum and should address
additional responsibilities developing nations have
for ensuring appropriate levels of GNSS service and
optimum benefits for their users. A new issue that
has arisen since the 1999 Workshop is the potential
interference to GNSS from proposed ultrawideband
(UWB) systems. Recent studies and tests have
shown that UWB systems can interfere with the
low-power GNSS signals, and focused steps must be
taken to protect the GNSS spectrum from UWB
interference.

Additional recommendations were made in the
areas of safety and security, liability, and institution-
al models for cooperation. These are detailed in the
body of the report.

The Working Group on Space and the Public: A
Critical Link focused on developing, on an interna-
tional basis, an implementation methodology for
promoting continuous public awareness of the ben-
efits and excitement of space activities. Space activi-
ties are an essential part of the management of
planet Earth and the evolution of society. Although
space is integrated into many facets of daily life, the
general public’s knowledge of, and support for,
space activities is not commensurate with the bene-
fits that are derived from space. As a result, space
agencies, the aerospace industry, and space-related
entities, share a common challenge: To better com-
municate the contributions of space to society and
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share the excitement of space exploration and dis-
covery. 

Space has proven its potential to promote global
cooperation and healthy competition. For example,
at this time, a multinational, three-person crew
inhabits the International Space Station, 120 miles
above Earth, while on Earth society and the global
economy benefit from robust competition engen-
dered by space-derived technologies such as satel-
lite telecommunications, space-based Earth obser-
vations, and launch services. 

From Galileo’s early observations to magnificent
images from the Hubble Space Telescope, the question
of what lies “out there” has led to a better understand-
ing of our place in the universe and has driven us to
expand our horizons and improve our knowledge.
Space also provides a sense of adventure. Images of
astronauts and cosmonauts flying into space, floating
in a microgravity environment, and exploring the
space frontier excite children and adults alike. This
element—human space travel—has always been and
will remain one of the most appealing and motivating
aspects of space activities worldwide.

The Working Group recommends that the space
agencies of the world establish cooperative, multi-
lateral mechanisms to promote the implementation
of long-term communication and outreach by
engaging parties at all levels of the space communi-
ty, leveraging education programs and products,
and capitalizing on public outreach opportunities
worldwide.  Crafting and delivering clear messages
directed at decisionmakers and the general public
would be a significant step forward. A new genera-
tion of spokespersons who can deliver these mes-
sages in a credible and exciting manner must also
be encouraged. The Working Group calls particular
attention to the importance of engaging youth as an
integral part of this endeavor.

The Working Group on The Contribution of Space
Systems to the Development and Implementation
of Multilateral Environmental Agreements
(MEAs) examined the role that space-based Earth
observation (EO) systems could play in environmen-
tal agreements. It looked at ways to improve the
integration of EO data and information throughout
the entire process of developing and implementing
such agreements. More than 200 MEAs addressing
environmental issues and concerns have come into
existence during the past few decades. Few of
them, however, explicitly incorporate or depend on
EO data and information. 

An overarching conclusion of this Working Group
was that EO systems provide objective data that are
frequently unique and that provide the additional
advantage of yielding global, homogeneous, and
repetitive coverage. These data and the information
derived from them can be beneficially used by the
MEA community. In particular, EO systems can
observe and monitor activities and changes in land,
ocean, and atmosphere phenomena such as defor-
estation, ocean circulation, and depletion of stratos-
pheric ozone. In many cases, EO data and derived
information products can be used to assess the
effectiveness of MEAs in achieving their environ-
mental goals and to verify compliance.

This Working Group highlighted the desirability of
greatly strengthening communications between the
EO and the MEA communities. The EO community
should learn more about the needs of the MEA
community, while the latter should learn more
about EO capabilities to better understand and
appreciate what can and—just as important—what
cannot be done with EO data and information.

The Working Group’s recommendations encom-
passed a variety of “encouragements” and actions
for the EO and MEA communities to enhance com-
munications, to develop appreciation for each
other’s needs and capabilities, to take advantage of
each other’s expertise in ongoing forums, to work
together to improve potential MEA parties’ under-
standing of and confidence in EO data and informa-
tion and its uses, to undertake joint action to help
ensure operational continuity of required data and
information from EO systems, and to network
organizations to distribute responsibilities for
opeating space systems and for distributing data.

CONCLUSION

Over the course of the Workshop, it became clear
that links existed between certain individual
Working Group topics and recommendations. For
example, the mechanisms developed to promote
increased public awareness of the benefits and
excitement of space can be applied to educating and
informing the public about the realities of the threat
from asteroids and comets. Similarly, there are
potential parallels in the application of space sys-
tems to international environmental agreements
and their application in developing international
regimes for the management of space traffic and
the mitigation of space debris. Furthermore, large
telescopes needed to find and observe Earth-threat-
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ening asteroids and comets can also be used to
refine the catalog of man-made objects in Earth
orbit.

The Working Groups’ reports document a number
of important findings and recommendations that
resulted from three and a half days of intense dis-
cussions. Through this document they are being
disseminated to a large audience, with the expecta-
tion that they will play a significant role in the
development and implementation of policies gov-
erning activities in the space sectors concerned.
Members of the Working Groups, in cooperation
with the sponsors of the Workshop, will contact the
organizations to which recommendations are
addressed and will endeavor to obtain a commit-
ment to following these recommendations or in
some way furthering the intent of the recommenda-
tions.   
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THE WORKING GROUP ON
SPACE TRAFFIC MANAGEMENT

■ Examine the need for an improved traffic management framework in the increas-
ingly crowded space environment.  Identify promising approaches for space traf-
fic management and the reduction of space traffic hazards.  Explore international
methods for coordination, regulation, and enforcement of space "rules of the
road.”

THE WORKING GROUP ON
AN INTERNATIONAL APPROACH TO DETECTING EARTH-THREATENING ASTEROIDS AND
COMETS AND RESPONDING TO THE THREAT THEY POSE

■ To explore the issues surrounding Earth-threatening asteroids and comets and
make recommendations on how the international community should approach
the issues posed by these objects.

THE WORKING GROUP ON
GLOBAL NAVIGATION SATELLITE SYSTEMS

■ On the basis of the fourth and fifth Workshop findings and subsequent develop-
ments, examine further the role of private- and public-sector international coop-
eration and competition in current and future global navigation satellite systems
(GNSS).

THE WORKING GROUP ON
SPACE AND THE PUBLIC: A CRITICAL LINK

■ Develop, on an international basis, an implementation methodology for promot-
ing continuous public awareness of the benefits and excitement of space activi-
ties.

THE WORKING GROUP ON
CONTRIBUTION OF SPACE SYSTEMS TO THE DEVELOPMENT AND IMPLEMENTATION OF
MULTILATERAL ENVIRONMENTAL AGREEMENTS

■ Examine the role of civil, governmental, and commercial space systems in the
development and implementation of multilateral environmental agreements and
the impact these systems could have on negotiation of future agreements.

W O R K I N GW O R K I N G G R O U PG R O U P M A N D A T E S
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THE WORKING GROUP ON 
SPACE TRAFFIC MANAGEMENT

CHAIRPERSONS
JOSEPH BRAVMAN (USA)
DIETRICH REX (GERMANY)

RAPPORTEUR
PAUL SHAWCROSS (USA)

MANDATE

Examine the need for an improved traffic manage-
ment framework in the increasingly crowded space
environment. Identify promising approaches for
space traffic management and the reduction of
space traffic hazards. Explore international meth-
ods for coordination, regulation, and enforcement
of space “rules of the road.”

EXECUTIVE SUMMARY

Self-interest alone is often insufficient to encourage
the safe and responsible operation of space sys-
tems. An external impetus is needed to encourage
the consistently responsible behavior required to
reduce the risk of damage to present and future
space systems, as well as to people, places, and
objects on the Earth. We believe that a single mono-
lithic space traffic control structure and organiza-
tion is presently neither a necessary nor a practical
approach to providing such an impetus. Rather,
space traffic can be managed by existing entities
and should consist of a framework of treaties, regu-
lations, licensing practices, “rules of the road,” and
operating agreements. This framework should be
fed by continuing study and should evolve in reac-
tion to economic, legal, and technical changes. 

Space traffic management encompasses all the
phases of a space object’s life, from launch to dis-
posal. It consists of activities intended to prevent
damage in the near term (such as collision avoid-
ance and coordination of reentry), as well as
actions that must be taken to reduce the long-term
potential for future damage (such as moving satel-
lites into disposal orbits or venting rocket propel-
lant to reduce the chance of explosion).

Effective means of space traffic management are
required to meet existing and future needs. Some of
our major findings and recommendations regarding
these means are as follows:

• United Nations (U.N.) space treaties, which
are primarily intended to govern state activi-
ties, are sometimes difficult to apply to the
increasingly commercial space environment,
and should be authoritatively interpreted, sup-
plemented, or adjusted to reflect this new situ-
ation.

• National space regulation/licensing regimes of
space-faring nations should be coordinated to
incorporate similar requirements that satellite
operators follow space “rules of the road.”

• Current catalogs of space objects need to be
improved to enable effective collision avoid-
ance. 

• Space launch and reentry activities should
coordinate with air traffic, maritime, and
land-based activities to promote safety. 

• To protect the long-term space environment,
the standards community should work to
develop consistent and generally acknowl-
edged industry standards for debris mitiga-
tion.

• The geostationary orbit (GEO) is a unique and
invaluable location. Debris in GEO is essen-
tially permanent. 

• The codification and consistent application of
best practices for GEO traffic management
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should be a top priority. These practices
include the proper use of disposal orbits, the
development and application of rules of the
road, and the improvement of catalogs of GEO
objects so as to enable collision avoidance.

Whereas the explosive growth in space traffic pre-
dicted just a few years ago appears to have been
deferred into the future, this delayed growth pro-
vides us with the opportunity to develop the neces-
sary framework of space-traffic-management prac-
tices, regulations, and cooperative processes in a
relatively orderly manner, rather than in a crisis
environment. However, action is needed now to
begin building the foundations for future space traf-
fic management. Members of the Working Group, in
cooperation with the sponsors of the International
Space Cooperation Workshop, will contact the vari-
ous organizations to which recommendations are
addressed and endeavor to obtain a commitment to
these recommendations or seek some modification
that will stimulate progress.

BACKGROUND

This report builds on the work of the 1999
International Space Cooperation Workshop’s
Working Group on the Growing Number of Satellites
in Orbit.1 Our group differed from this previous
effort because of our focus on using existing organi-
zations for traffic control/traffic management rather
than attempting to form new entities.

We examined traffic management models used in
other environments to determine whether they
might apply to space operations. We found that no
single model could be employed appropriately over
the full range of space-traffic-management activi-
ties. The air traffic control model can be applied to
some aspects of launch management, but methods
used to warn of dangerous weather may be a more
suitable analogy for managing reentry. Traffic man-
agement of on-orbit operations is in some ways
similar to maritime traffic management, but again
with significant differences. Approaches used to
protect the environment—rather than traffic man-
agement—are the most appropriate models for
managing the orbital debris hazard. We strove to

draw from all of these models to develop a frame-
work for space traffic management. As best prac-
tices are studied, codified, and continue to evolve,
continued consideration of other traffic manage-
ment processes will provide additional insights that
may help to create an effective space-traffic-man-
agement regime.

FINDINGS AND RECOMMENDATIONS

Legal and Regulatory Environment

U.N. space treaties, including the Outer Space
Treaty,2 the Liability Convention,3 and the
Registration Convention,4 contain provisions that
create an international legal framework for space
traffic management.

• The Outer Space Treaty holds that outer space
shall be free for exploration and use without
discrimination of any kind, that states are
responsible for the space activities of their
nongovernmental entities, and that states
should consult with each other if they believe
one state’s space activities may interfere with
the space activities of another state. 

• The Liability Convention makes launching
states liable for damage caused by their space
objects to the Earth, aircraft in flight, persons,
or other space objects.

• The Registration Convention holds that the
launching states are responsible for informing
the United Nations following the launch of a
space object. The United Nations is responsi-
ble for maintaining a register of space objects.

Global space activity, however, has changed greatly
since these treaties were developed. Many space
objects and launch vehicles are now owned by pri-
vate companies or international consortia, rather
than by nations. Applying the U.N. treaties may be
difficult in such cases, or the result of their applica-
tion may be less than satisfactory. For example, if

1 We also drew from numerous other sources of information, including the 1999 U.N. Technical Report on Space Debris. 
2 U.N. Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space including the Moon and Other

Celestial Bodies.
3 U.N.Convention on International Liability for Damage Caused by Space Objects.
4 U.N. Convention on Registration of Objects Launched into Outer Space.
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an Intelsat satellite is launched on a Sea Launch
vehicle (Sea Launch is incorporated in the United
States, owned by U.S., Ukrainian, Russian, and
Norwegian companies, and is launched from a
Norwegian-built platform registered in Liberia), it is
unclear which “launching state” should register the
launch and who, as the “launching state,” should be
held liable in case of damage caused by the object
launched. If the satellite is later sold to a Hong
Kong company and subsequently causes damage to
another satellite, the original “launching state” may
still be held liable, although there is no relationship
whatsoever between that state and the Hong Kong
company. The issue may become even more compli-
cated when a satellite produces debris and that
debris subsequently damages other satellites, since,
in general, states do not register their debris. The
potential liability in such cases can be enormous
and has yet to be tested, either in national courts or
between states on the basis of the Liability
Convention. Until the liability issue is clarified, pri-
vate companies have little incentive to carry liability
insurance for damage caused to other satellites by
their space objects, and therefore the insurance
community has little incentive to offer such insur-
ance.

Finding 1—U.N. space treaties, which are prima-
rily intended to govern state activities, are some-
times difficult to apply to the increasingly non-
governmental (primarily commercial) nature of
current space activities, resulting in a shortfall of
clear legal guidance.

Recommendation 1—The U. N. Committee on
Peaceful Uses of Outer Space (COPUOS) should
continue to review the scope and application of
the present U.N. space treaties with a view
toward increasing their effectiveness and appro-
priateness in the present environment.

U.N. space treaties provide a powerful tool for inter-
national regulation, but revisions to, or reinterpreta-
tions of, treaties can take several years, and the suc-
cess of such efforts is not guaranteed. In addition,
not all countries with space objects are parties to the
treaties. Further, the treaties do not (and should not)
provide many of the detailed rules or guidelines that
are needed for effective space traffic management.
Other means, including the implementation of har-
monized national regulations and licensing schemes,
the development of national and international techni-
cal standards, and the development of accepted

“rules of the road” for space development and traffic
management are required. National space regulation
and licensing regimes are particularly important
tools because of the requirements they can impose
on the licensees (e.g., notification, debris mitigation
measures, continuing supervision by the respective
government). 

Recommendation 2—Means of space traffic man-
agement that are required to meet existing needs
can be implemented while the U.N. space treaties
are being reviewed. These means can build on
and supplement the provisions of existing
treaties and regulations and can evolve as those
treaties and regulations are revised.

Specific recommendations regarding these means of
space traffic management are detailed below.

Developing “Rules of the Road” for Space

On the roads, on the seas, and in the air, rules of
the road help vehicle operators travel safely and
efficiently, while assuring equitable access. Without
rules of the road, for example, drivers would not
know who has the right-of-way or who should stop
at an intersection, creating a safety hazard (and a
problem in determining liability if an accident
occurs). However, rules of the road for traffic man-
agement between satellite operators are not well
specified. 

No multinational rules, for example, directly
address the physical location of satellites5 beyond
the Outer Space Treaty requirement for states to
consult if they have reason to believe their space
activities may cause potentially harmful interference
with another state’s space activities. As a result, no
rules specifically prohibit new satellites from being
launched into orbits that could later threaten exist-
ing satellites. The present approach relies only on
the enlightened self-interest of satellite operators to
avoid hazardous situations.

Maneuvers of spacecraft are also unregulated. As a
result, some GEO satellite operators do not respon-
sibly coordinate spacecraft maneuvers between
orbital slots. Beyond the obvious possibility of colli-
sion as one satellite drifts past another, radio inter-
ference between spacecraft can disrupt service or
interfere with command and control telemetry.
International Telecommunications Union (ITU) and

5 The International Telecommunications Union (ITU) only regulates radio interference between satellites.
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national licensing rules do not cover this situation,
because they are focused on long-term orbital loca-
tions not on the maneuvers needed to reach those
locations. When multiple organizations occupy a
single GEO orbital slot, the need for coordination
will be further increased. 

Potential rules of the road fall into a few general
categories. These could include the following:

• Right of way rules (e.g., does the first satellite
in a particular orbital regime have priority?
Does gross mass or fuel capacity affect rights
of way?)

• Zoning rules (e.g., should some types of space
activities be restricted from certain orbital
regimes?)

• Communication rules (e.g., should operators
of a GEO satellite passing through another
satellite’s orbital location be required to com-
municate with the operators of the other satel-
lites?)

• Environmental rules (e.g., rules intended to
reduce the creation of orbital debris)

Finding 2—There is no codified set of rules of the
road for space operations.

Recommendation 3—The International Academy of
Astronautics should undertake a Cosmic Study 6 to
recommend rules of the road for space traffic
management. Government agencies and space
operation organizations should be key partici-
pants in the study.

Just as important as deciding what the rules of the
road should be is determining how or to what
degree the rules should be enforced. Existing rules
are voluntary, resulting in limited compliance. One
promising approach is to incorporate the rules into
national space regulation and licensing regimes.
This measure has a greater probability of producing
a high level of compliance, but unless the regula-
tions are harmonized among the space-faring
nations, it could lead to “license-shopping” as some

owners seek to have their systems licensed under
more permissive rules. 

Recommendation 4—National space
regulation/licensing regimes of space-faring
nations should be coordinated to incorporate
similar requirements so that satellite operators
follow space rules of the road.

Enabling Collision Warning

Safe traffic operation requires timely and credible
warning of hazards. In Earth orbit, the principal traf-
fic hazard is the potential for collision with other
space objects, including rocket bodies, operational or
defunct satellites, or fragments of such bodies.
Because autonomous space-based collision avoidance
systems are infeasible with present technology, colli-
sion warning for the foreseeable future will involve
consulting databases (commonly referred to as “cata-
logs”) containing the orbital elements (location and
velocity) of space objects tracked by ground-based
space observation systems to determine whether any
of the listed objects are likely to collide. Current cata-
logs are created from data primarily provided by the
U.S. and Russian militaries.

For a catalog of space objects to be useful for colli-
sion warning purposes, the catalog must be as com-
plete as possible, and the orbital elements of the
objects in the catalog must be accurate. Current cat-
alogs, however, are both incomplete and inaccurate.
Although debris 1 cm in diameter can not only dis-
able a satellite but also potentially cause some frag-
mentation (and with it the creation of additional
new debris) current catalogs only include much
larger objects. In general, the low Earth orbit (LEO)
catalog contains objects as small as 10 cm in diam-
eter, but the GEO catalog only includes objects larg-
er than 1 m in diameter. Accuracy in catalog data is
also necessary because uncertainties in the position
of objects can lead to false alarms of potential colli-
sions and require large propellant-consuming eva-
sion maneuvers to ensure the object has been evad-
ed.  The uncertainty in location of LEO objects in
current catalogs varies, depending on altitude and
orbital inclination, but is generally on the order of
tens of kilometers.

6 Cosmic Studies are periodically conducted by the International Academy of Astronautics to develop positions on space issues that
have important impact on all society. Cosmic Studies are of very wide scope and combine inputs from scientific, engineering, legal,
economic, and societal elements of the community. The studies normally take one to two years to complete and include several pub-
lic discussions at symposia. After careful review by the Academy and approval by its Board of Trustees, Cosmic Studies are released to
the leaders of the space faring nations, to the United Nations, and to the public.
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Finding 3—Current catalogs of debris objects are
both incomplete and inaccurate. To enable effec-
tive collision avoidance, catalogs must be greatly
improved.

While the problem of developing an effective colli-
sion warning system has been the subject of much
discussion by previous workshops (including the
previous Workshop on International Space
Cooperation), few meaningful actions have been
taken to significantly improve catalogs. The technol-
ogy required to significantly improve the catalog
exists both in industry and in government organiza-
tions, but only limited funds have been made avail-
able either from government or private sources to
significantly improve the catalog.

