The Space Environment
Indicator Description
This chapter assesses trends and developments to the space environment as they affect
space security, with an emphasis on space debris and space resource issues.
Key Trends
TREND 1.1: Growing debris threats to spacecraft, but annual rate of new debris
production decreasing – The number of objects in Earth orbit has increased steadily and
there are an estimated 35 million pieces of space debris in orbit today. Of these, any
debris over a few mm in size can disable a satellite if a collision takes place and objects
over a few cm in size can cause catastrophic breakup. Approximately 13,000 are large
enough (> 10cm in size) to be routinely tracked and of these approximately 900 are
satellites. However, the annual growth rate of tracked orbital debris has been decreasing
since the early 1990s, due in large part to national space agency debris mitigation efforts.
T REND 1.2: Increasing awareness of space debris threats and continuing efforts to
develop international guidelines for debris mitigation – There is widespread
recognition, in light of tracking efforts and recorded on-orbit collisions, that space debris
is a growing threat. Since the mid-1990s, many space-faring states, including China,
Japan, Russia, and the US, and the European Space Agency have developed national
debris mitigation standards. In 2001, the United Nations Committee on the Peaceful Uses
of Outer Space (COPUOS) mandated the Inter-Agency Debris Coordination Committee
(IADC) to develop a set of voluntary international debris mitigation guidelines.
T REND 1.3: Growing demand for radio frequencies – Expanding satellite
applications are driving growing demand for radio frequencies. The number of satellites
operating in the 7-8 gigahertz band commonly used by GEO satellites has been
increasing. Satellite operators now spend about five percent of their time addressing
frequency interference issues, including the US and European Union (EU) disagreement
over frequency allocation for the proposed EU Galileo navigational system. The dramatic
growth in military consumption of bandwidth could lead to increased pressure for
frequency slots.
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T REND 1.4: Growing demand for orbital slot allocations – There are more than 620
operational satellites in orbit today: about 46 percent in LEO, 6 percent in MEO, and
slightly more than 47 percent in GEO. Increased competition for orbital slot assignments
in GEO has caused occasional disputes between satellite operators. The International
Telecommunications Union (ITU) has been pursuing internal reforms designed to address
slot allocation backlogs and related financial challenges.
T REND 1.5: Space surveillance capabilities to support collision avoidance slowly
improving – The US Space Surveillance Network uses 31 sensors worldwide to monitor
over 9,000 space objects in all orbits, supporting collision avoidance and debris re-entry.
Since 2004, the US has moderated public access to the two-line elements to registered
users out of concern for national security. Russia maintains its Space Surveillance System
with 14 sensors, and monitors some 5,000 objects (mostly in LEO), but does not widely
disseminate data. The EU, Canada, China, France, Germany, and Japan are all developing
new space surveillance capabilities.
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2006 Developments
T REND 1.1: Growing debris threatens spacecrafts as rate of new production
increases
2006: Large space debris population increases by 5.52 percent
By the end of 2006 the number of large and medium-sized objects (>10cm) in orbit
tracked by the US SSN stood at 9,948.1 This number represents an increase of 521 objects
or 5.52 percent when compared with yearend data for 2005.2 The 2006 increase is notably
larger than that of the previous year in which 195 pieces of debris representing a 2.1
percent increase were catalogued.3 Of the total increase in space debris from 2005 to
2006, 171 pieces were created by launches in 2006 (see Figure 1). Total launch-related
debris stands at 6,900, of which US launch activity accounts for 45 percent, and CIS
launch activity for 42 percent (see Figure 2).4 Most space debris orbits within 2,000
kilometers of the Earth’s surface, with areas of concentration found near 800, 1,000, and
1,500 kilometers altitude. There is also a concentrations of debris in GEO and to a lesser
extent in MEO. Space debris production in recent years has reversed the trend of
declining annual debris production that began in the 1990s.
FIGURE 1: Debris created by launching state in 20065
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By October 2006, five cases of satellite fragmentation had been recorded for the year and
one new accidental collision identified. On 14 February, a single fragment separated from
US’ Vanguard 3 satellite, possibly due to surface materials deterioration, or numerous
micro-collisions. On 4 May, a 20-year old soviet rocket suddenly fragmented, possibly
due to a residual propellant. Of the 50 new pieces of debris created by this fragmentation,
more than 20 were expected to have re-entered the Earth’s atmosphere by mid-August.
Two Russian Proton motors broke-up in 2006, one on 10 June and the other during 1-2
September, bringing the total number of break-ups associated with this type of motor up
to 35, since 1984. These two events produced more than 137 new pieces of tracked
debris. On 8 August and 27 August, a two-step breakup of US H-2A second stage
produced a total of 21 new pieces of debris, all of which are expected to re-enter in the
near future. Another inconsequential fragmentation occurred in late August or early
September, when a Russian Molniya upper stage broke up at low perigee, probably
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because of strain created by aerodynamic forces. Lastly, a debris-related disaster caused a
Russian telecommunication satellite to shutdown on 29 March 2006. Although the impact
caused the spacecraft to lose orientation and rotation, it was successfully move to a
graveyard orbit.6
There were also various small debris-creating incidents in 2006. On 3 February 2006, a
Russian space suit filled with trash was released from the International Space Station, and
re-entered the Earth’s atmosphere 216 days later. In July, a spatula was lost during a
spacewalk, but was expected to have re-entered one month later. In September, several of
bolts were lost during the installation of a module on the ISS, and will only re-enter the
atmosphere after six months in orbit. Finally, Russian cosmonaut Mikhail Tyurin shot a 3
gram golf ball off the ISS on 22 November, as part of a publicity promotion for a golf
company. The golf ball re-entered Earth’s atmosphere 2 to 3 days later7. While most
debris from these smaller incidents remain in orbit for short periods of time, they pose
risks to space assets while in orbit, and upon their descent.
FIGURE 2: Total debris creation by launching state8
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2006: New policy to allow temporary increase of space junk in LEO
The jettisoning of a golf ball off the ISS coincided with a new policy proposal from
NASA to intentionally toss unneeded gear off of the ISS, which will take effect if
approved by the other international members of the ISS. According to this policy, objects
would be pushed off of the rear of the ISS in such a way as to minimize the amount of
time that it will spend in orbit and eliminating the possibility that released objects might
collide with the station. Objects that could be released from the ISS are those that are
unlikely to break up before re-entry, are therefore unlikely to create additional debris, and
those that will probably not survive re-entry or cause damage on the ground. NASA has
identified four types of objects that do not meet these criteria, which will nonetheless
qualify for jettisoning: those that would pose a danger to the ISS if kept onboard; those
that would pose a danger to a space vehicle if it were to be sent back to Earth; items for
which retrieval from the station is time consuming; and item designed to be jettisoned.9
2006: Pursuit of debris mitigation technologies continues
Advances were made in 2006 in the development of electromagnetic tethers that could be
deployed after a satellite becomes non-operational. Space tethers are essentially cables
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made of conductive material and attached to a satellite with a electric current passed
through it. The motion of the cable in the Earth’s magnetic field provides propellant-free
propulsion for orbital objects. When a satellite reaches the end of its operational lifetime
a tether could be released to de-orbit the satellite, eventually causing it to burn up in the
atmosphere if in LEO or to raise the orbit, if in GEO.10 The IADC has recently issued a
final report assessing the potential benefits and risks of using such a mechanism as a
debris mitigation technique, and has made various recommendations based on a 5 yearlong study of the subject.11 It concludes that while “electrodynamic tethers have strong
potential to become effective mitigation measures…various problems are still to be
solved before this technique can be practically adopted.”12
To date no efficient technical means to remove existing space debris has formed.
However a technology that may help to demonstrate ways forward is the Large Area
Debris Collector (LAD-C) being designed by the US DOD which on 31 May 2006 held a
Preliminary Design Review for the mission. The LAD-C is a 10 m2 aerogel and acoustic
sensor system that will be used on the International Space Station (ISS) to collect micrometeoroids for post-flight analysis. It will record impact time, location and strength form
acoustic techniques. The LAD-C will provide better understanding of the characteristics
and possible sources of the LEO debris population. The LAD-C is currently scheduled for
launch in 2008, and is expected to deploy for a one to two-year period, after which it will
be returned to Earth.13
NASA announced on 1 October 2006 that it agreed to significantly extend the time-frame
of the space elevator competition from one to five years, and increase the total prize
purses to $4-million. The second competition of the Elevator 2010 project was held in
August 2006. It was designed to promote academic and industrial technological advances
for the construction of a space elevator made with a thin ribbon extending into space,
attached to a satellite orbiting in GEO. The elevator would be powered by solar panels,
thereby eliminating the need for dangerous and polluting propellant-powered launches, as
well as debris resulting from leftover launch vehicles and in-space explosions caused by
residual propellants14.
2006: New research finds inevitable increase of space debris
New research by NASA scientists has shown that the orbital debris in LEO is bound to
increase, even if countries put an immediate end to all new launches. The evolution of 10
cm or larger pieces of debris in LEO was projected over the next two hundred years with
the assumption that no new debris producing launches or in-space debris disposal
maneuvers were made. The study found that the debris population would remain stable
over the next 50 years, but would begin to increase beyond 2055. Collisions would have a
predominant debris creating effect but other causes would include atmospheric drag and
solar radiation. The study foresees a threefold increase in the number of medium to large
size debris within the next 200 years, causing a 10-fold increase in collision probabilities.
These numbers are an underestimate of what will occur in reality, since debris-producing
launches will continue.15
Finally, no technically means to efficiently remove debris has yet to be developed.
Net assessment:
Developments in space debris had a mixed impact on space security in 2006. On the one
hand, developments in debris mitigation technology such as space tethers and the space
elevator could potentially have a positive effect on space security by reducing the amount
of space debris, ensuring that satellites remain in their allocated positions, and limiting
the number of inactive satellites in orbit that could pose threats to operational spacecraft.
On the other hand, the sufficiency and cost-effectiveness of these mitigation technologies
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have yet to be proven, while the rate of space debris production is increasing, and will
continue to increase. Failure to develop such technologies will endanger space security in
the long term.
T REND 1.2: Increasing awareness of space debris threats and continued efforts to
develop international guidelines for debris mitigation
2006: Space debris mitigation guidelines drafted at UN COPUOS
The Space Debris Working Group of the Scientific and Technical Subcommittee of
COPUOS has drafted space debris mitigation guidelines consistent with those of the
IADC. COPUOS’s draft document entitled “UN COPUOS STSC Space Debris
Mitigation Guidelines” presents general recommendations in the form of seven guidelines
to be implemented through national legislation and protocols (see Figure 3).
Figure 3: UN COPUOS STSC Space Debris Mitigation Guidelines16
UN COPUOS STSC Space Debris Mitigation Guidelines
1. Limit debris released during normal operations
2. Minimize the potential for break-ups during operational phases
3. Limit the probability of accidental collision in orbit
4. Avoid intentional destruction and other harmful activities
5. Minimize potential for post-mission break-ups resulting from stored energy
6. Limit the long-term presence of spacecraft and launch vehicle orbital stages in
the low-Earth orbit (LEO) region after the end of their mission
7. Limit the long-term interference of spacecraft and launch vehicle orbital stages
with the geosynchronous Earth orbit (GEO) region after the end of their mission

2006: Debris mitigation a priority for US National Space Policy
In 2006 the US updated its National Space Policy for the first time since 1996. This new
policy recognizes the risk posed by space debris, and affirms that the US will “seek to
minimize the creation of orbital debris by government and non-government operations in
space.” To this end, departments and agencies must continue to follow US’s Orbital
Debris Mitigation Standard Practices cost-effectively, licensing procedures followed by
the Secretaries of Commerce and Transportation must “continue to address orbital debris
issues,” and the US “shall take a leadership role” to promote the adoption of debris
mitigation policies and practices on an international level. Apart from a reference to the
government’s new Standard Practices, this policy closely resembles the previous one.
Cost-effective mitigation is the approach favored by the US to deal with the orbital debris
problem. There is no reference in this policy to any obligations upon departments and
agencies to develop remediation techniques.17
Net assessment:
The adoption of debris mitigation guidelines by COPUOS bodes well for space security
although at present these guidelines remain voluntary and do not encompass any
implementation, verification, or compliance measures. Although debris mitigation
procedures are on the verge of being accepted on a world-wide scale, these policies will
be insufficient to combat the growing debris problem in the long-run without additional
efforts to remove debris, given natural increases in space debris.
TREND 1.3: Growing demand for radio frequency spectrum
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2006: Significant decrease in radio frequency interference cases reported
According to the Satellite Users Interference Reduction Group, there were only 180
satellite radio frequency interference incidents reported in 2006 representing 7.6 times
fewer incidents than the 1,374 incidents report in 2005. Of these events, 17 percent were
caused by equipment malfunction and 19 percent by human error, while the causes of
almost 40 percent of incidents were unknown. Adjacent satellites were responsible for
almost 4 percent of the incidents. None of the interferences reported were caused
deliberately. Less than 1 percent of the interference occurrences were caused by
terrestrial services and another 14 percent occurred during cross-polarization – when
satellite dishes are being aligned to receive signals from the satellite. Almost 70 percent
of the incidents occurred in the Atlantic region.18
2006: US Strategic Command treats interference as attack
US STRATCOM announced that it is now treating all satellite disturbances as if they
were an attack on US satellites, instead of making the conventional assumption that these
abnormalities are due to the space environment or system failure. Officials say that the
change in policy is meant to increase response time in case of an actual attack, and to
allow operators to practice response procedures.19
2006: Growing bandwidth demand may increase pressure on frequency slots
The dramatic increase in military satellite telecommunications usage in terms of
bandwidth (see Space Support for Terrestrial Military Operations) as well as the trend
towards digital media may increase pressure on frequency slots if it is not met with an
equivalent growth technical means to increase in bandwidth per frequency and orbital slot
allocation.
In June 2006, 101 states signed an international treaty in Geneva agreeing to replace
traditional analytical radio and TV broadcasts with digital ones by 2015. This agreement
will promote global connectivity and provide remote communities with modern
communication technologies. Implementation of this treaty is also likely to significantly
increase bandwidth demand world-wide and to ensure the continued growth and the
satellite industry.20
2006: US efforts to provide solutions to bandwidth problems continues
The US is currently working on various projects that could help to solve problems related
to bandwidth scarcity. Boeing and Northrop Grumman successfully carried out tests in
2006 on new military satellite systems: the Wideband Gapfiller Satellite (WGS), the
Advance Extremely High Frequency (AEHF) system. Both of these systems are expected
to considerably increase bandwidth availability for the US military: one WGS should
provide ten times the capacity of one of the existing satellites. Though both systems have
suffered important delays in the past, recent information provides for the launching of the
first WGS in 2007, and of the first AEHF in 2008.21
The next evolutionary step in US telecommunication technology is the Transformational
Satellite Communication System (TSAT), which is expected to be online by 2014.
Raytheon and Harris are both working on prototypes of a US Navy Multiband Terminal
(NMT), that will double the data transmission rate for the US Navy, and “will set the
architecture for the core community” of the TSAT. Both firms announced major
developments last year, in the building of the NMT system.22
2006: European efforts to harmonize radio frequency utilization
Following a 2005 European Commission (EC) report on the need to coordinate European
spectrum policy, plans were announced in 2006 to harmonize its regulatory framework
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for satellite communications, allowing for better allocation of the frequency spectrum for
all users. To promote its satellite communication sector, the EU is funding a newly
inaugurated industry-led platform called the Integral Satcom Initiative (ISI), which will
address a variety of satellite communications issues, including the promotion of a
harmonized European regulatory framework.23
Net assessment:
While growing demand for radio frequency allocation continued to challenge the
sustainability of broader access to and use of space, continuing regional efforts to
harmonize the allocation of radio frequencies promised to help manage the demand on
this limited resource. Although radio frequency competition and interference continued to
pose a challenge to space security in 2006, the significantly lower number of incidents
suggest success in international efforts to manage this security challenge.
TREND 1.4: Growing demand for orbital slot allocations
2006: Increasing number of states acquiring satellites
The year 2006 saw more states access space. Kazakhstan launched its first satellite, a
telecommunications satellite KazSat-1 with the assistance of the Russian company
Khrunichev.24 Arianespace has agreed to launch Vietnam’s first satellite by 2008. The
satellite, VINASAT-1, is a telecommunication satellite that will be built by Lockheed
Martin.25 Vietnam has until the second quarter of 2008 to put a satellite into GEO before
it loses rights to the orbital slot it reserved several years ago with the ITU.26
2006: Competition and cooperation in the allocation and use of orbital slots
Further consolidation of the telecommunication industry in 2006 may lead to better
management and more efficient use of the frequency spectrum and orbital slots in the
future. The two top satellite operators, Intelsat and PanAmSat, merged in 2006 after
obtaining approval from US Regulatory Authorities. The new Intelsat is now the largest
satellite operator in the world followed by SES, which merged this year with New Skies
Satellites and signed a partnership agreement with Eutelsat in October 2006. This joint
venture will operate using the S-band to provide video, radio and data services to mobile
equipment.27 French telecommunication company Alcatel bought American
communications network developer and US military contractor Lucent in 2006.28 It is
now moving forward with consolidation with Thales.29
The FCC granted EchoStar’s application to operate in the 86.5o W.L. orbital location
against Telesat’s claim that granting such a request would affect satellite service to 1.5
million Canadian consumers. The FCC found that granting EchoStar’s application was in
the public interest, but subjected such approval to EchoStar’s submission of a detailed
orbital debris mitigation plan, and to various interference limits until operations were
coordinated with adjacent satellites.30
Net assessment:
Developments in 2006, including competition for GEO slots, demonstrated the
governance challenges associated with secure and sustainable access to and use of space.
It also illustrated one of the central dilemmas of space security. While the increasing
number of states seeking to acquire satellites may allow greater access and use of space
for some, the corresponding strain on the availability of orbital slots and the frequency
spectrum may reduce the sustainability of space use, particularly in an absence of
international cooperation. International cooperation for space resource allocation was
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enhanced in 2006, however, and continuing international mergers of telecommunication
companies may unexpectedly provide further cooperation and coordination.
T REND 1.5: Space surveillance capabilities to support collision avoidance slowly
improving
2006: Expansion of US space surveillance and space situational awareness
capabilities
The US continued to pursue the world’s most robust space surveillance system in 2006.
The US Air Force (USAF) announced that two of its three Space Fence systems, a very
high frequency radar surveillance system, will be deployed internationally. The USAF
will post a contract notice in 2007 requesting bids to expand the system and to upgrade its
radar bandwidth, though initial operations are not expected to begin before 2013 or
201431.
Progress on the development of the Space-Based Surveillance System (SBSS) continued
throughout 2006, with the completion of a key risk reduction step for the SBSS
Pathfinder satellite, now planned for launch in December 2008. The supplier of the
charge coupled device (CCD), the fundamental optical data acquisition element to be
placed in the satellite, has successfully completed environmental and life testing as part
of a rigorous risk reduction program implemented by the Boeing team responsible for
building the SBSS system. The Pathfinder satellite will track manmade objects in space,
and will be used primarily to monitor communications, intelligence, surveillance, and
reconnaissance technology in space, but will also be employed by the US DOD to detect
and track orbital debris, thereby greatly increasing the SSN’s capabilities.32
2006: Russia plans to expand its space surveillance capabilities
Though little information is available on Russia’s Space Surveillance System, in
November 2006 Russia’s Space Forces announced plans to expand the detection range of
the Okno space-monitoring center. The tracking precision and servicing period will also
be enhanced, through the modernization of the electronic equipment. The complex is
presently able to detect objects at altitudes ranging from 2,000 to 40,000 kilometers.33
2006: European actors continue to develop independent space surveillance
capabilities
European states continue to develop independent space surveillance capabilities, but there
is still not an integrated European network. Nonetheless, the ESA has defined space
surveillance as one of three main security priorities.34
France’s GRAVES space surveillance radar is now fully operational as of 22 December
2005. The system is capable of monitoring space objects, including orbital debris. This
radar is also able to observe satellites up to 1,000 kilometers in altitude and follow more
than a quarter of all satellites, particularly those that France considers “the most
threatening” and those for which the US does not publish orbital information35. France
has cited the necessity of developing this system to decrease reliance on US surveillance
information, and to ensure the availability of data in the event of a data distribution
blackout.36 France is now able to maintain a satellite database of approximately 2,000
space objects.
The UK’s British National Space Centre (BNSC) is working towards establishing a new
space surveillance system to map large areas of the sky in a short time span. This method
is different from the conventional, time consuming method of detecting individual space
objects, and would provide a more efficient and appropriate means of tracking space
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objects in today’s crowded skies. Through this project, the BNSC also intends to update
its re-entry prediction capabilities37.
Net assessment
The international improvement of space surveillance and space situational awareness
capabilities in 2006 may have a positive effect on space security by providing improved
and redundant tracking of space objects. However, the development of space situational
awareness and the continued drive for independent space tracking systems indicate
broader mistrust, and the technology holds dual-use potential for space negation
purposes.
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Laws, Policies, and Doctrines
Indicator Description
This indicator assesses trends and developments related to space security-relevant
national and international laws, multilateral institutions, national and military space
security policies and doctrine.
Key Trends
TREND 2.1.: Progressive development of legal framework for outer space activities –
Since the signing of the Outer Space Treaty (OST) in 1967, the international legal
framework related to space has grown to include the Astronaut Rescue Agreement
(1968), the Liability Convention (1972), the Registration Convention (1979), and the
Moon Agreement (1979), as well as a range of other international and bilateral
agreements and relevant customary international law. This legal framework establishes
the principle, primarily through the OST, that space should be used for ‘peaceful
purposes’ and is not subject to claims of national sovereignty. The OST prohibits the
stationing of nuclear weapons or any other weapons of mass destruction anywhere in
space. The abrogation of the Anti-Ballistic Missile Treaty in 2002 eliminated a
longstanding US/USSR-Russia prohibition on space-based conventional weapons,
stimulating renewed concerns about the potential for space weaponization.
TREND 2.2.: COPUOS has some activity, but the CD deadlocked since 1998 – A range
of international institutions, such as UNGA, COPUOS, ITU, and CD, have been
mandated to address space security issues. However, the CD has been deadlocked since
1998 and unable to address the PAROS mandate to develop an instrument relating to
space security and the weaponization of space. The US voted against the PAROS
resolution for the first time in 2005.
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Briefing Notes

