











applications that are almost indispensable to the civil, commercial, and military sectors.
Advanced economies are heavily dependent on these space-based systems. Currently China,
the EU, India, Japan, Russia, and the US are developing satellite-based navigation capabilities;
there are now approximately 48 navigation satellites in operation. The strategic value of
satellite navigation was underscored by the conflict over frequencies for Galileo and GPS,
resolved in 2004.

Expansion of space-based global utilities continued in 2006. The US moved forward with
initial steps to modernize its GPS system, while Russia launched three more GLONASS
satellites, bringing the system closer to full operational status. States continued to seek
independent capabilities: India announced that it will create an independent Regional
Navigation Satellite System and China indicated that it will extend its Beidou regional system
into a global system called Compass. Meanwhile, the operational date of the EU Galileo
satellite navigation system has been rescheduled from 2008 to 2011. Security concerns
encroached on the use of global utilities when the EU agreed with the US NOAA to create a
“data denial list” restricting certain agencies from accessing weather data from EUMETSAT.

Commercial Space

Continued growth in the global commercial space industry

Growth in the commercial space industry is dominated by satellite services, which have tripled
in size since 1996 to account for 60 percent of the $88.8-billion commercial satellite sector in
2005. Individual consumers are a growing source of demand for these services. Key
commercial satellite telecommunications companies include Intelsat, SES Global, Eutelsat,
and Telesat Canada. In recent years Russia has dominated the space launch industry while US
companies have led in the satellite manufacturing sector.

Satellite services continued to dominate the commercial space market in 2006, accounting for
60 percent of satellite industry revenues. The market was in a period of growth — there were
21 commercial launches in 2006 — nine of these by Russia — compared to 17 in 2005. US
companies produced 59 percent of all satellites launched in 2006. Major corporate
consolidations in the commercial communications industry indicated market efficiencies and
expanding business opportunities; however, mergers in the US launch industry suggest market
weakness.

Declining commercial launch costs support increased access to space

Commercial space launches have contributed to cheaper space access. 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 beginning to consolidate. In 2000, payloads could be
placed in LEO for as little as $5,000/kilogram. In recent years European and Russian space
agencies have been the most active space launch providers. Todays commercial launch
providers include Arianespace in Europe, Energia in Russia, Lockheed Martin and Boeing
Launch Services in the US, 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 sub-orbital manned spaceflight sector.

The US continued to lose commercial launch market share to Europe and Russia in 2006,
while corporate consolidations between Boeing and Lockheed Martin (United Launch
Alliance) and Rocketplane Ltd. and Kistler Aerospace Corporation (Rocketplane-Kistler)
suggest a struggling US launch market. Moreover, the malfunction of the SpaceX Falcon-1
temporarily dashed hopes for a new, low-cost American commercial space launcher. The space
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tourism industry received a boost from new business and investment initiatives in 2006, but
continued to face challenges posed by a lack of international legal safety standards, high launch
costs, and export regulations. There was evidence of increasing space launch costs as market
overcapacity diminished.

Government subsidies and national security concerns continue to play important roles
in the commercial space sector

The commercial space sector is significantly shaped by national governments and security
concerns. 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. The US and European
space industry also receive important space contracts from government programs. The 1987
Missile Technology Control Regime (MTCR), designed to restrict the proliferation of missile
technology, has encouraged actors outside the regime to develop space systems using
components that are restricted by the regime itself. 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.

At a cost of $1-billion per year, the US Department of Defense continued to be the single
largest consumer of commercial satellite services. National security concerns placed ongoing
restrictions on the commercial space industry in 20006, particularly for satellite imagery service
providers, which faced additional government resistance to the public availability of images
covering what are described as strategic locations. The close relationship between
governments, militaries, and space industries was re-established in the US and China, with
national policies that link domestic space industries to national security.

Space Support for Terrestrial Military Operations

The US and Russia continue to lead in developing military space systems

By the end of the Cold War, the US and USSR had developed extensive military space systems
designed to provide military attack warning, communications, reconnaissance, surveillance,
and intelligence, as well as navigation and weapons guidance applications. By 2006 the US
and USSR/Russia had launched more than 4,800 military satellites, while the rest of the world
had launched only 80 to 90.