Recommendation 5—Potential users of collision
warning capabilities should encourage providers
of catalog data (U.S. Space Command, European
Space Agency, Russian Space Agency, and private
companies) to improve cataloging activities.
Improvements could include developing and
deploying new sensors, improving analytic tech-
niques, and incorporating data from sensors not
primarily intended for tracking orbital space
objects. Improvements to the GEO catalog should
be considered a priority and should be treated as
such by the IADC Subgroup on Measurement.

Two considerations compound the reluctance of
organizations to improve the catalog for purposes of
collision warning. One is the potential liability that
could result from the provision of incorrect collision
warning information. The other is that, for valid
national security and proprietary reasons, some satel-
lite operators and catalog providers cannot provide all
information about all space objects.

Recommendation 6—Government and commer-
cial groups should investigate means of mitigat-
ing legal and procedural barriers (including
national security concerns) that might prevent
the improved provision of collision warning infor-
mation. These means of mitigation could include
information-handling protocols and coordination
mechanisms.

Using Disposal Orbits

The Inter-Agency Space Debris Coordination
Committee (IADC), the ITU, and many other organi-
zations7 have recommended the use of “disposal

orbits” for satellites in crowded and valuable orbital
regions. A disposal orbit is an orbit, located at some
distance from a widely used orbit, into which satel-
lites are moved at the end of their operational lives,
to reduce the long-term risk to operational satel-
lites. Disposal orbits typically are used where natu-
ral reentry or de-orbit is not practical. Disposal
orbits have been used at GEO, in the 12-hour orbits
used by navigation satellites, and in the upper
regions of LEO. Use of disposal orbits typically
greatly reduces the long-term risk to operational
satellites.

For a disposal orbit to be fully effective, objects in
the disposal orbit must essentially pose no risk to
operational satellites. For two reasons, some dis-
posal orbits are not fully effective. First, if a dispos-
al orbit is not stable over the long term, objects in
the orbit may eventually cross the orbits of opera-
tional satellites. This is a real concern because the
long-term stability of some commonly used disposal
orbits is not well known. For example, the stability
of the disposal orbit near the 12-hour orbits used
by navigation satellites has recently come into ques-
tion.8 A disposal orbit is also less effective if it is
close enough to the original orbit that an explosion
or collision in the disposal orbit would produce a
significant number of fragments that would cross
the orbits of operational satellites. This concern
exists for some GEO satellites that were placed in
disposal orbits only a few kilometers above GEO.
The IADC has developed a standard formula for the
minimum safe distance above GEO, but the deter-
mination of safe LEO or medium Earth orbit (MEO)
orbits may be more problematic as potential dispos-
al orbits may interfere with the location of future
systems. In LEO, the long-term implications of dis-
posal orbits must be considered and compared with
the costs and benefits of de-orbiting.

Recommendation 7—Member nations of the IADC
should direct additional research resources
toward studying the long-term evolution of dis-
posal orbits and the determination of potentially
safe disposal orbits for LEO. Once suitable LEO
procedures have been determined, national insti-
tutions representing their countries in the ITU
should draft an ITU recommendation concerning
LEO disposal, in accordance with the new Article
44 of the ITU Constitution. This recommendation
should also be incorporated into the Radio
Regulations.

7 Including the U.S. National Research Council, the International Academy of Astronautics, and NASA.
8 “GPS Disposal Orbit Stability and Sensitivity Study,” Aerospace Corporation.
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Satellite operators with access to disposal orbits do
not universally use such orbits. Re-orbiting a satel-
lite at the end of its life requires fuel that often
could otherwise be used to keep the satellite opera-
tional. This is a particular problem in GEO, where
the last few months of a satellite’s operational life
can be worth millions of dollars, essentially all of it
profit. In 2000, only two of nine GEO satellites that
ended their lives were reorbited to an effective dis-
posal orbit.

Recommendation 8—National institutions repre-
senting their countries in the ITU should work to
make the ITU recommendation on disposing GEO
satellites at the end of their lifetimes9 into a
binding provision through incorporation into the
ITU Radio Regulations. This provision should
include a requirement that operators of GEO
satellites report to ITU during the last three
years of their satellite’s published maneuver life
on the status of fuel reserved for disposal and
their schedule for disposal.

Recommendation 9—Owners and operators of
GEO satellites should follow IADC standard prac-
tice of transferring GEO satellites at the end of
their operational lifetimes into a disposal orbit at
an altitude specified by the IADC formula.

Recommendation 10—Licensing authorities
should consider an applicant’s previous failure to
use GEO disposal orbits during new license appli-
cations.

Actively Managing Launch and Reentry

Launch and reentry operations require active and
carefully preplanned traffic management for the fol-
lowing reasons:

• Launch is historically the phase of space oper-
ations that poses the greatest threat to other
traffic, to ground facilities, to the public, and
to the environment.

• Reentry, especially of large space objects,
poses a potential threat to life and property,
and creates a high degree of public concern. 

• During both launch and reentry, space traffic
management interfaces with the air traffic
management system, which operates in real-

time and on which the lives of many people
depend.

• Launch and reentry are highly visible space
operations, and traffic management problems
during launch or reentry can affect the public
perception of the entities involved.

• Because the ability to control launch and
reentry in real-time is very limited, planning
activities constitute the most practical meas-
ures to ensure safety and success.

In the five decades that rockets have been launched
into orbit, launching authorities have developed a
variety of traffic management procedures to reduce
the hazard to the launch vehicle, to the public, and
to the environment. Best practices for launch traffic
management include the following:

• Notification of, and coordination with, local
and downrange air traffic, maritime authori-
ties, and local government officials; 

• Effective abort capability to ensure that a
launch gone awry does not result in unaccept-
able risks to people, property, or the environ-
ment;

• Identification of the potential collision hazards
during launch (although current catalogs are
insufficiently accurate or complete enough for
this purpose); and

• Rocket body passivation, de-orbiting, or re-
orbiting once on orbit in accordance with rec-
ognized debris mitigation standards.

Launch licensing procedures that require these best
practices are an effective means of ensuring that
they occur. However, licensing requirements vary
greatly among nations, and inconsistencies threaten
to encourage “license-shopping,” resulting in less
responsible states gaining a short-term competitive
advantage.

Recommendation 11—Licensing entities should
coordinate on the development of international
launch traffic management guidelines and stan-
dards for incorporation into licensing and regu-
latory regimes.

9 ITU/R. D. 1003 (1993)
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Artificial space objects fall to Earth on a weekly
basis. Most such objects pose little threat to people
or property, but occasionally, the fall of a particular-
ly large or well-known object (or an object contain-
ing a nuclear power source) results in widespread
public concern. No consistent requirements exist for
de-orbiting, but recent efforts to de-orbit Mir and
the Gamma Ray Observatory (GRO) are good exam-
ples of careful planning and international coordina-
tion.

Recommendation 12—The IADC should develop
an international de-orbiting notification process
that includes criteria for determining which
reentries require planning and coordination.
Development of this process can build on the
experience gained in the Mir and GRO de-orbits.

Reusable launch vehicles (RLVs), which are
designed to launch and reenter multiple times, raise
a number of unique traffic management issues. For
example, RLVs are not universally recognized as
space objects. This creates doubts about whether
air traffic or space traffic rules apply to their reen-
try over the territories of foreign nations. (The only
operational RLV, the U.S. Space Shuttle, does not
have this problem, as it normally launches and
lands over the United States or the oceans, and the
U.S. government has negotiated bilateral agree-
ments to secure landing areas in other nations.)

Recommendation 13—COPUOS should clarify the
legal status of RLVs as space objects.

Reducing the Creation of Orbital Debris

A key element of space traffic management is
reducing the number of space objects littering the
Earth orbital region. Following years of work by
debris researchers worldwide, the IADC has devel-
oped a set of standards for reducing the creation of
new orbital debris. The standards cover three main
areas:

• Control of debris released during operations
(e.g., use of explosive bolt catchers)

• Minimization of debris created by accidental
explosions, generally by venting propellant
and depleting stored energy

• Postmission disposal, including both de-orbit-
ing and the use of disposal orbits

The COPUOS Scientific and Technical Subcommittee
plans to address these issues in the 2002–2005
time frame. In addition, draft standards in these
areas have been presented to U.S. and European
industry and standards groups, and some nations
(including the United States and the United
Kingdom) have already used them in some licensing
requirements. To promote fair competition and
avoid license-shopping, U.S., European, and inter-
national standards organizations should take care
to ensure that any different standards are harmo-
nized. 

Finding 4—Recommended IADC guidelines for
mitigating the creation of new debris are an
important, positive step. However, their accept-
ance is not yet universal.

Recommendation 14—To increase the use of, and
adherence to, IADC guidelines, the standards
community should work to develop consistent,
generally acknowledged industry standards for
debris mitigation, based on IADC guidelines.
Specifically, AIAA, in conjunction with IADC,
ECSS, and other standards bodies should identify,
coordinate, and propose consistent applicable
standards for International Organization for
Standardization’s  (ISO) consideration.

One area that is not specifically addressed in pro-
posed standards is the unintentional nonexplosive
release of debris from spacecraft and rocket bodies
(e.g., solid rocket motors ejecting slag into orbit,
satellites releasing paint chips and thermal blan-
kets). In one such case, the liquid metal droplets
leaking from orbiting reactor cores have greatly
increased the hazard from debris in some orbits. In
general, unintentional nonexplosive release of
debris is not yet fully understood and no rules or
regulations exist regarding the creation of such
objects.

Recommendation 15—IADC member nations
should direct research resources into studying
the unintentional nonexplosive release of space
objects.

Protecting the Geostationary Orbit

Several orbital regimes are heavily used and impor-
tant for national, international, and commercial
space activities. These include the 12-hour orbits
employed by navigation satellites, the low-altitude
orbits in which most human space flights occur, and
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the Sun-synchronous orbits used by many remote-
sensing satellites. However, GEO presents a special
case with unique challenges. In GEO, major weath-
er satellites, along with at least one hundred billion
dollars of communications satellites producing tens
of billions of dollars of annual economic activity, are
located in a very narrow band 35,800 km above the
Earth.10 Debris created in this orbit does not fall
toward Earth, but stays in the GEO region for mil-
lions of years. No orbit exists to easily replace GEO
—only in GEO do satellites appear to remain sta-
tionary to observers (and antennas) on the Earth.
Because of these unique features, accidents and pol-
lution in GEO will have grave and far-reaching con-
sequences.

Finding 5—The geostationary orbit is a unique
and invaluable location. Debris in the geostation-
ary orbit is essentially permanent.

Recommendation 16—Protection of the geosta-
tionary orbit warrants the universal application
of world best practices for preservation.

Many of the best practices that should be employed
in GEO have been discussed previously in this docu-
ment. They include the proper use of disposal
orbits, the need to develop and apply rules of the
road, and the need to significantly improve catalogs
of GEO objects so as to enable collision avoidance. 

Even if such best practices are employed, future
collisions may still cause satellites to fragment, or
explosions may create large amounts of debris,
threatening the future capability to use GEO. In
such cases, the difficult and expensive task of
actively removing debris from GEO might become
economically attractive. Technical approaches to
removing debris from GEO might involve the devel-
opment of a “space tug” that could push satellites
and large debris into a disposal orbit11 or the
development of devices to sweep up and collect
smaller debris. Potential legal approaches might
include developing an improved liability regime,
supported by much better catalog data, to encour-
age operators to remove their debris from GEO, or
an enhanced regulatory regime to enforce such
removal. Preliminary work in these areas need not
be costly. 

Recommendation 17—GEO spacecraft operators,
national space agencies, and space nongovern-
mental organizations should fund and/or conduct
preliminary analysis and research, both technical
and legal, into methods to remove debris from
GEO. The GEO user community should take steps
to raise the level of concern and promote action at
conferences and other interactions.

CONCLUSION

The Working Group has developed a series of rec-
ommendations intended to extend the existing
treaty, regulatory, legal, and economic framework to
create a safe and effective space-traffic-manage-
ment environment. Existing international bodies,
national regulatory bodies, space agencies, soci-
eties, and industry all have key roles to play.  We
intend to cooperate with the sponsors of the
Workshop to ensure that our recommendations are
clearly communicated to these entities, and we
hope that a future international workshop will
review progress in implementing the Working
Group’s recommendations.

10 The 1998 communications satellite failure that disrupted pager services for tens of millions of people in the United States highlights
how dependent we have become on the data and communications transmitted from and relayed through GEO.

11 Such a capability, once developed, might possibly be used as an alternative to onboard propulsion for re-orbiting GEO satellites at
the end of their operational lives.
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MANDATE

To explore the issues surrounding Earth-threaten-
ing asteroids and comets and make recommenda-
tions on how the international community should
approach the issues posed by these objects.

EXECUTIVE SUMMARY

Near-Earth objects (NEOs) are asteroids and comets
that periodically cross or approach the orbit of the
Earth. In recent years, the scientific community has
come to the conclusion that not only has the Earth
been impacted many times in the past by NEOs, but
that there is a real and credible threat of future
impacts. Whereas the probability of an impact is
low, such an event could cause a global catastrophe
for all living things on the planet. The threat there-
fore warrants serious and immediate attention.

The international scientific and engineering com-
munities have held a number of workshops to
understand the NEO issue and to investigate
whether countermeasures are possible. The general
conclusion from these workshops is that current
detection efforts are inadequate and that, while
countermeasures to either fragment or deflect an
incoming NEO are feasible, such efforts would
require a large, expensive, and coordinated interna-
tional effort. Current NEO activity is limited, poorly
funded, and not conducted in a coordinated man-
ner. In addition, both the general public and gov-
ernment decisionmakers are poorly informed on the
nature and seriousness of the threat.

Several time-phased activities must be undertaken
to properly address the NEO threat. NEO detection
capabilities must be improved through the deploy-
ment of additional and larger ground-based tele-
scopes, some of which should be sited in the south-
ern hemisphere. Additional NEO science data cen-
ters need to be established to supplement the IAU
Minor Planet Center (MPC), and all of these facilities
should be assured of stable and adequate funding.
A NEO-dedicated 1-m-class near-infrared space tel-
escope facility should be stationed at the L2
Lagrangian point. In addition, several 25-m-class
optical telescopes should be placed in space to
detect long-period comets with adequate warning
time for action to be taken. The pursuit of NEO-spe-
cific research in universities, laboratories, insti-
tutes, think tanks, and other organizations should
also be encouraged.

Concurrent with detection, it is not premature to
consider options for countermeasures. A study on
how the world’s current spaceflight capabilities
might be used to counter a near-term NEO threat
should be initiated. In the longer-term, this may
evolve into a dedicated planetary defense system.
Such a system should deflect rather than fragment
an incoming NEO, and this should be done by non-
nuclear means if possible. However, the option of
using nuclear devices must be preserved as they
are probably the only effective option for very large
bodies or those for which we have little warning
time.

To raise international awareness of the NEO issue,
a second international conference on the topic
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should take place under the auspices of the United
Ntions (U.N.). It is also important to initiate a dia-
logue with organizations like disaster-management
agencies and environmental groups that to date
have not been engaged by the NEO community but
need to be educated on the threat and solicited for
their potential contributions. Finally, an effective
executive body to coordinate international NEO
activity is needed. Given the global nature of the
threat, this body should operate under the auspices
of the U.N..

BackGround

In the last few decades scientists have come to the
conclusion that the Earth has been hit many times
by celestial bodies large enough to cause global
catastrophes for living things. The best example is
the mass extinction of approximately 70% of living
species, including the dinosaurs, about 65 million
years ago, attributed to an asteroid impacting near
the present-day town of Puerto Chicxulub, Mexico.
Many smaller craters are also testament to numer-
ous smaller impacts.  It is also clear that such
impacts are an ongoing phenomenon. Therefore, it
is only a matter of time before a cataclysmic impact
occurs in the future, one that would threaten not
only human civilization but perhaps all life on
Earth. This Working Group was formed to assess
what needs to be done to prevent such a catastro-
phe. Furthermore, because the problem is inherent-
ly global in nature, it is logical that an international
group should suggest possible solutions.

The threat from Earth-approaching asteroids and
comets, referred to as near-Earth objects (NEOs), is
illustrated in Figure 1. An impact by a NEO larger
than about a few kilometers in diameter would pro-
duce global devastation by a number of effects,
such as introducing large quantities of debris into
the atmosphere, which would result in near total
darkness persisting for months to years, killing
most terrestrial life. Objects between about 100 m
and 1 km in diameter would produce massive
destruction and environmental disturbances that
would kill millions of people, but their effects would
likely tend to be local or regional rather than global.
NEOs less than 100 m but greater than several tens
of meters in diameter would produce large craters
but few casualties and no global effects. The only
good news associated with NEO impacts is that they
are expected to occur infrequently, as illustrated in
Figure 2; 10-km NEOs are expected to impact on
average every 100 million years or so, 1-km NEOs

every 100,000 years, and 100-m NEOs every few
centuries. Although this does not mean that a large
one will not strike next year, the probability is very
small. Nonetheless, if it were to occur, the devasta-
tion would be of a horrific magnitude.

Figure 1: Expected Fatalities Due to Asteroid
Impacts

Figure 2: Frequency of Asteroid Impacts 

Most asteroids reside in a belt between Mars and
Jupiter and are in rather stable orbits. The poten-
tially dangerous ones are in eccentric orbits that
cross the Earth’s orbit and therefore could impact.
It is estimated that there are on the order of 1000
of these objects greater than 1 km in diameter, and
hundreds of thousands in the 100-m-class. The
orbits of many of the largest ones have been deter-
mined. Impacts can also occur from short-period
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comets in asteroid-like orbits as well as long-period
comets that come from deep space. The latter are,
in a sense, the most dangerous objects, because
their number and orbits are poorly known, and
they appear so infrequently that there is no detec-
tion history for them. Furthermore, long-period
comets impact at much higher velocities than aster-
oids, and consequently their destructive effects
often exceed those from asteroids of the same size. 

The international scientific and engineering com-
munities have held a number of workshops to
understand the threat posed by NEOs and to deter-
mine if countermeasures are possible. The
European Space Agency (ESA), the U. N., NASA,
Russia, and most recently a dedicated task force in
the United Kingdom have studied this issue. The
general conclusion has been that current detection
programs can and should be improved.
Countermeasures to either fragment or deflect these
objects are feasible, but are neither inexpensive,
quick, nor easy (heroic movies on the subject
notwithstanding). Nonetheless, it is clear that con-
trary to the situation faced by the dinosaurs we
indeed have the ability to prevent a NEO from
killing us, but only if we apply a dedicated effort to
the problem. 

These efforts vary in feasibility and difficulty
depending on the size of the NEO and the warning
time that detection systems provide us. The
Working Group assembled three scenarios to scope
its deliberations: 

• A modest scenario in which a 500-m diameter
asteroid is discovered whose orbit is predicted
with high confidence to impact the Earth in
20–50 years, causing large-scale but regional-
ly limited devastation. In this case, the pre-
ferred response would be to deflect the NEO
by altering its orbit with nonnuclear devices
that are attached to the object by humans or
by robotic systems. Given the long advance
warning, there would be time for precursor
scouting missions and experiments to provide
data for designing the deflection procedure
and, if necessary, for multiple deflection
attempts to ensure success. Existing launch
vehicles could be modified and adapted with
upper stages to deliver a spacecraft and its
deflection payload to the vicinity of the NEO,
where the final maneuvering for contact
would be performed by terminal homing
propulsion. In addition, sufficient time would

be available for executing terrestrial precau-
tions, such as resettling people in coastal
areas, should such efforts be deemed neces-
sary. The probability of success is good.

• A more difficult scenario would be the detec-
tion of a 1–2-km diameter asteroid with at
most 10 years of warning time. The impact of
such an object would be devastating, killing
perhaps over one billion people. Although
humanity would probably survive, civilization
would likely be sent back to the Stone Age.
Multiple interception attempts may still be
possible in the time available. Nonnuclear
methods might be attempted initially, but if
these are unsuccessful then nuclear devices
would have to be employed. The current
spaceflight infrastructure may be employed
(with modifications) initially, but a dedicated
launch/interceptor system would probably
have to be developed rapidly and used if sub-
sequent deflection attempts are required. The
probability of success is moderate.

• The most difficult scenario would be the dis-
covery of a 5-km diameter or greater long-
period comet with only two years of warning
time (which in itself is optimistic, given the
difficulty of discovering such comets even that
far in advance). This NEO would destroy all
humans and almost all life on Earth. The
response would be a desperate, direct-ascent
interception attempt using dozens of modified
contemporary launchers with crash-program-
developed upper stages and interceptors
equipped with nuclear weapons. The impend-
ing doom would doubtless result in civil
chaos, mass panic, upheaval of the social
structure, and millions of deaths even before
the actual impact. Attempts would be made to
protect a sample of humanity, perhaps in a
deep underground cavern where they would
have to reside for years in the hopes of an
eventual return to the surface. The probability
of success is low.