T REND 2.3.: Space-faring states’ national space policies consistently emphasize
international cooperation and the peaceful uses of outer space – All space-faring
states emphasize the importance of cooperation and the peaceful uses of space, including
the promotion of national commercial, scientific, and technological progress. The US has
recently announced plans for peaceful space exploration of the Moon and Mars, while
there is growing interest in manned space programs. Brazil and India tend to focus on the
utility of space cooperation for social and economic development.
TREND 2.4.: Growing focus within national military doctrine on the security uses of
outer space – A growing number of states, led by China, Russia, the US and key
European states increasingly emphasize the use of space systems to support national
security. Increasing dependence on these systems has led several states to view space
assets as critical national security infrastructure. US military space doctrine has also
begun to focus on the need for “counterspace operations” to prevent adversaries from
accessing space.
2006 Developments
TREND 2.1.: Progressive development of legal framework for outer space activities
2006: Continued stalemate in PAROS debate at the UNGA
The negative vote by US against the PAROS resolution in the UNGA First Committee,
first observed in 2005, was repeated during the 61st session of the UNGA in 2006. The
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resolution passed with a vote of 166 in favor to 1 against with two abstentions (Israel and
Cote d’Ivoire).1 At the plenary session of the UNGA, the resolution again passed with a
vote of 178 in favor to 1 against (US) with one abstention (Israel), signifying continued
strong international support for the resolution.2 US opposition to the PAROS resolution is
consistent with the 2006 revised US National Space Policy in which the Bush
administration opposes the development of new legal regimes or other restrictions
pertaining to space3 (see Trend 2.3). The US has consistently held the position that there
is no arms race in space, and that the existing multilateral arms control regime adequately
ensures the non-weaponization of outer space.4
2006: Space security proposals first tabled in 2005 still under consideration
In 2005, Russia and Sri Lanka successfully sponsored draft resolutions in the UNGA
First Committee on measures to promote transparency and confidence building in outer
space. Pursuant to those resolutions, in 2006 the UN Secretary General invited member
states to express their views on the advisability of further developing international outer
space transparency and confidence-building measures in the interest of maintaining
international peace and security, and promoting international cooperation and the
prevention of an arms race in outer space. Several states, including Canada, China, Cuba,
Iraq, Japan, Mexico, Mongolia and the Russian Federation submitted written replies
expressing support for the development of those measures and encouraging further
dialogue on the issue.5 The government of Canada indicated that some transparency and
confidence-building measures already exist in international law and in states’ multilateral commitments. China reaffirmed its long-held view that transparency and
confidence-building measures are only transitional, and that the most effective means of
preventing an arms race in outer space would be the negotiation and adoption of
international legal instruments having the binding force of law.6
Russia again introduced a draft resolution on transparency and confidence-building
measures in outer space activities during the 61st session of the UNGA, urging all
member states to submit concrete proposals on the said measures to the UN Secretary
General before the next session of the Assembly, and requesting the Secretary General to
submit a report on those proposals at the Assembly’s next session.7 Russia asserted that in
substance the draft resolution did not in any way limit the legal right of states to selfdefense, or the peaceful use of outer space.8 The resolution passed in the First Committee
with one vote by the US against it and an abstention from Israel. The issue is likely to be
given further consideration during the 2007 sessions of the UNGA.
Net Assessment:
While the vast majority of states remained committed to expanding space security
governance throughout 2006, growing polarization among key international players on
PAROS and transparency and confidence-building measures could have a negative
impact on space security.
TREND 2.2.: Some progress in COPUOS, but the Conference on Disarmament has
been unable to agree on an agenda since 1998
2006: Continued stalemate on proposal to expand COPUOS mandate
Debate on expanding the COPUOS mandate to introduce additional topics potentially
including the militarization of space was polarized in 2006 during the 49th session. While
some States expressed strong support for the proposal to include all issues related to the
peaceful uses of outer space, including militarization, the US maintained the view that
“COPUOS had been created exclusively to promote international cooperation in the
peaceful uses of outer space and that disarmament aspects of outer space were more
appropriately dealt with in other forums such as the General Assembly and the
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Conference on Disarmament”.9 This is despite the fact that OST, which deals with
military uses of space, in particular use of weapons of mass destruction, was developed in
COPOUS. Nonetheless, the Committee decided to retain the issue of “ways and means of
maintaining outer space for peaceful purposes” as a matter of high priority on the agenda
for upcoming 2007 sessions.10
2006: Recommended guidelines on space debris mitigation developed by COPUOS’
Scientific and Technical Sub-committee
During informal meetings held in February 2006, the COPUOS Scientific and Technical
Sub-committee’s Working Group on Space Debris approved a revised draft text of a
preliminary document on space debris mitigation, and also recommended voluntary
implementation by all member states and international organizations to the greatest extent
possible. The progress report to COPUOS acknowledged existing debris mitigation
guidelines developed by the Inter-Agency Space Debris Coordination Committee but
asserted that the existence of high-level guidelines with wider acceptance among the
global space community would provide greater benefits and utility to all stakeholders.11
Accordingly, the recommended guidelines were based on the technical contents and basic
definitions of those developed by the IADC. They also took into account provisions of
UN treaties and principles on outer space.12 At the 43rd session of the Scientific and
Technical Sub-committee it was agreed that the draft guidelines should be circulated at
the national level to facilitate approval at the 44th session in 2007.13
2006: Structured discussions held on space security issues in CD despite inability to
agree on formal Programme of Work
In 2006 the CD remained unable to achieve consensus on an agenda despite efforts made
by the rotating presidents of the Conference and other stakeholders to forge an
agreement, which prevented any formal progress on the PAROS issue in 2006.14
Nonetheless, on 1 June 2006 CD President Ambassador Valery Loshchinin of Russia
announced a series of focused debates on PAROS issues to be held during both formal
and informal sessions over the ensuing two weeks of his presidency.15 On 8 June 2006 a
formal plenary meeting of the CD was held to consider two issues: 1) the importance of
PAROS and 2) the scope and basic definitions of a future international agreement to
prevent the placement of weapons in outer space and the use of force against outer space
objects. This was followed on 9 June 2006 by an informal plenary meeting during which
discussions continued. On 13 June 2006, another formal plenary meeting of the CD was
devoted to transparency and confidence-building measures in outer space followed by a
15 June informal session on the subject. Finally, from 20 – 22 June 2006 formal plenary
sessions were devoted to debates on new weapons of mass destruction and new systems
of such weapons.16 These discussions on PAROS issues in the CD were held with the
unanimous support of all the principal space actors.
The structured debate sessions were carried out on the basis of several working papers
submitted to the CD by member states. Russia and China jointly presented working
papers on definition issues regarding the weaponization of outer space;17 existing
international legal instruments;18 and international transparency and confidence-building
measures.19 Canada also introduced a working paper analyzing existing constraints on
weapons and activities applicable to PAROS.20
During the structured discussions on PAROS, China called attention to loopholes in the
existing international legal regime and emphasized the need for a new international legal
instrument to close those gaps. Several states including Belarus, Canada, China, the
Democratic Peoples Republic of Korea, Germany, India, South Africa, Sweden, Syria, as
well as EU members expressed the view that conditions were ripe for the negotiation of a
new legal instrument on PAROS, and that an Ad-hoc Committee on PAROS should be
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established in the CD to do the substantive work.21 Russia suggested three obligations to
be included in any future treaty on prevention of outer space weaponization: 1) the
obligation not to place weapons in outer space; 2) the obligation not to resort to the threat
or use of force against outer space objects; and 3) the obligation not to assist others in
doing either of the former.22 Although the United Kingdom expressed basic support for
PAROS it cautioned that it does not believe there to be international consensus on the
need for further legal treaties or further legal codification on PAROS. Representatives
from Egypt and New Zealand took the PAROS issue further by expressing the need to
de-militarize outer space. New Zealand urged that the peaceful uses of outer space should
not be compromised by militarization and as such the need existed for a comprehensive
legal regime for the de-militarization of space. Egypt, on the other hand, proposed that
any future legal instrument must include specific articles prohibiting military uses of
outer space.23
The US expressed support for the focused debates on PAROS in the CD, observing that it
could hold meaningful discussions on any subject of interest to its members. The US also
expressed further support for discussion by the CD of both “traditional” and “new” issues
with the aim of identifying any that might be ripe for more serious consideration.24
However, the US opposed the formation of an Ad-hoc Committee to carry out substantive
work on a new international treaty on PAROS, reiterating its long held position that there
is no arms race in space. The US also asserted that there is already an extensive and
comprehensive system for limiting certain uses of outer space, and that the existing multilateral outer space regime adequately addresses the issue of PAROS.25 While welcoming
an exchange of views on all issues in the CD, the US urged it to focus instead on
negotiating a fissile material cut-off treaty.
Net Assessment
The year under review witnessed unprecedented cooperation and support by the principal
space actors to hold discussion on space security issues within international institutions.
Despite these discussions, the continued inability of the CD to reach consensus on a
formal program of work raises doubts regarding the ability of these discussions to break
the PAROS impasse and to lead to future negotiations. The drafting of space debris
mitigation guidelines at the Scientific and Technical Sub-committee of COPUOS have
the potential to enhance space security, however only in so far as states voluntarily apply
them through national measures as they are legally non-binding under international law.26
TREND 2.3.: Space faring states’ national space policies consistently emphasize
international cooperation and the peaceful uses of outer space
2006: New space policies in China, the EU and the US
On 6 October 2006 a 10 page unclassified version of a new US National Space Policy
was publicly released. The new policy declares freedom of action in space as being
equally important to the US as air power and sea power. The document is largely similar
in substantive terms to its 1996 predecessor in the area of space security. One significant
change is in declaring that “the US will oppose the development of new legal regimes or
other restrictions that seek to prohibit or limit US access to or use of space; and that
proposed arms control agreements or restrictions must not impair the rights of the US to
conduct research, development, testing, and operations or other activities in space for US
national interests.”27 It further states that the US “considers space capabilities – including
the ground and space segments and supporting links – vital to its national interests”28 and
declares that “the United States will: preserve its rights, capabilities, and freedom of
action in space; dissuade or deter others from either impeding those rights or developing
capabilities intended to do so; take those actions necessary to protect its space
capabilities; respond to interference; and deny, if necessary, its adversaries the use of
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space capabilities hostile to its national interests.”29 The latter part, which similar to the
1996 policy, was the center of attention in numerous press articles within the US and
other nations, which were largely critical of the new policy.
While the new policy appears to be more focused on unilateral national security concerns
than its predecessor, it does identify new areas for military cooperation with foreign
entities, in particular the sharing of intelligence and capacity for space situational
awareness. Moreover, it maintains the tradition of US cooperation on peaceful uses of
outer space including space exploration, space surveillance, and Earth observation
systems.30
Reacting to the new US policy the deputy head of the Russian Federal Space Agency,
Vitaliy Davydov, declared that the US policy is the first step towards a serious escalation
of the military confrontation in space and suggested that Russia has the capability to also
“roll out certain military elements into outer space.”31 The White House insists that the
new policy does not call for the development or deployment of weapons in space.32
Nonetheless, Robert Joseph, the US Under-Secretary of State for Arms Control and
International Security stated in a speech at the George Marshall Institute on 13 December
2006 that it does not preclude that option of deploying weapons in space in the future.33
In October 2006, the Information Office of China’s State Council released a White Paper
detailing China’s space activities in 2006. The document outlines China’s progress in the
last five years in the areas of space technology, applications, and science, including
China’s historic breakthrough in manned spaceflight. It sets out further development
targets planned for the next 5 years including continued manned spaceflight, lunar
exploration, and the development of new-generation carrier rockets.34 China later
announced plans to build its own space station following the launching of the Shenzhou
VII spacecraft, expected to carry 3 astronauts, in 2008, emphasizing that its manned
space program aims only at the peaceful exploitation of space.35 On 29 December 2006
China released another White Paper titled China’s National Defense in 2006.36 The
document stresses “informationization” as a key strategy in the modernization of the
People’s Liberation Army (PLA). It further identifies reaching the “strategic goal of
building informationized armed forces capable of winning informationized wars by the
mid-21st century” as a key step in this process.37 Despite the crucial role that space plays
in the efficient collection and relay of information, there is no express mention of the use
of outer space for national defense purposes. Nonetheless, in contemporary Chinese
military science, the military use of space is inextricably linked to attaining
comprehensive national military power.38 Accordingly, the White Paper has been
described as a continuation China’s tradition of military secrecy and criticized as “being
rich in generalities about China’s good intentions but sparse in specifics about its
capabilities.”39 Yet the White Paper does assert an international security strategy based on
developing cooperative, non-confrontational, and non-aligned military relations with
other states.
Progress was made in 2006 on EC efforts to adopt a new European Space Policy. In June
2006 Members of Parliament from 10 European countries met in Brussels under the aegis
of the European Inter-parliamentary Space Conference (EISC) to discuss European space
policy, emphasizing international cooperation, space applications, and education.40 In
September 2006, Andras Roboz was appointed as Head of Unit in the Enterprise
Directorate of the EC, responsible for Space Policy and Coordination. According to
media reports, the new European Space Policy is envisaged to be released at the next
meeting of the European Space Council, scheduled for May 2007. In September 2006, a
conference on space, defense and security was organized by the EISC and the Assembly
of the WEU (see below).
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2006: Canada, Germany and UK announce national space policies for 2007
Canada, Germany and the UK all announced that they are in the process of developing
new national space policies to be released in 2007.
Net Assessment
Increased emphasis on national security aspects of space in 2006 combined with criticism
expressed towards the new US policies (and to a less extent the Chinese policy),
underline growing international tension concerning national uses of space. However, in
general states continued to promote international cooperation on the peaceful uses of
outer space in new policies released in 2006. In so far as cooperation promotes
transparency and confidence-building among space faring states, this trend continued to
exert a positive influence on space security.
TREND 2.4.: Growing focus within national military doctrine of the security uses of
outer space
2006: China, Japan, India, Israel, US, and the EU placing greater emphasis on
national security space applications
The number of states emphasizing the security uses of space in national policies
continued to increase in 2006. The ruling Liberal Democratic Party in Japan formulated a
bill for a new basic space law, which it plans to submit to the legislature for adoption. If
passed, the new law would allow the Japanese government to carry out space activities
for defense purposes, such as the launching of reconnaissance satellites (which, however,
in practice Japan already has in orbit). The bill stipulates that Japan's satellite operations
and other space development activities will be allowed to contribute to international
peace and secure the safety of the nation and its people.41 Presently, Japan’s use of space
is limited to non-military purposes under a strict interpretation of the 1967 Outer Space
Treaty as required by the Japanese constitution and a subsequent parliamentary resolution
incorporating the treaty into Japanese domestic law.
In February 2006, the Israeli government ended years of heated debate by announcing
that the Israeli Air Force will be given the lead role in all military activities in space as
well as responsibility for designing and operating the nation’s future satellites, as
opposed to the Military Intelligence Unit. The Air Force will now be known as the Israel
Air and Space Force (IASF) and its mission will be to operate in the air and space arena
for purposes of defense and deterrence.42
After proposals for the establishment of a joint space weapons command in India were
turned down by the Defence Ministry in 2006, it was announced that the country’s
military plans for space would be charted over the next year in a concept paper by the
Defense Ministry’s Integrated Defense Staff (IDS).43 India still intends to establish what
it calls an Aerospace Command, although the planned mandate remains vague.44
Suggestions that India is anticipating a more significant military role for space are
suggested in the November 2006 publication “Space: The Frontiers of Modern Defence”
published by India’s Center for Air Power Studies. The introduction, written by the
retired head of India’s Air Force Jasjit Singh, makes the following observations: “As we
move forward in the 21st century it is inevitable that space will become another medium
of warfare besides assuming the important role of protecting the country’s commercial
assets in this medium.”45
In September 2006, the Western European Union (WEU) Assembly and the EISC, in
association with the ESA, France’s Centre National d’Etudes Spatiales (CNES), and
Arianespace, jointly held a conference on space, defence and European security in French
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Guiana. The conference discussed the long standing issue of a Space Policy for Europe,
in particular the application of the space sector to European security and defence, and the
industrial and technological capabilities required to achieve such a policy. The director of
the ESA concluded that the conference had affirmed the importance of space for Europe
and had provided valuable input towards the impending European Space Policy.46 The
conference concluded with general agreement among participants that European defense
must, as a matter of necessity, have a space dimension and urged Europe to take
advantage of the dual-use nature of space.47 In a related development, the EU Transport
Commissioner, Jacques Barrot, proposed in October 2006 that Europe should seriously
consider using its Galileo system for military purposes as part of efforts to recover
escalating costs.48 The extent to which these military-related policy discussions and
recommendations are factored into the European Space Policy will not be known until it
is released in 2007.
Net Assessment
In 2006 there was a clear continuation of the growing focus on the security uses of space
by a growing number of actors. These developments may have both positive and
negative effects on space security. Whereas the security benefits of sustainable access to
and use of outer space can have a positive benefit on space security, doctrines intended to
serve national interests by developing negation capabilities may eventually threaten that
security. Comments on future conflicts in space by Indian officials, while not reflecting
official state policy, are a case in point.
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Civil Space Programs and Global Utilities
Indicator Description
This indicator assesses trends and development associated with civil space programs and
global space-based utilities. The civil space sector comprises those organizations engaged
in the exploration of space, or scientific research in or related to space, for noncommercial and non-military purposes. Global utilities are space-based applications
provided by civil, military, or commercial providers, which can be freely used by any
actor equipped to receive the data they provide, either directly or indirectly.
Key Trends
TREND 3.1: Growth in the number of actors gaining access to space – By 2005, 10
actors had demonstrated an independent orbital launch capacity. Forty-six states have
now accessed space independently or with the launch services of others. In the 1990s, the
rate of increase doubled from just less than one new actor to just less than two per year,
mostly for civil space programs. Since 1992 Surrey Satellite Technology Ltd. of the UK
has enabled seven countries to build their first civil satellites. Iran and South Korea have
announced plans for civil space programs. China recently joined Russia and the US as the
only space powers with demonstrated manned spaceflight capabilities.
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Briefing Notes