The US has dominated the military space arena since the end of the Cold War and currently
accounts for roughly 95 percent of total global military space expenditures with approximately
130 operational military-related satellites — over half of all military satellites in orbit. Russia is
believed to have some 60 dedicated military and 18 multipurpose satellites in orbit. The US
is, by all major indicators, the actor most dependent on its space capabilities. 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.

In 2006 the US launched 14 military satellites, maintaining dominance in military space.
However, a report issued by the Government Accountability Office called attention to
ongoing cost overruns and delays of several high-profile space acquisition programs, including

the Space Based Infrared System, the Wideband Global SATCOM, and the Advanced
Extremely High Frequency programs.



While Russia’s military space budget increased by about one-third in 2006, it was still dwarfed
by US spending. Russia launched eight military satellites in an attempt to maintain the
capacity of its aging reconnaissance, early warning, and communications system, and to bring
its constellation of GLOSNASS navigation satellites closer to completion.

More states developing military space capabilities

Regional tensions are a significant driver of military space acquisitions. Declining costs for
space access and the proliferation of space technology are enabling more states to develop and
deploy their own military satellites via the launch capabilities and manufacturing services of
others, including the commercial sector.

China provides military communications through its DFH series satellite, and has deployed a
pair of Beidou navigation satellites to ensure access to 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, Spain,
Belgium, and Greece jointly use the Helios- 1 military optical observation satellite system in
LEO, which provides images with a one-meter resolution. France, Germany, and Spain have
also developed a range of radar reconnaissance and communications capabilities and France is
developing a missile early-warning system. The UK maintains a constellation of three dual-use
Skynet 4 communications satellites in GEO. The joint EU-European Space Agency 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 Ofeg-5 system. India’s civil space agency maintains its Technology Experimental
Satellite for remote sensing, but it also provides military reconnaissance capabilities. Japan
operates the commercial Superbird satellite for military communications and has three
reconnaissance satellites — two optical and one radar. Thailand operates a military
communications satellite and is developing its first intelligence and defense satellite.

Ongoing regional tensions continued to drive military space developments in 2006. Although
China did not launch any dedicated military satellites, the launch of spacecraft with dual-use
applications, including communications and radar imaging, potentially expanded its access to
military space capabilities. Japan launched its third reconnaissance satellite and, following a
series of missile tests by North Korea, tabled a bill to relax restrictions on military space
applications. South Korea launched its first military satellite, Koreasat 5, which will provide
military and commercial communications. India continued to work on the Military

Surveillance and Reconnaissance System and to consider an integrated Aerospace Command.

Germany launched its first dedicated military satellite — SAR-Lupe — a radar reconnaissance
satellite that will join France’s Helios A and Italy’s Cosmos Skymed (2007) to provide France,
Germany, Italy, Spain, Belgium, and Greece with reconnaissance capabilities. Debate
continued over the potential dual-use of European space capabilities, as the Galileo navigation
system progressed and the European Space Agency considered investing in dual-use, security-
related research. Canada took steps to increase its access to military space applications,
including the future US Advanced Extremely High Frequency satellite system and imagery
from Radarsat-2 through a new Joint Space Support Project.
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Space Systems Protection

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
The timely detection and warning of attacks are key for enabling defensive responses in space.
Only the US and Russia can reliably detect rocket launches. US Defense Support Program
satellites provide early warning of conventional and nuclear ballistic missile attacks; Russia
began rebuilding its aging system in 2001 by upgrading its Oko series satellites. France is
developing two missile-launch early-warning satellites — Spirale-1 and -2. Most actors have a
basic capability to detect a ground-based electronic attack, such as jamming, by sensing an
interference signal or by noticing a loss of communications. It is very difficult to obtain
advance warning of directed energy attacks that move at the speed of light.

US efforts to upgrade its missile early-warning system progressed in 2006 with the launch of
a Space Based Infrared System sensor; however, the program was over budget, behind
schedule, and risked replacement by the newly initiated Alternative Infrared Satellite System.
Russia closed a seven-year coverage gap in its northwestern region when its new Voronezh
meter-band early warning radar was put online in 2006. Russia also brought its space-based
Oko early-warning constellation back up to minimum operational status with the launch of a
fourth satellite, but the system does not provide global coverage.