The preceding scenarios constitute a representative
set of situations that raise a number of technical
and nontechnical issues. Although the technical fac-
tors associated with detection and countermeasures
have been addressed by prior workshops, deficien-
cies in current capabilities and solutions to deal
with them in the context of the preceding scenarios
have not. Furthermore, the organizational, political,
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and sociological issues are as important as the tech-
nical ones, but to date these have received little
attention. These issues include questions such as:
Which organization or body should be in charge?
How should the existence of a threat be announced
to avoid false alarm and avoid panic? How should
the use of nuclear devices be coordinated and regu-
lated? Who should authorize their deployment, and
how should the fear associated with their use be
allayed? Finally, how should social dislocations be
minimized, as these might be as damaging as the
direct results of the NEO strike itself?

A NEO impact is a unique event that would cause
far greater damage than that from more familiar
natural disasters such as major earthquakes. But
there is a crucial difference: With proper effort,
most NEO impacts could be predicted and likely
prevented. Unfortunately, the public has been
exposed to movies and television programs that
have painted an unrealistic picture of the situation,
and decisionmakers are in general poorly informed
of both the threat and the fact that countermeasures
are possible. There exists a “giggle factor” associated
with the subject of NEO impacts, which may be due
to psychological denial that such improbable events
could actually happen to us or our children, the lack
of knowledge on the part of governments and the
public, the relative scarcity of consistent and credible
information (in contrast to the widely available but
unrealistic portrayals offered by the media and the
entertainment industry), or perhaps a combination of
all of these. 

In consideration of the NEO threat, the working
group addressed the following issues: the adequacy
of current efforts to detect and confidently predict
the impact of asteroids and comets; options for
mounting realistic and effective countermeasures to
those that are declared a threat; and the organiza-
tion of the world community to validate potential
threats and minimize panic, as well as to develop,
coordinate, and employ an effective and timely
countermeasure when a threat has been confirmed.

FINDINGS AND RECOMMENDATIONS

Detection

Finding 1—A number of ground-based NEO
detection programs are currently operational.
For asteroids larger than about 1-km diameter,
these present systems are almost adequate, but
are quite inadequate for smaller asteroids, such

as a few hundred meters in diameter, and other
short-period bodies. Moreover, the present capa-
bility for detecting long-period comets is almost
nonexistent.

Recommendation 1—NEO detection capabilities
can and must be greatly improved.

The construction of at least two dedicated 3-4-m-
class ground telescopes would significantly improve
the detection of large and small asteroids. One
should be stationed in each hemisphere, with prior-
ity given to situating such a facility in the southern
hemisphere because of the present lack of any sig-
nificant observational capability in that part of the
world. The Large Synoptic Survey Telescope (LSST)
could be an important asset to the detection effort if
a well-designed NEO program were to be incorpo-
rated into its operation.

A core capability equivalent to a network of several
large telescopes, stationed around the world, should
be established for follow-up observations for orbit
determination. This capability may be achieved in a
cost-effective manner by refurbishing existing facili-
ties that are underutilized. The use of radar for fol-
low-up observations should also be increased as it is
the best method of obtaining range and range-rate
data for orbit determination.

Space-based systems should be developed to com-
plement ground-based detection methods. This is
especially cost effective when such capabilities can
be derived from existing or planned missions. For
example, the detection of smaller NEOs can be
improved, at little further cost, through the place-
ment of instruments aboard spacecraft bound for the
inner solar system, like ESA’s BepiColombo mission
to Mercury. Observations by Earth-orbiting space-
craft, whether from an astronomical mission like
ESA’s GAIA space telescope or a dedicated NEO satel-
lite, complement data obtained from the ground.
These space-based systems are particularly effective
for the detection of Atens (asteroids with a semima-
jor axis of less than 1 AU) and inner-Earth objects.

The detection of long-period comets is an excep-
tionally difficult task that can only be effectively
accomplished by deploying several 25-m class tele-
scopes in space. Innovative engineering concepts
have been identified that could make such facilities
practical and affordable in the longer term. In con-
trast to the asteroid problem, long-period comets
represent an ongoing threat, as these bodies contin-
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uously enter the inner solar system from the Oort
cloud.

Finding 2—The IAU Minor Planet Center (MPC) is
currently the only facility that collects astromet-
ric observations, correlates observational data to
objects, and determines the orbits for cataloging. 

Recommendation 2—Additional NEO science data
centers should be established to complement the
MPC, and all of these should be put on an ade-
quate and stable financial footing.

As the MPC currently represents a single-point fail-
ure, multiple international institutions are required
to put the NEO search and cataloging functions on a
permanent and continuously available basis. The
MPC has played and will continue to play a crucial
role in NEO detection, and the funding of the MPC
and other recommended centers should be at a
level commensurate with the importance of their
mandate. 

Finding 3—Beyond the determination of a few
basic properties, the physical characterization of
detected NEOs is virtually nonexistent.

These characterization data will be essential if a
threat is identified because the appropriate counter-
measure is dependent on the strength and miner-
alogical properties of the object. Furthermore, char-
acterization of a representative sample of NEOs of
all types and sizes could enable a faster and better
characterization of a threatening object when it is
discovered.

Recommendation 3—Space-based systems are
required to fully characterize the geophysical
properties of NEOs.

Although the augmentation of ground-based tele-
scopes recommended earlier for detection purposes
would also help in characterizing some NEO proper-
ties, the full and systematic characterization of neces-
sary NEO properties requires a dedicated infrared
space-based telescope facility of at least 1-m in diam-
eter stationed at the L2 Lagrangian point. Such a
facility would also discover objects with aphelia near
the Earth’s orbit, as well as very dark and small NEOs
that would otherwise be extremely difficult to detect.
The full geophysical characterization of NEOs also
requires further rendezvous and landing/sampling
missions to follow-up on the findings from spacecraft
like NEAR Shoemaker, Rosetta, and Muses-C.

Finding 4—There is not enough NEO-specific
work being conducted in academia and research
institutions.

Recommendation 4—Foster the pursuit of NEO
research in universities, laboratories, institutes,
think-tanks, and other organizations around the
world.

There are many gaps in our current understanding
of NEOs and impact effects in which research
should be undertaken. The pursuit of this work
should be encouraged in research organizations
and institutions around the world. The university
environment has the particular attributes of being
cost-effective while providing a training ground for
young people to continue work in the field. In addi-
tion, entities that thus far have not been involved in
the NEO issue, like the social sciences departments
of colleges and universities, should be engaged to
conduct work such as studying the sociological
implications of the impact threat.

Countermeasures

Finding 1—Countermeasures to the NEO threat
are possible and have been identified. However,
no plans currently exist on how such counter-
measures would be implemented.

Recommendation 1—Initiate a study on how the
world’s current spaceflight capabilities and infra-
structure could be used to counter a near-term
NEO threat.

This study should address the creation of a contin-
gency capability for countering a near-term NEO
threat using the present space infrastructure. Plans
should be devised on how available resources like
launchers, spacecraft, ground segment facilities,
and both nuclear and non-nuclear technologies
should be employed. The study should also address
organizational issues as well as the command and
control structure that such a system would require.

Finding 2—Whereas an object may be fragment-
ed or deflected, the latter is preferable. Both
nuclear and nonnuclear options exist for deflec-
tion. The use of nuclear devices may be the only
option for extremely large objects, or those for
which the time from detection to impact is very
short.
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Recommendation 2—In devising NEO deflection
strategies, deflection by nonnuclear means
should be pursued where possible. However,
because nuclear devices may be the only effec-
tive countermeasure means for threats with the
most potential for devastation, the option of
using them must exist.

Deflection is preferable to fragmentation. Fragmen-
tation will likely just shatter a body into smaller
pieces of equal cumulative mass that, if not suffi-
ciently dispersed, would simply spread the destruc-
tion over a wider area.

Nonnuclear engagement methods are preferred and
are feasible in many cases. Such technologies
include solar sails, ion engines, mass drivers, and
kinetic impactors, the preferred technologies being
dependent on size and available warning time. The
development of these nonnuclear technologies will
have other long-term benefits as they may be
employed for future applications such as asteroid
mining and deep space transportation systems. As
described in “Detection Findings and Recommen-
dations,” spacecraft are not only required for the
characterization of the geophysical nature and com-
position of minor bodies but in doing so also
demonstrate hardware and techniques that may be
required for deflection, such as rendezvous, prox-
imity operations, impactor deployment, landing/
docking, and subsurface drilling. In-situ measure-
ment and sampling missions should be pursued to
follow up on current projects like Rosetta, Muses-C,
and Deep Impact.

The option of nuclear devices must be available if
the threat warrants their use, but the treaty impli-
cations of employing nuclear devices needs to be
discussed. In particular, the ramifications of the
1963 Limited Test Ban Treaty and the 1967 Outer
Space Treaty require examination. This discussion
should be initiated immediately, before the develop-
ment of and certainly before the deployment of any
kind of planetary protection system for which
nuclear devices may be required.

Organization

Finding 1—A high-profile forum is required to
raise international awareness of the NEO issue at
all levels.

Recommendation 1—Organize an international
conference on NEOs under the auspices of the
United Nations.

One or more member states of the United Nations
should request the U.N. Office for Outer Space
Affairs to organize and host a second international
conference on NEOs to bring together diverse com-
munities to address these issues. This could be
accomplished with existing financial resources, as
was done for UNISPACE III. Invitees should include
the environmental organizations that have cospon-
sored major environmental forums like the Rio and
Kyoto conferences. Given that a NEO impact would
result in environmental devastation orders of mag-
nitude more severe than any known to human
experience, it is imperative that the environmental,
disaster management, and other relevant communi-
ties be informed of the threat and that the issue is
elevated to a level of high visibility on the interna-
tional stage.

Finding 2—Existing disaster-management organ-
izations are not educated on the NEO threat.
Although national organizations exist for local
post-disaster mitigation and rebuilding efforts,
they are not equipped to handle the kind and
magnitude of catastrophe that would result from
a NEO impact.

Recommendation 2—Engage disaster-manage-
ment organizations in a dialogue and make them
aware of the NEO threat.

Existing disaster-management organizations need
to be educated on the existence, nature, and magni-
tude of the impact threat. These organizations
should then be solicited to bring their expertise to
bear on the NEO impact problem. An international
workshop should be conducted in which an impact
with regional consequences is hypothesized and
participants assume different roles in a simulated
disaster response. Such an exercise would demon-
strate capabilities and identify gaps in the current
global disaster-management infrastructure for deal-
ing with NEOs and would raise public and political
awareness of the threat.

Finding 3—No global organization currently
exists to address or coordinate any aspect of the
NEO threat. The United Nations is currently not
involved with the issue.

Recommendation 3—Create an effective execu-
tive body to coordinate international NEO activity
and operate it under the general auspices of the
United Nations.

Funding would be provided at a modest level for
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the initial program definition and would increase to
an appropriate level as this body defines its pro-
grams. The activities of this body should include the
generation and implementation of a strategic plan
for communications and public awareness (i.e.,
communicate the reality of the threat to the public
and world governments, and be a source of credible
and consistent information); the coordination, vali-
dation, and announcement of an actual NEO threat;
the generation and implementation of strategic
plans for detection and interception; and, if neces-
sary, the coordination of a countermeasure
response execution, as well as the coordination of
disaster-mitigation response measures. 

CONCLUSIONS

The Working Group assessed the threat from aster-
oids and comets and concluded that it is real and
very serious. Current detection and impact predic-
tion efforts are insufficient, and no countermeasure
plans or programs exist, even though effective ones
are possible. Of equal importance is that there is
currently no world mechanism or organizational
body to validate and announce the existence of a
threat, coordinate the execution of countermea-
sures, or coordinate global disaster management in
the event of an impact.

Specific steps are recommended for the augmenta-
tion of current ground-based detection capabilities
and the creation of more adequate ones, including
dedicated space-based observatories and the devel-
opment of countermeasure programs to deflect or
fragment an incoming NEO. In addition, recommen-
dations are made for establishing an organization
under the auspices of the United Nations to create
global strategic and implementation plans for the
international coordination and execution of the pro-
grams necessary to detect and engage NEOs. Such
an organization would also be a source of consis-
tent and credible information to the public and to
world governments. These conclusions were made
by an international group addressing an inherently
global problem, and its actionable findings and rec-
ommendations should be adopted if the NEO threat
is to be properly addressed.
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MANDATE

On the basis of the fourth and fifth Workshop find-
ings and subsequent developments, examine further
the role of private- and public-sector international
cooperation and competition in current and future
global navigation satellite systems (GNSS).

EXECUTIVE SUMMARY

Building on the efforts of the two previous
Workshops on GNSS, this year’s Working Group
addressed critical near-term and emerging issues
primarily associated with the development of next-
generation GNSS architectures, with a focus on
maximizing user benefits.  Issues addressed include
interoperability, institutional models for coopera-
tion, integrity provision (a new topic since the 1999
Bermuda Workshop), spectrum protection, safety
and security, liability, and user support within
developing nations.  Some of the recommendations
require urgent action, especially when they address
issues that might affect next-generation systems
that are currently being defined, and others call for
longer-term or continuous action (e.g., spectrum
protection, liability, user support within developing
nations).

One of the most pressing needs in the development
of next-generation GNSS is for greater understanding
of how these systems will operate and complement
each other to maximize their benefits for all users.
As the next-generation systems are currently being
defined, decisions will need to be made very soon if
the greatest benefits to end users are to be achieved.
The kind of understanding needed between system
developers can only be achieved through open and
continuous communication among the government

and industry players, which unfortunately, has been
hampered by the slow pace of formal consultations
between the United States and the European Union.
The first recommendation is a call for action on the
part of the European Union, United States, and
Russia to develop a common view on system interop-
erability in a time frame that fits with the program
development schedules for Europe’s Galileo system,
the U.S. Global Positioning System (GPS) and Russia’s
Global Navigation Satellite System (GLONASS).

Another area that will impact next-generation sys-
tems, and a new topic at this year’s Workshop, is
the provision of integrity services that measure the
usability of GNSS signals.  Current approaches to
providing the different levels of integrity required
for the various transportation modes include both
regional and local augmentation systems.  Next-
generation GNSS architecture studies are assessing
more efficient and less infrastructure-intensive
approaches to providing integrity services on a
global basis.  The recommendation in this area calls
for international transportation standards organiza-
tions to develop a common understanding of global
integrity needs and to investigate the feasibility and
desirability of common global integrity standards.

A number of specific recommendations are made
regarding the responsibilities incumbent on GNSS
user nations and the continuing need for protection
of GNSS spectrum from interference and realloca-
tion.  Two recommendations are targeted at the
upcoming series of GNSS workshops being spon-
sored by the U.N. Office of Outer Space Affairs in
response to recommendations from the 1999
Bermuda Workshop.  As part of this effort to inform
developing nations about GNSS applications and
benefits, the workshops should include discussions
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of the need for developing nations to support pro-
tection of GNSS spectrum and the responsibilities
they have for ensuring appropriate levels of GNSS
service and optimum benefits for their users.  A
new issue that has arisen since the Bermuda
Workshop is the potential interference to GNSS
from proposed ultrawideband (UWB) systems.
Recent studies and tests have shown that these sys-
tems can interfere with the low-power GNSS sig-
nals, and focused steps must be taken to protect
GNSS spectrum from UWB interference.

Additional recommendations were made in the
areas of safety and security, liability, and institution-
al models for cooperation, and these are detailed in
the body of the report.

BACKGROUND

GNSS was first addressed at the Fourth AIAA Inter-
national Space Cooperation Workshop in Banff in
January 1998. Findings from the first Workshop
favored either one GNSS, or global interoperability
of separate systems, as opposed to competing
national or regional systems.  The current GNSS
architecture comprises the United States GPS and
the Russian GLONASS core systems, along with
satellite- and ground-based augmentations that
have either been deployed or are under develop-
ment in the United States, Europe, Japan, and else-
where to improve the accuracy, integrity, and avail-
ability of the basic GPS and GLONASS civil services.

The focus of the Fifth Workshop in Bermuda in
April 1999 was on issues related to the proposed
European Galileo system and the potential for truly
“seamless” global interoperability between inde-
pendent satellite navigation systems.
Recommendations aimed at ensuring interoperabili-
ty included the establishment of common definitions
for open systems architecture and basic civil and
public safety GNSS services; a common approach to
spectrum protection within the GNSS community
prior to the 2000 World Radio Conference (WRC);
the resolution of differing U.S. and E.U. views
regarding the need for a new GNSS liability regime;
and an increased emphasis on security issues dur-
ing ongoing E.U.–U.S. and Japan–U.S. consultations
on GNSS cooperation.

A number of important developments in the current
and future GNSS elements have occurred since the
conclusion of the Bermuda Workshop.  Since April

1999, U.S. plans for modernizing GPS have evolved
in several ways.  First, a decision was made in the
fall of 1999 to accelerate the introduction of a new
military signal structure and a second coded civil
signal by modifying many of the already built GPS
Block IIR satellites.  Later, the program was again
restructured by reducing the number of Block IIF
satellites to be procured to only 12.  In conjunction
with this decision, a new development program was
initiated, known as GPS III, to reassess the entire
GPS architecture in an effort to address all dual-use
positioning, navigation, and timing requirements
for the long term in a cost-effective manner.  A sim-
plified schedule for the GPS III effort is shown in
Figure 1.  Perhaps the most dramatic GPS develop-
ment since the Bermuda Workshop occurred on 1
May 2000, when GPS Selective Availability (SA, the
technique employed to degrade the quality and
accuracy of GPS civil signals) was discontinued a
full six years ahead of schedule. (U.S. GPS policy,
established by Presidential Decision Directive in
1996, called for SA to be discontinued within 10
years.)  This action resulted in immediate and sig-
nificant benefits to GPS users worldwide when
observed position accuracy improved to approxi-
mately 10 meters.  

Figure 1: The Current GPS III Program Schedule

The GPS program has also been evolving toward a
greater civil role in policy decisions and management
structures. This is being accomplished through the
inclusion of U.S. federal civil agency participation in
the Department of Defense GPS requirements devel-
opment and acquisition processes.

There have also been a number of important devel-
opments in Europe’s Galileo program since the last
Workshop. Galileo has been proceeding through its
definition phase, which initiated eight major studies
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focused on architecture definition, satellite and con-
trol segment design, service definitions, and other
issues such as the appropriate integration of the
European Geosynchronous Navigation Overlay
Service (EGNOS), a satellite-based GNSS augmenta-
tion system for transportation users, into Galileo.
Stressing both European independence and poten-
tial interoperability with other elements of GNSS,
the baseline Galileo design currently consists of 30
medium Earth orbit (MEO) satellites providing three
levels of navigation service using four L-band carri-
er frequencies.  Global broadcast of GNSS integrity
and a search and rescue payload are also part of
the baseline architecture.

Institutionally, a Galileo Steering Committee and a
Navigation Programme Board are in place to inter-
face with E.U. and ESA member states. A Program
Management Board and Program Office have also
been established by the European Commission and
ESA for the joint management of the program.
Although a decision to proceed with the develop-
ment of Galileo was not forthcoming in December
2000 as had been desired, initial activities for the
next phase of the program have already been
launched.  Assuming a positive decision in early
April 2001 to proceed, Galileo will enter its Design,
Development, and In-orbit Validation phase (DDV)
by the end of 2001 and will then follow the sched-
ule shown in Figure 2.1

Figure 2:  Galileo Program Master Schedule

Developments in Russia’s GLONASS since the last
Workshop have focused on restoring the GLONASS
constellation to operational capability, including the

launch of three new GLONASS satellites.  Currently,
eight GLONASS satellites are fully functional and
are providing healthy navigation signals.  Russia
indicates that two additional launches of three
satellites each are planned for 2001.

To ensure a future role for GLONASS in the overall
GNSS architecture, the Russian government has for-
mulated a long-term development program that
includes three phases.  Phase 1, which will run
through 2002, will focus on maintaining the current
system at a minimum acceptable operating level,
upgrading the ground control segment, and begin-
ning mass production of dual GLONASS–GPS user
equipment.  Phase 2, which will run through 2005,
includes the launch of the first GLONASS-M satel-
lites, with planned seven-year lifetimes, to establish
an 18-satellite constellation.  Phase 3, which will
run through 2010, addresses the next-generation of
GLONASS with the development of a new series of
GLONASS-K satellites that will be smaller and will
have a 10-year lifetime.  Throughout these three
phases, the range of GLONASS uses is expected to
steadily increase.