TREND 3.2: Changing priorities and funding levels within civil space programs – The
general trend in recent years has seen civil space expenditures increase in India and China
and decrease in the EU, Japan, Russia, and the US. The budget of the Indian Space
Research Organization (ISRO) grew over 60 percent in real terms between 1990 and
2000, while the US NASA and European ESA budgets dropped by 25 percent and nine
percent respectively between 1992 and 2001. The annual number of civil space missions
has generally held steady for the past decade, with a decreasing number of manned
missions, and an increasing number of missions involving small- and micro-satellites.
Civil space programs increasingly include security and development applications. India
has designed 19 telecommunications and remote sensing satellites for development
applications; and Algeria, Brazil, Chile, Egypt, Malaysia, Nigeria, South Africa, and
Thailand are all placing a priority on satellites to support social and economic
development.
T REND 3.3: Steady growth in international cooperation in civil space programs –
International civil space cooperation efforts over the past decades have included the USUSSR Apollo-Soyuz docking of manned modules, Soviet flights to the MIR space station
with foreign cosmonauts, the Hubble Space Telescope, and joint NASA-ESA projects
such as Skylab. The most prominent current example of international cooperation is the
International Space Station (ISS), involving 16 partner states, 45 launches, and an
estimated cost of over $100-billion and the largest international engineering project ever
undertaken in space. International civil space cooperation has played a key role in the
proliferation of technical capabilities for states to access space.
T REND 3.4: Dramatic growth in global utilities as states acknowledge strategic
importance of satellite-based navigation systems – The use of space-based global
utilities, including navigation, weather, and search-and-rescue systems, has grown
substantially over the last decade. For example, GPS unit consumption grew by
approximately 25 percent per year between 1996 and 1999, generating sales revenue of
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$6.2-billion in 1999. These systems have spawned space applications that are almost
indispensable to the civil, commercial, and military sectors, as well as most modern
economies. The number of actors developing satellite-based navigation capabilities has
grown, from two (Russia and the US) in 1990, to six in 2005 with the addition of China,
the EU, Japan, and India. Currently, there are between 60 and 80 navigation satellites in
orbit. The strategic value of satellite navigation was underscored by the conflict over
frequencies for Galileo and GPS, which was resolved in 2004.
2006 Developments
TREND 3.1: Growth in the number of actors gaining access to space
2006: Global progress in space access, launch, and propulsion technologies
In 2006, 47 civil spacecraft were successfully, launched on 37 launches, compared to 24
spacecraft in 2005, illustrating continued growth in space access. Of these 47 spacecraft,
8 were human spaceflight missions (of which 5 were manned), 23 were science and
Civil 6Launches
by Typemissions, 9 were meteorological or
technology missions,
were communications
imaging missions, and 1 was a planetary mission (see Figure 3.1).
FIGURE 1: Civil space launches in 2006
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With the Russian launch of KazSat 1 on 17 June 2006 aboard a Proton Rocket,
Kazakhstan became the 46th nation to own a satellite. The satellite will provide
communications services to numerous entities in the region, including Kazakhstan,
Uzbekistan, Kyrgyzstan, Turkmenistan and parts of Russia. Following this successful
collaboration, Russia and Kazakhstan plan to work together on the launch of
Kazakhstan’s next satellite, KazSat 2.1
Other plans for satellite launches in the near-term include the launch of Egypt’s first
scientific satellite in 2007, and the launch of Indonesia’s first domestically-produced
satellite in late 2008.2 Belarus has indicated plans for a second attempted launch of its
first satellite following the failed July 2006 launch of its BelKa remote sensing satellite.3
Nigeria has also announced the construction and future launch of its first
telecommunications satellite in 2007.4 South Africa intends to launch its first microsatellite from Russia, following cabinet approval for the creation of the South African
Space Agency.5
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Launch vehicle technology continued to improve in 2006. The ESA registered several
successes in the development of its Vega small satellite launcher. The successful test of
its first-stage, P80 motor held in November 2006 will be followed by several more tests
for the second- and third-stage motors. The ESA has tentatively scheduled the first
voyage of the Vega launcher for 2008.6 In partnership with the Australian National
University, the ESA has also successfully tested early developments for an ion engine - a
breakthrough they believe could eventually revolutionize space travel.7
The Indian Space Research Organization (ISRO) has continued development and
prioritization of its GSLV launch vehicle following the set-back of the failed launch of
InSat 4 on 4 July 2006. The GSLV will allow the ISRO to deliver heavy payloads to
geostationary orbit, ending its reliance on foreign launch vehicles.8 South Korea’s plans
to inaugurate its first launch vehicle in 2007 or 2008. The Korea Space Launch Vehicle
(KSLV-I) will be capable of launching 100kg or less payloads into LEO. This planned
launch will allow greater independence and growth for the Korean Aerospace Research
Institute’s (KARI) space program.9
2006: Launch Failures involving civil satellites
There were some notable launch failures that affected the deployment of civil satellites.
In particular, on 26 July 2006 a Dnepr launch vehicle exploded on launch. The vehicle
was carrying 17 micro-satellites – mostly manufactured by universities. The payloads had
been made primarily at universities, and had come from 7 counties. This was a set back
for many microsatellite efforts at universities. On 10 July an Indian launch vehicle failed
with an ISRO-developed civil communications satellite.
Net Assessment
As space access and capabilities continue to increase, more developing nations are able to
share in the positive economic and social benefits of space technology. The participation
of more states in space, particularly more African countries, should positively impact
space security as the number of stakeholders grows. On the other hand, it could also be a
source of concern, since this increase in access could also allow for proliferation of
military or dual-use capability spacecraft that might have a negative impact on space
security.
TREND 3.2: Changing priorities and funding levels within civil space programs10
2006: A Balance of Strong and Modest Budget Growth across Space Actors
Budgets generally increased for civil space agencies in 2006, although some at higher
rates than others. ISRO saw the greatest increase in funding at 35 percent, bringing its
2006-2007 budget to a total of $815-million.11 In response to severe under-funding from
2001 to 2005, the Russian Federation’s Federal Space Agency’s annual budget grew by
$180 million in 2006 to approximately $832-million, approved under a 5-year plan.12 The
ESA reported a budget of approximately $3.78-billion in 2006 with hopes to increase it
by approximately $1-billion annually starting in 2007.13 South Korea’s KARI has seen
budget growth in recent years. It was reported as having a 2006 budget of approximately
$320-million, with expectations that this number would grow in the future.14 The 2006
budget for Japan’s space agency, JAXA, was approved by the Japanese Parliament at
approximately $1.49-billion, with a proposed 2007 budget of $1.52-billion.15 More
modest budget increases were reported for the Canadian Space Agency, which had an
estimated FY 2006-2007 budget of $316-million, up from $292.9-million the previous
year.16 Similarly, the British National Space Centre had a modest budget increase from
approximately $339-million in 2005 to $402-million in 2006.17 The United States
continues to dominate the world in civil space spending, however the new Democraticcontrolled Congress determined that it would enact “continuing resolutions” bills rather
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than pass any currently-unfinished spending legislation. NASA’s funding for FY 2007
will remain at $16.62-billion, short of its request for $16.97-billion.18 There is no reliable
information on the status of China’s National Space Administration budget, although
some estimates place it as high as $2-billion.19
Signalling its dedication to increasing the use of space for national development
purposes, South Africa announced that it will create a national Space Agency, although a
budget is not yet available. 20
FIGURE 2: Civil space budgets in 2006 (Millions USD)
* Upper limit based on media reports
Civil Space Program Budgets 2006 (Millions USD)
China*, $2,000
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2006: Civil space agencies focus efforts on lunar exploration and manned missions
NASA announced on 4 December 2006 its new strategy for lunar exploration. This
includes unmanned missions and first human return no later than 2020. The
announcement emphasised that the effort has the goal of the future construction of a
permanent human presence on the lunar surface.21 The first steps will be an unmanned
lunar probe planned for 2008 to study, analyze and map the lunar surface in preparation
for further exploration. The lunar program is considered integral to any future Mars
missions.22
In 2006 Russia announced that its near-term lunar plans include a number of small
spacecraft to be launched in 2007, followed by a robotic lander in 2012. Russia also
plans a manned mission to lunar orbit in a similar time-frame, with the construction of a
permanent lunar base planned by 2025. Russia claims to have the capacity to be able to
reach Mars with a manned mission by 2030.23 Integral to the Russian plans is the
successful development and construction of the Clipper vehicle, a new craft that will be
an evolution from its current Soyuz spacecraft, which was approved by the Russian
Government in July 2005.24
The ESA successfully completed its SMART mission in 2006, which crashed a
spacecraft into the lunar surface, from which numerous scientific tests were conducted.
Prior to its final demise at the lunar surface, the probe was used to test new technologies
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and carry out mapping missions of the lunar surface.25 The ESA has also established a
framework of exploration through its Aurora programme, which sets out a series of broad
objectives for future exploration of the Moon and a planned 2030 manned mission to
Mars.26
In 2006 China also identified lunar exploration as a priority. The Chinese National Space
Administration (CNSA) has announced plans to have a satellite Chang’e-1 in lunar orbit
by April 2007 and has already developed technology allowing it to track lunar satellites
using a series of radio telescopes located throughout China. CNSA is also developing a
pollution-free rocket for the launch. Its long-term lunar plans include a robotic lander in
2015, followed by a manned mission in 2020.27
ISRO continued in 2006 with plans to conduct a major lunar mission, Chandrayaan-1,
now scheduled for mid-2008. Several space agencies are participating in this venture,
including NASA and ESA who have designated several payloads for the launch.28 ISRO
has also sought endorsement from its government for a fully-funded manned space
program, which would make India the fourth state to independently send a human to
space. Its first manned spaceflight mission is planned for 2014 as a precursor to an
Indian manned lunar landing by 2020.29 At the end of 2006 India was preparing for a
launch and retrieval of a space capsule scheduled for January 2007, making it one of a
small group of space powers with such capability.30
JAXA has also been working on plans to establish a permanent, manned lunar presence
by 2030. The Japanese space agency plans to send several unmanned probe missions
first, followed by its first manned mission in 2020. It plans to launch a lunar satellite
Selene-1 some time in 2007. The funding for this 30-year program has not yet been
finalized.31
2006: NASA-Google Agreement Signals Non-Traditional Space Company
Involvement with Space Exploration
NASA Ames Research Center and Google have signed a Space Act Agreement that
formally establishes a relationship to work together on a variety of challenging technical
problems ranging from large-scale data management and massively distributed
computing, to human-computer interfaces. As the first in a series of joint collaborations,
Google and Ames will focus on making the most useful of NASA's information available
on the Internet. Real-time weather visualization and forecasting, high-resolution 3-D
maps of the moon and Mars, real-time tracking of the International Space Station and the
space shuttle will be explored in the future. "This agreement between NASA and Google
will soon allow every American to experience a virtual flight over the surface of the
moon or through the canyons of Mars," said NASA Administrator Michael Griffin.32
Net Assessment
The activities over the past year have created much new interest in space exploration
activities and it is yet to become clear whether these will be of a predominantly
cooperative or competitive nature but the trend would indicate the former. The increased
interest and commitment to space exploration should have a positive effect on space
security by increasing capabilities to access space and increasing cooperation.
Competition for access to and use of space resources, particularly on the moon, could
generate tensions between space powers, however, in the longer term. Some of the
announcements of future missions made may be untenable given the fairly modest budget
increases associated with most of these plans.
TREND 3.3.: Steady growth in international cooperation in civil space programs
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2006: Continuing international civil space cooperation
The trend of international civil space cooperation continued in 2006 with several
significant bilateral and multilateral agreements signed and joint missions completed.
Russia and the ESA agreed on ESA’s participation in the development of the Russian
Clipper space vehicle to replace the Soyuz. The two also agreed on collaboration in areas
of specific mutual interest such as communications and new technology.33 Russia and
China have agreed to collaborate on a mission to Mars, and have also discussed the
possibility of cooperating on lunar exploration missions.34 Russia signed agreements
with South Korea and Malaysia to send astronauts from those countries to the ISS.35
Russia has also entered into new space launch agreements with France and sought closer
space ties with South Africa.36
In September NASA collaborated with ESA and JAXA on a successful project that sent
the Hinode satellite to monitor the Sun.37 NASA also collaborated with Taiwan to launch
6 micro-satellites in April.38 There were some indications of future cooperation on civil
space activities between China and the United States, including a visit by NASA Chief
Administrator Michael Griffin to China in September 2006. Substantial cooperation on
major projects such as the ISS and lunar/Martian exploration missions, however, are not
evident in the near term.39 NASA reopened discussions with Brazil about its participation
in the supply of the ISS.40
ISRO and NASA signed a major agreement of cooperation in March 2006, with a focus
on technology exchange and cooperation in areas such as exploration, satellites and earth
sciences. NASA was also officially welcomed as part of ISRO’s Chandrayaan-1 lunar
mission planned for 2008.41 NASA’s participation was confirmed in May 2006 with the
announcement of two scientific payloads to be included on the Indian Chandrayaan-1
mission.42 India and Russia have committed to joint use of and cooperation in the
Russian GLONASS navigation project.43 ISRO has also entered into agreements with
Malaysia and Israel for collaboration on launch facilities and technology exchange.44
ESA expanded its network of partners with the inclusion of Romania as a “Cooperating
State”, the third country to be designated as such since 2003 when the Czech Republic
and Hungary were accorded the same status.45 On 1 July 2006 Spain joined the European
Southern Observatory, becoming the ESO’s 12thmember State.46 The EU’s EUMETSAT
and the US NOAA entered into an agreement in February 2006 to ensure the continued
flow of meteorological information during times of crisis or war.47 Estonia and Croatia
also joined the EUMETSAT organization.48 Deals were also finalized to include South
Korea and Morocco in the European Galileo navigation satellite programme.49 The EU
has also been seeking stronger cooperation for its GMES project and hopes to have
services running by 2008 as part of its pilot phase.50
In October a white paper titled “China’s Space Activities in 2006” stated that China has
signed 16 international space cooperation agreements with 13 different countries, space
agencies and international organizations over the past 5 years.51 It indicates that in the
next five years China will work with Pakistan, Nigeria and Venezuela to develop and
launch satellites. China has agreed to help Pakistan develop space technology and to
launch 3 earth observation satellites. China and Nigeria agreed on a loan of $200-million
for Nigeria’s communication satellite project, NigComSat-1, which has been rescheduled for launch from 2006 to 2007.52 China’s cooperation with Venezuela builds on
memorandums of understanding for cooperation in the peaceful uses of outer space
signed in 2005.53 In December, China announced that the European Galileo satellite
navigation system will be operational in Chinese territory by 2008 (see Trend 3.4 for
more details on space utilities).54
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The Asia Pacific Space Cooperation Organization formed in October 2005 and hosted by
Beijing, expanded its membership to include Turkey in a June 2006 agreement.55 The
other members are Bangladesh, China, Indonesia, Iran, Mongolia, Pakistan, Peru and
Thailand.
Net Assessment
Growing cooperation and collaboration between major and less developed space powers
should bring more stability to the space security context. This collaboration could act as
a means for developing countries to benefit from greater access to space resources and
technology. Larger networks of cooperation could also result in greater transparency of
space activities. If transparency does not accompany increased cooperation, however, it
could result in an proliferation of military and dual-use capabilities, which could add a
great level of uncertainty to space security.
T REND 3.4: Continued growth in global utilities as States seek to expand use and
accessibility
2006: Advances in US, Russian, Indian, Chinese, and European satellite navigation
systems
Continuing a process started in 2005, the US Air Force-managed GPS system launched
its third GPS IIR-M satellite in November 2006 as part of its modernization program.56
This series of satellites will be followed by the 2F satellites in 2008. The final stage of
the modernization process, called GPS 3, is now slated to begin deployment in 2013.
Technical complications and contract negotiations have resulted in several scheduling
changes.57 Once completed, the modernized constellation will provide precise navigation
tools to civilian, military and commercial users. The newer system will also provide
improved accuracy and greater resistance to interference than its predecessor (See Space
Systems Protection).58
With the launch of 3 additional satellites at the end of 2006, the GLONASS constellation
was increased to a total of 13 spacecraft with plans for an additional 5 to be launched by
late 2007 or early 2008.59 Russia has stated that the GLONASS satellite navigation
system of 24 satellites will be fully deployed by 2010.60 This announcement is in line
with a statement made by Russian President Vladimir Putin that the GLONASS
constellation will offer full surface coverage of Russia by the end of 2007.
Announcements also indicated that restrictions on the use of GLONASS will be loosened
to facilitate civilian and commercial access.61
India announced that it will develop an independent regional satellite navigation system.
Called the Indian Regional Navigation Satellite System (IRNSS), it will consist of a
seven-satellite constellation independent of India’s current involvement in the ESA’s
Galileo project or Russia’s GLONASS.62 This new system is also different from India’s
GAGAN system, which seeks to increase and improve efficiency of currently-available
GPS signals used by the Indian aviation industry.63 GAGAN completed preliminary
testing with Raytheon in July 2006. India now plans for the first launch of a GAGANcompliant satellite to be completed mid-to-late 2007, with full operability of the
constellation in 2009.64
China’s planned launches of two Beidou, or “Compass” satellites in 2007 are expected to
facilitate almost complete coverage of the country for navigation purposes. The entire
system will involve a constellation of five Beidou satellites with full coverage by 2008.
These satellites come after three successful Beidou test-launches.65
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The first signals from the successfully launched Galileo satellite, GIOVE-A, were
received in January 2006, marking the beginnings of what will be a large constellations
of satellites. The launch of GIOVE-B will occur in 2007. The ESA plans to have all 30
Galileo satellites in orbit by 2010 and in full operation by 2011.66 The ESA completed
deals with South Korea and Morocco, confirming their involvement with the Galileo
project. South Korea’s participation in Galileo will provide the ESA with its expertise in
areas such as space technology and consumer electronics, while the Koreans will benefit
from the use of the navigation services. The ESA has now concluded cooperation
agreements for the Galileo system with India, Israel, China, the United Stated, Canada,
Ukraine, South Korea, and Morocco. 67
2006: Weather and climate change are priorities for earth observation satellites, but
security concerns place restriction on data distribution
Civil space applications are increasingly being used for natural disaster mitigation. In
2006 China announced plans to launch 22 meteorological satellites by 2020, including its
December launch of the four Fengyun-series satellites.68 China also intends to launch 3
Earth observation satellites in 2007, and an additional five in 2010 to better manage
environment calamities across its large territory.69 NASA successfully launched its
CALYPSO and CloudSat missions in April, sent to examine and monitor the Earth’s
weather and climate. The satellites will also be used to study meteorological activity in
an effort to better forecast weather and predict climate change.70 On 15 April 2006 a
Minotaur 1 rocket launched a constellation of 6 Taiwanese remote sensing satellites from
the Vandenberg Launch site. The launch was part of a joint project with the US, known
as COSMIC, or Formosat 3 in Taiwan.71
Distribution of the data collected by EUMETSAT’s constellation of MetOp
meteorological satellites will be restricted by security concerns. A 2006 agreement
between EUMETSAT and the US NOAA will create a ‘data denial list’ stipulating
agencies that are restricted from accessing data from the MetOp satellites. This
agreement comes as the US DoD and NOAA merge their weather satellites, giving the
DoD a vested interest in any agreements made with EUMETSAT. The satellites will be
under EUMETSAT control but subject to US requests to restrict third party access.72
Europe launched its MetOp-A satellite on 19 October 2006, the first of the EUMETSAT
Polar System. Data from this satellite will be used for climate and environmental
monitoring, as well as more accurate weather forecasting and disaster mitigation. A total
of three MetOp satellites will be launched sequentially, providing service until 2020.73
Net Assessment
The proliferation of and increased access to navigation systems should have a positive
effect on space security by involving an ever-widening community of stakeholders and
redundancy of capabilities. Some states have expressed concerns, however, that the
information gathered by these systems can threaten national security if not properly
protected.74 Further, satellite navigation systems can serve dual-use functions for space
systems negation and space-based strike weapons, and for improving the accuracy of
missiles and other munitions. These concerns are compounded by the development of
regional and independent systems. Restriction of data from Earth observation satellites
demonstrates the growing securitization of civilian space applications, which may
increasingly impose barriers to international cooperation in the future and the rights of all
states to enjoy the benefits of space.
FIGURE 3: Civil Spacecraft Launched in 2006 (by owning state)75
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2006-053A
2006-044A
2006-016B
2006-063A
2006-014A
2006-041F
2006-005C
2006-041D
2006-002A
2006-004A
2006-005A
2006-005B
2006-041A
2006-043C
2006-059A
2006-022A
2006-009A
2006-013A
2006-019C
2006-021A
2006-025A
2006-040A
2006-045A
2006-031A
2006-034A
2006-011F
2006-011E
2006-011D
2006-011C
2006-011B
2006-011A
2006-001A
2006-008C
2006-008B
2006-008A

9/9/06
10/23/06
10/23/06
10/28/06
12/8/06
10/19/06
4/28/06
12/27/06
4/25/06
9/22/06

Chang Zheng 2C
SJ-8
China
China
Chang Zheng 4B
SJ-6/2B
China
China
Chang Zheng 4B
SJ-6/2A
China
China
Chang Zheng 3B Xinnuo 2
China
China
Chang Zheng 3A Feng Yun 2D
China
China
Soyuz-2-1A
METOP 2
Russia
ESA
Delta 7420-10C
Calipso
USA
France
Soyuz-2-1B
COROT
France
France
Start-1
EROS B
Russia
Israel
M-V
HIT-SAT
Japan
Japan
CUTE-1.72/21/06
M-V
APD
Japan
Japan
9/22/06
M-V
SSSAT
Japan
Japan
1/24/06
H-IIA 2022
Daichi
Japan
Japan
2/18/06
H-IIA 2024
MTSAT-2
Japan
Japan
2/21/06
M-V
Akari
Japan
Japan
2/21/06
M-V
SSP
Japan
Japan
9/22/06
M-V
Hinode
Japan
Japan
10/13/06
Ariane 5ECA
LDREX-2
France
Japan
12/18/06
H-IIA 204
Kiku-8
Japan
Japan
Proton-K/DM6/17/06
2M
Kazsat
Russia
Kazakh
Soyuz TMA3/30/06
Soyuz-FG
8
Russia
Russia
Progress M4/24/06
Soyuz-U
56
Russia
Russia
COMPASS5/26/06
Shtil'-1
2
Russia
Russia
6/15/06
Soyuz-U
Resurs-DK
Russia
Russia
Progress M6/24/06
Soyuz-U
57
Russia
Russia
Soyuz TMA9/18/06
Soyuz-FG
9
Russia
Russia
Progress M10/23/06
Soyuz-U
58
Russia
Russia
7/28/06
Rokot
Arirang-2
Russia
South Korea
Mugunghwa USA/Ukrain
8/22/06
Zenit-3SL
5
e
South Korea
4/15/06
Minotaur
COSMIC 6
USA
Taiwan
4/15/06
Minotaur
COSMIC 5
USA
Taiwan
4/15/06
Minotaur
COSMIC 4
USA
Taiwan
4/15/06
Minotaur
COSMIC 3
USA
Taiwan
4/15/06
Minotaur
COSMIC 2
USA
Taiwan
4/15/06
Minotaur
COSMIC 1
USA
Taiwan
New
1/19/06
Atlas V 551
Horizons
USA
USA
3/22/06
Pegasus XL
ST-5 AFT
USA
USA
3/22/06
Pegasus XL
ST-5 MID
USA
USA
3/22/06
Pegasus XL
ST-5 FWD
USA
USA

9
Biology
Science
Science
Telecoms
Metrology
Metrology
Science
Astronomy
Imaging
Telecoms

CAST
SISE/Shangha
SISE/Shangha
CAST
SISE/Shangha
Astrium
CNES
Alcatel/Cann
IAI
HokkaidoIT

LEO
LEO
LEO
GEO
GEO
LEO
LEO
LEO
LEO
LEO

Telecoms
Imaging
Metrology
Astronomy
Technology
Astronomy
Technology
Telecoms

TITech
ISAS?
NASDA/Tsukub
MELCO
ISAS
ISAS
MELCO
JAXA
MELCO/NEC

LEO
LEO
LEO
GEO
LEO
LEO
LEO
GEO
GEO

Telecoms

Krunichev

GEO

Human

Energiya

LEO

Human

Progress

LEO

Science
Imaging

Makeev
TsSKB

LEO
LEO

Human

Progress

LEO

Human

Energiya

LEO

Human
Imaging

Progress
KARI

LEO
LEO

Telecoms
Science
Science
Science
Science
Science
Science

Alenia
OSC-Germanto
OSC-Germanto
OSC-Germanto
OSC-Germanto
OSC-Germanto
OSC-Germanto

GEO
LEO
LEO
LEO
LEO
LEO
LEO

Planetary
Science
Science
Science

APL
NASA GSFC
NASA GSFC
NASA GSFC

Planetary
MEO
MEO
MEO

WORKING DOCUMENT. PLEASE DO NOT QUOTE OR CITE WITHOUT SPACESECURITY.ORG PERMISSION

Space Security Survey 2007

2006-016A
2006-018A

4/28/06
5/24/06

Delta 7420-10C
Delta 4M+(4,2)

2006-028A

7/4/06

Space Shuttle

2006-036A
2006-047B
2006-047A

9/9/06
10/26/06
10/26/06

Space Shuttle
Delta 7925-10L
Delta 7925-10L

2006-055A
2006-058C

12/10/06
12/16/06

Space Shuttle
Minotaur

Cloudsat
GOES 13
Discovery
(STS-121)
Atlantis
(STS-115)
STEREO B
STEREO A
Discovery
(STS-116)
Genesat-1

10
USA
USA

USA
USA

Science
Metrology

Ball
Boeing/ES

LEO
MEO

USA

USA

Human

BNA/Palmdale

LEO

USA
USA
USA

USA
USA
USA

Human
Science
Science

BNA/Palmdale
APL
APL

LEO
Solar
Solar

USA
USA

USA
USA

Human
Biology

BNA/Palmdale
NASA ARC/SCU

LEO
LEO
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Commercial Space
Indicator Description
This indicator assesses trends and development in the commercial space sector, including
the builders and users of space hardware such as rockets and satellite components, and
space information technologies such as telecommunications, data relay, remote sensing,
and imaging. It also examines the space insurance sector, which underwrites the space
industry for the inherent risks and liabilities associated with space systems operations.
Key Trends
T REND 4.1: Continued overall growth in the global commercial space industry –
Commercial spending dominates the space industry: in 2005 it accounted for $110-billion
of the $180-billion in worldwide space turnover.1 This is a significant increase from
1980, when the commercial space sector, including manufacturing, launch services, space
products, and operating insurance, accounted for an estimated $2.1-billion in revenues.
This growth is being driven by the satellite services industry, including
telecommunications, which accounted for 60 percent of 2003 commercial space revenues
in spite of some decline within the manufacturing and launch sectors. Major commercial
satellite telecommunications companies today include PanAmSat, Loral, SES Americom,
Intelsat, and News Corporation.
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TREND 4.2: Declining commercial launch costs support increased commercial access
to space – Commercial space launches now account for about one-third of the 60 to 70
annual space launches. The costs to launch a satellite into GEO have declined from an
average of about $40,000/kilogram in 1990 to $26,000/kilogram in 2000, with prices still
falling. In 2000, payloads could be placed into LEO for as little as $5,000/kilogram.
Russian and European space launch enterprises are the most active space launch
providers. Today’s top commercial launch providers include Lockheed Martin and
Boeing Launch Services in the US, Arianespace in Europe, Energia in Russia, and two
international consortia — Sea Launch and International Launch Service. With the launch
of Mojave Aerospace Ventures’ SpaceShipOne in 2004, the private sector entered the
suborbital manned spaceflight sector. This is predicated on the potentially very large
emerging market of space tourism. Cheaper space access has also been key to the growth
of high-resolution commercial satellite imagery.
TREND 4.3: Government subsidies and national security concerns continue to play
an important role in the commercial space sector – Space industry in some states
relies heavily on government space spending: this is particularly true in the US and to a
lesser extent the EU and Russia. The 1998 US Space Launch Cost Reduction Act and the
2003 European Guaranteed Access to Space program provide for significant government
subsidization of the space launch and manufacturing markets, including insurance costs.
In 1999, the US placed satellite export licensing on the State Department’s US Munitions
List, bringing satellite product export licensing under the International Traffic in Arms
Regulations (ITAR) regime and significantly complicating the way US companies
participate in international collaborative satellite launch and manufacturing ventures.
Ironically, ITAR has encouraged actors outside the regime to develop space systems
using components that are restricted by the regime itself.

2006 Developments

WORKING DOCUMENT. PLEASE DO NOT QUOTE OR CITE WITHOUT SPACESECURITY.ORG PERMISSION

Space Security Survey 2007

2

TREND 4.1: Continued overall growth in global commercial space industry
2006: Growth in commercial space industry largely driven by expanding consumer
base – Overall growth in the global commercial space industry continued in 2005.
Demand for commercial space transportation services which is directly linked to
activities in the global satellite market, increased in 2006.2 Of the 63 successful orbital
launches in 2006, 16 were commercial launches,3 similar to 2005 when there were 55
total launches and 17 of which were commercial.4 These 16 launches deployed 18
satellites, 17 communications and 1 human spaceflight in nature. There were Russia
continued to lead the industry with 5 successful launches split between the Proton and
Dnepr vehicles followed by Europe with 8 Ariane launches, there were 4 launches by
international consortia and one by the US (see Figure 1).5 An annual average of 23.6
commercial orbital launches is predicted for the period 2006 to 2015, with the majority
going to geostationary orbit.6 While government payloads still account for the majority
of launch revenues, the proportion of commercial launches and associated revenues is
increasing.7
FIGURE 1: Commercial launches in 2006 by launch vehicle8

Russia

Kosmos, 1
Dnepr, 1

Zenit 3SL, 5

Multinational
France

Proton , 4

US

Rockot, 1
Soyuz 2, 1
Start, 1

Ariane, 5
Delta 4, 1

Atlas 5, 1

The satellite industry is currently in a period of growth but it has not yet recovered to
levels experienced during the boom of the 1990s.9 Satellite services account for more
than 60 percent of total satellite industry revenues and is steadily increasing.10 Individual
consumers represent a significant portion of this growth. Demand for Direct Broadcast
Services (DBS) drives the majority of revenue for satellite services, followed by Fixed
Satellite Services for communications and broadcasts (FSS) and Mobile Satellite Services
(MSS).11 Revenue in the ground equipment sector is also increasing, largely due to the
strength of sales of end user equipment, particularly for consumer services such as
satellite radio and direct TV.12
Increasing satellite launches and a growing satellite services sector directly impacts the
manufacturing industry. US satellite manufacturers dominated the industry in 2006,
having manufactured 59 percent of all satellites launched in 2005, followed by Asian
companies at 24 percent (see Figure 4.2). The five major manufacturers of commercial
communications satellites are Alcatel Alenia Space, Boeing Satellite Systems, EADS
Astrium, Lockheed Martin, and Space Systems/Loral, with newcomers NPO Prikladnoy
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Mekhaniki (Russia); the Indian Space Research Organization (ISRO) is expected to make
an impact in the future.13 In 2006 Alcatel Alenia Space became the world’s leading
satellite manufacturer based on orders; the company signed contracts to construct 57 new
satellites.14
FIGURE 2: Manufacturers of satellites launched in 200615
Asia/Middle East

EADS Astrium, 4

Europe
Asia ME - Other, 17
Alcatel Alenia, 6

ISRO, 1

Europe - Other, 4

Mitsubishi, 3

Russia - Other, 9

Russia
US

IAI, 1

SS/L, 5
Orbital, 8

Other US, 25

Lockheed Martin, 9

Ball Aerospace, 1
Boeing, 5

Growth in the commercial space industry is projected to continue, with satellite
communications leading the way.16 Alcatel Alenia’s growth is mirrored by the industry
as a whole, which is rebounding from lows earlier in the decade. Growth is due to new
services such as high definition television, a decrease in oversupply with corresponding
price increases, and a growing replacement market that is expected to generate 15
satellite orders per year beginning in 2006.17 The strength of the industry is further
demonstrated by the fact that September 2006 available financing had already surpassed
the total for 2005.18
The commercial remote sensing sector is also expanding due to new market
opportunities.19 Governments world-wide constitute the major source of demand for
remote sensing services, and private companies are responding to the supply gap.20 New
markets are also emerging as more civil and commercial applications are introduced.21
Following 2005 deals between Google and DigitalGlobe, and Microsoft and Orbimage
Inc., to create Internet mapping portals, Yahoo signed a deal with GeoEye (Orbimage
Inc. and Space Imaging) in 2006 to acquire remote sensing imaging for its MapQuest
program.22
2006: Continued privatization and consolidation in commercial sector; industry
growth could lead to increased competition
Privatization and consolidation continued in the commercial space sector in 2006.
Private equity firms now hold “controlling stakes and other significant equity positions in
some of the largest satellite operators in the world,” and consolidation among satellite
operators “is occurring as operators are seeking complementary markets and services to
offer global solutions.”23 An overview of major industry consolidations in 2006 is
available in Figure 3.
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FIGURE 3: Major space industry consolidations in 200624

Sector

Companies

Remote sensing

Orbimage and Space Imaging

Communications

SES Global and New Skies
Satellites

Communications

Intelsat and PanAmSat

Launch

Rocketplane, Ltd. And Kistler
Aerospace Corporation

Launch

Boeing and Lockheed Martin

Activity

New Company

Value

Acquisition

GeoEye

$58.5
million

Acquisition

SES Global

$1.2
billion

Acquisition

Intelsat

$3.42
billion

Merger

Rocketplane-Kistler

N/A

Joint
Venture

United Launch
Alliance

$530.7
million

These consolidations have changed the layout of the space industry: GeoEye is now one
of only two US satellite remote sensing companies, along with DigitalGlobe; 25 Intelsat is
now the world’s largest FSS provider with a fleet of 51 satellites;26 and the United
Launch Alliance consolidates US government launches on the Delta and Atlas vehicles
under one company. 27 It is not yet clear what affect these developments will have on
overall worldwide industry demand.28
In a break with the trend of consolidations Lockheed Martin finalized the sale of its
interests in International Launch Services, Inc. (ILS) and Lockheed Khrunichev Energia
International, Inc. (LKEI) to Space Transport, Inc., in October 2006. This brings to an
end to the cooperative arrangement between the companies for the joint sales, marketing
and launch support of Lockheed’s Atlas and Khrunichev’s Proton and Angara
launchers.29 The former allies will now compete in the commercial launch market, with
Lockheed marketing and selling commercial launch services through Lockheed Martin
Commercial Launch Services, Inc. and ILS continuing to market and sell the Angara and
Proton launchers.30
Net Assessment
Continued growth in the commercial space sector, particularly the growing customer base
for consumer goods and services, underlined the sector’s collective benefits from space
security. Growing demand for commercial space goods and services is increasing the
number of stakeholders with a vested interest in the safe and secure access to and use of
space, which should bode well for continued space security. Growing demand may create
future tensions as competition for limited orbital slots and frequency allocations
increases. Further consolidation of the space industry may provide greater space security
if more efficient operations can be translated into more efficient orbital and frequency
use, and a decrease in the cost of access to space. Less competition may restrict future
prices decreases, though.
TREND 4.2: Declining commercial launch costs support increased commercial access
to space
2006: New activity in the space tourism industry
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On 18 September 2006 Anousheh Ansari became the fourth space tourist when she
visited the International Space Station on board a Russian Soyuz capsule at a cost of $20million.31 The potential of space tourism as an industry is increasingly being recognized.
In 2006 the California Space Enterprise Strategic Plan 2007-2010 noted that suborbital
space tourism is an estimated $1 billion worldwide market and that, at present, about
$100 million a year is “being invested by space tourism-oriented companies.”32
The space tourism industry received a boost from several new initiatives in 2006. On 20
July 2006 the ESA, under the auspices of its General Studies Programme, announced the
“Survey of European Privately-funded Vehicles for Commercial Human Spaceflight,”
initiative to support the emergence of a European space tourism industry.33 Bigelow
Aerospace launched its Genesis I inflatable module prototype to LEO; Genesis II is
scheduled for launch in 2007 to be followed by the launch of a module rated for human
habitation in 2009 or 2010.34 To date, Bigelow has spent over $75-million working
toward the development of human-habitable modules, which are seen as being the
possible first step toward orbital space tourism.35 On 21 September 2006 Bigelow
Aerospace and Lockheed Martin announced a partnership to study whether Lockheed’s
Atlas V booster could be rated for human launch, enabling it to deliver people to
Bigelow’s planned space habitats.36 Further indicating the potential gains from private
human space flight, NASA and the X-Prize Foundation signed a Space Act Agreement
under which the X-Prize Foundation “will administer and execute the competitions…with
NASA providing prize funding to the winning contestants.”37 The $2.5 million in prize
money went unclaimed in 2006, however, as no entrant was able to fulfill the required
conditions.38
The 2006 Wirefly X PRIZE Cup was held on October 20-21 in Las Cruces, NM, USA
and represented the latest effort by the X PRIZE Foundation to continue encouraging
innovation in the private sector. This Cup focused on rocketry and lunar landing
technology, offering the aforementioned $2.5 million prize to teams competing in several
distinct competitions related to the general theme. The exposition also featured highpowered rocket launches and exhibits intended to boost public interest in aerospace
technology.
2006: Public and private financial backing for commercial space ventures
More money is becoming available for commercial space ventures from both public and
private sources. While many commercial space ‘start-ups’ are being financed by wealthy
entrepreneurs, they are receiving increasing interest from venture capitalists and bankers
as well as from public institutions.39 NASA’s Commercial Orbital Transportation
Services (COTS) program was initiated in response to the US Space Policy which
requires the promotion of commercial participation in space, as well as the 2005 NASA
Authorization Act, which directs it to advance space commerce.40 On 18 August 2006
NASA selected two companies to share $500-million available in financing through the
Commercial Orbital Transportation Services (COTS) program to promote commercial
participation in space.41 Space Exploration Technologies (SpaceX), which will receive
$278-million, and Rocketplane-Kistler (RpK), which will receive $207-million, both
signed Space Act agreements “to develop and demonstrate the vehicles, systems, and
operations needed to support a human facility such as ISS.”42 NASA has also entered the
venture capital business in order to provide funding to commercial space ventures. Red
Planet Capital is created and financed by NASA to provide public money to emerging
private companies developing technologies of interest to NASA, which would not
otherwise do business with the government.43 Red Planet Capital will receive $75million of funding per year over the next five years, and will invest up to a total of $5
million per company over several rounds of financing.44 It may also invest jointly with
other venture capitalists.
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Several planned international spaceports are being backed by both government and
private sources. Virgin Galactic made a deal with New Mexico to develop a spaceport
near Las Cruces to support its American space tourism business, and may base its
European tourism business in Sweden and/or Scotland.45 Virgin Galactic is
manufacturing its first commercial space vehicles through the Spaceship Company, a
joint venture with Scaled Composites, based in Mojave, CA, USA. In the US New
Mexico announced that it will contribute $110 million over a three year period toward the
development of the Southwest Regional Spaceport, which Virgin Galactic will use as its
U.S. base of operations.46 The Southwest Regional Spaceport is expecting to receive its
FAA licence in 2007.47 Space Adventures has announced that it will develop commercial
suborbital spaceports in Singapore and the United Arab Emirates as part of a $265million global spaceport development project with funding from local industry and
governments.48
On 12 June 2006 the Oklahoma Space Industry Development Authority was issued a
license to operate a commercial spaceport at the Clinton-Sherman Industrial Airpark and
a corridor within the national airspace has been labelled for spaceport operations.52 In
November 2006, Blue Origin conducted a test launch, from its privately owned Texas
spaceport.53 The spaceport owned and financed by Blue Origin founder Jeff Bezos, is the
first private spaceport on private property.54 Meanwhile, California is considering a bill
which would provide an $11 million loan to the Mojav spaceport to build improved
facilities for the growing space tourism industry to prevent businesses from being lured to
spaceports in other states.55
NASA and the FAA are considering the possibility of allowing space tourism and
commercial launch companies to use the Kennedy Space Center Space Shuttle runway
after the Shuttle is retired.56 NASA has asked the companies for data on their runway
compatible vehicles and will analyze it in connection with the FAA environmental impact
regulations for horizontally launched vehicles.57 By taking this initiative NASA hopes to
facilitate commercial companies to fulfill the legal requirements for launch.58
2006: Falcon-1 launch failure
The first Falcon-1 launch attempt was made by the California based SpaceX on the 24
March 2006 form the Kwajalein Atoll in the Pacific. It failed 25 seconds into launch.
Falcon-1 aims to commercial launch services. With a current estimated launch price of
just $6.7-million, Falcon-1 could substantially reduce the launch cost compared to other
US-based companies if it succeeds.
2006: Space and launch insurance market softening
The FAA Office of Space Transportation released a special report on commercial space
and launch insurance in its Quarterly Launch Report for the 2nd quarter of 2006.59 Space
and launch insurance continues to be a volatile market, due to “the high risk nature of
launch vehicle activities and the concentration of risk in a short period of time.”60 In
2006 the market continued to soften, bringing increases in underwriter investment and
industry profits, and declines in insurance rates, although increases in market capacity are
expected to be modest for the next few years.61 Launch premium rates are approximately
twenty percent, depending on launch risk and market conditions.62 On-orbit insurance
rates, which charge yearly, presently average between two and four percent.63
Underwriter profits for 2006 are expected to be around $500 million.64 However, the
insurance industry remains small meaning that only a few “major failures could easily
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consume underwriter profits.”65 Commercial human spaceflight insurance remains an
emerging sector of the market.66
2006: US government regulations to support the commercial space industry
As the trend toward increased commercial access to space continues, government
regulations are increasing to support the viability of the industry. In October 2006 the
U.S. Government Accountability Office (GAO) issued a report on commercial space
launch safety.67 The report focuses on the existing FAA oversight of commercial space
transportation safety and illuminates challenges that may arise in the future, such as a
potential conflict of interest between the FAA’s dual safety and promotion roles, the need
to make sure resources are adequate to support increased space tourism launches, and the
need to develop safety standards that could be implemented before 2012.68 The report
also examines key competitive issues facing the U.S. commercial space industry, such as
high launch costs and export regulations; notes the ways in which the government has
tried to alleviate these problems; and makes suggestions to improve the export control
system.69 The report includes an overview of the responsibilities of various federal
agencies with respect to commercial space activities, including those that have a
responsibility to promote the industry.70 US competitiveness in the international launch
market has been a concern in recent years as it has lost market share to Russia and
Europe (see Trend 4.1).
The FAA/AST commissioned the Aerospace Corporation to perform a comprehensive
study of the US commercial space transportation liability risk-sharing regime aimed at
protecting US competitiveness in the industry.71 Industry claims that the liability risksharing regime should not be phased out because the rationale for the regime is based on
the hazardous nature of the space industry rather than it being a “nascent industry;” and
because it is essential for US commercial competitiveness.72 The study determined that
“it is clear that the executive and legislative branches have consistently viewed the
success of the U.S. commercial launch industry as beneficial to national interests,”
suggesting that it is something that deserves some element of governmental protection.73
Furthermore, the study concludes that “U.S. companies are not ‘holding their own’ in the
market,” noting that regardless of the indemnification issue, “the statutory goal of an
internationally competitive U.S. industry . . . is not being met.”74 The insurance industry
also believes that the risk-sharing regime should remain in place, as it has become an
industry standard, and they question the ability of the insurance industry to fill the
coverage gap that would be left if risk-sharing were eliminated.75 Further, emerging
technologies and increasing commercial uses of space increase both the number of
entities that must be insured as well as the probability that a major claim will occur that
could disrupt the liability insurance market.76
In October 2006 the FAA/AST released its FY-2006 Research and Development
Accomplishments report designed to promote safety in commercial spaceflight.77 Among
the accomplishments was the completion of a project studying commercial human
spaceflight biomedical data. As existing U.S. legislation requires that spaceflight
participants be informed about the risks associate with spaceflight, the FAA/AST
undertook the project to better understand the effects of short term exposure to
microgravity on the human body.78
In a related development, the FAA/AST issued new regulations governing private human
spaceflight requirements for crew and spaceflight participants.79 Launch vehicle
operators are required to provide passengers with safety-related information, including
disclosing what the operator itself is required to do to conduct a licensed launch with a
human on board.80 Operators must also inform passengers of the general risks of space
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travel and the specific risks associated with the operator’s particular vehicle.81
Participants are required to receive general and security-specific training.82
With respect to the safety impact of computer and software systems, in July 2006 the
FAA/AST released a document entitled Guide to Reusable Launch and Reentry Vehicle
Software and Computing System Safety.83 The Guide is designed to aid operators “in
producing safe, reliable launch vehicles through the application of a systematic and
logical process for identification, analysis, and control of software and computing system
safety hazards and risks.”84 The Guide, which contains significant amounts of technical
material, identifies areas in which safety could be impacted by computing and software
systems, offers suggestions for risk mitigation, and lists software safety requirements.85
The Guide also contains a section listing and discussing incidents involving spacecraft
and aircraft which were attributed to software or computer error.86
In August 2006 the FAA/AST issued final rules concerning safety aspects of commercial
space transportation, adding procedures for obtaining approval for a safety element and
for including a safety approval in a license application.87 It will now be possible for
launch vehicle designers and operators to obtain approved safety elements from third
parties for use in their launch vehicles; the operators will no longer have to obtain safety
approvals themselves prior to each launch.88 Operators will be able to include the safety
approval in their license applications, thus reducing the overall amount of paperwork
required for a license.89
Net Assessment
The development of a legislative regime in the US pertaining to liability, safety and
financing combined with growing investment in the commercial space industry and more
accessible insurance options are creating stronger market conditions for emerging
entrepreneurial space travel. The eventual entry of new commercial launchers into both
orbital and suborbital space may be a positive development for space security, increasing
the competition necessary to decrease prices and the number of stakeholders with
interests in secure, direct access to space. On the other hand, this may to reduce space
security by increasing demand on limited space resources.
TREND 4.3: Government subsidies and national security concerns continue to play
an important role in the commercial space sector
2006: National security places constraints on the commercial space market
In 2006 national security concerns placed constraints on commercial providers of satellite
imagery. In response to detailed satellite images of what the Indian government referred
to as strategic locations were made available on Google Earth, the company was asked to
mask or blur sensitive images. Other countries have made similar requests, including
Australia, Russia, South Korea and Thailand, citing fear of terrorist attacks.95
The US International Traffic in Arms Regulations (ITAR) remained a contentious issue
in 2006. US aerospace industry groups and trade associations oppose the restrictive
export controls placed on space technology, claiming that it hinders their ability to
compete on a global scale.96 Foreign companies also continue to voice opposition to
ITAR, citing complaints against inconsistent application, overly broad coverage, and
difficulties with respect to dual-use technologies.97 Consequently, many foreign
organizations including ESA and CNES are trying to reduce or possibly eliminate
American components from some aerospace projects, as happened with the European
Galileo navigation system.98
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In 2006 ITAR was also cited as an obstacle to safe business practices. The NASA Mishap
Investigation Board report on the 2005 failure of the DART mission placed partial blame
on ITAR.99 According to the report, which was itself redacted because it contained
satellite navigation data covered by ITAR, the U.S. prime contractor and a British parts
supplier were unable to hold open discussions because of perceived ITAR requirements,
resulting in “insufficient technical communication.”100 The British company, Surrey
Satellite Technology, Ltd., supplied the primary GPS receiver, which “played a
prominent role in the guidance, navigation and control” and that the lack of
communication possible with SSTL led DART to collide with its target.101
In its 2006 Commercial Space Transportation Forecasts, the FAA/AST also pointed to
ITAR as a source of difficulty for the US commercial space industry, claiming that “[t]he
U.S. Government policy regarding satellite and launch vehicle export control is
hampering U.S. satellite suppliers and launch vehicle providers in their efforts to work
with their international customers. This has caused both delays and cancellations of
programs.”102 Current US regulations are viewed as a factor in moving the market share
toward international competitors, as “traditional U.S. market operators/customers such as
Telesat Canada, INMARSAT, and Space Communications Corporation (SCC) of Japan
have recently ordered Alcatel, Astrium, and Mitsubishi Electric Company (Melco) built
satellites.”103 On the other hand, the European satellite industry believes itself to be at a
disadvantage to the US industry which is bolstered by steady Department of Defense
investments.104
US lawmakers show no signs that an ITAR policy change would be forthcoming in 2006,
but instead maintained that application of the ITAR regime to space technology is vital to
national security.105 The dual use nature of much aerospace technology remains a
concern, especially with regards to states or groups that pose a threat to US national
security.106 To ease ITAR constraints, however, the US has shown a willingness to
facilitate international cooperation on a deal-by-deal basis, as evidenced by an agreement
with India that would allow it to bid on commercial launches of US satellites and one that
could streamline the ITAR process for transfer of technology to India.107 In a separate
move prompted by national security concerns, however, specifically the transfer of
missile technology to Iran, the US Treasury Department froze the assets of the China
Great Wall Industry Corporation responsible for brokering international deals for China’s
commercial space products.108 The assets of G.W. Aerospace, Inc., its US subsidiary, and
China National Precision Machinery Import/Export Corporation were also frozen.109 All
companies targeted by the asset freeze are involved in the commercial space sector.
In the spring of 2006 NASA explored potential cooperation with the international
commercial space industry during a symposium on lunar exploration that was attended by
over 200 global corporate representatives.110 Commercial opportunities in lunar
exploration include “‘in-space fuel delivery; lunar resource prospecting; and the
development and maintenance of lunar surface systems and infrastructure, including
lunar habitats, power and science facilities, surface mobility units such as rovers, logistics
and resupply, communications and navigation, and in situ resource utilization
equipment.’”111
Net Assessment
The strong relationship between military and commercial uses of space, and the security
dimensions of many commercial services, could have negative impacts on space security
by placing restrictions on the use of space for certain commercial purposes, and blurring
the distinction between military and commercial assets. Moreover, increasing military
needs for commercial satellite frequencies could create stress on this resource. Trade
restrictions imposed for national security purposes have a mixed effect on space security.
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On the one hand they have a negative effect by distorting market competition and
restricting the means to access space. On the other hand, they can have a positive impact
by controlling dual-use technologies that could be used for space negation purposes.
FIGURE 4: Commercial Spacecraft Launched in 2006 (by owning state)112
COSPAR