Additional general developments in the provision of
GNSS services since the Bermuda Workshop include
the following:

• A continued commitment to implementing
regional space-based GNSS augmentations
such as the U.S. Wide Area Augmentation
System (WAAS), Europe’s EGNOS, and Japan’s
Multifunctional Transport Satellite (MTSAT)-
based Augmentation System (MSAS), despite
technical problems related to integrity provi-
sion experienced by WAAS in December 1999
and the loss of the first MTSAT in November
1999—MTSAT-2 is scheduled for launch early
in 2003;

• Continuing expansion of local-area ground-
based augmentation systems used for land
and marine transportation sectors and appli-
cations in the geophysical sciences, surveying,
and geodetic control;

• Successful protection of GNSS spectrum and
approvals for new frequency allocations for
the Radio-Navigation Satellite Service (RNSS)

1On 4–5April 2001 the European Union Transport Council gave a unanimous go-ahead to fund and proceed with the Design, Develop-
ment, and In-orbit Validation phase of the Galileo program.
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at the 2000 World Radio Conference, now
available for modernizing GPS and develop-
ing Galileo; and

• Continuing growth in the marketplace for
GNSS goods and services, with manufactur-
ers in the U.S. and Japan leading the way in
the sales of user equipment. 

Throughout these technical and programmatic
activities, international consultations by stan-
dards-setting bodies such as the International Civil
Aviation Organization (ICAO), the International
Maritime Organization (IMO), and the Inter-
national Association of Marine Aids to Navigation
and Lighthouse Authorities (IALA) have continued,
as have bilateral discussions among the govern-
ments of the United States, Europe, Russia, and
Japan.  Official U.S. and E.U. delegations have met
on several occasions to discuss GNSS cooperation,
but tangible progress has proven difficult.  A U.S.
draft agreement on principles was provided to the
European Union in October 2000, and a European
technical perspective on possible frequency-shar-
ing scenarios was provided to the United States in
December 2000.

Discussions between the United States and Japan
have taken place under the framework of the
Japan–U.S. Joint Statement of September 1998 on
Cooperation in the Use of GPS.  Most recently, the
first plenary meeting under the framework was
held in February 2001. This meeting resulted in
the Joint Announcement stating both govern-
ments’ intentions to continue to work closely to
promote the use of GPS as a world standard, to
exchange information on augmentation systems,
and to avoid harmful interference to and  prevent
misuse of GPS.

Talks between the European Union and Russia
have focused on Galileo and GLONASS coopera-
tion.  Russia has proposed a scenario for coopera-
tion with Europe that could include an experimen-
tal Galileo payload to be flown on a GLONASS-M
satellite, the development of common standards
for civil navigation signals, and the eventual use of
a common space vehicle that would host both
Galileo and GLONASS payloads.

Overall, the use of GNSS positioning, navigation,
and timing services continues to grow worldwide.
The possibility of new service providers in addi-
tion to Europe is also increasing, with China’s

recent launch of two geostationary “Beidou” navi-
gation test satellites that could be precursors to a
regional radionavigation satellite system.  India
has also expressed interest in launching a space-
based regional GNSS augmentation, and U.S. firms
(Boeing and Lockheed Martin) are contemplating
privately financed space-based augmentations.

Given these significant developments since the
Bermuda Workshop, the Working Group investi-
gated key issues that must be addressed in order
to move toward greater international GNSS coop-
eration and attempted to develop meaningful, tar-
geted, and specific recommendations that provide
an agenda for action.

FINDINGS AND RECOMMENDATIONS

Interoperability

Finding 1—The European Union, the United
States, and Russia have embarked on the devel-
opment of future autonomous GNSS architec-
tures that should also be complementary and
interoperable if they are to provide the maxi-
mum benefit to users worldwide.  Achieving this
result requires a level of understanding among
the parties that is greater than currently exists.

Three separate next-generation GNSS architec-
tures are currently being studied in the United
States, the European Union, and Russia. There is
general agreement that these future GNSS archi-
tectures should be interoperable, but there is little
specific agreement on what interoperability means
or how it should be accommodated in system
architectures.  There is a pressing need to develop
a clear understanding of the level of interoperabili-
ty desired among the systems, and to reach agree-
ment on affected technical aspects of the various
system designs.

GNSS interoperability can occur on a number of
different levels, ranging from simple signal nonin-
terference of autonomous systems to a comple-
mentary and interoperable “system-of-systems.”
These increasing levels of interoperability can
yield increasing benefits to users of GNSS services,
but also require increasing levels of technical,
managerial, and operational cooperation on the
part of the nations developing the systems.

The current situation with GPS and GLONASS is
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an example of the first level of interoperability
(noninterference).  These systems were designed
independently and with little consideration given
to interoperability other than selecting operating
frequencies that would not result in mutual inter-
ference.  Even so, technology has advanced to the
point that dual GPS–GLONASS receivers are now
available. If next-generation systems place the full
burden of interoperability, other than noninterfer-
ence, on receivers, added benefits to users are
likely to be less than optimal.

The next level of interoperability occurs at the sys-
tem level and can yield improved user benefits
from multiple autonomous GNSS systems without
extensive technical coordination or cooperation
among the nations developing the systems.  What
is required is an appropriate selection of frequen-
cy plans and noninterfering signal structures, and
provision of time and geodetic corrections by
either the core systems or by coordinated aug-
mentation systems.

To achieve the greatest benefits for future users of
GNSS, however, a system-of-systems approach to
developing and operating fully interoperable and
complementary next-generation systems will be
needed.  This level of interoperability would allow
GNSS receivers to generate high quality, high
integrity position or velocity solutions using a
composite mix of viewable satellites from different
systems, but also requires a much greater level of
understanding than currently exists between the
United States, the European Union, and Russia.
Unfortunately, the open communications required
to reach this greater level of understanding has
been hampered by differing views between the
United States and European Union over the basic
approach to cooperation.

The U.S. view on cooperation is that agreement
on the following fundamental policy principles will
help define the boundaries for system designs,
and must precede and guide detailed technical
discussions:

• No direct user fees for civil and public safety
services

• Open, market-driven competition for user
equipment and applications

• Open signal structure for all civil services to
promote equal access for applications devel-
opment and value-added services

• Protection of the current radionavigation
spectrum from disruption and interference

• Use of GPS time, geodesy, and signal struc-
ture standards

• Seamless, global interoperability of future
systems with GPS

• Recognition of national and international
security issues and protection against mis-
use

The U.S. is also concerned that the E.U. approach
to public–private partnerships for funding the
Galileo system could lead to anti-competitive regu-
latory measures to ensure adequate revenue
streams.

The E.U. view of cooperation is that technical and
policy discussions are synergistic, with technical
discussions often shedding light on important poli-
cy issues and vice versa, thus helping to define
possible solutions. Therefore, both levels of dis-
cussion should be pursued concurrently.  As evi-
dence of the success of this approach, Europeans
point to their parallel technical and policy discus-
sions with Russia on potential cooperation
between Galileo and GLONASS.

With Galileo preliminary design scheduled for
completion at the end of 2001, it is critical that
agreement is reached soon on a number of issues
in order to achieve optimum interoperability, and
therefore, the greatest benefits for GNSS users.
These include timing and geodesy standards,
spectrum sharing and frequency use plans, specif-
ic signal structure characteristics, service levels,
and integrity approaches.

Recommendation 1—The European Union, the
United States, and Russia should reach a com-
mon view on system interoperability that is
consistent with the design schedules of the
Galileo, GPS-III, and GLONASS-K programs.

Institutional Models for Cooperation

Finding 2—The current organization and man-
agement structures supporting GNSS may need
to evolve to provide optimum exploitation of
new and emerging GNSS architectures.
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As future GNSS architectures are being developed in
Europe and are evolving in the United States and
Russia, the need for an international framework to
support operational coordination and exchanges of
information among system designers and operators
and with national and international user communities
may be increasingly important. Among the functions
such a framework could support are the following:

• Dissemination of GNSS system status informa-
tion such as satellite health and satellite main-
tenance and testing schedules,

• Coordination of satellite constellation manage-
ment to avoid discretionary scheduled activi-
ties that might degrade service to users of
more than one system,

• Collection of service requirements from the
user community,

• Provision of timely notification of service
denial, and 

• Development, coordination, and exchange of
standards for certification of user equipment
and augmentation services. 

The options for an institutional framework range
from informal public- and private-sector coordina-
tion mechanisms to more formal intergovernmental
structures created by international agreements.
Examples of existing organizations that already per-
form some of the aforementioned functions at a
national or regional level include the following:

• The  U.S. Civil  GPS Service Interface
Committee (CGSIC), led by the U.S.
Department of Transportation, and supported
by the U.S. Coast Guard Navigation Center

• The recently established U.S. DoD User
Support Center 

• The U.S. GPS Industry Council, Japan GPS
Council, and the Scandinavian GNSS Industry
Council

Several major multilateral space cooperation proj-
ects and programs were suggested as models worth
study by an organization with experience in space-
related activities. They include the COSPAS/Sarsat
search and rescue satellite program, the Inter-
national Space Station endeavor, and meteorological

satellite coordination involving the U.S. joint
civil–military National Polar-Orbiting Operational
Environmental Satellite System program (NPOESS)
and Europe´s Eumetsat. Because none of these
appear to be an exact fit for GNSS, the more flexible
and less cumbersome aspects of each should be
emphasized.

Recommendation 2—The AIAA should lead an
assessment of current institutional models of
international cooperation and coordination and
identify those with potential applicability to
evolving GNSS systems and services.

Integrity Provision

Finding 3—Multiple levels of GNSS integrity serv-
ices are currently provided by separate augmen-
tation systems designed to meet the specific
needs of the various transport sectors, and are
tied to the liability regimes established by
national agencies responsible for these sectors.
Future GNSS architectures may provide these
integrity services as part of the core GNSS
design.

Integrity refers to the “usability” of the GNSS sig-
nals, which can be affected by errors in timing and
estimated satellite positions (ephemeris), signal gen-
eration (waveform) anomalies, ionospheric distor-
tion, and other sources of interference, both inten-
tional and unintentional.  The integrity of a GNSS
service can be critical to certain classes of users,
especially in safety-of-life applications such as
transportation, which have the most demanding
integrity requirements.

The U.S. approach to integrity monitoring and
reporting for GPS has been to establish separate
geostationary satellite-based and ground-based aug-
mentation systems that broadcast integrity informa-
tion on a local or regional basis to meet the needs
of the various modes of transportation such as avia-
tion, rail, and maritime shipping.  This approach
also provides an opportunity for nations to maintain
sovereignty over their own integrity monitoring and
reporting systems.

The current baseline Galileo architecture proposes
to broadcast various levels of integrity information,
including a global integrity message, directly from
the Galileo satellites as value-added services that
would be accompanied by guarantees.  Within the
GPS-III architecture studies, the United States is
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also considering alternatives that include provision
of integrity services directly to global users from the
GPS satellites.  There may be opportunities for
coordinating the integrity requirements of global
transportation users of GNSS that could be benefi-
cial to both GNSS users and service providers.
These opportunities should be explored as soon as
possible if they are to have a substantive impact on
the design of next-generation GNSS systems.

Recommendation 3—International transportation
standards organizations such as ICAO, IMO, and
others should develop a common understanding
of integrity requirements and determine if com-
mon global integrity standards are feasible
and/or desirable.

Spectrum Protection

Finding 4—GNSS service providers need support
from user nations to protect the spectrum used
by GNSS signals from interference and realloca-
tion for other uses.

Navigation satellite signals are inherently low-pow-
ered and are susceptible to interference from other
radio frequency sources. With the limited availabili-
ty of frequency spectrum, and its high commercial
value, a number of attempts have been made to
either reallocate or share the current GNSS spec-
trum with other services. Fortunately, the 2000
World Radio Conference was successful in suppress-
ing efforts to share the existing GNSS allocations
with other services, and allocated adequate spec-
trum to meet current and planned GNSS needs.
Nevertheless, the need for vigilance in protecting
against harmful interference and reallocation still
exists and is a responsibility that requires the sup-
port of all nations with a vote in the International
Telecommunications Union (ITU) process and users
who require assured access to GNSS signals.

As a direct result of the previous Workshop’s rec-
ommendation to include support for increasing the
awareness of GNSS benefits in developing nations

within the U.N. Space Applications Program, the
Office of Outer Space Affairs, with assistance from
the U.S. Department of State, has embarked on a
series of workshops to discuss the use of GNSS in
developing nations.  The planning of these work-
shops is now underway, and a unique opportunity
exists to add the need for spectrum protection to
their agenda.

Recommendation 4—The U.N. Office of Outer
Space Affairs should emphasize the need for sup-
port in protecting the GNSS spectrum in its GNSS
educational workshops in developing nations.

Finding 5—Recent investigations in the United
States have shown that proposed ultrawideband
(UWB) systems can cause harmful interference to
GNSS signals.

Ultrawideband (UWB) is a form of wireless commu-
nications technology that broadcasts an extremely
short time-duration burst of radiofrequency energy
over a wide band of frequencies. These systems
promise to be useful for a number of applications
such as ground-penetrating radar, through-wall
imaging devices, proximity warning, and possibly
wireless local area networking.  In contrast to the
normal means of introducing radiocommunications
technology into the commercial marketplace, which
involves specific frequency allocations and regulato-
ry controls, the U.S. Federal Communications
Commission has sought test data and commentary
on a proposal to allow the unlicensed operation of
UWB devices across all frequency bands, including
the restricted bands used by GNSS. 

Testing completed to date by the U.S. National
Telecommunications and Information Adminis-
tration has revealed that UWB devices with certain
broadcast characteristics will interfere with existing
systems used for safety-of-life applications, such as
air traffic control systems, and will also interfere
with GPS receivers used for many applications.2
Within the United States, public and private sector
organizations within the GPS community have long
suspected that this would be the case, and have

2 Anderson, David S., Drocella, Edward F., Jones, Steven K., and Settle, Mark A., “Assessment of Compatibility Between Ultrawideband
(UWB) Systems and Global Positioning System (GPS) Receivers,” NTIA Special Publication 01-45, U.S. Dept. of Commerce, March
2001; and Roosa, Paul C.,Jr. , et al., “Assessment of Compatibility Between Ultrawideband Devices and Selected Federal Systems,”
NTIA Special Publication 01-43, U.S. Dept. of Commerce, Jan. 2001.
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called for careful testing to be followed by prudent
measures to protect the use of GNSS from harmful
interference caused by UWB operations.

Within Europe, the European Conference of Postal
and Telecommunications Administrations (CEPT) is
also considering the appropriate introduction of
UWB technology.  EUROCONTROL (the European
Organisation for the Safety of Air Navigation),
which is responsible for overseeing air traffic con-
trol in the upper airspace of 30 affiliated member
countries, has concluded that UWB systems should
not be permitted to cause harmful interference to
aeronautical radio services. Furthermore, UWB
should not claim protection from aeronautical radio
services and should be excluded from operating in
aeronautical safety bands unless noninterference
can be proven by analyses and test trials.3

Recommendation 5—Measures should be taken
to protect the frequency bands allocated to GNSS
from interference caused by UWB operations.

Safety and Security

Finding 6—Hostile uses of, or threats against,
any GNSS service could pose a threat to national,
regional, or global security.

The dependency of users on GNSS is comparable to
if not greater than other familiar services, such as
telecommunications services. The intentional dis-
ruption of GNSS services could, therefore, pose
great risks to users that could lead to life-threaten-
ing situations. Such intentional disruptions could be
hostile in nature, or they could be the result of nec-
essary actions taken by sovereign nations whose
national security may be at risk from the potentially
hostile use of GNSS by other nations or terrorists.
Such denials of service, even for appropriate
national security reasons, must not jeopardize the
safety of civil users. Therefore, all nations (either
service providers or users) that engage in service
denial carry a responsibility to give timely and
appropriate notification to GNSS users affected by
their actions.

Recommendation 6a—National and international
procedures should be developed to inform affect-
ed users when GNSS-based navigation services
are denied for security reasons.

GNSS  is inherently dual-use in its nature.  With
access to highly advanced receivers, the same sig-
nals that help guide you to your destination in unfa-
miliar cities can be used to guide ballistic missiles
to their targets. Conversely, with access to sophisti-
cated jamming equipment, a terrorist could disrupt
civil aviation operations around a busy airport,
threatening the lives of innocent civilians.  To pre-
vent hostile GNSS use or disruption, the trading and
spreading of advanced technologies that can be
used for hostile purposes should be closely con-
trolled by national governments that provide and
use this equipment. However, the export control
regimes that these governments currently apply are
different in scope and nature. These differences
cause gaps in global export controls and could lead
to threats as described. 

Recommendation 6b—National governments
should engage in a dialogue to ensure harmo-
nization of multilateral export control regimes
applicable to GNSS user equipment and signal
denial technologies.

Liability

Finding 7—The legal issues surrounding the
global provision of satellite navigation services
are complex, far-reaching, and have not been
sufficiently investigated by the current providers
of GNSS services and equipment.

There is a growing recognition that there are com-
plex issues associated with the potential liability for
damages caused in the course of providing GNSS
services.  Although it does present unique challenges,
GNSS is not a special case from a legal standpoint.
The same liability regime applies to GNSS that
applies to other navigational aids, communications
systems, and other examples of technology that rely
on receiver equipment and radio signals.  Since pub-
lic and private organizations involved in the provi-
sion of GNSS services include the full range of service
providers, value-added applications providers,
receiver equipment manufacturers, and end-user
systems integration, each of these organizations must
determine appropriate means to provide themselves
with adequate liability protection.

The relative applicability of various existing legal
principles such as the reliance doctrine, the concept

3Pelmoine, C., “Some Elements for Rule Making Regarding UWB Technology,” EUROCONTROL, DIS/COM, 9 Jan, 2000.
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of sovereign immunity, product liability, and liability
laws of various jurisdictions remains unresolved.
As the relationships between these and other con-
cepts are studied and become better understood,
they become less political and controversial, but still
should be fully explored and explained to potential
users to ensure the acceptance of GNSS services
worldwide.

Recommendation 7—Public and private organiza-
tions involved in the provision of GNSS services
should strive to understand their roles and
responsibilities in the current and evolving global
liability regime. 

User Support Within Developing Nations

Finding 8—Developing nations are becoming
increasingly aware of the costs, benefits, and
potential limitations of GNSS services and their
applications.

GNSS signals are increasingly used by developing
countries for a variety of applications.
Recommendations from the Workshop in 1999
influenced the U.N. Office of Outer Space Affairs
and the U.S. Department of State to initiate work-
shops for education and training on GNSS in devel-
oping countries. An increasing level of awareness
and usage can be seen in these countries, and
many examples of highly innovative GNSS applica-
tions are found in many developing countries today.
Even greater levels of awareness will be fostered
through the U.N. workshops, especially if this effort
can receive continued support and expansion to
countries not currently included in the workshop
series. 

However, to achieve the greatest benefit from GNSS
applications, the governments of developing coun-
tries must play a role in ensuring that their users
are aware of and receive an adequate level of GNSS
service.  An appropriate level of service and support
from the governments could be assured by initia-
tives such as the following: 

• Investment in national differential GNSS net-
works that monitor core GNSS signals and
provide increased levels of integrity,

• Development of methods to detect and miti-
gate interference to GNSS signals, and

• Establishment of public or private organiza-
tions to support GNSS users through educa-
tion, information dissemination, technology
development, and the implementation of stan-
dards for GNSS user equipment.

The U.N. workshops could include discussions of
these needs as part of their outreach to developing
countries, but it is ultimately the responsibility of
governments to ensure that their users are getting
the greatest benefit from GNSS.

Recommendation 8—To secure optimal benefits
and safe operation for users, the governments of
developing nations using GNSS services should
seek to ensure that their users receive appropri-
ate levels of service.