Launch
Date

Launch
Vehicle

Satellite
Name

Launch
State

State

Primary
Function

Primary
Manufacturer

Orbit
Type

2006-043B

10/13/06

Ariane 5ECA

Optus D1

France

Australia

Telecoms

Orbital

GEO

2006-007A

3/11/06

Ariane 5ECA Hot Bird 7A

France

France

Telecoms

Alcatel

MEO

2006-032A

8/4/06

Russia

France

Telecoms

Astrium/Toul

GEO

2006-010A

4/12/06

Zenit-3SL

JCSAT 9

USA/Ukra
ine

Japan

Telecoms

LMCSS/Sunnyv

GEO

2006-033A

8/11/06

Ariane 5ECA

JCSAT 3A

France

Japan

Telecoms

LMCSS

GEO

2006-012A

4/20/06

Atlas V 411

Astra 1KR

USA

Luxembourg

Telecoms

LMMS/Sunnyva

MEO

2006-056A

12/11/06

Proton-M/BrizM

Measat 3

Russia

Malaysia

Telecoms

Boeing

HEO

2006-020A

5/27/06

Ariane 5ECA

Satmex 6

France

Mexico

Telecoms

Loral

GEO

2006-006A

2/28/06

Proton-M/BrizM

Arabsat 4A
(BADRONE)

Russia

Saudi Arabia

Telecoms

Astrium

HEO

2006-051A

11/8/06

Proton-M/BrizM

Badr 4

Russia

Saudi Arabia

Telecoms

Astrium

GEO

2006-020B

5/27/06

Ariane 5ECA

Thaicom 5

France

Thailand

Telecoms

Alcatel

GEO

2006-003A

2/15/06

Zenit-3SL

Echostar 10

USA/Ukra
ine

USA

Telecoms

LMCSS/Sunnyv

GEO

2006-023A

6/18/06

Zenit-3SL

Galaxy 16

USA/Ukra
ine

USA

Telecoms

Loral

GEO

2006-029A

7/12/06

Dnepr

Genesis-1

Russia

USA

Human

Bigelow

LEO

2006-043A

10/13/06

Ariane 5ECA

DirecTV 9S

France

USA

Telecoms

Loral

GEO

2006-049A

10/30/06

Zenit-3SL

USA

Telecoms

Boeing/ES

GEO

2006-054B

12/8/06

Ariane 5ECA

USA

Telecoms

LMCSS/Sunnyv

MEO

Proton-M/BrizM
Hot Bird 8

XM Radio 4 USA/Ukra
(Blues)
ine
AMC 18

France
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12/8/06 Ariane 5ECA

WildBlue 1

11
France

USA

Telecoms

Loral
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Space Support for Terrestrial Military Operations
Indicator Description
This indicator assesses trends and development in the research, development, testing and
deployment of space systems that aim to advance terrestrial based military operations.In
particular this includes 5 key systems of missile early warning, communications, and
navigation and reconnaissance and signals intelligence.
Key Trends
TREND 5.1: The US and Russia lead in developing military space systems – By the
end of the Cold War, the US and USSR had developed extensive military space systems
to provide military attack warning, communications, reconnaissance, surveillance,
intelligence, navigation and weapons guidance. By the end of 2005, the US and
USSR/Russia had together launched more than 4,850 military satellites, while the rest of
the world had launched only 70 to 80.
The US has dominated the military space arena since the end of the Cold War. It
currently spends roughly 95 percent of global military space expenditures and has
approximately 145 operational, military-related satellites — over half of all the military
satellites in orbit. Russia is believed to have some 85 dedicated military and 18 multipurpose satellites in orbit. The US is, by all major indicators, the actor most dependent on
its space capabilities and the US and Russia have considerably more capabilities than the
next most capable actors. The 2001 Report of the Commission to Assess United States
National Security Space Management and Organization warned that US dependence on
space systems made it uniquely vulnerable to a “space Pearl Harbor” and recommended
that the US develop enhanced space control (protection and negation) capabilities.
TREND 5.2: More states developing military space capabilities – Declining costs for
space access and the proliferation of space technology are enabling more states to
develop and deploy their own military satellites often using the launch capabilities and
manufacturing services of others, including the commercial sector.

Briefing Notes

China provides military communications through its DFH series satellite, and has
deployed a pair of Beidou navigation satellites to ensure its navigational capability. China
also maintains three ZY series satellites in LEO for tactical reconnaissance and
surveillance functions, has deployed three military reconnaissance satellites, and is
believed to be purchasing additional commercial satellite imagery from Russia to meet its
intelligence needs.
EU states have developed a range of military space systems. France, Germany, Italy, and
Spain jointly fund the Helios 1 military observation satellite system in LEO, which
provides images with a one-meter resolution. France, Germany, and Italy are planning to
launch six low-orbit imagery intelligence systems to replace the Helios series by 2008.
The UK maintains a constellation of three dual-use Skynet 4 communications satellites in
GEO. France operates four demonstrator-class signal intelligence satellites. The EU
Galileo satellite navigation program, initiated in 1999, is intended to operate for civil and
commercial purposes, but will have an inherent dual-use capability.
Israel operates a dual-use Eros-A imagery system as well as the military reconnaissance
and surveillance Ofeq-5 system. India maintains its Technology Experimental Satellite
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and a naval satellite, both of which provide military reconnaissance capabilities. Japan
operates the commercial Superbird satellite, which also provides military
communications and has two reconnaissance satellites – one optical and one radar. In
cooperation with a French company, Thailand will soon produce its first intelligence and
defense satellite.
2006 Developments
FIGURE 1: Dedicated military satellites launched in 2006
Spain (1)

China (2)
France (1)

Russia (8)

Japan (1)
US (14)
Germany (1)

TREND 5.1: The US and Russia lead in developing military space systems
2006: The US reassessing existing space programs, implementing budget cuts and
considering less expensive alternatives
In 2006, 28 military satellites were deployed on 20 launches of which 14 were from the
US, 8 were Russian and 6 were all others (China 2, and 1 each for France, Germany,
Japan and Spain). Five were communications, six were imaging (of which 2 imaging
radar), 2 were signals intelligence, 1 early warning and were 5 navigation in nature.
The US remained the dominant military space actor in 2006 in terms of both capabilities
and spending. US space budgets, however, are facing considerable cuts.1 The focus in the
US is now to meet deadlines for the projects that are underway.
Several programs made progress in 2006. The Second of the Block IIR (GPS IIR- 15 M)
satellite launched in 2005 was declared fully operational for both military and civilian
navigation uses.2 This spacecraft is the most technologically advanced GPS satellite ever
developed and is directed to significantly improve the navigation performance for its
users around the world. The GPS IIR – 16 (M) satellite was launched in November 2006.3
The fourth Wideband Gap filler Satellite (WGS-4) is under construction. WGS-4 will be
similar to the three Block I satellites Boeing is already manufacturing, The new satellite
has a radio frequency bypass capability aimed at providing support to airborne
intelligence, surveillance and reconnaissance platforms that require additional bandwidth.
This will substantially increase the tactical communications capacity in key geographic
areas. 4
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The US launched a reconnaisance satellite operated by the National Reconnaissance
Office on a Delta 4 rocket in June 2006.5 Another satellite was launched in November
2006 using the same launching vehicle as part of the Defense and Meteorological
Satellite Program constellation with the mission to provide specialized weather data to
assist, inter alia, in planning US terrestrial military operations.6
In addition, a new Naval Multiband Terminal (NMT), the first advanced, next-generation
satellite communications (SATCOM) system, successfully communicated with the US
government’s Milstar SATCOM system using low and medium data rate waveforms. The
system is designed to provide its users at sea with greater data capacity and improved
protection against enemy intercept and jamming. NMT is fully compatible with existing
submarine and shore antennas, thus achieving an essential cost-savings objective of the
program.7
The Tactical satellite spacecraft (TacSat – 2) was successfully launched onboard a
Minotaur I rocket in December 2006 and commenced operations on an experimental
mission planned to last between 6 and 12 months. The TacSat-2 mission will include
experiments directly supporting military operations on the ground. Two trials, i.e. a 50cm telescope manufactured by the Space Vehicles Directorate and the Common Data
Link tactical radio, will have a significant impact on deployed forces.8
Budgetary cuts affected several space-related projects in the US in 2006. The
Transformational Communications System (TSAT) that was successfully tested and
showed improved capability to quickly transmit data using its satellite laser
communications, will likely be downsized due to budgetary constraints. In 2006 the
United States Air Force (USAF)’s allocated budget was cut to $867-million for the next
fiscal year, an amount that is far lower than the planned $1.068-billion.9 Another program
being subject to budget cuts is the Advanced Extremely High Frequency Satellite
Program (AEHF). Contradictory information has emerged about the future of this project,
some of it suggesting that the USAF has plans to phase out the project by 2010.10 The
AEHF was meant to replace military satellites used for secure communications.
The Future Imagery Architecture (FIA) program, which will be the next generation
reconnaisance satellites, has suffered from delays, the Pentagon is considering
alternatives to it. The Pentagon might also opt for buying interim capability.11 The
National Polar Orbiting Operational Environmental Satellite System program - used by
the Department of Commerce and Defense to track and monitor weather forecasting - has
experienced increasing costs of 25 percent and is currently under review.12
A critical payload subsystem of the the Space Based Infrared High (SBIRS) was deliverd
to to the USAF for the Second Geostationary Orbit (GEO-2) satellite. The SBIRS has
continued to experience bulging costs, which have now exceeded $10-billion - compared
to the original $2-billion planned. The USAF is reportedly now focussing on an
alternative.13 The Alternative Infrared Satellite System (AIRSS) is aimed at developing a
sensor that has no moving parts and can cover continuously a third of the earth. The
AIRSS satellites will have to function with the SBIRS ground systems, which have been
in place since November 2001.14 At the time of this writing, contracts have been awarded
to begin work on the AIRSS and the fate of SBIRS remains uncertain. The timeline for
the AIRSS launch is 2015.15
2006: US DoD dependent on commercial satellite services
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The US DoD is the single largest consumer of commercial satellite bandwidth and it
continued to rely on the provision of commercial satellite services in 2006. Delays in
programs to overhaul military satellite systems, including the Transformational Satellite
(TSAT) network, reaffirmed the military’s dependence on commercial satellite
communications.17 These delays are now costing $1-billion a year for commercial
broadband satellite services alone.18 Indeed, “DoD estimates that commercial satellite
systems are providing over 80 percent of the satellite bandwidth supporting Operation
Iraqi Freedom.”19 In response, DoD is examining ways to facilitate satellite service
procurement by studying different acquisition methods.20
DoD is also becoming a significant consumer of commercial satellite imaging services.
The National Geospatial-Intelligence Agency awarded contracts to DigitalGlobe ($24million), Space Imaging ($24-million) and Orbimage ($12-million) to procure high
resolution satellite imaging for calendar year 2006.21
2006: Russia focuses on maintaining existing space assets and programs
In 2006, the first year of a ten-year federal space program, Russia increased its military
space budget by as much as one-third compared with 2005. Military space funding is also
being allocated through the state armaments (defense and security) program for 20072015 and the special federal programs “Global Navigation System” and “Development of
Russian Space Centers in 2006-2015.”22 Russia is completing and testing a new radar
station Voronezh-M, in the Leningrad Region. This station features improved
characteristics that take less time and resources to deploy and are easy to maintain and
operate. The new radar will fill the radar coverage gap created seven years ago by the
loss of the Russian station near Skrunda in Latvia.23
Russia launched a eight military satellites in 2006, upgrading its reconnaissance, early
warning, communications and navigation capabilities. On 4 May 2006, a Kobalt-M type
optical reconnaissance satellite, Cosmos 2420, was launched.24 Cosmos 2421, a naval
reconnaissance satellite, was launched on 25 June 2006.25 There were unconfirmed
reports that Cosmos 2423, a military optical reconnaissance satellite of the Don type used
to provide military and civilian imaging, launched in September 2006, de-orbited in
November 2006.26 Russian officials denied the claims and said that the satellite had
completed its mission.27
Russian early-warning capabilities were improved with the 21 July 2006 launch of
Cosmos 2422 aboard a Molniya M rocket. It is a new satellite of the US-KS early
warning system, known as Oko. This satellite is meant to upgrade the US-KS program.28
Military communications capabilities were also enhanced with the launch of the Meridian
Communications Satellite, meant to provide communications to ships and aircrafts in the
Polar Regions, on 24 December 2006.29
Three Glonass M class satellites were launched on 25 December 2006 aboard a Proton K
rocket. These satellites are likely to be designated Cosmos 2424, 2425 and 2426. The life
span of Glonass M classes of satellites is expected to be longer than that of their Glonass
predecessors.30 A fourth is scheduled for launch in 2007.31 The Glonass system currently
has 17 active satellites in orbit. Russia announced that all precision restrictions on
Glonass use would be lifted in 2007 to enable accurate and unlimited civilian and
commercial use of the navigation system.32
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Net Assessment
Developments in 2006 could have a mixed impact on space security. The US is
experiencing project delays and budget-cuts that could negatively impact space security
by continuing to limit military bandwidth and maintaining pressure on the frequency
availability and delaying improvements in secure communications and space situation
awareness. Upgrades to Russia’s navigation, early-warning, and communications
capabilities could be a positive development for space security, however, by providing
redundancy for the US GPS, more reliable and secure early-warning capabilities and
more secure satellite communications.
TREND 5.2: More states developing military space capabilities
2006: Regional tensions drive military space developments in Asia
Japanese lawmakers lifted restrictions on military space applications within the
parameters of self-defense rights (see Law, Policy and Doctrine).34 Japan launched an
optical ‘spy’ satellite on 11 September 2006 using launcher H-2A to monitor the territory
of North Korea.35 The satellite can detect objects as small as one meter, but this remote
sensing capability is inferior to that of many commercial satellites. This satellite,
officially called the “Information Gathering Satellite,” joins two other spy satellites that
were launched in March 2003. The primary region of interest for the Japanese
reconnaissance satellites is the Korean peninsula.36
On 22 August 2006, South Korea launched its first dedicated military satellite, the
Koreasat 5 (Mugunghwa 5) communications satellite. This is a hybrid multi-band
satellite, which is part of South Korea's new high-capacity Spacecom System over the
Asia-Pacific. The launch is expected to increase the country’s ability to collect
information on North Korea.38
On 28 July 2006, South Korea also launched the Kompsat 2 Remote Sensing Satellite to
provide multi-spectral, high-resolution images for Earth mapping.40 This launch is part of
South Korea’s space collaboration with Russia.41 Although officially a government, Earth
observation satellite, its very high resolution of 1-metre provides a key reconnaissance
asset that is “ideally suited to strategic and operational intelligence gathering.”42
In 2006 Taiwan’s military released reconnaissance photos it claimed depicted China’s
military build-up. Officials declined to comment on the source of the photos,43 but they
most likely came from Taiwan’s ostensible ‘research’ satellite Formosa II, which has a
1.8-metre resolution. Chinese officials expressed concern that the Formosa II would be
used for military purposes when it was launched in 2004. There have been no further
developments regarding Taiwan’s planned reconnaissance satellite announced in 2005. 44
2006: China continues to expand military space program but faces setback
China announced plans to have 35 satellites in its navigation system, Beidou, working in
the Asian region by 2008. The Beidou system will have five geostationary earth orbit
satellites and 30 medium earth orbit satellites. These navigation services will be available
to commercial customers and will provide positioning accuracy within 10 meters,
velocity accuracy within 0.2 meters/second and timing accuracy within 50 nanoseconds.
No details on the costs of the system have been made public.45 It is not clear whether this
will effect the considerable Chinese stake in the EU-led Galileo navigation system.
On 12 September 2006 China launched a communications satellite under the commercial
name ZhongZing-22 (ChinaSat 22) using the Long March 3A. Although officially
referred to as a communications satellite owned by the China Telecommunications
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Broadcast Satellite, however it is believed to be controlled by the PLA for military
communication purposes to support control and command, communications, and
intelligence activities. The ZhongZing-22 replaces the Fenghuo-1, which was China’s
first dedicated military communications satellite launched in 2000.46 Similarly, China
launched Remote Sensing Satellite-1 on 27 April 2006 under a civilian name. Chinese
officials claim that the satellite will be used mainly for “scientific experiment, survey of
land resources, appraisal of crops and disaster prevention and alleviation.”47 The satellite
also has a military designation, JianBing-5, and is believed to be wholly funded by the
PLA. It is most likely China’s first space-based synthetic aperture radar (SAR) system,
which is a microwave system that produces high-resolution images of Earth. The system
is particularly vital to the PLA, because it can see through traditional imagery
obstructions such as cloud, smog and darkness, and can detect objects underwater and
underground, allowing it to gain information dominance during a potential conflict.48
China’s military space program suffered a setback following the breakdown of the
Sinosat 2 direct broadcast satellite. The mission was launched 29 October 2006 and failed
on 8 November 2006 when solar panels ceased to function.49 This was to be the first
operational use of China’s next generation Dongfanghong (DFH-4) spacecraft bus, which
is important for important for future military space operations requiring extensive
electrical power and robust attitude control.50 Although officially designated for
commercial purposes, The DFH-4 direct broadcast system could be adapted for military
purposes to distribute information to the lowest echelon on a battlefield.51
2006: France and Germany boost military space capabilities and cooperation
Germany launched its first reconnaissance satellite in 2006. The first of five identical allweather German high-resolution imaging satellites was launched on 19 December 2006
aboard a Russian rocket. Four other SAR-Lupe spacecrafts are scheduled for launch at
intervals of four to six months, until the constellation is completed, probably by the end
of 2008.53 SAR-Lupe is part of a reconnaissance sharing agreement signed between
Germany and France in 2002, giving France access to Germany’s SAR-Lupe highresolution radar imagery in exchange for German access to high-resolution optical data to
be provided by France’s Helio-2A. Helios-2B is scheduled for launch in 2008. In
December Germany signed a contract with OHB-System AG to provide the technical
interfaces necessary to provide German and French military forces access to each other’s
reconnaissance satellites.54
On 11 August 2006 France successfully launched a new-generation military
communications satellite Syracuse 3B, joining the Syracuse 3A satellite launched in
October 2005 to complete the Syracuse III system. The system is now operational,
providing permanent connections between military and government authorities in France
and serving units deployed around the world using Super High Frequency (SHF) and
Extremely High Frequency (EHF) bands.55 Syracuse has been added to a list of systems
including Britain’s Skynet and Italy’s Sicral, to provide the SHF capacity for NATO.
Germany also moved forward on its military satellite communications system. A contract
was signed with MilSat Services GmbH, a company established by EADS SPACE
Services and ND SatCom, to desliver SatcomBW Step 2. The system will provide the
German Armed Forces with a secure information network to assist its units on deployed
missions.56 It is the first time that the German military will have a secure communications
system via dedicated military communications satellites. The entire system is due to
become operational in 2009 and will constitute an important step in the implementation
of Germany’s concept for network-centric operations.
2006: Delay in launch of the UK’s Skynet 5A
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Launch of the first of three Skynet 5 satellites has been rescheduled for 2007.57 Skynet is
a commercial-military venture between the UK Ministry of Defence and Paradigm
Secure Communications, a subsidiary of EADS Space Services, that will provide SHF
and UHF communications capabilities to the UK military, and also allow for Paradigm to
generate further revenue by delivering communication services to other customers using
the Skynet system. Canada, France, Portugal, NATO, and two undisclosed customers
have signed on.58
2006: Europe increasingly considering dual-use of its space assets
The launch of the second Galileo satellite, the Giove-B, has been delayed to early 2007
following a short circuit that occurred during its final testing.59 The Giove-B satellite is
more complex than its predecessor, the Giove-A, and is more similar to the spacecraft
that will eventually make up the full 30-satellite Galileo constellation whose launches are
planned to begin in late 2008. Although the European satellite navigation system has
been declared for civilian use, there have been recent calls to use its dual-purpose
capabilities for military use.60
European officials began looking to next generation reconnaissance satellites in 2006.
Discussions began within the group of countries that have signed onto the 2003 Besoin
Operationnel Commun (BOC), which provides the framework for space systems
cooperation between the ministries of defense in France, Germany, Italy, Spain, Belgium
and Greece.61 Current cooperation revolves around the French Helois optical satellite
system, Germany’s SAR-Lupe and Italy’s Cosmo Skymed radar satellites, the first of
which is scheduled for launch in 2007. Discussions are centered on how best to
coordinate capabilities to more efficiently provide common military satellite services in
the future.
The European Space Agency (ESA) is planning to invest in research on dual-use
security-related space applications, with priority on space surveillance, Earth observation,
and data-relay satellites.62 Projects such as a global, European coordinated spacesurveillance system are being described specifically in dual-use terms with reference to
“multiple” end users.63 The ESA has traditionally avoided security-related activities as its
founding convention restricts it to also work on projects for ‘exclusively peaceful
purposes.’ This has been re-interpreted to mean ‘non-aggressive’ as the ESA begins to
align itself more closely with its members military interests. 64
2006: New spy satellites in the Middle East and North Africa
On 25 April 2006 Israel launched the Eros B satellite with Russian assistance. According
to Israeli sources, it will be used to spy on Iran’s nuclear program and its long-range
missiles. 65 The satellite has the capacity to spot objects on the ground as small as 70-cm.
Israel is currently considering a proposal to make the imagery from its Ofeq Satellite and
other government-owned spy satellites commercially available to ImageSat. The proposal
is to allow sales of the imagery of geographic areas considered non-essential for the
purposes of the Israeli military. Such a commercial-military partnership would generate
significant funds for the Ministry of Defence and could lead to increased Israeli military
space capabilities.66 There are concerns that this partnership would cause pressure to
discontinue use of Israel’s Shavit launcher, which has suffered from technical problems
and caused the loss of three Israeli satellites in the past.67
Turkey’s air force is planning to spend at least $200-million to buy and launch an electrooptical reconnaissance satellite with a resolution of 80 centimetres by 2011 under a
program dubbed GOKTURK.68 Algeria has contracted to buy two small remote sensing
satellites named Alsat-2 in February 2006, with an expected launch date of 2008.69 The
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satellites will only have a resolution of 2.5-meters though. Egypt has also expressed
interest in launching a spy satellite.
2006: India begins work on Aerospace Command and Surveillance and
Reconnaissance Systems
India continued to plan the establishment of a military Aerospace Command in 2006, but
its exact composition and function are still vague as the process is “complex.”70 While
some reports claim that it will be a space weapons command, others maintain that it
would be used to protect India’s space assets, and to use them for military purposes
during conflict.71 This is part of a wider process that is seeing an increased role of
military applications and defense forces in India’s space activities. The Military
Surveillance and Reconnaissance system being built jointly by the civilian Indian Space
Research Organization (ISRO) and the Defense Research and Development Organization
(DRDO) is scheduled for operation in 2007. This system will incorporate the Cartosat – 1
and 2 satellites and GLONASS with the ISRO-operated Technological Experiment
Satellite, which has a remote sensing imaging resolution of 1-meter. Cartosat-2, an
advanced remote sensing satellite with resolution of greater than 1-meter, is scheduled for
launch in 2007. India’s Remote Imaging Satellite (Risat), scheduled for launch in 2007,
will provide the country’s first synthetic aperture radar (SAR) microwave system capable
of all-weather, day-and-night Earth imaging.72 Like China, India asserts the civilian
application of SAR capabilities, though it can clearly support military purposes. India has
not launched any explicitly military satellites to date, however an operational Aerospace
Command would presumably use dedicated military satellites.
2006: Canada and Australia expanding miltary space applications.
Canada continued to increase its access to military space applications in 2006.
Successful negotiations were conducted for Canada to have access to the US Department
of Defense’s Advanced Extremely High Frequency (AEHF) satellite system, scheduled to
be operational by 2010.73 This access, combined with ground receivers, will provide
Canada with its first dedicated satellite communications system. The Canadian Forces
have also announced plans for a low-cost ($27-million) Joint Space Support Project
(JSSP) to acquire surveillance information for commanders in the field via direct intheatre download of space imagery provided by commercial satellites such as Radarsat-2,
scheduled for launch in 2007.74 Funding approval for this project is expected in March
2007, with operations planned to begin in March 2009. The imagery gathered under this
project would be used for mission planning, reconnaissance, target acquisition and
damage assessment. The JSSP will use space situational awareness information gathered
by the US Space Surveillance Network (SSN). Canada is contributing to the SSN with
the provision of a surveillance satellite called Sapphire. Estimated at CAD$ CAD$94.5million, it will be used to track foreign satellites and orbiting debris. 75 Sapphire is
scheduled for launch in 2009 or 2010.
Australia is building a new navigation system which will provide M113 armored
personnel carriers with improved positioning capability. The Australian Defense Material
Organization contracted the supply of TALIN 500 Inertial Navigation Unit for the M113
vehicles at a cost of $11-million. The new system integrates a global positioning system
(GPS) and the inertial navigation functions, enabling the M113 to accurately navigate in
all types of environments, including regions where GPS is unavailable due to local
topography or enemy jamming.76 As part of its defense capability plan Australia is
planning to invest AUS$1-billion in next generation satellites and ground infrastructure.77
Net Assessment
A growing number of states are increasingly using space to support military applications.
While European countries are cooperating on military space capabilities, there is some
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evidence to suggest that the global trend may be towards development of independent
systems. This suggests growing military tensions, and intentions to use space for national
military purposes, although greater redundancy of capabilities could enhance space
security. The increasing use of dual-use technologies for military applications
demonstrates the growing difficulty of distinguishing military assets and targets from
civilian ones. Moreover, it may hamper international cooperation and trade as states try to
limit the spread of dual-use technologies.
FIGURE 4: Military Spacecraft Launched in 2006 (by owning state)91
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Space Systems Protection
Indicator Description
This indicator assesses trends and developments related to the research, development,
testing and deployment of capabilities to protect space systems from potential negation
efforts. This entails three components: detecting, withstanding and recovering from an
attack. Protection capabilities aim to mitigate the vulnerabilities of the ground-based
components of space systems, launch systems, communications links to and from
satellites, and satellites themselves. Space protection relates closely to space negation
capabilities (see chapter Space Systems Negation).
Key Trends
T REND 6.1: Detecting Attacks: The US and Russia lead in general capabilities to
detect rocket launches, while the US leads in the development of advanced
technologies to detect direct attacks on satellites – US Defense Support Program
satellites provide early warning of conventional or nuclear ballistic missile-based attacks.
It has the Space Surveillance Network to detect attacks on satellites and is developing the
Rapid Attack Identification, Detection, and Reporting System (RAIDRS) to further its
space situation awareness. Russia began rebuilding its aging missile launch warning
system in 2001 by replacing its Oko series satellites with three early-warning satellites.
France is due to launch two missile-launch early-warning satellites, Spirale-1 and 2, in
2008. Most actors have a basic capability to detect attacks on communications links e.g.
jamming, by sensing an interference signal or by noticing a loss of communications, and
upon ground stations.
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Briefing Notes