CONCLUSION

Satellite navigation systems that were initially
developed primarily for military purposes have
resulted in civil applications and markets that today
are driving the evolution of these systems and the
creation of new systems such as Galileo. The princi-
pal driving forces are the following:

• Rapidly growing markets for GNSS equipment
and services 

• Improving user equipment with decreasing 
prices

• Increasing dependence of civil users world-
wide on GNSS services, especially in safety-of-
life applications such as transportation

• New applications that are no longer related to
traditional positioning and navigation functions

The inherent dual-use nature of GNSS, defined as
either dual civil–military use or dual governmen-
tal–commercial use, creates important challenges
for international cooperation that preclude the pos-
sibility that a single international organization could
ever manage and operate a single GNSS architec-
ture to meet the needs of all users.  However, the
responsibilities of governments, manufacturers, and
users of GNSS are becoming clearer and more dis-
tinct, and an awareness of the need for end-user
involvement in system requirements definition and
spectrum protection is spreading worldwide.
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Major milestones in the development of next-gener-
ation systems are rapidly approaching. Decisions to
be made in the near future on GPS III, Galileo, and
GLONASS-K will have far-reaching implications for
end-users worldwide.  To achieve the maximum
benefit for all GNSS users, efforts should be intensi-
fied to maximize the interoperability of these next-
generation systems. 
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MANDATE

Develop, on an international basis, an implementa-
tion methodology for promoting continuous public
awareness of the benefits and excitement of space
activities.

EXECUTIVE SUMMARY

Space activities are an essential part of the manage-
ment of planet Earth and the evolution of society.
Space has also proven its potential to promote global
cooperation and healthy competition.  For example,
at this time, a multinational, three-person crew
inhabits the International Space Station 120 miles
above Earth, while on Earth the global economy
includes robust competition facilitated by space-
derived technologies such as telecommunications,
space-based Earth observations, and launch services.  

In addition, the excitement of discovery that space
provides is incomparable.  From Galileo’s early
observations to magnificent images provided by the
Hubble Space Telescope, the question of what lies
beyond the stars has driven us to expand our hori-
zons and has improved our knowledge.

Space also provides a sense of adventure.  The
images of astronauts and cosmonauts flying into
space, floating in a microgravity environment, and
exploring the space frontier excite children and
adults alike. This element—human space travel—
has always been and will remain one of the most
appealing and motivating aspects of space activities
worldwide.

Although space is integrated into many facets of
daily life, the general public’s knowledge of and
support for space activities is not commensurate

with the benefits that are derived from them.
Therefore, space agencies, the aerospace industry,
and space-related entities, share a common chal-
lenge:  To communicate better the contributions of
space to society and the excitement of space explo-
ration and discovery.

In response to this challenge, the Working Group
recommends that the space agencies of the world
establish cooperative, international mechanisms to
promote and coordinate the implementation of
long-term communication and outreach.   This
would be accomplished by engaging parties at all
levels of the space community, leveraging education
programs and products, and capitalizing on public
outreach opportunities worldwide.   Crafting and
delivering clear messages directed at decisionmak-
ers and the general public would be a significant
step forward.  The need also exists to develop and
equip a new generation of spokespersons who can
deliver this message in a credible and exciting man-
ner.  The Working Group calls particular attention
to the importance of engaging youth as an integral
part of this endeavor.

BACKGROUND

Space activity has moved from its initial role as a
prime vehicle for displaying ideological and military
supremacy, positioned right at the leading edge of
science and technology, to that of being applied
increasingly to direct benefit of many aspects of
society’s development. However, the space commu-
nity has been unsuccessful in creating general
awareness that the current influence of space activi-
ty on society is even more significant than in the
days of the space race. Although overall govern-
ment expenditures on space activity remain reason-
ably steady and significant, and commercial activity
is increasing annually, space activity appears less
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and less on the political agendas of developed
nations.  Moreover, it does not provide the level of
short-term financial returns required to attract
enough private investment to allow a significant
expansion of commercial space activities. The real
need for space activity continues, but general inter-
est in its development is today insufficient. 

Space activity is an essential component of the
information age, enabling the global collection, dis-
tribution, and use of data and information. This
information age is having a profound influence on
the world. It is an age of gathering, creating, and
sharing knowledge about the world and its environ-
ment on an unprecedented scale.  This new reality
is raising expectations, changing social habits,
changing population growth rates and demograph-
ics, and making all people acutely aware of the lim-
itations of Earth’s ability to support unchecked
human demands. It is changing the quality of
human and other forms of life. 

Human necessities include food, water, shelter, edu-
cation, health care, energy, communications, trans-
portation, security, and a sense of adventure. The
quality of human life is further enhanced through
societies’ systems of ethics and justice and through
economic well being. It is astonishing how much
human space activity, in its short existence, has
become integrated into each of these aspects of life
and how it will, in future, allow many of them to
continue to be accommodated within the ever-
increasing restrictions imposed by a world that is to
remain sustainable. 

Space activity also enables unprecedented explo-
ration of the environment around Earth and is
extending this exploration ever deeper into our uni-
verse. It addresses part of the basic human needs
for knowledge, motivation, and adventure.

During the coming decades, humanity will have the
opportunity to achieve truly profound strategic
goals in space exploration, utilization, and develop-
ment. We shall make possible the permanent exten-
sion of human presence beyond the bounds of
Earth and enable fundamental improvements in our
understanding of our solar system and the universe
(and in the quality of life here on Earth). We shall
be building on the firm foundation of a completed,
initial exploration of the solar system, strong, inter-
nationally diversified space launch capabilities,
highly capable and exciting space and Earth science
and applications missions, the International Space

Station, flight experience in low Earth orbit and
human exploration of the moon, extensive space
communications capabilities, comprehensive Earth
observation and navigation systems, as well as
excellent ground infrastructures and laboratories. 

Change is required in the space community’s
approach to outreach efforts if it wishes to effective-
ly position space activity as one of the most impor-
tant human endeavors of this century.  Messages
need to be developed that focus on the capacity of
space activity to facilitate the achievement of a sus-
tainable world in which the necessities of life are
available to all and quality of life is assured.  In
addition, emphasis needs to be placed on the
unique capabilities and capacities of space activity
to allow humans to explore and search for knowl-
edge beyond the bounds of Earth.  Space activity
must be more generally recognized as essential to
human well being and considered, particularly by
the young, as a worthwhile and satisfying career
path.  In short, space activity must come to be
widely seen as essential to a sustainable world and
to evolution of human society.

The Working Group addressed how this might be
achieved.

FINDINGS

Finding 1—Space activities are not accorded the
priority they merit with respect to the contribu-
tions they make to society. 

Few people understand the extent to which space
activities influence modern life.  Many aspects of
weather forecasting, environmental monitoring,
telecommunications (e.g., worldwide television
broadcasting), and navigation are only possible
through the use of space systems. 

Finding 2—Although research shows broad pub-
lic support for space activities, this support is
passive.

As noted in the background information, public
opinion polls overwhelmingly show that the public
supports space activities.  However, the depth of
that support is sometimes questionable.   When
asked if they support space activities, the majority
of people respond positively.   When space com-
petes with other priorities such as medical
research, welfare, or education, the priority given to
space relative to these other areas is lacking.  In
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government space sectors around the world this
lack of public support has led to stagnation in budg-
ets, which precludes real advance.

Finding 3—The communication paradigm has
changed, but is not globally uniform.

In the developed world, information access and
delivery has changed substantially as a result of
new developments in telecommunications capabili-
ty.  A dramatic expansion of information sources
has occurred.  Web sites and cable channels allow
individuals to obtain unlimited access to informa-
tion, seven days a week, 24 hours a day.  Although
the number of communication mechanisms has
increased, competition for exposure has also
increased, making the task of selling your story
more competitive. The pace of news delivery has
also changed, requiring short, simple phrasing (the
7-second sound bite). Further, the number of
knowledgeable and experienced members of the
scientific press has decreased.  

The level of change in this area is variable through-
out the globe. In some developing countries, access
to the Internet and significant television program-
ming is virtually nonexistent, and the principle
communications mechanism remains the printed
word.  Any future communications strategy must
take this into account and recognize that any inter-
national communications effort will be implemented
on regional and local levels.  Therefore, the meth-
ods and mechanisms available at those levels must
be considered.

Finding 4—Internationally coordinated outreach
of space activities has been conducted with
mixed results.

The environmental movement presents a good
example of how a communications campaign can
be coordinated internationally. For more than 30
years, Earth Day has been celebrated worldwide.
As a result of such efforts, the message to protect
the Earth has been delivered and adopted by a
global audience. The success of these global efforts
was the result of local, regional, and national imple-
mentation.

The 1992 International Space Year (ISY) also pro-
vides an example of an internationally coordinated
public awareness endeavor that was coordinated at
an international level and implemented nationally
and locally. One of the successes of the worldwide
celebration of space was the communication of

agency-developed education products and programs
that were leveraged by various organizations in
numerous countries.   

Although the ISY did bring space agencies together
in this area, it fell short of engaging the public and
leveraging its momentum into a long-term advan-
tage. Any future effort should focus on audiences
outside the space community and take a long-term
view of this important task.

Finding 5—Interest is increasing within the space
community to address the outreach challenge.

Throughout the space sector, individuals as well as
agencies and professional societies are attempting
to improve their education and outreach efforts.
Whether it is an astronomer trying to draw atten-
tion to the threat of asteroid to Earth, or an astro-
naut trying to motivate young people to study math
and science, enthusiasm, efforts, and ideas are end-
less.  This was illustrated at the Workshop as
numerous members of other Working Groups
requested to share their ideas and experiences with
Working Group 4. 

RECOMMENDATIONS

Recognizing the need to establish cooperative,
international mechanisms implement long-term
communication and outreach, the Working Group
urges :

Recommendation 1—Space agencies of the world
should take the lead in revitalizing collaboration
amongst themselves, industry, space-related
organizations, and academia to improve public
outreach.

The Working Group recognizes that communicating
the benefits of space for the management of planet
Earth and the excitement of exploration and discov-
ery is the responsibility of the entire space commu-
nity. There are, however, those entities that are bet-
ter positioned to initiate and influence this effort.
Although not extremely active at this time, the
Space Agency Forum (SAF) includes a membership
of 23 of the world’s civil space agencies and a man-
date to promote better coordination among those
organizations, specifically in education and out-
reach. Therefore, the Working Group recognizes
SAF as providing the best opportunity to implement
this endeavor.
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The Working Group recommends that SAF lead the
effort and engage other organizations that play crit-
ical roles. The International Astronautical
Federation (IAF) includes some 150 international
industry members and academic, scientific, and
government space representatives. Their annual
meetings could be leveraged to promote the use of
consistent and accurate outreach messages. Other
organizations such as the U.N. Office of Outer Space
Affairs (UN/OOSA) International Academy of
Astronautics (IAA), and the International Institute of
Space Law (IISL) could also play active roles.

On national, regional, and local levels, the AIAA,
the Aerospace Industries Association, the
Confederation of European Aerospace States, the
European International Space Year (EURISY) organ-
ization, and Asia-Pacific Rim Space Agency Forum
are poised to reach specific audiences and imple-
ment proactive outreach.

Efforts should be made to ensure that other organi-
zations such as those in developing countries (e.g.,
Latin America) are identified and engaged.

Recommendation 2—All space organizations
should exploit education programs and products
to improve the public’s understanding of the sig-
nificance of space achievements. 

The Working Group felt strongly that science and
technology education must be improved and space
incorporated into the basic education of children in
order to enrich the general public’s appreciation of
space achievements. One example identified by the
group was NASA’s recent Near-Earth Asteroid
Rendezvous Mission (NEAR). When the public bet-
ter understands what an asteroid is, how it moves
through the solar system, and the technological
challenge of landing a small spacecraft on a tiny
rock in outer space, comprehension and apprecia-
tion of the accomplishment will be enhanced. 

An abundance of space-related education programs
are being conducted worldwide. Programs such as
those offered by Indian Space Research Organization,
National Space Development Agency of Japan
(NASDA), EURISY, the Challenger Centers, and
other dedicated venues, are greatly contributing to
expanding this understanding. In addition, they
inspire a general, young audience to learn more.

Recommendation 3—The community should iden-
tify, develop, and promote spokespersons who can

deliver messages on behalf of the space sector.

The messenger in the communication process is
sometimes just as important as the message. The
role of the “goodwill ambassador” for space explo-
ration filled by Carl Sagan, and for oceanography
and the environment by Jacques Cousteau, is now
largely absent in the space community. Therefore,
articulate, credible, and engaging spokespersons
are essential to improving the communications mis-
sion.

Not only are spokespersons needed at a highly visi-
ble level but they are also needed at other levels.
Whether the spokesperson is addressing policy
makers, industry representatives, or school chil-
dren, he or she should be aware of key messages,
deliver information in an exciting manner, and be
equipped with colorful and interesting materials. 

Organizations such as the Association of Space
Explorers can be tapped to help respond to this
need.

Recommendation 4—The community should capi-
talize on opportunities to maximize public
awareness and participation.

Numerous opportunities already exist to promote
public awareness. For example, World Space
Week—scheduled for 4–10 October annually—pres-
ents an excellent venue to capitalize on an ongoing
effort in an expanded way.  The IAF and other
organizations should make every effort to open
their conference exhibits and expose the public to
space topics, research, and technology and should
advertise and promote such opportunities through
local media. Funds invested in museum exhibits
could be greatly leveraged if such exhibits were
shared through international networks.  

Recommend 5—The community should identify
and share best practices.

Many space organizations and agencies are taking
new approaches to public outreach. NASA, for exam-
ple, recently began to dedicate a percentage of mis-
sion or research project funds to outreach and edu-
cation. In addition, some organizations recognize the
importance of providing science and technical repre-
sentatives with communications support. NASA has
also developed means to recognize science and tech-
nical representatives who participate in outreach and
communication. These practices, and others of which
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the Working Group is unaware, could be assessed for
their applicability to other organizations.

Recommendation 6—Space organizations should
engage mass media experts to help shape mes-
sages and assess marketability of the messages.

The basic processes for communicating space infor-
mation are no different from those of any other
media message despite space’s many unique char-
acteristics.  Therefore, this community should take
advantage of existing media expertise to formulate
and package the communication. This is extremely
important in assessing the effectiveness of this
effort.   

Of particular importance is the need to target and
reach distinct audiences such as the general public,
media, opinion formers, and decisionmakers.
Emerging audiences such as citizens in developing
countries and complementary interest groups must
also be appropriately addressed.

The main message identified by this group is that
space activities are an essential part of the manage-
ment of planet Earth and the evolution of society.
Additional messages are as follows:

• The benefits and opportunities space presents
are an intrinsic part of society.

• Although space efforts are perceived as rou-
tine and part of everyday life, innovative tech-
nology is challenging and sometimes can fail.

• Exploration for the sake of discovery is an
admirable goal and should be embraced.

• Careers in space-related fields are rewarding
and satisfying and contribute to the manage-
ment of our planet.

Recommendation 7—The community should
exploit global communication mechanisms for
the purpose of reaching decisionmakers world-
wide.

The audience of global communication mechanisms
such as BBC World News, CNN, and the Herald
Tribune could be exploited not only to reach a
broader multinational audience but also to reach
and influence opinion formers and decisionmakers.  

Recommendation 8—The community should
engage youth to help promote outreach.

The Working Group gave special emphasis to the
importance of the youth audience.  Space agencies
as well as the United Nations have efforts underway
to engage this group.  Examples are the European
Space Agency’s (ESA) strong support of the Inter-
national Space University and ESA’s program to
send large numbers of students to the annual IAF
meeting.  These and other efforts should be a prior-
ity in this recommended communications effort.
Because this audience represents the future work-
force and the major beneficiaries of today’s invest-
ment, every effort should be made to contribute to
their knowledge, sound citizenship, and capability
to manage Earth and exploration of the unknown.

CONCLUSIONS

The Working Group concludes that internationally
coordinated outreach is essential for the following:

• Increasing awareness that space activities are
an essential part of the management of planet
Earth and the evolution of society

• Maintaining or elevating the priority of space
activities on national agendas

• Delivering consistent and accurate messages
via the broad media

• Leveraging investment in professional confer-
ences by engaging the public

• Making space an integral part of school cur-
ricula and leveraging that investment

• Enticing more young people into space-related
careers

The Working Group also recognizes that long-term
action is a necessity as results may not be achieved
in the short term. Therefore, it must be recognized
that this effort is a long-term commitment requiring
the participation of the broad space community.   

For these recommendations to become a reality, the
Working Group identified three, near-term steps for
implementation:
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Task 1—Urge SAF to take the lead in revitalizing
communication, cooperation, and collaboration
amongst space agencies, industry, space-related
organizations and academia to improve public out-
reach.

The Working Group agreed that SAF has the unique
mandate and membership to carry out the recom-
mendations put forward in this report.  As noted in
the SAF’s Terms of Reference, one of its key objec-
tives is to “...seek to enhance creative and cost-
effective international cooperation among the space
agencies by exchanging information on pro-
grammes and plans ... Public Outreach and
Education”

Task 2—Capitalize on near-term opportunities to
communicate Working Group findings and rec-
ommendations, and solicit feedback.

The Working Group identified several venues where
these findings and recommendations could be deliv-
ered. For example the upcoming meetings of the
Space Agency Forum and the International
Astronautical Federation in October 2001 were
identified. The meeting of the ISS Public Affairs,
scheduled for June, could also be used. In addition,
it was suggested that the AIAA and CEAS organiza-
tions host CEO-level meetings for industry.

An effort also should be made to identify venues in
other parts of the world (e.g., Asia) to deliver the
meeting results. Plans are underway to transmit
this report to the United Nations.

Task 3—Establish through the AIAA International
Activities Committee a group to receive and
assess feedback and to facilitate program devel-
opment.

As the facilitators of the international workshop
that has led to these recommendations, the Working
Group identified the AIAA International Activities
Committee as the appropriate body to monitor the
progress of these recommendations.
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MANDATE

Examine the role of civil, governmental, and com-
mercial space systems in the development and
implementation of multilateral environmental
agreements and the impact these systems could
have on negotiation of future agreements.

EXECUTIVE SUMMARY

The Working Group on The Contribution of Space
Systems to the Development and Implementation of
Multilateral Environmental Agreements examined
the role that space-based Earth observation (EO)
systems could play in environmental agreements.
The Working Group looked at ways to improve the
integration of EO data and information throughout
the entire process of developing and implementing
these agreements.  More than 200 multilateral envi-
ronmental agreements (MEAs) addressing environ-
mental issues and concerns have come into exis-
tence during the past few decades, but few explicit-
ly incorporate or depend on EO data and informa-
tion. 

An overarching conclusion of the Working Group
was that EO systems provide objective data that are
frequently unique and that provide the additional
advantage of yielding global, homogeneous, and
repetitive coverage.  The MEA community can ben-
eficially use these data and the information derived
from them.  In particular, EO systems observe and
monitor activities and changes in land, ocean, and
atmosphere phenomena such as deforestation,

ocean circulation, and depletion of stratospheric
ozone.  In many cases, EO data and derived infor-
mation products can be used to assess the effective-
ness of MEAs in achieving their environmental
goals and to verify compliance.

The Working Group highlighted the desirability of
greatly strengthening communications between the
EO and the MEA communities.  The EO community
should learn more about the needs of the MEA
community, whereas the latter should learn more
about EO capabilities to better understand and
appreciate what can and—just as important—what
cannot be done with EO data and information.

The Working Group’s recommendations encom-
passed a variety of encouragements and actions for
the EO and MEA communities to enhance commu-
nications, to develop appreciation for each other’s
needs and capabilities, to take advantage of each
other’s expertise in ongoing forums, to work togeth-
er to improve potential MEA parties’ understanding
of and confidence in EO data and information and
its uses, to undertake joint action to help ensure
operational continuity of required data and infor-
mation from EO systems, and to network organiza-
tions to distribute responsibilities for operating
space systems and for distributing data.

BACKGROUND

Multilateral environmental agreements are devel-
oped among governments to collectively address
environmental concerns. As with other treaties and
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international agreements, they are tools for accom-
plishing policy objectives commonly held among the
parties, and they generally include formal, binding
commitments. Some of these agreements deal with
the global commons, addressing, for example, such
problems as ocean pollution, ozone depletion, or
global climate change. Others focus on environmen-
tal problems of a regional or local nature that
impact the territories of sovereign states but that
raise international concerns, such as deforestation,
desertification, various types of pollution, and
scarcity of water resources.