T REND 6.2: Withstanding Attacks: Protection of satellite ground stations is a
concern, while protection of satellite communications links is poor but improving –
Many space systems lack protection from attacks on ground stations and communications
links. Typically with only one operations center and one ground station each, most
commercial space systems are vulnerable to negation efforts. Military space actors in
general have protection with back up ground stations and anti-jamming techniques. While
many actors employ passive electronic protection capabilities, such as shielding and
directional antennas, more advanced measures, such as burst transmissions, are generally
exclusive to the military systems of more technically advanced states. China and the US
have been aggressively pursuing a variety of jamming protection capabilities.
T REND 6.3: Withstanding Attacks: Protection of satellites against some direct
threats is improving, largely through radiation hardening, system redundancy, and
greater use of higher orbits – Both the range of actors employing satellite protection
capabilities and the depth of these capabilities are increasing. China and Japan are
developing navigation satellites that will increase the global redundancy of such critical
systems. The EU and the US have agreed to make their navigation systems interoperable.
Some states are placing military satellites into higher orbits, where they are less
vulnerable to attacks than in LEO, due to greater warning times and difficulty of access.
Most key US, European, and Russian military satellites are already hardened against the
effects of a high-altitude nuclear detonation. The US is reportedly developing a stealth
satellite with the ability to evade detection by the terrestrial space surveillance systems of
other actors that could be used to negate a satellite. Reflecting concerns about the
protection of commercial satellites, in 2002, the US General Accounting Office
recommended that “commercial satellites be identified as critical infrastructure.”
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T REND 6.4: Recovering from Attacks: Russia and the US lead in capabilities to
rapidly rebuild space systems following a direct attack on satellites – Russia and the
US are able to responsively re-constitute satellite systems. The US is supporting two
responsive initiatives: the Force Application and Launch from CONUS (Continental US)
or FALCON program seeks to develop a rocket capable of placing 100-1,000 kilograms
into LEO within 24 hours; and the RASCAL program seeks to deliver 50-130 kilograms
into LEO on short notice. The US is also supporting the High Frequency Active Auroral
Research Program that looks at measures to mitigate the environmental impact of a
nuclear attack in space, and could help facilitate recovery.
2006 Developments
TREND 6.1: Detecting Attacks: The US and Russia lead in general capabilities to
detect rocket launches, while the US leads in the development of advanced
technologies to detect direct attacks on satellites
2006: US advances in space situational awareness
The US Air Force is planning to upgrade the Air Force Space Surveillance System (Space
Fence) at a cost of $275-million over five years.1 The Space Fence is the radar portion of
the US Space Surveillance Network which also includes the Ground-Based ElectroOptical Deep Space Surveillance (GEODSS). The upgraded Space Fence will improve
the United States’ space situation awareness, allowing it to track small but still hazardous
space debris and potentially hostile small and micro-satellites (see Space Systems
Negation).
The Space Tracking and Surveillance System (SPSS) formerly know as SBIRS-Low, is a
constellation of satellites in LEO designed to track missiles through space, differentiate
missile warheads from decoys and debris, and provide targeting data for a missile defense
interceptor.2 In 2006 Northrop Grumman received a $126.2-million contract modification
to extend the STSS program timetable and perform additional testing requested by the
government.3 Two STSS satellites are expected to be launched into orbit aboard a single
Delta-II rocket in late 2007.4 They will perform flight testing of the two sensor blocks,
which are capable of observing in visual and infrared wavelengths, against various
ground and missile targets. The satellites are expected to play a role in ballistic missile
defense for two years after launch.5
2006: China Improves Spacecraft Monitoring and Orbit Determination Capabilities
An industrial source within China claims that the country is upgrading its spacemonitoring network and has reduced the satellite orbit determination error to “a little
more than 10 meters.”6 The central command center for the network is located in the city
of Xi’an in northern China and is equipped with a world class orbit determination system
and telecommuting system that enables engineers to monitor and diagnose satellite
malfunctions 24 hours a day.7
2006: Canada developing space surveillance capabilities
Canada is moving ahead with two new microsatellites projects that will provide
monitoring of Near Earth Objects and artificial satellites in Earth orbit. SAFFIRE is a 150
kilogram Canadian Forces microsatellite being developed by MDA Corporation that will
track objects in space with a 15 centimeter camera and feed data into the US Space
Surveillance Network.8 It is expected to be launched in 2010 into a 600-750 kilometre
Sun-Synchronous orbit. The project is expected to cost CAD$75-millions and the satellite
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is expected to have a lifetime of 5-7 years. As of October 2006, SAPPHIRE finished
project definition and moved to the staffing phase.9
Defense Research and Development Canada (DRDC) and the Canadian Space Agency
are working together on Near Earth Object Surveillance Satellite (NEOSSat).10 NEOSSat
will use a 15 centimetre telescope to search for and track Near Earth Objects such as
comets and asteroids, as well as to monitor “Deep Space Resident Objects” with orbits
altitudes between 15,000 and 40,000 kilometres.11 Initial design studies were completed
in 2006 and the next has begun.12 NEOSSat will use a Sun-Synchronous orbit
approximately 750 kilometres in altitude; launch is expected for 2008 or 200913
2006: Progress on ballistic missile early warning in the US, Russia and France
Efforts were made in 2006 to operationalize the SBIRS-High system designed to replace
the US Defense Support Program. It will provide warning of ballistic missile and rocket
launches in all weather, track the vehicle in flight, and determine when the payload is
released within 10-15 seconds.14 As originally envisioned, the SBIRS-High constellation
consists of four satellites in GEO, two additional sensor payloads aboard other satellites
in HEO, and a Mission Control Station located at the Buckely Air Force Base.15
The first SBIRS-High payload was launched into a highly elliptical orbit (HEO-1) in June
2006 aboard a classified National Reconnaissance Office satellite.16 The HEO orbit will
allow the infrared sensor to detect missile and rocket launches in high latitude and Polar
Regions. US Air Force officials reported that the sensor performed well during its initial
checkout with targets of opportunity, such as the launches of the satellites in the US
Defense Meteorological Satellite Program17. Testing of the sensor and other support
computer algorithms are expected to lead to operational in 2008.18 The second HEO
payload is expected to be launched in 2008.
On 4 April 2006, the US Federal Business Opportunities website posted an Air Force
Research Lab request for proposal of system-level demonstration of prototype Alternative
Infrared Satellite System (AIRSS) sensor hardware using focal plane arrays to satisfy the
DSP/SBIRS-High requirements19. This program was launched by the Pentagon in
response to repeated delays and cost overruns of SBIRS. In October 2006, Raytheon was
awarded the contract worth $54.4-million.20 Officials are hopeful that the technology
developed for the AIRSS can be integrated back into the SBIRS program.
In a break from the trend of US and Russian dominance in missile early warning
capabilities, France is constructing an experimental ballistic missile warning constellation
named Spirale.21 The constellation consists of two satellites each with a mass of 130 kg
equipped with infrared sensors to detect ballistic missile launches.22 The two satellites are
scheduled to be launched in 2007 or 2008 to HEO as secondary payloads onboard an
Ariane 5 booster.23 The total cost is EUR$124-million.24 The capabilities of the French
system and whether or not its information will be shared are unknown.
Russia has begun testing of its new Voronezh meter-band early warning radar near
Lekhtusi in the Leningrad Region.25 The new radar will enhance Russia’s ability to
detect warheads from intercontinental ballistic missiles, as well as medium and short
range missile launches, in the country’s northwestern region26 (see Space-Based Strike
Weapons).
2006: ANGELS program
The US Air Force Research Laboratory Space Vehicle Directorate has awarded Lockheed
Martin Space Systems an $8-million contract to develop the ANGELS (Autonomous
NanoSatellite Guardian for Evaluating Local Space) nanosatellite.27 A flight test is
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scheduled for late 2008 or early 2009.28 The spacecraft is expected to have a lifespan of
one year. ANGELS’ purpose is to shadow a space asset and provide local on-orbit space
situational awareness and anomaly characterization.29 It will be launched into
geostationary orbit attached to the host satellite, and detach once in orbit. The Angels
satellite will have the ability to autonomously navigate around the host and perform
inspections, detect and characterize unknown objects approaching the “keep out zones”
around the host, and detect jamming. The ANGELS program has a budget of $20million.30 Although the program could have dual negation capabilities in that ANGELS
satellites will be able to manoeuvre to perform close proximity functions, they are not
designed to have the high-power thrusters necessary to move through GEO and target a
foreign satellite. However, these capabilities are ideal for a defensive satellite or DSAT.
Net Assessment
Advancements of technology for space surveillance, missile early warning and on-orbit
situational awareness could improve space security by enhancing transparency about
space activities and facilitating threat evasion. Some of this positive impact will depend
on whether or not information from surveillance, tracking and early warning systems are
shared and whether they are used for additional space negation purposes.
TREND 6.2: Withstanding Attacks: Protection of satellite ground stations is a
concern, while the protection of satellite communication links is poor but improving
2006: Advances in laser communications help to secure data transmission
In late 2006 the ESA successfully established a laser communication link between a
geostationary satellite and a high flying aircraft.31 The SILEX laser communication
payload aboard the Artemis satellite connected with the Liaison Optique Laser
Aeroportee (LOLA) optical link aboard a Mystere 20 as the aircraft made two flights at
6000 and 10,000 over a distance of 40,000 kilometres.32 The tests were conducted by
Astrium SAS as a part of the French DGA (Ministry of Defense procurement agency)
airborne laser optical link program. This builds on earlier progress in laser
communications when the Artemis satellite established a two-way laser link with the
Japanese OICETS satellite (Kairi) in 2005 and Artemis received imagery data transmitted
by the land survey satellite SPOT-4 in 2001.33 The 2006 test recorded transmission rates
of 50 megabits/second.34 On 7 June 2006 the Japanese OICETS satellite (Kirari),
successfully maintained a three minute laser communication link with a mobile ground
station operated by the German DLR.35 Further testing with ground stations and the
Artemis satellite is expected.
The US Transformational Satellite Communication (TSAT) program progressed in 2006
including testing of laser communications links.36 Preliminary testing of the ground
segment’s laser communication terminal hardware was completed in March 2006. It was
able to maintain a laser link with a government reference terminal in the presence of
simulated spacecraft jitter and maintain data rates between 10 and 40 gigabits/second.
The second phase of testing is scheduled to be completed by February 2007.37 The NextGeneration Processor Router (NGPR) responsible for RF ground to satellite
communication demonstrated interoperability with a reference ground terminal using the
XDR+ anti-jamming waveform.38 The first reduced capability TSAT satellite is expected
to be in orbit by 2014. The five-satellite SAT constellation was originally envisioned to
employ laser links for all communications, however inter-spacecraft laser links are
currently being planned.39
2006: Japan Orders Interference Identification Equipment
The Japanese Space Communication Corporation (SCC) has ordered a complete satID
geolocation system from QinetiQ of the UK.40 The system can identify and locate the
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source of radio interference. SCC will install satID in one of its two satellite control
centers in Japan to help monitor the operation of the company’s SUPERBIRD
communications satellites.
2006: Secure communication satellites for NATO
The second satellite of France’s Syracus III series, Syracuse 3B, was launched into
geostationary orbit in August 2006.41 This followed the launch of the Syracuse 3A in
2005. Both satellites are based on a radiation harden version of the Alcatel Alenia
Space’s Spacebus.42 Their communication payloads operate in the super high frequency
(SHF) and extremely high frequency (EHF) band and the satellites will provide Internetlike access to the military. The system has also jamming resistance features.43 Skynet 5A,
the first in the Skynet 5 series, was prepared for launch in early 2007. The Skynet 5
satellites will have UHF and SHF communication payloads as well as anti-jamming
features such as nulling antennas.44 Both Syracuse and Skynet will be providing SHF
satellite communication capacity for NATO military operations45 (see Space Support for
Terrestrial Military Operations).
2006: United States Air Force to Establish Cyberspace Command
The US Air Force plans to establish a new cyberspace command under the auspices of
the 8th Air Force.46 It will be responsible for the military’s Internet and other computer
networks, as well as the electromagnetic spectrum and is expected to be operational by
2009.47 It’s purpose is to defend computer networks against asymmetric threats and to
counter the presence of online terrorist groups.48 The cyberspace command could work to
reduce the vulnerability of US satellite communication networks and infiltrate the
computer systems of other satellite networks. The inclusion of the entire electromagnetic
spectrum within the definition of cyberspace means that protection from directed energy
weapons and communication jamming could fall within the purview of the cyberspace
command. It remains to be seen how this development will affect space security.
Net Assessment
Advancements in laser communication links will help to enhance space security because
they combine strong protection high data transmission rates and reduced instances of
accidental jamming and cross pollution of radio signals, reducing potential mistrust
among space actors. The ability to direct a laser beam at another spacecraft, however,
could have negation implications for space security. Improved abilities to separating
equipment malfunction from accidental and deliberate jamming is important in
identifying appropriate responses to address malfunctions.
TREND 6.3: Withstanding Attacks: Protection of satellites against some direct
threats is improving, largely through radiation hardening, system redundancy, and
greater use of higher orbits
2006: Orbital Express Space Servicing Architecture
The DARPA Orbital Express program aims to develop architecture for future automated
on-orbit spacecraft servicing.49 In 2006 preparations were made for an on-orbit
demonstration of key technologies. The 1090 kg Astro servicing craft and the 250 pounds
NextSat target satellite are scheduled to be launched into LEO aboard an Atlas 5 on 23
February 2007.50 Once in orbit, the two spacecrafts will separate and conduct experiments
on automated approach and docking, fuel transfer, and components exchange using a
robotic arm mounted on Astro.51 The cost of the Orbital Express program is $267.4million for FY 2001-2007.52 The program builds on the experiences of previous
autonomous operations such as DART, XSS-10, and XSS-11. Using Boeing’s
Autonomous Rendezvous and Capture Sensor System (ARCSS) and the Advanced Video
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Guidance Sensor (AVGS) developed for DART, the Astro servicing craft will be able to
detect the NextSat target satellite at a range of 200 km and rendezvous with it.
2006: University of Florida and Honeywell are developing the first supercomputer
in space
Engineers at the University of Florida and Honeywell are currently developing a new
type of spacecraft computer system that is tolerant to radiation and is ten to a thousand
times faster than current space computers.53 The new system, the Dependable
Multiprocessor, utilizes commercial, off-the-shelf components and new software in a
computer that is fault tolerant, reconfigurable, and extremely powerful. Rather than using
hardware to protect the computer from ionizing radiations, the Dependable
Multiprocessor software detects and corrects for the errors generated by radiation and
reconfigures the computer to bypass damaged parts if necessary.54 The increased
computing power enables data collected by the spacecraft to be processed onboard and
transmit only finished products to the ground stations. Increased computing power will
also allow more autonomous and complex operations to be performed. DM is scheduled
to be launched in 2009 onboard Space Technology 8 spacecraft, as a part of NASA’s
New Millennium program55.
Net Assessment
On-orbit servicing is an enabling technology could contribute to space security by
allowing for close inspection of satellites and monitoring malfunctions as well as fuelling
options that would allow satellites to manoeuvre more frequently to avoid threats.
Homing sensors and flight control software could also enable co-orbital ASAT and
DSAT activities.
TREND 6.4: Recovering from Attacks: Russia and the US lead in capabilities to
rapidly rebuild space systems following a direct attack on satellites
2006: SLV progress and setbacks in 2006
The Small Launch Vehicle (SLV) portion of the DARPA/USAF Falcon project seeks to
develop launch vehicles that can send a 450 kg payload into LEO on 24 hours notice for
less than $5-million. AirLaunch LLC is developing the QuickReach rocket and SpaceX is
working on Falcon I.56 The AirLaunch LLC QuickReach launcher is a two-stage liquid
fuel rocket powered by LOX and propane.57 The rocket is carried to high altitude by a
large cargo aircraft such as a C17 and released from the cargo bay at the launch point.
Two drop test using inert Drop Test Articles (DTA) simulating the dimensions and
weight of the QuickReach rocket were conducted on 14 June and 26 July 2006; engine
tests were also completed.58 A critical design review was scheduled for November 2006
and an orbital test planned for 2009.59 The SLV program experienced a setback on 24
March 2006, however, when the SpaceX Falcon I launcher failed 34 seconds after takeoff
during its maiden flight, destroying the rocket and the DARPA FalconSAT-2 payload
Falcon I is scheduled for a second attempt in the first quarter of 2007.
2006: Tacsat 2 demonstrates some key responsive space capabilities
On 16th December 2006 the US Air Force Research Laboratory-built TacSat-2
microsatellite was launched. Now renamed JWS D 1 (Joint Warfighting Space
Demonstrator), this is a 415 kg technology mission that is to exhibit the tenets of
responsive space concepts. It has three main objectives: (1) Rapid Design, Build, Test
with a launch-ready spacecraft within 15 months from authority to proceed; (2)
Responsive Launch, Checkout, Operations to include launch within one week of a call-up
from a stored state; and (3) Militarily Significant Capability include obtaining images
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with tactically significant resolution provided directly to the theater. To date the mission
is reported to be a success.61
Two additional launches are scheduled for 2007 to carry the US Naval Research
Laboratory’s TacSat-1 and a Malaysian government payload into orbit62.
NASA is also interested in new rapid launch technology. In 2006 NASA Ames Research
Center and AirLaunch LLC signed an agreement to collaborate on aircraft launched space
boosters63
2006: Kazakhstan and Russia are Developing Air Launch Capability for Small
Satellites
Kazakhstan’s Kazcomos announced plans to develop an air launch capability called
Ishim based on a Soviet era ASAT system.64 Ishim would use a modified Mig-31 fighter
and its missile originally intended for satellite interception. The system should be capable
of launching a 160 kg payload into a 300 km circular orbit and a 60 kg payload into a
1,200 km circular orbit with Polar and HEO orbits also possible.65 The Moscow Institute
of Thermal Technology and the aircraft company MIG are involved in the project. Work
is to begin on 1 July 2007 with an anticipated completion date of 2010.66 The launch
vehicle is envisioned to have three stages and to be carried to the launch area in the
centerline pylon of the Mig-31. The rocket will be released from the carrier aircraft from
an altitude between 15 to 18 kilometres at airspeeds between 2,120 and 2,230 km/hour.67
The Kazakh government is financing this project and already plans to use the system to
launch eight satellites.
2006: Updates on Hypersonic Research Worldwide
Hypersonic aircraft have the potential to offer cheap and rapid access to space by lifting
payloads up to the edge of the atmosphere and then launching them into orbit with a
small rocket. Australia, India, Japan and the United States are currently conducting
research on hypersonic technology. There were several noteworthy developments in
2006.
The Australian HyShot project conducted three test flights of scramjet engines at the
Woomera rocket range in southern Australia. HyShot II completed the first successful
scramjet ignition in flight in 2002. HyShot III was launched on 25 March 2006 and tested
a scramjet designed by the British company QinetiQ.68 HyShot IV was commissioned by
JAXA and flew on 30 March 30 2006 with an engine developed by the University of
Queensland and a Japanese fuel injector.69 HyShot V was an Australian Defense Science
and Technology Organization (DSTO) mission; little public information is available. The
cost for each launch was relatively small, with HyShot III at AUS$2-million and HyShot
IV at AUS$1.3-million.70
The US Air Force Research Lab and the Australian DSTO signed an agreement on 10
November 2006 to collaborate on further hypersonic technology development.71 The
project, named Hypersonic International Flight Research Experimentation (HiFIRE), is
worth $54-million over six years. Ten test flights are included; Boeing is contracted to
work with the University of Queensland on three of them.72 A WaveRider-type aircraft
will be tested on two of the experiments.
Net Assessment
Efforts on more responsive, cheaper space lift capabilities in the US, Russia and Australia
could improve space security in the future by allowing faster recovery times following
attacks or malfunctions, and enabling greater redundancy of space assets. Currently this
capability is not yet fully developed though. As both the Mig-31 carrier craft and the
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launch vehicle are based on ASAT weapons, they could also be employed for satellite
interception, which would reduce space security.
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Space Systems Negation
Indicator Description
This chapter assesses trends and developments related to the research, development,
testing and deployment of capabilities designed to negate the capabilities of space
systems. It also assesses the development of space situational awareness capabilities as a
key enabler of negation techniques. Space negation relates closely to space protection
capabilities (see chapter Space Systems Protection).
Key Trends
T REND 7.1: Proliferation of capabilities to attack ground stations and
communications links – Ground segments and communications links remain the most
vulnerable components of space systems, susceptible to attack by conventional military
means, computer hacking, and electronic jamming. A number of intentional jamming
incidents targeting communications satellites have been reported in recent years and
Iraq’s acquisition of GPS-jamming equipment for use against US GPS-guided munitions
during Operation Iraqi Freedom in 2003 suggests that jamming capabilities are
proliferating. The US leads in developing doctrines and advanced technologies to
temporarily negate space systems by disrupting or denying access to satellite
communications, and has deployed a mobile system to disrupt satellite communications
without inflicting permanent damage to the satellite.

© Spacesecurity.org 2007

Briefing Notes

T REND 7.2: The US leads in the development of space situational awareness
capabilities that could support space negation – Several space actors are increasing
investments in space surveillance capabilities for debris monitoring, satellite tracking,
and near-Earth object detection. The US and Russia maintain the most extensive space
surveillance capabilities. China and India also have satellite tracking, telemetry, and
control assets essential to their civil space programs. Canada, France, Germany, and
Japan are all actively expanding their ground-based space surveillance capabilities. While
this technology enhances transparency and enables space collision avoidance, it can also
provide capabilities for targeting satellites and space negation. For example, the US has
explicitly linked its development of enhanced space surveillance systems to efforts to
enable offensive counterspace operations.
TREND 7.3: Ongoing proliferation of ground-based capabilities to attack satellites –
A variety of US and USSR/Russian programs during the Cold War and into the 1990s
sought to develop ground-based ASAT weapons employing conventional, nuclear, and
directed energy capabilities. Both states successfully ground and air-based missile
ASATs on their own satellites. The capability to launch a payload into space to coincide
with the passage of a satellite in orbit is a basic requirement for conventional satellite
negation systems. Twenty-eight states have demonstrated suborbital launch capability; of
those, 10 have orbital launch capability. Most states have directed energy capabilities
able to laser dazzle sensitive optical satellite sensors. Over 30 states have access to high
power laser systems that form one key ingredient to blind satellite sensors or even heat to
kill a satellite. The US leads in the development of more advanced ground-based kinetickill systems with the capability to directly attack satellites. It has deployed components
for a ground-based ballistic missile defense system and is developing an airborne laser
system, both of which have inherent LEO satellite negation capabilities.
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TREND 7.3: Proliferation of space-based negation enabling capabilities – Space-based
negation efforts require sophisticated capabilities, such as precision in-orbit
maneuverability and space tracking. Many space-based negations capabilities have dualuse potential and thus may be developed for other purposes. For example, orbital
servicing satellites, but more generally, many existing satellites have precision attitude
control and fuel to maintain orbits, some of the key capabilities required for space based
negation. The US leads in the development of most of these enabling capabilities, though
none appear to be integrated into dedicated space-based negation systems.

2006 Developments
TREND 7.1: Proliferation of capabilities to attack ground stations and
communication links
2006: Advances in ionosphere reconfiguration
The US Air Force is funding a project that seeks to use plasma to reconfigure a part of the
ionosphere.1 The modified ionosphere would have different radio frequency properties,
selectively blocking out radio transmission in an area while the surrounding areas are
unaffected. The Microwave Ionosphere Reconfiguration Ground based Emitter
(MIRAGE) project would employ microwave transmitters on the ground and a small
rocket to dispense chaff into the air at an altitude of 60-100 km.2 About one litre of
plasma is generated by the microwave-chaff interaction, changing the number of
electrons in that portion of the ionosphere. The first phase of Mirage was recently
completed by Research Support Instruments3. Atmosphere modification may used as a
method to conduct ground based negation. As it would not directly interfere with satellite
communication, this type of disruption would be difficult to detect by conventional
means or to distinguish from a normal atmospheric event.
2006: Israel considers disruption of commercial satellite broadcasts
Israel is believed to be seeking technological solutions to selectively disrupt Al-Manar
TV transmissions broadcasting from commercial satellites.4 During the 2006 IsraelLebanon war the television station remained on the air despite continued Israeli
disruption efforts. Terrestrial transmitters were targeted and the local Al-Manar channels
were jammed and replaced with Israeli programming, while satellite TV signals were not
disrupted5.
In the event of future conflicts with the Hezbolla, Israel is seeking the capability to jamon-demand the Al-Manar satellite transmissions without disrupting services to other
legitimate users of the satellite6. It is unclear how Israel intends to accomplish this goal.
Experts in the country acknowledged that Israel currently has the capability to interfere
with satellite broadcasts but not in a selective way.7 They also acknowledge that causing
collateral damage to other legitimate users of the satellite service is against international
law and is not in Israel’s interest. Currently the Al-Manar satellite channel is transmitted
by Arab Satellite Communications Organization (ARABSAT) of Riyadh, Saudi Arabia,
and reaches 200 million viewers through satellite packages8.
2006: US government commission warns of Chinese cyberwarfare
The US-China Economic and Security Review Commission released a report in
November 2006 stating that China is improving its cyberwarfare capabilities9. According
to the report, China is developing offensive network warfare capabilities, such as
disrupting the information flow of an adversary’s network and planting computer viruses
to damage equipment.10 Network intrusion is also used as a means of obtaining foreign
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military and military related technology.11 As evidenced by the “Titan Rain” incidents in
2003 and the recent network intrusion at the US Commerce Department’s Bureau of
Industry and Security and NASA, US government and defense contractors are vulnerable
to attacks against their networks.12
Net Assessment
Ongoing efforts to develop ground-based space negation capabilities could detract from
space security by threatening the security of countries’ space assets and creating a spiral
of negation capabilities. The willingness of some countries to target commercial
satellites is a demonstration of the increasingly blurred distinction between legitimate
military, commercial and civilian targets, which may threaten the secure and sustainable
use of space for all actors. This does not seem to be balanced by an equivalent trend in
protection of grounds stations.
TREND 7.2: The US leads in development of space situation awareness capabilities to
support space negation
2006: US and Chinese advances in space situational awareness
The US Air Force is planning to upgrade the Air Force Space Surveillance System (Space
Fence) at a cost of $275-million over five years.13 The Space Fence is the radar portion of
the US Space Surveillance Network (SSN) which also includes the Ground-Based
Electro-Optical Deep Space Surveillance (GEODSS). It is a multistatic radar system
operating in Super High Frequency with three transmitters and six receivers located
within the continental US.14 The upgrade will convert the radar systems to S-band,
allowing for greater search capability and faster revisits of space objects. The resolution
of the radars will also be increased allowing for detection of objects as small as five
centimetres in size. The US government plans to move two systems overseas to broaden
the detection area of the system and allow a larger section of space to be monitored at the
same time.15 It is not yet decided which countries will receive the two systems. The US
Air Force is expected to release a contract notice to perform the upgrades and relocate the
transmitters in early 2007, with fielding scheduled to begin in 2008 followed by initial
operations in 2013-2014.16 The upgraded Space Fence will improve the United States’
space situational awareness, allowing it to better track and target small spacecraft
including microsatellites. In 2005 restrictions on public access to information from the
US SSN were put into effect.
Upgrades in China’s space-monitoring network and satellite orbit determination error will
provide China with a greater ability to track foreign spacecraft (see Space Systems
Protection). Europe continued work in 2006 to develop independent space surveillance
capabilities (see Space Environment).
Net Assessment
Ongoing efforts to develop independent space surveillance systems may have a positive
effect on space security by increasing the capability and redundancy of capabilities, but it
could also support space systems negation.
TREND 7.3: Ongoing proliferation of ground-based capabilities to attack satellites
2006: Chinese laser illuminates US satellites
China reportedly used a ground based laser to illuminate American spy satellites flying
over Chinese territory. The previously unreported incidents were acknowledged by the
director of the National Reconnaissance Office, Donald Kerr, in October 2006. Details
were not provided regarding which satellites were involved or the number of incidents17.
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Public disclosure of the tests was the subject of much internal debate within the US
administration as it involves US foreign policy in the Asia-Pacific regions.18
Since the power of the laser has not been disclosed, the intent of the incident is unclear:
laser illumination at very low powers is used for satellite laser ranging as part of routine
space surveillance. However, it can be presumed from the US reaction that it was higher
power than this and a power that was deemed threatening. No official Chinese statements
have been released. Some reports claim that the illumination used a high power laser to
test Chinese abilities to blind spacecraft.19 The incidents were detected after satellite
operators noticed occasional and sudden decline in the performance of the satellites as
they pass over China.20 Investigation by the sensors at the Reagan Test Range on the
Kwajalein atoll in the South Pacific detected streams of photons projected at the
spacecraft. High power lasers could conceivably blind the sensitive optics in imagery
satellites such as the US reconnaissance satellites.21 As few details are available about the
physical effects of the laser incident, it is difficult to verify the power of the laser used.22
The top US military officer in charge of space operations, Gen. James Cartwright, denied
that there is clear evidence of Chinese intentions to interfere with US space assets.23
Nonetheless, the ability to illuminate satellites in orbit with a laser beam demonstrates
Chinese advances in laser, satellite tracking, and optics technology. A case could be made
that the laser system is only intended to protect Chinese assets from being imaged.
Other spacecraft sensors, such as star trackers, horizon sensors, and sun sensors can also
be affected by laser effects. The goal is not to destroy the satellite but render it
ineffective. Hardware such as automated shutters could be used to protect the sensors but
that prevents imagery collection24. Software solutions are also possible. Since information
on their ground based laser is scarce, it is difficult to compare it with the lasers at the
StarFire range. The cancelled StarFire laser test could be related to the Chinese actions,
as the US seeks to gather information on the possible effects of high power laser
illumination and develop countermeasures25.
2006: North Korea Attempts Ballistic Missile Launch and Nuclear Test
North Korea attempted a test launch of its Taepodong-2 ICBM in July 2006. The missile
failed 34 seconds into its flight and crashed into the Sea of Japan.26 The test was followed
by five short-range missile tests, and one medium-range one.27 The Taepodong-2 missile
is thought to be able to reach the continental United States with a small payload. In
October 2006 North Korea attempted to detonate a plutonium implosion nuclear device.28
The test appears to have failed, with the yield estimated to be less than one kiloton.29 Air
sample testing confirmed the explosion to be nuclear and not simulated with conventional
explosives as some initially believed.30 While both the missile and the nuclear test were
failures, North Korea is steadily developing all prerequisite capabilities for a HAND
capability.
2006: Progress continues in the US on laser application and mirror relays
Hardware and software development of the Air-Borne Laser (ABL) system continued in
2006 in preparation for a live test against a ballistic missile in 2008.31 The ABL aircraft is
a modified Boeing 747-400F designed to shoot down short range ballistic missiles in the
boost phase using a megawatt-class laser. In addition to the Chemical Oxygen Iodine
Laser (COIL) main laser, the ABL aircraft also has two kilowatt-class solid state
illuminator lasers used by the beam control/fire control system for target tracking and
atmosphere measurement. The COIL laser and two solid state lasers underwent
successful ground testing in late 2005 and early 2006 and the two illuminator lasers were
integrated into the ABL aircraft.32 In-flight firing of the illuminator lasers is planned for
2007. The entire program has cost $3.5 billion to date.33 While the intended purpose of
the ABL is ballistic missile defense, the components of the program have the potential for
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ASAT applications. If the laser were directed into space, the thinning atmosphere would
simplify beam control problem and the lasers would be able to deliver more energy at
greater ranges. It would be a potent ASAT since it can move to the region of a satellite
overpass whereas a ground based equivalent has to wait for an overpass of the site. It is
unknown at the moment whether the lasers aboard the ABL are able to track a satellite in
orbit.
In 2006 Boeing completed a $20-million contract with the US Air Force to develop the
Aerospace Relay Mirror System (ARMS) –suitable for air, sea or land basing, which is a
half scale prototype of a strategic mirror relay system.34 Mirror relays can extend the
range of lasers beyond line-of-sight. In the summer of 2006 a crane mounted ARMS
successfully relayed a sub-kilowatt beam from a ground laser to a target located two
miles away.35 The Air Force plans to use the hardware as a permanent test bed for laser
relay technology development.
The US Air Force is seeking $5.7 million US in FY 2007 to test fire a laser from the
StarFire Optical Range against a satellite in low earth orbit.36 The funding is requested
under a weapons technology development heading.37 The stated goal of the test is to
perform atmospheric compensation and beam control experiments for applications
including ASAT, relay mirror systems, satellite tests and diagnostics, and high resolution
satellite imaging. Air Force officials denied plans to develop ground based laser ASAT
systems, stating that the focus of the laser test is on imaging, despite including ASAT as a
potential application in the budget request. Laser tests are controversial: in April 2006 a
Congressional subcommittee voted not to fund any development of laser space
technologies with ASAT purposes38.
2006: Progress on High Energy Lasers in the US and basic research in China
Northrop Grumman and Textron System were chosen by the US Army Space and Missile
Defense Command to develop high powered solid state laser system under the Joint High
Power Solid State Laser (JHPSSL) program.39 The contract calls for the development
and lab demonstration of a 100 kilowatt laser by 2009. The Northrop Grumman contract
is worth $56.68-million and the Textron Systems contract is valued at $30-million.
Northrop Grumman also successfully demonstrated the Strategic Illuminator in 2006.40
The continuously pulsed solid state laser achieved multi-kilowatt class performance with
good beam quality for five minutes during tests. Northrop Grumman is also working on a
brassboard version of the laser, designed to withstand temperature ranging from -50
degrees Celsius to +50 Celsius.41 The Missile Defense Agency is funding the project.
Research in China continued in 2006 on atmospheric effects on laser propagation and
laser Doppler radar for detecting space targets.42 Laser communication in space and the
damage effects of high energy laser weapon on ballistic missiles were also studied.43
Net Assessment
The ongoing progress in the development of ground-based space negation technologies,
particularly the more advanced laser ASAT capabilities being developed and potentially
tested in the US, and Chinese laser research and demonstrations, have a negative impact
on space security. Although intentions behind the Chinese laser illumination incident are
not clear, it could be indicative of competition with US laser programs in an attempt to
develop countermeasures. The advancement of capabilities for a HAND by North Korea
is also threatening. On the other hand, it must be noted that none of these ASAT
capabilities were used in 2006 to permanently damage other states’ space assets.
Moreover, the reluctance of US legislators to approve funding for laser ASAT tests is a
positive development.
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TREND 7.4: Increasing access to space-based negation enabling capabilities
2006: MiTEx satellites launched into GEO orbit
On 21 June 2006, a Delta II rocket launched a pair of Microsatellite Technology
Experiments (MiTEx) satellites with an attached NRL upper stage transfer motor into a
geostationary transfer orbit.44 The MiTEx satellites are technology demonstrators for the
Microsatellite Demonstration Science and Technology Experiment Program (MiDSTEP)
sponsored by DARPA, the US Air Force and the US Navy.45 A major goal of the MiTEx
demonstrations includes assessing the potential of small satellites in GEO for defense
applications.46
The MiDSTEP program, as described in the DARPA FY 2007 budget estimate integrates
a variety of advanced technologies into microsatellites that can operate as high as
geostationary orbits. These technologies include lightweight optical space situation
awareness sensors, lightweight power, chemical and electrical propulsion systems, and
active radio frequency sensor technologies. The budget for MiSTEP is modest at $7million dollars in FY 2006 and a request for $8-million in FY 2007.47
The technologies being developed by the MiDSTEP program have potential ASAT
applications.48 The small size of the MiTEx satellites makes them advantageous for
space-based ASAT purposes because they are difficult to track in GEO; only the US
Space Surveillance Network can reliably detect the satellites at the present time.
Moreover, the NRL upper stage motor is thought to process greater capability and to have
a longer lifespan than is required to transfer microsatellites to GEO.49 The experimental
upper stage has solar panels, high performance delta-V motors, long lifetime attitude
control thrusters, high performance star tracker, and large capacity fuel tanks.50 The
purpose of the upper stage is to provide enhanced maneuverability to the MiTEx satellites
and enables them to perform proximity operations around other GEO satellites51.
2006: US Funding requests for potential space-based negation capabilities
The US Missile Defense Agency and US Air Force plan to pursue several programs that
could potentially yield space-based ASAT capabilities.52 MDA requested funding in the
FY 2007 budget for space programs that include the Space Based Interceptor Test Bed,
the Near Field Infrared Experiment (NFIRE), and several MDA small satellite programs
developing distributed sensing, propulsion, and using microsatellites as practice targets
for ballistic missile interceptors.. These are all focussed on missile defense, but have
ASAT potential. MDA also announced a 2007 test its Multiple Kill Vehicle. The US Air
Force has requested funding for a further Experimental Small Satellite (XSS) mission.
Space Based Ballistic Missile Interceptor
The Missile Defense Agency has requested $45 million for FY 2008 to explore space
based interceptors to attack ballistic missiles in the boost phase (see Space-Based Strike
Weapons).
NFIRE
The FY 2007 budget request included $10.8-million for NFIRE, which includes a followon mission that would reinstate the originally planned ‘kill vehicle’ (see Space-Based
Strike Weapons).
MDA Microsatellite Programs
The US Missile Defense Agency is working on several maneuverable microsatellite
programs.53 The MDA FY 2007 budget request included descriptions of a distributed
sensing experiment, a propulsion experiment, and the Target Risk Reduction
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Experiment54 The propulsion experiment will test the ability of the axial and divert
propulsion system to maneuver a microsatellite to a specific point in space. Two
microsatellite would be launched in the experiment, with the first satellite tested after 30
days and the second after a year in orbit to determine the survivability of the propulsion
system after a dormant period. The Target Risk Reduction Experiment would use a
microsatellite as a cooperative target to demonstrate the ability of an interceptor to track
it. The distributed sensing experiment with three microsatellites is scheduled to be placed
in orbit in early 2007.55 Funding for the microsatellite programs is under the Ballistic
Missile Defense Technology, Sensing Systems heading, which includes several other
research programs for a total request of $207-million.56
Successful thruster test for the Multiple Kill Vehicle
In July 2006 the industrial team working on the MDA Multiple Kill Vehicle Payload
system demonstrated a prototype monopropellant thrusters and attitude control thrusters
for small kill vehicles (see Space-Based Strike Weapons).
XSS Follow on missions
The US Air Force is funding follow-on missions for the Experimental Satellites Series.57
The Air Force FY 2007 budget requests $26.6-million to complete the bus and payload
for the next XSS satellite, to perform environmental testing, and to begin integration with
the launch vehicle.58 The XSS-11 spacecraft demonstrated proximity operations and
autonomous rendezvous technology in low earth orbit in 2006.59 Such technology could
be applied to a space interceptor. It is scheduled for de-orbit after depleting its fuel
supply.
ANGELS
The US Air Force Research Laboratory ANGELS (Autonomous NanoSatellite Guardian
for Evaluating Local Space) nanosatellite has ASAT potential, although it more likely to
be a DSAT (see Space Systems Protection).
Net Assessment
Developments in 2006 suggest that there is considerable development and testing of
technologies that could be used for a space based negation system. Some space security
experts fear that these programs would create space negation ‘facts in orbit.’ A space
negation system would detract from space security by enabling an actor to restrict the
secure access to and use of space by others. Moreover, space-based technologies that use
kinetic energy interceptors pose a space debris hazard that endangers space security. To
date, however, the capabilities being tested are latent in so far as they have not been used
for space negation purposes.
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Space-Based Strike Weapons
Indicator Description
This indicator assesses trends and developments related to the research, development,
testing, and deployment of space-based strike weapons (SBSW). SBSW are system
operating from Earth orbit with the capability to damage or destroy either terrestrial
targets or terrestrially launched objects passing through space such as ballistic missiles.
Key Trends
TREND 8.1.: While no space-based strike weapons (SBSW) have yet been tested or
deployed in space, the US continues to develop a space-based interceptor for its
missile defense system – Although the US and USSR developed and tested ground-based
and airborne ASAT systems between the 1960s and 1990s, there has not yet been any
deployment of space-to-Earth or space-to-missile SBSW systems. Under the Strategic
Defense Initiative in the 1980s, the US invested several billion dollars in the development
of a space-based interceptor (SBI) concept called Brilliant Pebbles, and tested targeting
and propulsion components for such a system. The US and USSR were both developing
directed energy SBSW systems in the 1980s, although today these programs have largely
been halted.
T REND 8.2.: A growing number of actors are developing SBSW precursor
technologies outside of SBSW programs – The majority of SBSW prerequisite
technologies are dual-use. They are not related to dedicated SBSW programs, but are
sought through other civil, commercial, or military space programs. While there is no
evidence to suggest that states pursuing these enabling technologies intend to use them
for SBSW systems, their development does bring these actors technologically closer to
such a capability.
Both the number of such technologies being pursued in non-SBSW programs and the
number of actors doing so are increasing. For example, China, India, and Israel are
developing precision attitude control and large deployable optics for civil space telescope
missions – a precursor technology to some SBSW. Thirty-two states have developed or
are involved in developing independent high-precision satellite navigation capabilities. In
the last 12 years, nine states have deployed a first small or microsatellite — a key SBI
precursor technology. China and the EU are developing re-entry technologies which are
also required for the delivery of mass-to-target weapons from space to Earth.
2006 Developments
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Briefing Notes