Examples of major agreements include the
Antarctic Treaty (signed in 1959) with its subse-
quent Protocol on Environmental Protection (1991,
but not yet entered into force); the Ramsar
Convention on Wetlands (1971); the International
Convention for the Prevention of Pollution from
Ships (1973); the Vienna Convention on the
Protection of the Ozone Layer (1985) and its subse-
quent Montreal Protocol on Substances that Deplete
the Ozone Layer (1987); the Convention on
Biological Diversity (1992); the U.N. Framework
Convention on Climate Change (1992) and its subse-
quent Kyoto Protocol (1997, but not yet entered into
force); and the Convention to Combat Desertification
(1994). These conventions and protocols lay down
objectives in terms of results to be achieved concern-
ing the environment and in terms of actions to be
taken to achieve these results. And many create an
international organization to administer the agree-
ments, often called a secretariat.

Space-based EO systems include Earth-observing
sensors and satellites, along with associated
ground-based receiving and processing systems
necessary to transform observation data into infor-
mation products.These EO systems are a tool,
developed in recent decades, that has become
essential for effectively conducting many types of
environmental management and research applica-
tions. They provide reliable, factual, consistent,
recurrent, and timely information on a global scale
that may be used to map areas of interest, provide
measurements of certain key parameters, and mon-
itor the evolution of studied phenomena.

Information from other types of space systems,
such as communication satellites, data relay sys-
tems and GPS, and other related sources of data
and information collected by aerial, ground, and
subsurface systems are also contributing to the
understanding of the environment. However, the

objective of this Working Group was to assess the
potential value of EO data and information to policy
makers and negotiators involved in the develop-
ment and implementation of MEAs.

FINDINGS AND RECOMMENDATIONS

Finding 1a—There is a strong foundation in law
supporting the use of data and information from
EO systems in MEAs. The basis for this interna-
tional legal status includes international space
law as well as national laws, customary law, and
the application of equity principles. This body of
law permits and encourages the peaceful uses of
outer space by governments, intergovernmental
organizations, and nongovernmental entities.

Since the dawn of the space age, governments have
adopted several treaties and U.N. resolutions that
define and expand the legal use of space. The first,
and most important, of these is the 1967 Outer
Space Treaty. Among other things, this treaty estab-
lishes that there is freedom of scientific investiga-
tion in space; all nations have the nonexclusive
right to use space; no nation may appropriate space
or exclude another from its use; and intergovern-
mental organizations and nongovernmental entities
also have the right to use space.

The activities of EO systems have been accepted as
a legal use of space since the early 1970s. The
rights and obligations of nations that conduct Earth
observations and nations that are sensed by satel-
lites and space-based platforms were specifically
addressed in the 1986 U.N. Principles on Remote
Sensing, which were unanimously adopted as a res-
olution by the U.N. General Assembly. Although not
yet formally adopted as a treaty, these principles
have achieved the status of customary international
law and have been formally incorporated into the
domestic laws of some Earth-observing nations,
such as the United States and Japan, as well as in
many bilateral and multilateral cooperative agree-
ments regarding EO missions and programs. They
define remote sensing as the sensing of the Earth
from space for the purpose of improving natural
resource management, land use, and the protection
of the environment, and they stipulate that data
concerning the territory of a sensed state must be
available to it on a nondiscriminatory basis and on
reasonable cost terms.
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The space treaties and remote sensing principles
are based on, and are a part of, the larger body of
international law that includes all of the treaties,
resolutions, customary law, and equitable principles
of which it is comprised. The Outer Space Treaty
itself incorporates by specific reference all of inter-
national law and the U.N. Charter. Moreover, princi-
ples of cooperation and the common interests of all
nations are of particular relevance in this area and
would support the application of the rights and obli-
gations of states in accordance with the principles
of equity and justice.  It is this body of law, along
with the domestic laws of individual nations, that is
available to apply EO activities to the development
and implementation of MEAs.

Finding 1b—The continuous collection and uti-
lization of data from space are of major public
benefit in understanding Earth’s environment.
EO systems can provide objective, neutral, and
transparent data that are in many cases unique
and that have the additional advantage of pro-
viding a global, homogeneous, and repetitive per-
spective, frequently on a continuous basis. The
data provided by EO systems and the information

derived from them therefore are potentially use-
ful in all phases of the process of developing and
implementing MEAs, even though the EO activi-
ties were not organized to support MEAs specifi-
cally.

EO systems now routinely provide observations of
Earth’s environment at global, regional, national,
and local scales and are extremely useful in identi-
fying trends in the environment.  Remotely sensed
data from space are critical to monitoring and
understanding the Earth environment and the effect
of humans on it. Although EO systems are by no
means the only sources of information about the
environment that can be used to support the devel-
opment and implementation of MEAs, they do pro-
vide unique observational capabilities that make
them especially valuable for this purpose. Table 1
provides a few examples of applications of EO sys-
tems relevant to the MEA process.

Obviously, an MEA includes provisions focused on
securing its intended purpose and effects. The
application of EO systems to MEAs can range from
the identification of an environmental problem, to

Table 1: Examples of Space-Based Earth Observation Systems and Related Monitoring Applications

Land Remote Sensing Systems:
Landsat, SPOT, RADARSAT, IRS, 
CBERS, IKONOS, EROS-A1

Future Systems: RADARSAT-2, SPOT-5,
Pleiades/Cosmos-Skymed, SMOS, 
QuickBird, OrbView-3/4, IRS-2C, VCL

Oceanic/Environmental Systems:
Topex-Poseidon, OrbView-2/SEASTAR,
EOS-TERRA, Quick-SCAT, ERS,TRMM, IRS-P4

Future Systems: JASON,  EOS-AQUA, ICESAT,
SMOS, CRYOSAT, GOCE, ADEOS-2

Atmospheric/Environmental Systems:
NOAA/POES, METEOSAT, GOES,
GMS, INSAT, ERS, TOMS, TERRA,

Future Systems: NPP, NPOESS, METOP,
ENVISAT, ADEOS-2, MEGHA-TROPIQUES,
EOS-CHEM/AURA, AEOLUS, CLOUDSAT,
PICASSO/CENA, PARASOL

Land cover/land use and conversions,
mining activities, vegetation and forest cover,
biomass, wetlands monitoring, 
pollution sources, deforestation/reforestation,
desertification

Ocean color/phytoplankton, ocean biota,
ocean currents and circulation, surface
winds, sea surface temperature, ocean dump-
ing, ship pollution, fishing activities, oil spill
detection, ice caps and sea ice characteristics

Ozone mapping and profiling, 
atmospheric pollution, cloud cover, 
atmospheric CO2, stratospheric aerosols,
volcanic ash cloud tracking, tropospheric
wind profiles

Current and Future Space-Based
Earth Observation Systems Related Monitoring Applications

Note:  The EO systems in the table provide data that are used for research and operational applications beyond those listed
here.  For example, atmospheric EO systems provide ocean data such as sea surface temperature.
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the monitoring and assessment of that problem, to
the verification of compliance and subsequent
enforcement.

Prenegotiation Phase  

At the most basic level, data and information from
EO systems can identify and characterize environ-
mental problems that may not otherwise be recog-
nized or understood. The information from these
systems is now beginning to be used to create pub-
lic awareness and to increase the public’s scientific
understanding of these problems. For governments
to decide to develop an MEA, there needs to be
some political recognition that there is strong scien-
tific evidence of an environmental problem, as well
as a potential solution. EO data and information
can be instrumental in generating the scientific
understanding of new environmental problems and
the political will to address them.

As a specific example, the media used Nimbus-7
satellite data to document the seasonal depletion of
stratospheric ozone over the Antarctic in the mid-
1980s.  The resultant public awareness and under-
standing of what was happening to Earth’s protec-
tive ozone layer was instrumental in galvanizing
public support for action.  The product was the
Vienna Convention on the Protection of the Ozone
Layer and the subsequent Montreal Protocol, which
led to the elimination of commercial production of
ozone layer–damaging chlorofluorocarbons.

Negotiation Phase 

Once an environmental problem has been identi-
fied, data and information from EO systems can
contribute substantially to the MEA negotiation
process by assisting negotiators and policy makers
to define the scope and specific terms of the agree-
ment, and by making these provisions more accept-
able among the parties. For example, the Central
American Commission on Environmental Develop-
ment, with assistance from NASA EO experts, nego-
tiated the MesoAmerican Biological Corridor
Agreement in 1998. Landsat imagery showing
extensive deforestation on the Mexican side of the
Mexican–Guatemalan border, but good forest cover
on the Guatemalan side, provided a catalyst for this
international memorandum of understanding. The
agreement provides for land-cover and land-use
assessments, through the production of a satellite-
derived base map for the entire isthmus, with a

goal of protecting the integrity of ground cover
along wildlife migration corridors from Panama to
the Mexican border.

It is important to note that not all countries have
equal capabilities to acquire and use EO data and
information meaningfully. There are many more
nations that use, or can use, EO information than
there are nations that operate EO systems and gen-
erate data. These disparate capabilities may affect
the willingness of some parties to negotiate depend-
ence on such data and information in the imple-
mentation phase of MEAs. Negotiating parties may
need to consider this factor in developing new
MEAs.

At the same time, those drafting MEA requirements
may need to be assured that the required EO data
and derived information will be routinely available
as required. It is also important that they have con-
fidence in the validity and suitability of the informa-
tion for their purposes through the availability of
comprehensive documentation and metadata
(descriptive information about the observational
data sets). Another key issue that MEA negotiators
may be concerned about is the transparency of the
entire information chain; that is, whether it is open
to external scrutiny and can be independently veri-
fied.  All of these issues will need to be understood
to win the confidence of the international communi-
ty in the more dedicated application of EO data and
information to the MEA process.

Implementation Phase  

Upon the formal adoption of an MEA by the parties,
EO systems can be used to observe, monitor, and
assess the effectiveness of implementing provisions
of MEAs. Currently, however, the implementing pro-
visions of most MEAs do not specifically reference
or depend on specific scientific data, let alone EO
data. The Vienna Convention on the Protection of
the Ozone Layer was a recent exception to this gen-
eral omission, reflecting a high level of scientific
evidence and consensus about the cause of stratos-
pheric ozone depletion, as well as the existence of
EO and other monitoring capabilities.

Finally, the data and information from EO systems
can be especially useful in supporting verification
and enforcement terms and conditions in those
MEAs that contain such provisions. MEAs are tools
for accomplishing policy objectives agreed to among
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the parties. It is understood that the adoption of
verification provisions with the goal of determining
violations and enabling the possibility to enforce
compliance is a political decision that requires con-
sensus and consent by the parties to the MEA. Such
a decision depends not only on the availability and
reliability of information derived from EO systems
and from other relevant sources but also involves
consideration of political, economic, and national
security factors related to the broad desirability of a
verification regime. 

At a minimum, the public availability of EO data
can deter violations and promote voluntary compli-
ance with MEA requirements by making any party’s
previously hidden and difficult-to-find transgres-
sions much easier to detect. Furthermore, MEAs
that include enforcement provisions should consider
the effectiveness of verification capabilities offered
by EO systems and related information systems.

Finding 1c—The EO and MEA communities have
a common interest in establishing effective com-
munication concerning the benefits, opportuni-
ties, and challenges of using EO data and derived
information products in the MEA process.
However, the connection between the two com-
munities is not yet adequately developed, and
consequently, MEA needs and EO space capabili-
ties are not efficiently integrated.

Despite the fact that EO systems increasingly are
capable of assisting in the MEA process, this capa-
bility has not been fully appreciated and has been
underutilized. For example, the Kyoto Protocol to
the U.N. Framework Convention on Climate Change
requires the setting up of national systems for the
estimation of anthropogenic emissions and sinks of
greenhouse gases, but parties need to agree on
common characteristics for these systems allowing
intercomparison.  In a similar manner, the U.N.
Convention to Combat Desertification requires that
the parties integrate and coordinate the collection,
analysis, and exchange of data and information to
ensure systematic observation of land degradation
in affected areas and to understand better and
assess the process and effects of desertification, but
parties have not yet indicated the ways and means
to meet this objective. EO data and information
would be useful in both these MEA regimes.

On the other hand, some worthwhile projects have
already been undertaken to demonstrate the rele-
vance of EO systems and associated data and infor-
mation to MEAs. A good example is in the field of

oil pollution monitoring of the seas using synthetic
aperture radar to support the International
Convention for the Prevention of Pollution from
Ships. By the same token, EO systems can be very
useful in national and subnational environmental
legislation, regulation, and other types of environ-
mental policymaking, which can provide a helpful
body of practices and experience in applying this
technology in the multilateral environmental con-
text.

In any case, the EO community needs to do a better
job in demonstrating the utility of EO systems and
the information they provide for other applications
relevant to MEAs.  This will serve to build stronger
links between the EO and the MEA communities
and will demonstrate to the general public the value
and reliability of these techniques.

Recommendation 1a—The EO community needs
to learn more about the evolving needs of the
MEA community, whereas those who work in the
MEA arena need to learn more about EO space
capabilities and to better understand what MEA
objectives can and cannot be supported using
data and information from existing and planned
EO systems.

Communication between the MEA and EO commu-
nities would be strengthened by engaging in a num-
ber of activities, including the following: 1) De-
veloping a detailed cross-correlation, matching spe-
cific MEA provisions with relevant space-based EO
capabilities to better inform discussions between
the two sectors. 2) Carrying out joint pilot projects.
3) Commissioning a series of national and interna-
tional studies and colloquia that engage experts,
negotiators and practitioners in the MEA and EO
communities: to examine the use of EO data and
information in legislation and regulation, in envi-
ronmental policy, and in programs at national and
local levels; to identify and analyze important les-
sons learned from previous MEA regimes; and to
undertake case studies that simulate the develop-
ment of MEAs. 

Recommendation 1b—The MEA and EO commu-
nities should be encouraged to take advantage of
each other’s expertise in their respective activi-
ties. 

In this regard, EO specialists should seek to become
more involved with their delegations engaged in
negotiating new MEAs and in implementing existing
ones, for example, by creating or using existing sci-
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entific and technical expert groups to work with MEA
negotiators and secretariats to advise on the avail-
ability, characteristics, and limitations of informa-
tion sources; to communicate about information
systems requirements; to define specific products
that meet specific MEA requirements, as well as the
methodologies to produce those products; and to
monitor the performance of existing information
systems, as well as the potential of new information
systems, technologies, and methodologies that con-
tribute to MEA implementation. Additionally, MEA
negotiating teams should seek the involvement of
EO specialists in the MEA process, and secretariats
of existing MEA regimes should seek the assistance
of the EO community in thoroughly reviewing all
aspects of the MEAs (including, in particular, the
monitoring, assessment, and compliance provisions)
in the context of EO and related data collection and
information management technologies.

Recommendation 1c—To optimize the utilization
of EO systems, parties to MEAs should identify
their information requirements in support of the
objectives of their MEAs. 

The implementation arrangements of an MEA
should establish ways and means to define the spe-
cific EO data and information products required, as
well as to adapt to developments concerning the
observation and information systems (such as creat-
ing or using existing scientific and technical expert
groups to work with MEA negotiators as mentioned
in Recommendation 1b.) The derivation of require-
ments from an MEA should address the issues of
validity, character, and availability of the data and
information products, as well as the reliability and
transparency of the EO data and information, and
the processes used to provide them. 

Finding 2—Use of EO data and information for
MEA monitoring, assessment, and verification
requires that the parties to MEAs have high lev-
els of confidence in the data and information,
and thus could necessitate validation require-
ments beyond those developed for scientific pur-
poses. Scientific and technical standards and
practices already exist for many kinds of EO
data, particularly from operational systems. Such
standards and practices can facilitate and
improve the process of developing legally recog-
nized standards for EO data and the use of those
data in MEA regimes. 

The international meteorological system is the
archetype of an operational EO system. It uses EO

data in association with other data, and it is based
on the distributed structure of both the space seg-
ment and the meteorological information system. A
set of data and information are exchanged freely
and openly among countries under the aegis of the
World Meteorological Organization (WMO, a U.N.
specialized organization). This organization sup-
ports national meteorological requirements while
disseminating the data and information contributed
by its members for broad international use.
Confidence in the system is fostered by the partici-
pation of many actors in the production of data and
information, the development of related common
technical and management standards, and the com-
mitment to exchange such information.

MEAs reflect the willingness of the parties to
address environmental problems of common con-
cern and to meet certain obligations. Such obliga-
tions are measured against specific methods and
standards that are technical in nature and may not
be able to be defined or specified within the MEA
itself. This creates a need to rely on scientific work
already undertaken and related technical standards
that are defined and consistently used concerning
the observational and information management
technologies and practices. As these standards and
practices are developed and refined over time, they
achieve a higher level of reliability and consistency
with regard to their application to MEA regimes.
For example, EO data have achieved some formal
legal recognition through national court decisions,
particularly as specialized scientific or expert
sources of evidence, but they have not yet received
recognition and acceptance as legal evidence in
international law.

Recommendation 2—EO data providers, working
in concert with the MEA parties, need to take
steps to ensure confidence in the data and infor-
mation derived from EO systems. Toward this end,
distributed information systems, which require
common technical and management standards,
should be strongly considered. Network structures
similar to those used in the international meteoro-
logical system should be considered for use in the
production of information as well as for research
on processing and modeling in support of MEAs.
These multilateral partnerships can strengthen
the widespread acceptance of EO systems and
their information products.

Finding 3—Data and derived information used to
develop and implement MEAs can be obtained
from public and private, civil and military, and
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national and multinational EO systems. Each sys-
tem has its own characteristics and constraints.

EO systems frequently can meet the needs of multi-
ple types of users, beyond the primary application
areas and user groups. For instance, research infor-
mation on sea-surface winds is used in operational
forecasts, and high-resolution land remote sensing
images are used in many kinds of research and
commercial activities. 

By the same token, practically all space-based Earth
observing and associated information systems have
the capability of supporting some MEA require-
ments, and the parties to MEAs may wish to make
use of relevant information from a variety of such
sources. However, the distribution and use of data
and information products from some of these sys-
tems may be limited because of their classification
on national security grounds, or because of com-
mercial proprietary restrictions.

Recommendation 3—The MEA community should
consider data and information from all sources.
However, recognizing that access to and use of
different sources of EO data and derived infor-
mation must be consistent with the legal rights
and obligations that apply to these different sys-
tems, the potential value in MEA use of certain
data sources may need to be balanced against
potential increases in complexity and potential
decreases in transparency.

Finding 4—Many MEA objectives would be best
supported by long-term, continuous satellite
observations. Although both space-based experi-
mental/research and operational EO systems can
contribute to the development and implementa-
tion of MEAs, only operational systems provide
some guarantee of continuity. EO experimental/
research missions are not supported by long-
term institutional arrangements, and therefore
do not ensure the continuity of data consistent
with MEA objectives. Although continuity in the
collection of data is clearly planned for some
areas of EO, other areas are at threat beyond
currently approved research missions.  For
instance, atmospheric chemistry, ocean dynam-
ics, and land-cover dynamics pose urgent data
continuity concerns.

An operational space system is one that has been
designed to provide continuity of service that is
guaranteed by an institutional commitment. The

meteorological satellite system, operated on a coop-
erative and coordinated basis by multiple countries
and organizations, is the most mature example of
an operational system.  On the other hand, an
experimental or research space system is of limited
duration, typically designed to demonstrate new
technology and the utility of specific observational
measurements in support of scientific investiga-
tions. An example of a research system is TRMM
(the Tropical Rainfall Measurement Mission),
designed as a three-year cooperative
NASA/National Space Development Agency of Japan
(NASDA) mission to study the global water cycle
and its variability resulting from natural and
human-induced change.  Although it is lasting
longer, the concept behind the mission was never
intended to produce a continuous observational
record for the indefinite future.  A follow-on Global
Precipitation Mission (GPM) is contemplated, but
not guaranteed.

Observational parameters such as ocean topogra-
phy, stratospheric ozone concentrations, and land-
surface vegetation cover currently are acquired
from research satellite missions. These missions
have demonstrated the value and uniqueness of
space-based observations in providing an accurate
and global means to monitor phenomena such as
ocean circulation and changes in sea level, the evo-
lution of Earth’s protective ozone layer, and the rate
and extent of global deforestation. No firm plans
exist, however, to ensure continuity in the acquisi-
tion of these and many other research datasets,
which are of considerable relevance for many
MEAs. Moreover, the institutional arrangements for
bringing such important data acquisition capabili-
ties to operational status are not yet well defined at
either the national or international levels.

Nevertheless, there is a growing recognition of the
importance of ensuring data continuity for some
missions. The EuroGOOS (European Global Ocean
Observing System) Conference, for example, has
recommended continued European participation in
providing precision altimetry through the Jason-2
mission.  The recommendation indicated that this
should have the highest priority in the initial imple-
mentation of an operational oceanographic satellite
system for Europe and also that Eumetsat should
adopt the European part of the mission.

Where the implementation of MEAs depends on
certain relevant data being collected continuously
over many years, MEA negotiators will be obligated
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to take into consideration both the current and
future availability of EO systems and information
sources to meet their requirements. 

Recommendation 4—The EO community and the
MEA community should act together to ensure
the institutional continuity of EO space-based
information required for the development and
implementation of MEAs.

To this end, the allocation of operational responsi-
bilities for meeting the objectives and continuing
requirements of MEAs needs to be defined, and
arrangements should also be considered to improve
the continuity of relevant information initially
obtained from experimental/research missions. 

Finding 5—The permanent preservation and
archiving of data and selected derived informa-
tion products from EO missions are essential for
supporting a broad range of environmental
research and application objectives, including
their use in many MEA regimes. However, the
preservation and archiving of many kinds of EO
and related data and information, particularly
those that could be responsive to MEA require-
ments, are not currently assured. 

Because the monitoring, assessment, and verifica-
tion of MEAs frequently require that current data be
compared with data collected continuously over
many years, the reliable preservation and archiving
of datasets is an essential function. A number of
very large, reliable, and continuously updated data
archives in fact already do exist for some types of
environmental data that could be very useful to the
MEA community. There are well established gov-
ernment archives of space-based EO data of the
land, oceans, and atmosphere that are archived on
a coordinated basis in the World Data Center (WDC)
system established by the International Council for
Science (ICSU), and implemented by participating
national data centers such as the National Data
Centers operated by the National Oceanic and
Atmospheric Administration in the United States.
The international WDC system is complemented by
a range of other national, regional, and mission-
specific data centers and archives, such as the
European CORINE Landcover data base on environ-
mental characteristics of land-cover based on
Landsat and SPOT data, and the Africover data
base to be used by the U.N. Food and Agricultural
Organization to assist in the fight against desertifi-
cation.  The U.S. National Satellite Land Remote
Sensing Data Archive at the EROS Data Center in

Sioux Falls, North Dakota, which houses decades of
land satellite data, is another excellent resource for
the MEA community interested in detecting changes
in land cover/land use.  

In addition, there are many university data collec-
tions and private-sector archives of commercial satel-
lite observations. Despite many significant official
and unofficial EO data holdings around the world,
there frequently is a lack of commitment on the part
of organizations that fund such activities. More
specifically, the needs of the MEA community for
access to and use of such data holdings have not yet
been well articulated to the funders and archivists of
EO data and information. It would be especially use-
ful for parties to MEA regimes to define their infor-
mation and archival needs early in the MEA develop-
ment process and to communicate those require-
ments to the EO system operators and the data cen-
ters and archives.

Recommendation 5—The operators of EO systems
must take actions necessary to ensure the perma-
nent preservation and archiving of data and, in
many cases, derived information products to sup-
port MEAs, as well as supporting the important
objectives of other user groups. At the same time,
the MEA community needs to work with the EO
community to ensure that relevant archived EO
data and information are compatible with and
supportive of the special requirements for MEA
negotiation and implementation functions.

Finding 6—Cost will be an important concern and
constraint in the design and implementation of
EO systems and in the production of data and
information in support of MEAs. The private sec-
tor, including value-added enterprises, could play
an important role in the conversion of data gath-
ered by space systems into information useful for
MEA implementation and public understanding.

In the design and operation of an experimental/
research EO system, the main objective is to
demonstrate feasibility and utility of a new type of
measurement giving access to a new kind of infor-
mation; for example, measurement of sea-surface
salinity from space could reach an experimental
status in the near future. The cost of an experimen-
tal project is certainly not irrelevant to the decision-
making process as the project must be affordable,
but it is not the main driver of the design. In the
transition to operational status, since the feasibility
and utility elements are already obtained, the piv-
otal concern becomes achieving maximum cost-
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effectiveness in the continuous production of reli-
able information. As an example, in the process
deriving the preoperational Jason spacecraft from
the experimental TOPEX-Poseidon mission, the
mass of the spacecraft has been reduced by a factor
of five, resulting in a substantial reduction in cost
while preserving the measurement accuracy.

In addition, most EO data acquired from space
require considerable processing and interpretation
to be useful for specific applications. This analytical
and information processing function is commonly
referred to as a value-added activity, and in many
cases is undertaken by small, highly specialized,
for-profit enterprises. The participation of these
enterprises is desirable for the production of infor-
mation useful for the development and implementa-
tion of MEAs.

Recommendation 6—Consideration should be
given to the most cost-effective means of provid-
ing EO data and information products in support
of MEAs. Data and information from commercial
providers should be considered in addition to uti-
lizing systems operated by governments and mul-
tilateral organizations. The opportunities offered
by small, dedicated satellites for cost-effective
support of specific MEA requirements also should
be considered. 

Finding 7—Coordination of governmental envi-
ronmental observing systems and issues by inter-
national organizations or forums such as CEOS,
IGOS, and WMO consultative meetings is critical
for providing support for the development and
implementation of MEAs.

The agencies involved in space-based EO activities,
as represented in the international Committee on
Earth Observation Satellites (CEOS), have begun to
engage some of the MEA community through the
Integrated Global Observing Strategy (IGOS)
Partnership. The IGOS Partnership unites the major
space-based and surface-based EO systems for
observations of the land, oceans, and atmosphere.
It is a strategic planning process that links
research, long-term monitoring, and operational
programs—as well as data producers and users—in
a structure that helps determine observational gaps
and that provides a framework for decisions and
resource allocations by funding agencies. The IGOS
Partnership has already initiated discussions with

representatives of 10 major MEA regimes to review
possible ways in which IGOS might be able to help
support the data and information needs of these
MEAs. This positive role of international coordinat-
ing bodies for dealing with global environmental
observing systems in the MEA context needs to be
fully utilized.

Recommendation 7—The EO and MEA communi-
ties should vigorously follow up on their initial
efforts to improve integration of EO data and
information into the MEA process already initiat-
ed in forums such as the CEOS and IGOS. 

Finding 8—The public has come to rely on and
trust some EO data and information products
that are presented daily in the media, notably
satellite cloud images and weather information.
Similar reliance and trust has yet to be estab-
lished for the broader array of EO data and
information products.

Public understanding and support for the use of EO
data and information in MEAs is unlikely without
public trust and confidence in EO applications that
are directly relevant to particular MEAs. But the
public in both developed and developing countries
needs to gain much greater familiarity with a broad
range of EO information products, similar to the
familiarity with weather satellite information,
before a sufficient level of understanding and trust
with these sources will be attained. One way to
begin this process is for government agencies pro-
viding public benefits related to the environment
and natural resource management to enhance
understanding through the greater use of EO data
and information products. Opportunities for such
public uses of EO information are more widely
available in the developed world through the pub-
lic’s pervasive access to various information sys-
tems such as the Internet, television, and other
media. However, developing countries are increas-
ingly gaining such access to these information sys-
tems and thus to EO data and information. In India,
for example, images derived from land-observing
satellites have been presented at township meetings
to explain the rationale for planning local infra-
structure.

Finally, it should be noted that various nongovern-
mental organizations (NGOs) have gained an
increasing role in bringing environmental issues to
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the attention of decisionmakers, and especially the
public. NGOs now frequently use EO data and infor-
mation to analyze environmental problems and to
publicize them. NGOs also increasingly play the role
of unofficial watchdog or enforcer of MEA regimes
and in some ways can help promote the interaction
between the EO and MEA communities.

Recommendation 8—In cooperation with govern-
ments, NGOs, and the private sector, the EO and
MEA communities should seek to increase public
awareness of the practical benefits of EO data
and information products for environmental
decision making.

CONCLUSIONS

Over 200 MEAs addressing a broad range of envi-
ronmental issues and concerns have come into exis-
tence during the past few decades, but few explicit-
ly incorporate or depend on data and information
from space-based EO systems.  In particular, EO
systems can observe and monitor activities and
changes in land, ocean, and atmosphere phenome-
na such as deforestation, changes in sea level, and
the depletion of stratospheric ozone. In many cases,
EO data and derived information products can be
used to assess the effectiveness of MEAs in achiev-
ing their environmental goals and to verify compli-
ance.  

The Working Group concluded that EO systems pro-
vide relevant data and information that could be
used beneficially to a much greater extent in the
development and implementation of MEAs.  To this
end, the Working Group highlighted the desirability
of greatly strengthening communications between
the EO and MEA communities.  The EO community
should learn more about the needs of the MEA
community, whereas the latter should learn more
about EO capabilities to better understand and
appreciate what can and—just as important—what
cannot be done with EO data and information.



48 K E Y N O T E  A D D R E S S E S

INTERNATIONAL SPACE COOPERATION:  
ADDRESSING CHALLENGES OF THE NEW MILLENNIUM

A U.S.  PERSPECTIVE

■ DONALD L. CROMER

Vice President, Standards
AMERICAN INSTITUTE OF AERONAUTICS AND ASTRONAUTICS

FOR E.C. “PETE” ALDRIDGE, JR.
Chief Executive Officer  (C.E.O.)
THE AEROSPACE CORPORATION

A EUROPEAN PERSPECTIVE

■ ERNESTO VALLERANI

President
CONFEDERATION OF EUROPEAN AEROSPACE SOCIETIES

A GLOBAL PERSPECTIVE

■ HANS J. HAUBOLD

Principal Scientific Officer
UNITED NATIONS OFFICE FOR OUTER SPACE AFFAIRS

FOR MAZLAN OTHMAN

Director
UNITED NATIONS OFFICE FOR OUTER SPACE AFFAIRS

K E Y N O T E  K E Y N O T E  A D D R E S S E S



49K E Y N O T E  A D D R E S S E S

As we gather here to address the challenges of the
new millennium facing the global space market-
place, I must say that much has changed since this
workshop last met in April 1999. Back then the out-
look was one of optimism and a rapidly expanding
commercial space industry. Pete Aldridge comment-
ed, during his opening remarks, that “... we have
experienced a fundamental shift in the relationship
between governments and the space industry, and
... the space industry will play a dominant role in
space in the future.” His statement was based on
the premise that projections for the space industry
forecast a highly profitable and strong demand for
commercial space missions to support a variety of
global needs.

I believe that fundamental shift in dependence has
taken place, but the forecasted projections have not
materialized. Thus, we have created a dilemma that
governments and the space industry must wrestle
with as we enter the new millennium.

Let’s look at the facts. In the last two years, we
have seen the dot-coms reach amazing heights in
market value, and then rapidly fade away to below
junk bond status. The NASDAQ is off 40% for the
year, and down over 58% from its peak last spring.
Technology stocks have been hammered in the
process. We have seen IRRIDIUM declare bankrupt-
cy and come within a few days of deorbiting its
satellites before the U.S. government stepped in at
the 11th hour and bought it out as an exclusive
government system. ICO also declared bankruptcy
and struggled with financing until McGraw stepped
in and struck a deal to merge it with Teledesic.
They have delayed the program to rearchitect it to
become a data system instead of simply mobile

telephony. ICO’s first launch ended in failure, and
they are 18 months behind its original schedule.
Globalstar is just getting its business off the ground
with slow customer take-up and financial difficul-
ties. LORAL has cut off their financing and is start-
ing to write down the loss. Recently, we’ve seen
Skybridge announce that it is scaling back on its
business plan and will depend on existing platforms
to prove out their business case.     

Space business mergers are continuing, with Boeing
buying up Hughes Space & Communications. In
Europe, ASTRIUM has been created and now repre-
sents a duopoly with ALCATEL. Murdock is postur-
ing to buy Hughes Electronics to acquire DIRECTV
and break up the rest of the company.

Satellite export controls have been shifted from the
U.S. Department of Commerce to the Department of
State and the licensing process has slowed to a
snail’s pace. The U.S. commercial satellite market
share has dropped from 75 to 45% in the last 18
months. That represents over $1 billion of satellite
sales going off shore. When asked why he didn’t bid
on the APSTAR satellite, the president of Boeing
Satellite Systems said, and I quote, “It was not fea-
sible to get an export license. It was that simple.”
During this same period, the U.S. launch market
share went from 54% in 1998, to 38% in 1999, to
20% in 2000. 

The FCC is canceling licenses for Ka-band orbit
slots due to contractors not meeting their deploy-
ment schedules. The ITU is next to take the same
stance. NASA has just announced that it is cancel-
ing the X-33 and X-34 next-generation RLV pro-
grams, and the latest budget for the International
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Space Station has been cut back significantly,
resulting in a much simplified station with only six
Shuttle visits a year. And during the past two years,
the industry has experienced a rash of satellite and
launch failures. We’ve had failures with the Titan,
Delta III, Sea Launch, and the H-2. We’ve seen com-
puter problems hit the venerable Hughes 601s and
solar cell problems strike both satellites on orbit
and delay ground satellite deliveries. The recent
Mars missions were likewise hit by failures.

All in all, it’s not the rosy picture that was predicted
just two years ago. Neither is it the vision that
Arthur C. Clark wrote about in his 2001: A Space
Odyssey, where space tourism was an everyday
occurrence and where computers evolved to
become smarter than their inventors.

The forecast two years ago was for over 1440 satel-
lites by 2008, and a satellite industry of $177 bil-
lion. Instead of many constellations of small LEO
satellites, we are seeing satellites getting bigger and
fewer. Current forecasts call for 30–50 commercial
satellites per year—about one third of the previous
forecast. 

As a result of many of these events, and the shift in
dependency that Pete Aldridge spoke of, there have
been a number of investigations and studies con-
ducted in the U.S. since 1999. Some of the ones
that are of interest to our purpose are:

• The Lockheed Martin and Boeing reviews of
launch failures

• The Space Launch Vehicle Broad Area Review

• The Defense Science Board studies on space
superiority and air force space launch ranges

• The Inter-Agency Working Group report,
Future Management and Use of the U.S. Space
Launch Bases and Ranges

• The DoD-chartered study by Booze-Allen and
Hamilton regarding the space industrial base

• The recently completed Commission to Assess
United States National Security Space
Management and Organization

I was a participant in many of these studies and
have read them all. They all share a common per-

spective, but have reached different key findings
depending on their focus. Among the more salient
findings for our purpose are the following. 

From the Lockheed Martin and Boeing failure
investigations, we learned that engineering and not
hardware was at the root cause of most of the fail-
ures. Processes and people had gotten away from
the fundamental system engineering disciplines that
created the past successes of the space launch busi-
ness. Furthermore, cost pressures and a drive for
acquisition reform on the part of the government
impacted how the contractors approached the job.
The checks and balances had gone out of the sys-
tem and mistakes were not uncovered.

The Broad Area Review validated these findings,
citing that 76% of the failures and 69% of the major
anomalies reviewed were engineering related and
highlighted the “need for contractor program man-
agement to provide more disciplined system engi-
neering design and process.” It further concluded
that “seeking marginal cost reductions in launch,
the highest risk phase of the cycle of space systems,
is not likely to produce either ‘better’ and ‘cheap-
er’.”

The DSB Space Superiority Study recognized the
growing government dependency on commercial
space systems and “... endorses the efforts to fully
exploit commercial space capabilities in support of
national security needs ... ”. With respect to inter-
national cooperation, the study recommends “... the
DoD pursue international cooperative projects ...
with particular emphasis on integration of foreign
space capabilities into common space architec-
tures.”

The DSB Launch Ranges Study recognized that,
“the government will continue to be a prominent
user of the national ranges and more of an ‘equal
partner’ with commercial users, a significant
change in conditions that were projected a few
years ago.” But, it also concluded that, “the intro-
duction of EELV, and the government’s purchase of
launch services, will change how the ranges will
operate in the future.”

The Inter-Agency Working Group found that
although “commercial space launches now com-
prise about 40% of the launch manifests ... no likeli-
hood now exists that commercial developments
would support an operating regime that depended
on equity markets.” Accordingly, it concluded “...
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that the U.S. government must ensure access to
space for defense, intelligence, and critical civil sec-
tor missions and must retain ranges for test and
evaluation activities of strategic importance to the
United States.”

The Space Industrial Base Study found that,
“Although the U.S. space industrial base can sup-
port the national security community’s near- and
mid-term requirements, an unhealthy financial pic-
ture characterized by over-capacity and decreasing
margins, inadequate innovation investment and a
decline in human resources could undermine the
long-term sustainability of the domestic manufac-
turing base.” The study concluded that, “This will
require a more proactive industrial base policy with
DoD and the national security community.”

It further went on to recognize that while 

The space industrial base has become a global
enterprise  ... globalization of space markets
increases the exposure of U.S. firms to the conse-
quences of technology transfer policies. Policies
which retard the ability of U.S. firms to compete in
the global space markets—such as lengthy licens-
ing regimes for satellite exports and remote sens-
ing—are reducing the opportunities for near-term
economies of scale in satellite manufacturing.

And finally, the Commission to Assess United States
National Security Space Management and
Organization (the Rumsfeld Commission) observes
that, “America’s interests in space are to:

• Promote the peaceful use of space.

• Use the nation’s potential in space to support
U.S. domestic, economic, diplomatic and
national security objectives.                             

• Develop and deploy the means to deter and
defend against hostile acts directed at U.S.
space assets and against the uses of space
hostile to U.S. interest.”

It further stated that “The U.S. government must
work actively to make sure that the nation has the
means necessary to advance its interests in space.
To do so, it must direct its activities to:

• Transform U.S. military capabilities.

• Strengthen U.S. intelligence capabilities.

• Shape the international legal and regulatory
environment that affects activities in space.

• Advance U.S. technological leadership related
to space operations.

• Create and sustain a cadre of space profes-
sionals.”

It then went on to proscribe both management and
organizational changes for space, starting with a
presidential focus on space and down through the
government to DoD and the Air Force.

So what does all this mean to this Workshop? The
implications are clear. In contrast to Arthur C.
Clark’s vision of space in 2001, we still have a long
way to go. There are many indicators that the space
economy is lagging behind the rosy forecast of just
two years ago and that commercial space is far
from declaring its independence from governmental
influence. Although the space economy is indeed a
global one, it is far from mature. It will take many
more years of both national focus and international
cooperation for that to happen. How fast the studies
I have cited will influence that, is yet to be seen.

Our jobs for the next few days will be to put our
collective experience and wisdom to work in deal-
ing with the specific problems of global significance
that are the themes of the five working groups. 

In closing, I would like to acknowledge and applaud
the AIAA, CEAS, IAA, and U.N. Office for Outer
Space Affairs for sponsoring this Workshop. This is
the sixth such Workshop that the International
Activities Committee of the AIAA has sponsored,
and the third that I have attended. The reports
resulting from these Workshops have been widely
circulated and briefed, with the last one presented
at UNISPACE III—the third United Nations Confer-
ence on the Exploration and Peaceful Uses of Outer
Space. But, of equal importance is the interaction
that takes place among the participants of the
Workshop that results in a common framework for
action. 

So, I challenge you to take advantage of this unique
forum to engage with your colleagues and continue
the good work that has gone before you. Thank
you. I look forward to the dialogue and results.  
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The turn of a millennium can have a remarkable
impact in the history of humankind.  Consider the
advent of Jesus Christ, opening in many ways a
new era and introducing fundamental changes in
society. Consider also the end of the first thousand
years of the modern ages; it was marked in Europe
by fear of the end of the world itself. Soon after,
however, a renewed confidence in the future was
generated all around our continent, resulting in
intense activity: the population started growing, the
economy gained momentum, the number and size
of towns increased, and monuments and churches
of remarkable style were erected as testament to
the desire to build things that would survive the
passage of time.

Toward the end of the second millennium a sense of
insecurity and instability developed in various
forms, all over a world that has become globalized.
People concentrate their attention more and more
on the present, having neither an interest in nor
vision for the future. Compared with past centuries,
we are living in a world less idealistic and much
more materialistic. The concerns are practical in
nature, essentially limited to our own welfare and
economic aspects of life.

What are we expecting from the future? What does
the new generation expect from their future? More
money, more hedonistic pleasures, fewer engage-
ments and commitments, less work ... it is by no
means a challenging vision. A society without
visions for its future has no future itself.

ENTERPRISE IN SPACE

Space enterprises have enlightened the last decades
of the past century, opening new horizons to
humankind. In the span of a few years, the first
man-made satellite was launched, man flew in
Earth’s orbit, and humans reached the moon. Plans
to build space outposts, reach other planets, travel
around the solar system, and colonize space flour

ished. There was a vision, and it was exciting; the
challenges were high, the expectations as well.