TREND 8.1.: While no space-based strike weapons have yet been tested or deployed
in space, the US continues to develop a space-based interceptor for its missile
defense system
2006: Advances in US SBI programs but funding for tests temporarily blocked
The US Missile Defense Agency (MDA) has created a new Space Applications Center of
Excellence which “leads a multi-agency, DoD, and industry team in developing, testing,
and deploying space systems for the Missile Defense Agency.”1 Its major programs
include the Space Tracking and Surveillance System, Near Field Infrared Experiment
(NFIRE), the Missile Defense Space Experimentation Center, and MDA space
technology development including an eventual space-based test-beds.2 In the FY 2007
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Defense Budget Request released in March 2006, MDA requested funding a new series of

experiments under a project called Micro Sat – in a joint pot with NFIRE for a total of $207
million (although no more specific budget or schedule information is provided) that are possibly
pre-cursor programs to the Space Test Bed. The three experiments based on maneuverable
microsatellites will involve: 1) distributed sensing by two or three microsatellites; 2) a propulsion
experiment believed to be the classified Microsatellite Propulsion Experiment (MPX) designed to
test space-based interception technologies; and 3) a Target Risk-Reduction Experiment using a
microsatellite as a target for ballistic missile interceptors. The latter experiment is particularly
troublesome, as it would be a de-facto anti-satellite (ASAT) test.3

The missile defense interceptor, or “kill vehicle” originally planned for the 2007 NFIRE
test has been replaced by a German laser communications terminal.4 The main purpose of
the NFIRE satellite, scheduled for launch in the spring of 2007, is to distinguish between
a missile body and its exhaust plume. This means that the sensors are those of a final
homing stage nature, not sensors for missile tracking from afar: and thus are definitively
for testing of space-based missile defense interceptors and not space-based tracking
sensors for ground based missiles. However, the major controversy surrounded the
project following initial plans to include a kill vehicle. Revival of the kill vehicle is listed
as justification for a second NFIRE mission in the FY 2007 budget request “in response
to congressional encouragement in the FY 06 Defense Appropriations bill to complete
development of the Kill Vehicle.”5 MDA requested $10.8 million for overall NFIRE
spending in FY 2007.6 It is understood that a fly-by missile test will still be conducted
during the mission to verify the capability of the sensors.
In the FY 2007 budget request the US Missile Defense Agency (MDA) requested $45million to begin in FY 2008 to develop a space-based ballistic missile interceptors that
would attack ballistic missiles in boost phase.7 However, in May 2006 the Subcommittee
on Strategic Forces banned the Pentagon from using certain funds for the development of
anti-satellite capabilities and space-based interceptors due to concerns that enemy assets
could be targeted and that such targeting would arouse international response.8 The
Pentagon must submit to Congress a detailed report on the project before funding can
proceed, providing, inter alia, the following information: 1) a description of the system’s
essential components, and of its interaction with other missile defense systems; 2)
acquisition and life-cycle cost estimates; 3) an analysis of its vulnerability to countermeasures such as other interceptors and nuclear detonations in space; and 4) an analysis
of implication on foreign policy and national security, as well as probable responses from
other countries.9
Technical capabilities for space-based interceptors advanced in 2006, however, with the
successful demonstration of a prototype rocket for MDA’s Multiple Kill Vehicle (MKV)
Payload system.10 The MKV has previously been mentioned as being the preferred spacebased interceptor for an integrated missile defense system.11 It was tested on the Groundbased Midcourse Defence (GMD) interceptor on 1 September 2006 when the GMD
successfully intercepted a missile launched from Alaska.12
Net assessment:
The ongoing absence of space-based strike weapons testing or deployment continued to
bode well for space security in 2006. The plan to test a kill vehicle on an NFIRE followup mission, however, may demonstrate advanced SBSW capabilities. Restraint exercised
by US policy makers with regards to testing of such capabilities are positive and indicate
concern for space security and the challenge of balancing terrestrial missile defense
requirements with the need to maintain freedom from space-based threats.
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However, recent developments in direct energy interceptor technology may lead to the
presence of strike weapons in space in the near future, and endanger space security.
T REND 8.2.: A growing number of countries developing an increasing number of
SBSW precursor technologies, which could be used for SBSW systems
2006: Upgrades in US and Russian global missile tracking and warning
Missile tracking and warning capabilities are key components for some SBSW systems.
A number of countries are working towards establishing or improving these capabilities,
primarily in the context of missile defence. USAF’s missile early warning SBIRS but the
system has undergone significant technological advances in 2006 (see Space Support for
Terrestrial Military Operations). The new system will provide significant improvements
to the current Defense Support Program (DSP), such as allowing it to scan a specific area
for infrared activity while simultaneously staring at another.13 The first HEO payload was
launched in 2006 to detect northern polar region missile launches and is reportedly
working successfully.14 Nonetheless the project is behind schedule and continues to face
cost overruns,15 which prompted the Air Force to obtained congressional approval to
begin work on a new missile warning satellite to follow the endangered SBIRS program.
Work began in 2006 on an Alternative Infra-Red Satellite System (AIRSS), which would
also use high-resolution infrared sensors to detect missile interceptor sites and missile
launches, but would be simpler and cheaper to build than the SBIRS. The USAF hopes to
test these new sensors some time after 2008 and to have them operational by 2015.16 In
addition, Two Space Tracking and Surveillance System (STSS) satellites were delivered
to prime contractor Northrop Grumman in 2006. The satellites are expected to launch in
late 2007, in the context of a missile tracking experiment (see Space Environment and
Space Protection).17
Russia announced plans in 2006 to restore the space-based component of its missile
attack warning system (MAWS), and has recently increased MAWS funding, however no
further details are currently available.18 In December 2006 Russia’s new early warning
radar near St. Petersburg became operational and was put on combat duty, closing a
coverage gap that had existed for seven years.19 Russian analysts claim that its
capabilities substantially exceed those of the US and other Western states.20 Russia also
has plans to build a new early warning missile defense base in the south of the country to
reduce its dependence on radar systems in former Soviet states such as Azerbaijan and
Ukraine.21
2006: France, Germany and China continue to develop missile tracking and
warning systems
Breaking the trend of US and Russian dominance in missile early warning capabilities,
France, Germany and China are moving forward with construction of such systems. In
France an experimental ballistic missile warning constellation named Spirale is under
development22 with two satellites scheduled for launch in 2007 or 2008 to HEO. Both
China and Germany launched new Synthetic Aperture Radar satellites in 2006 (see Space
Support for Terrestrial Military Operations). The Chinese JianBin 5 and the German
SAR-Lupe satellites provide high resolution, all weather, day and night imaging
capabilities of the Earth’s surface.23 US Space Based Radar (SBR) provides Surface
Moving Target Indication (SMTI): it can locate, monitor and track ballistic missile
locations and mobile systems for missile defense.24 The German SAR-Lupe will share
information with other European space partners, but it is not currently clear whether or
not French and German capabilities will lead to a European-wide ballistic missile defense
system.
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In 2006 Chinese researchers continued to work on target tracking technologies that may
be used as key components for an advanced tracking system. Present basic research
revolves around obtaining greater tracking precision and real-time accuracy. 25
2006: India demonstrates key SBSW precursor technology capabilities
A 2006 test of India’s new anti-missile system, known as the Atmospheric Intercept
System (AXO), demonstrated several key precursor technologies for SBSW. Indian
scientists claim that the “missile had its own mobile launcher, secure data link for
interception, independent tracking and homing capability and its own radar” as well as
high manoeuvrability.26 In addition, India sought Israeli help to complete its Defence
Research and Development Organisation’s (DRDO) surveillance project, designed to
provide early missile warning. The project was to become operational in 2006 but costs
are overrun and it is far behind schedule.27 A revised timeline for operations has not been
released. India also planned to test its new reusable launch vehicle in January 2007. The
re-entry technology developed for the vehicle will be tested upon the vehicle’s return to
Earth approximately 12 to 90 days after launch.28 The vehicle is an important precursor
to the planned human space program announced by India in 2006 (see Civil Space
Programs and Global Utilities).
2006: The US, Europe, China, Russia, and India continue research and development
of global positioning systems
A number of countries continued to develop, upgrade, or acquire access to global
positioning systems in 2006 (see Civil Space Programs and Global Utilities). Global
positioning capabilities are required for all SBSW concepts. In 2006, the US continued its
program of modernizing its GPS.29 Russia made plans to cooperate with China and India
on GLONASS.30 Russia is still working on improving its GLONASS system, and
currently has 17 satellites in orbit, 15 of which are emitting signals. An 18th satellite was
scheduled for launch in December 2006. While India will cooperate with Russia on
GLONASS, it is also developing a separate GAGAN civilian satellite navigation system,
which passed preliminary ground test in 2006.31 China continued work on its independent
navigation system, the Beidou satellite series, which is to be used specifically for military
purposes.32 The first signals from European Space Agency’s satellite navigation system,
Galileo, were received in January 2006.33
2006: More resources for US Global Strike Program?
The US Bush Administration announced plans to spend $2-billion in 200734 on the promo
global strike program to develop a global strike weapon system with rapid response to
time-sensitive targets. Such a system will develop many technologies necessary for a
space-based global strike system. Though the project has been criticized as lacking
purposeful applications, the Pentagon is pursuing a two-year cost and feasibility analysis
of various ideas offered by its main contractors, such as Boeing and Lockheed Martin.
The project envisions among other things a military space plane type bomber, which
would require advanced SBSW technology capabilities such as precision manoeuvrability
and launch on demand abilities.35 “Supersonic aircraft, missile, satellite and even other
vehicles are on the table;” the total project over two decades is estimated at $493.3billion.36 However, Congress cut funding for part of the program, outfitting submarinelaunched ballistic missiles with conventional weapons rather than nuclear warheads, to
$30-million from the requested $127-million.37
As part of the prompt global strike program, the first vehicle of the US Defense
Advanced Research Projects (DARPA) Falcon hypersonic test vehicle was abandoned in
2006 following technical difficulties. Instead, plans have shifted to build a more easily
produced design as part of a series of “rocket-boosted, gliding test vehicles with
increasing hypersonic lift-to-drag ratio and flight duration.”38
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2006: EU makes progress on re-entry technology in the US and Europe
While India made plans to test its re-usable launch vehicle in 2007, other countries made
progress on reusable vehicles in 2006. A number of experimental re-entry vehicles have
been studied in recent years by France, Germany, Italy and the European Space Agency
(ESA), which have culminated with the development of the Intermediate eXperimental
Vehicle (IXV) by 2010.39 The project, first announced in 2005, is a partnership between
the ESA, the Agenzia Spaziale Italiana (ASI), and the Cenre National d’Etudes spaciales
(CNES), the German Aerospace Centre (DLR). In 2006 contractors worked on Phase-B1,
the preliminary design definition, with a system requirements review planned for mid2007. The primary goals of the project are “reentry system demonstration, technology
experimentation and technology validation.”40
2006: Advances in global launch on demand
In 2006 research and tests progressed on hypersonic aircraft in Australia and the US (see
Space Systems Protection), which have the potential to offer cheap and rapid access to
space. The Australian Hyshot project underwent three successful tests with international
partners in Japan and Britain, as well as the Australian Defense Science and technology
Organization (DSTO).41 The US Air Force Research Lab and the Australian (DSTO) also
sined an agreement to collaborate on hypersonic technology development project called
HiFIRE.42
Kazakhstan’s Kazcomos is developing a rapid air launch capability with Russia named
Ishim, which is based on a Soviet era ASAT system (see Space Systems Protection).43
2006: Significant advances in air-based laser technology
Significant advances in laser technology were made in 2006. Weapons using laser
technology are rapidly becoming even cheaper and more powerful. The laser industry
passed many key milestones in 2006, several of which were specifically related to
airborne technology.44
The Airborne Laser (ABL) made a surprising come-back late in 2006 after reports earlier
in the year of technical problems related to its weight, beam strength and optics that
raised questions about the future of the project.45 Increasing costs and delays also
jeopardized the future of the project. The ABL is a high-powered chemical laser mounted
on a modified Boeing 747 jet aircraft to be used as a direct energy interceptor for ballistic
missiles. It uses related technology to any Space Based Laser concepts. Infrared sensors
onboard the craft detect missiles launches, prompting the laser to destroy the missile upon
its assent. Successful ground tests carried out by Lockheed Martin and Boeing this year
were successful have sustained the project. Boeing is now preparing for installation of the
ABL on the aircraft in 2007, and a demonstration of its ability to shoot down missiles in
their boost phase will take place in 2008, more than six years after the initially planned
delivery date.46
Boeing Missile Defense Systems is also developing a less powerful solid-state laser
called the “Advanced Tactical Laser” (ATL), which is intended to be fired at ground
targets from the air with high precision. Reports indicate that the technology development
is outpacing the Pentagon’s plans to use it. US decision makers attempted to slow this
process down by cutting the allocated budget in 2006 by $12 million. Nonetheless,
Boeing successfully tested a lower power version of the ATC during flight tests
conducted last fall, and is preparing for full power demonstrations in 2007.47
Finally, Northrop Grumman announced that it has successfully developed and tested the
highest power, brightest laser ever created, the Strategic Illuminator Laser (SILL), for
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technical performance. The SILL is a solid-state laser designed for air and space
applications, to withstand temperatures ranging from -50 to +50 degrees Celsius.48 Solid
State laser technology is seen many as the technology that will enable the ABL.
Net Assessment
Space-based weapons designed to strike terrestrial targets will require sophisticated
technological developments that, at present, few space-faring states seem able to exploit.
The development of dual-use capabilities which also provide enabling technologies for
SBSW systems continued in 2006 although there was no evidence that states were
developing such capabilities for SBSW purposes. Research and development into reentry technologies as well as missile tracking could eventually facilitate the development
of orbital bombardment systems and SBI. While the integration of such technologies into
an SBSW capability could be very difficult and take many years, their development does
bring states closer to an SBSW capability, should a future decision be made to pursue it.
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