But with time, the idealism declined and new, more
practical issues became important. Space activities
were considered for the immediate services and
revenues they could provide to society and not for
the long-term challenges they could generate.
Telecommunications, Earth observation, meteoro-
logical, and navigation satellites populated the
space around our Earth offering commercially
viable solutions to problems posed by the increas-
ing needs of mankind. This is a continuing chal-
lenge for space in the new millennium: To serve the
world’s immediate needs. But it must not be the
only challenge. 

Over time, less and less attention and fewer and
fewer resources have been dedicated to creating the
conditions necessary to support new explorations
and the exploitation of space. Space systems have
developed by capitalizing on the investments of the
early days instead of attracting new resources for
innovative projects.

ACCESS TO SPACE

One issue relevant to all of us is the fundamental
and vital problem of new launchers designed to
ease our access to space, making it more cost effec-
tive and reliable. After the development of the
Space Shuttle a quarter of a century ago, momen-
tum was lost and nowadays this topic does not
receive worldwide the attention it deserves.

We have no vision of future transportation needs,
no commitments for developing innovative solutions
to transportation problems, no plans for approach-
ing and solving what remains the bottleneck of any
systematic increase in space activity for the future.
At this time, the problem of transportation is not
approached globally, with a long-term perspective;
only fragmented solutions are reached without
attempting more integrated ones.
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INTERNATIONAL COOPERATION

AND THE ISS

Over the years the practice of international coop-
eration has been largely discussed and in several
cases successfully applied in space programs, but
only in very few cases has it been adopted to
address global issues and to provide unified
responses leading to coordinated strategies. The
best known attempt, at least in my eyes, is the
International Space Station (ISS), in spite of all the
problems associated to it.

We all acknowledge the great effort expended so
far in several countries to build in orbit this inter-
national human outpost. Not withstanding the
many difficulties and various controversy, the ISS
elements are slowly but steadily now coming
together in orbit; the most recent one, the Italian
contribution—Leonardo MPLM.

The last century has left us all a relevant testimo-
ny transferable to the next generations: A perma-
nently inhabited space base orbiting around
Earth, ready for utilization. Now the challenge is
to properly utilize it during the coming years and
decades.

As we face the challenge of using such an out-
standing laboratory complex, let us properly plan,
finally, to use it for:

• Conventional R&D activities for scientific,
engineering, and commercial uses

• Nonconventional uses such as advertising,
recreation, education, and tourism

• New initiatives such as a new generation of
space systems conceived in orbit

To achieve the best results we must develop coor-
dinated plans for ISS utilization—this topic has
been widely discussed, but the issue is still open.
The problem was addressed at the third
Workshop, in Frascati, in 1996. At that time rec-
ommendations were made that would lead to a
centralized structure to properly support and con-
trol worldwide ISS utilization. Vox clamans in
deserto, after five years we are today suffering the
same situation, and the discussion still goes on.
The need to create a nongovernmental organiza-
tion to run the scientific and commercial utiliza-

tion of ISS is debated in the United States, a dis-
cussion currently initiated in Europe as well, but
without, for the time being, clear solutions.

Not yet on the horizon is the fundamental means
to approach the problem of ISS utilization on an
international basis, with the involvement of all the
countries that have participated in its construc-
tion. This is a challenge that we reserve for the
future, but when will the day come? 

LONG-TERM VISION

Considering space activities in their totality, in
spite of several worldwide projects and hundreds
of satellites that are in production or are being
planned, almost all of these activities respond to
the specific needs of a short-term vision. An over-
all plan for the years to come does not seem to be
of interest to anybody with the exception, most
probably, of various military interests.

The space agencies around the world each have
their own strategic plans, some more, some less
ambitious. What is missing, in some cases even
within a single agency, but surely among the vari-
ous agencies, is in my opinion, a real coordination
of the various plans to create a “Grand Vision” of
the future of space. We have to recognize and
admit that there is a need to regain confidence in
the future of space and to start to invest in it
again, without measuring the returns in too short
a period of time.

These are the challenges of the third millennium
as far as space activities are concerned:

• Conceive an integrated, global vision of
future activities

• Establish a centralized plan of action

• Proceed with international implementation

Such a vision must be supported by the interna-
tional community to become the vision of all, to
which each country participates according to its
own resources and capabilities. To be included in
the Grand Vision should be going back to the
moon to stay, the exploration of Mars’s surface,
growth of a manned space outpost in orbit, and
space tourism.
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CONCLUDING REMARKS

At the dawn of a new millennium we can say that
the space community and more generally the high-
tech community is facing three major challenges:

• The continuous provision of services useful to
mankind

• The development of new, reusable transporta-
tion systems

• The appropriate utilization of the ISS

Of these three, it is particularly crucial that we first
solve the basic problem of transportation into orbit.
We all need to plan and develop a consistent set of
reusable vehicles that will allow us easy access to
and from space, to reduce transportation costs, to
improve reliability and safety, and to increase, at
the end, the volume of traffic.

We have already touched on, but I reiterate to fur-
ther stress the issue, the urgent need to focus our
attention on the establishment of a coherent vision
of our future in space. This vision becomes moot if
a centralized plan of action, properly prepared and
agreed to as a result of the efforts of international
cooperation, is not developed. What has been miss-
ing, so far, is the determination to establish joint,
coordinated plans for cooperative programs. Not a
collage of bits and pieces of different strategies, but
one strategic vision from which to derive coherent
plans.

Last comes the implementation of the agreed upon
plans through international cooperation and coordi-
nation of resources, in particular the industrial
ones. This is an area in which much progress is
already being made through the merges and
alliances that have taken place within the aerospace
industry in the United States and Europe. One more
valuable step would be the creation of international
space companies that are capable of operating in a
professional way in order to subdivide work with-
out the duplication and redundancy of investments,
consequently allowing more equitable distribution
of risks. Such an arrangement would promote
greater coordination of activities in order to capital-
ize on the specific capabilities of the various par-
ties.

Now that these challenges have been recognized, let
us get to work in creating a Grand Vision so that,

when the time is right, we can accomplish whatever
far-reaching goals we set for ourselves. Let us join
forces and take the first steps toward our future; let
us have something to pass on to the new genera-
tions.
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It is with much pleasure that the United Nations
(U.N.) Office for Outer Space Affairs accepted the
invitation to deliver this keynote address. At the
outset, let me extend felicitations of the Office to the
American Institute of Aeronautics and Astronautics
for bringing together at this delightful location in
Andalucía international experts in space-related
fields, and for holding this Workshop, at which
experts seek to explore ways of international coop-
eration in space-related issues, to address chal-
lenges of the new millennium.

In the more than 40 years that is called the space
age, the development and application of space sci-
ence, technology, and law have been pursued by a
growing number of developing and industrialized
nations. As a direct consequence, these nations have
been among the first to benefit, both economically
and socially, from space-related fields. Indeed, the
potential for increased economic and social growth
that could arise from greater utilization of space has
not yet been fully realized, especially in the develop-
ing nations, even though revolutionary technologies
such as satellite remote sensing, satellite meteorolo-
gy, and satellite communications and their applica-
tions have gained widespread use throughout the
world.

It is now desirable that—at the beginning of the
new millennium—we should not only promote gen-
erally the greater use of space for peaceful purposes
but also promote specifically the active participation
in space benefits by the entire global community of
nations.

It is precisely these challenges that lay at the core
of the Third United Nations Conference on the
Exploration and Peaceful Uses of Outer Space, with
its theme of “space benefits for humanity in the
21st century.” This conference—UNISPACE III—was

convened by the U.N. General Assembly and was
held in July 1999 in Vienna. The UNISPACE III con-
ference, similar to the earlier UNISPACE confer-
ences held as far back as 1968 and 1982, provided
a forum for all member states of the U.N..

At UNISPACE III, member states, U.N. agencies,
intergovernmental bodies, representatives of civil
society, and for the first time, private industry, rec-
ognized the need to create a practical framework
for international cooperation in space-related activi-
ties and prepare for the new millennium. The UNI-
SPACE III conference adopted the Vienna
Declaration on Space and Human Development,
which establishes a blueprint for the peaceful uses
of outer space in the 21st century. UNISPACE III dif-
fered from previous conferences by incorporating a
technical forum and a Space Generation Forum that
were held parallel to intergovernmental discussions.
The conclusions and proposals forwarded by these
forums were discussed by government representa-
tives and included in the Vienna Declaration, which
was adopted at the close of the conference. 

Some of you may recall that the outcome of the fifth
AIAA Workshop served as a direct input to the
efforts made at UNISPACE III to foster international
cooperation in space. The conclusions and propos-
als of the technical forum session on the results
from the fifth International Cooperation in Space
Workshop, titled International Space Cooperation:
Solving Global Problems, is now an integral part of
the report of the UNISPACE III conference
(A/CONF.184/6). 

Today, I intend to highlight some of those issues
identified by the report of the UNISPACE III confer-
ence that are of particular relevance to the topics of
the five working groups of this Workshop. 

INTERNATIONAL SPACE COOPERATION
UNITED NATIONS PERSPECTIVE
BY HANS J HAUBOLD

Principal Scientific Officer
United Nations Office for Outer Space Affairs (UN/OOSA)

FOR MAZLAN OTHMAN
Director
United Nations Office for Outer Space Affairs (UN/OOSA)
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Future Needs for Regulation of Space Traffic

As human activities in space have expanded in the
past four decades, the density of near-Earth traffic
has reached a level at which there may arise a sig-
nificant hazard from collisions between operational
spacecraft. Before this occurs there will be a need
for international agreements aimed at reducing the
chances of collisions between spacecraft. 

The sessions of the subcommittees of the U.N.
Committee on the Peaceful Uses of Outer Space
prepared reports that include topics in relation to
which it was considered that the negotiation of
international agreements under the auspices of the
U.N. would be valuable. These topics were divided
into priority subjects, many of which have been
dealt with in international treaties and principles,
and less urgent subjects, many of which are still
the subject of discussion. One of these topics is
regulation of space traffic, including the prolifera-
tion of Earth-orbiting satellites, orbital manage-
ment, collision avoidance, orbital debris, and
orbital crowding: subjects on which detailed agree-
ment remains to be achieved. 

The subject of orbital debris has gained much
importance in the work of the U.N. Committee on
the Peaceful Uses of Outer Space. Its Scientific and
Technical Subcommittee included the item on
space debris on its agenda in 1994. Subsequently,
the Subcommittee agreed that it should, inter alia,
focus on understanding aspects of research related
to space debris, including debris measurement
techniques, mathematical modeling of the debris
environment, characterizing the space debris envi-
ronment, and measures to mitigate the risks of
space debris. After implementing a four-year work
plan, the Subcommittee adopted the draft technical
report on space debris in 1999, shortly before the
UNISPACE III conference. Since then, the Technical
Report on Space Debris has been available as a
United Nations document (A/AC.105/720) and has
attracted much attention by the international space
community. 

During the UNISPACE III conference, as part of its
technical forum, a Workshop on Space Debris was
held to inform participants of the current status of
the knowledge and the extent of the space debris
problem, applied space debris mitigation meas-
ures, and activities related to space debris by pro-
fessional societies, such as the Inter-Agency Space
Debris Coordination Committee and the Scientific

and Technical Subcommittee of the U.N.
Committee on the Peaceful Uses of Outer Space.   

An International Approach to Detecting Earth-
Threatening Asteroids and Comets and
Responding to the Threat They Pose

The solar system contains a large number of bod-
ies ranging in size from planets to meteorites.
Research over the last several decades has
revealed that all major bodies of the solar system
have suffered larger or smaller impacts of bodies
ranging in size from millimeters to kilometers, the
best-known example of which is the abundance of
craters on the moon. Geological features on Earth
show that impacts of significant size have occurred
also on planet Earth. The realization that such
impacts occur at long, but presently poorly known,
intervals has recently caused growing concern in
the public and in the press.

The hazard posed to humanity by cosmic impacts
is international in character. While kilometer-sized
impactors would cause important, global perturba-
tions to the Earth’s biosphere and climate, those of
somewhat smaller size could also have serious
international consequences, affecting densely pop-
ulated coastal areas in several countries. Those
well-known circumstances [and the fact that more
detailed assessment of the impact hazard requires
a survey and study of the near-Earth object (NEO)
population, for which an effort by the international
astronomical community is necessary] form the
basis for a number of space entities, among them
the National Aeronautics and Space Administration
of the United States, the International
Astronomical Union, the Spaceguard Foundation,
and the European Space Agency, to focus on detec-
tion and follow-up observation of NEOs.

The recent report of the task force appointed to
advise the government of the United Kingdom on
research policies related to potentially hazardous
NEOs gives a summary of the current situation with
a welcome emphasis on the international aspects.
This report has been made available to U.N. mem-
ber states during the most recent session of the
Scientific and Technical Subcommittee of COPUOS in
February this year. The report provides a follow-up
on earlier planning efforts initiated in the United
States, which resulted in defining the Spaceguard
System for the inventory of the population of kilo-
meter-sized Earth-crossers, while now pushing the
goals further.
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As part of the technical forum of UNISPACE III, the
Workshop on Near-Earth Objects reviewed the
problem of possible collisions of asteroids and
comets with Earth. This workshop also recom-
mended that every effort be made to provide finan-
cial support for NEO research, both theoretical and
observational, from ground and space, and espe-
cially for the encouragement of exchange and
training of young astronomers in developing
nations. 

Global Navigation Satellite Systems 

If the possibilities offered by satellite navigation
were fully exploited by civil applications, the result
would be better control of air, sea, and road traffic,
leading to considerable savings in resources and
therefore costs, both in industrialized and develop-
ing nations. The signals provided by Global
Navigation Satellite Systems (GNSS) enable contin-
uing improvements in the productivity of national
and regional infrastructure such as transportation,
telecommunications, oil and gas, agriculture and
financial networks. Research on new applications
of GNSS technology shows promise in such areas
as earthquake prediction and satellite atmospheric
measurements using GNSS signal occultation tech-
niques, which may one day be an important input
to weather prediction. 

Currently, the main objective of developing new
satellite navigation programs is to implement tech-
nologies that will ensure that data from two exist-
ing global navigation satellite systems, the United
States’ GPS and Russia’s GLONASS, will also be
available for civil use on a reliable basis and will
provide the requisite precision. GPS is fully opera-
tional, consisting of 24 active satellites and active
spares in orbit. GLONASS is now operating with 15
active satellites.

To improve the positioning information of the cur-
rent GPS and GLONASS civil signals, the European
Commission, ESA, and the European Organization
for Safety of Air Navigation together have begun to
implement the European Geostationary Navigation
Overlay Service (EGNOS) as an initial global satel-
lite positioning system. EGNOS is based on a
regional augmentation of GPS and GLONASS and
will employ navigation payloads on geostationary
satellites. Europe has also initiated the develop-
ment of the Galileo project, which is a second-gen-
eration independent satellite navigation system.

At UNISPACE III, as part of the technical forum,
the Workshop on Global Navigation Satellite
Systems was held with the objective of demonstrat-
ing how navigation and positioning technology
could help solve problems of regional or global sig-
nificance. Among the main conclusions of the
workshop were the following: 1) Since it is univer-
sally accepted that differences in the pace of devel-
opment around the world should not lead to
incompatibility between elements of navigation
and positioning systems, it is intended to achieve
full compatibility and interoperability of regional
satellite navigation systems throughout the imple-
mentation process. 2) A public–private partnership
approach is recommended in Europe as the way
forward for infrastructure and service develop-
ment. 

Space and the Public: A Critical Link

I recall from the technical forum and Space
Generation Forum activities during UNISPACE III
that the exploration of possible links between, on
one site, space research and technology (including
applications, commercialization, education) and,
on the other site, public outreach (including aware-
ness, understanding of benefits, maintaining
excitement for space activities) was a particularly
difficult issue to tackle. In both forums, a number
of workshops addressed the involvement of the
education community at all levels to inspire stu-
dents, create learning opportunities, enlighten
inquisitive minds, and communicate widely the
content, relevancy, and excitement of space activi-
ties and discoveries to inspire and to increase
understanding and the broad application of space
science and technology. Space science and technol-
ogy have an extraordinary potential for helping to
ensure that a continuing supply of scientists, engi-
neers, and technologists will be available to meet
the needs of the new millennium. Discoveries by
space missions and research programs have
engaged people’s imaginations, informed teachers,
and excited students and the public about science
and exploration.

UNISPACE III, inter alia, reviewed an initiative in
the developing nations to establish and operate
regional Centers for Space Science and Technology
Education, affiliated with the United Nations, in
Africa, Asia and the Pacific, Latin America and the
Caribbean, and Western Asia. This initiative is lead
by the United Nations, based on two resolutions of
the U.N. General Assembly. These regional centers
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are based on the concept that by pooling limited
material and highly qualified human resources,
developing nations could have education centers, of
an international-level quality, that will prepare
indigenous personnel in the use of space science
and technology, in particular those applications rel-
evant to national development programs such as
remote sensing and GIS, satellite meteorology,
space communications and GPS, and basic space
science. Such regional centers are currently in oper-
ation or under establishment in Morocco and
Nigeria for Africa, India for Asia and the Pacific,
Brazil and Mexico for Latin America and the
Caribbean, and Jordan for Western Asia. 

In a coordinated international approach, the United
Nations has developed model curricula for these
regional centers at a workshop that was organized
and hosted by the Government of Spain in Granada,
Andalucía, in 1995. These curricula in space sci-
ence and technology are available as a U.N. docu-
ment (A/AC.105/649) and are being implemented in
the regional centers.  

Contribution of Space Systems to the
Implementation and Verification of International
Environmental Agreements

Remote sensing technology, increasingly crucial to
the understanding of Earth’s climate and environ-
mental processes, now permits the monitoring of
global environmental conditions and the gathering
of data that were historically unavailable. At the
same time, the number of international agreements
and protocols on environmental protection (treaties
negotiated between nations to promote environ-
mental protection) has grown rapidly since the
1972 Stockholm Conference on the Environment.
Experts say that remote sensing of planet Earth has
great potential for shaping international environ-
mental policy.

The most recent milestone in Earth observation
activity, NASA’s Earth Observing System, consists of
a fleet of satellites specifically designed to study
global change. The flagship of the EOS satellites,
Terra, was launched in December 1999. Five sen-
sors aboard Terra collect data that provide informa-
tion about how the Earth’s lands, oceans, atmos-
phere, ice, and life function as an interdependent
system. 

Since Landsat, satellites have provided continuous
surveillance of the Earth’s surface, and the number

of remote sensing instruments orbiting the Earth is
continually increasing. Today, more than a dozen
nations, among them developing nations, use
remote sensing technologies to address environ-
mental issues both within their own and along
shared borders.

Today, multilateral environmental agreements
address almost every part of the Earth’s biophysical
systems, and many contain provisions for monitor-
ing, reporting, and assessing environmental data.
The United Nations Framework Convention on
Climate Change, adopted in 1992, provides for the
stabilization of greenhouse gas concentrations in
the atmosphere at levels that prevent interference
with the global climate system. The Convention on
Wetlands of International Importance, adopted in
1971, provides the framework for international
conservation and wise use of wetlands. Other
agreements address issues such as deforestation,
desertification, protection of marine areas and
wildlife habitat, and biological diversity.

During UNISPACE III, as part of the technical
forum, a number of workshops focused on space
activities for the benefit of global climate and global
change, including the Workshop on Space Law in
the 21st Century, organized by the International
Institute of Space Law.  

Concluding Remarks

Since 1999, U.N. member states have been making
efforts to translate the recommendations adopted
by UNISPACE III into practical programs. The Office
for Outer Space Affairs, which is the secretariat of
the U.N. Committee on the Peaceful Uses of Outer
Space, is making every effort to assist member
states in the endeavor. 

In summary, I have outlined some of the issues
related to a number of major trends that character-
ize space activities today and that will influence our
efforts to solve problems of global significance.
They have been discussed during UNISPACE III,
and this Workshop will elaborate on them. These
issues by their very nature can only be resolved
through better international cooperation. Your pres-
ence today indicates your interest in making lasting
contributions to these issues through greater inter-
national cooperation. On my part, on behalf of the
United Nations Office for Outer Space Affairs, I
thank you for your interest and efforts, and I look
forward to us working together to build such a
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cooperation, not only during the course of this
important Workshop but, hopefully, to continue that
effort in the spirit of the UNISPACE III conference.
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