The ability to detect satellite interference was a concern in 2006. US STRATCOM put new
procedures in place to determine the source and attribution of satellite disturbances: to
improve response times, all cases are assumed to be deliberate. China was upgrading its Xi’an
Satellite Monitoring Center to enable monitoring and diagnosis of satellite malfunctions,
eliminate harmful interference, and prevent purposeful damage to satellite communications
links. In 2006 both Japan and Europe turned to a commercial service to provide satellite
interference data support.

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. The vast majority of commercial space systems have only one operations center and one
ground station, leaving them vulnerable to negation efforts. While many actors employ passive
electronic protection capabilities, such as shielding and directional antennas, more advanced
measures, such as burst transmissions, are generally unique to military systems and the
capabilities of more technically advanced states. China and the US have been aggressively
pursuing a variety of anti-jamming capabilities.

In 2006 Europe, Japan, and the United States each made some progress in the development
of satellite laser communications, but the capability remains remote. The US Transformational
Satellite: Communication program demonstrated the ongoing challenges related to laser
communications. The program continues to face technical difficulties, cost overruns, and
schedule delays — the first reduced capacity satellite is not expected to launch until 2014.

Protection of satellites against some direct threats is improving, largely through
radiation hardening, system redundancy, and greater use of higher orbits

The primary source of protection for satellites comes from the difficulties associated with
launching an attack into space. Increasingly, states are placing military satellites into higher
orbits where vulnerability to attacks is lower. Satellite protection measures also include system
redundancy and interoperability, which has become characteristic of satellite navigation
systems. Most key US, European, and Russian military satellites are hardened against the



effects of a high-altitude nuclear detonation. Reflecting concerns about the protection of
commercial satellites, in 2002 the US General Accounting Office recommended that
“commercial satellites be identified as critical infrastructure.”

After facing potential cancellation due to cost overruns, the Orbital Express program was
brought back on track in 2006 and is scheduled for launch in 2007. The program is designed
to demonstrate automated approach and docking, fuel transfer, and components exchange,
which could extend the life of satellites, enable greater manoeuvrability and help protect
against some direct threats in space. The University of Florida and Honeywell are
experimenting with a new type of spacecraft protection through software rather than hardware
design.

The US and Russia lead in capabilities to rapidly rebuild space systems following

a direct attack on satellites

The ability to rapidly rebuild space systems after an attack is critical. Although the US and
Russia are developing various elements of responsive space systems, no state currently has this
capability. The key US responsive launch initiative is the Falcon program, which seeks to
develop a rocket capable of placing 100-1,000 kilograms into LEO within 24 hours.

There is a growing interest in rapid air-launch capabilities. The QuickReach rocket, part of
the US Small Launch Vehicle project, passed several tests in 2006 and NASA Ames signed an
agreement with its manufacturer, AirLaunch LCC, to collaborate on air-launched space
boosters. Kazakhstan’s KazCosmos also announced plans to develop the Ishim air-launched
rocket system, based on the Soviet era ASAT system. China indicated that it will design a
three-stage air-launched rocket released from a modified H-6 bomber. Despite these
initiatives, no state has developed a launch-on-demand capability.

Space Systems Negation

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 incidents of intentional jamming of communications
satellites have been reported in recent years. Iraq’s acquisition of GPS-jamming equipment for
use against US GPS-guided munitions during Operation Iragi Freedom in 2003 suggested
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.

Commercial satellite systems were targets of negation in 2006. Libyan nationals were
identified as the source of months-long jamming of the mobile phone services of Thuraya
Satellite Telecommunications. Moreover, the potential for commercial satellites to be third-
party targets during conflict was demonstrated in the 20006 Israel-Lebanon war, during which
Israel tried, but failed, to jam the Al-Manar satellite channel transmitted by the Arab Satellite
Communications Organization. Amateur hackers in Indonesia demonstrated the
vulnerabilities of some older commercial satellite systems by collecting transmitted data.

The US leads in the development of space situational awareness capabilities that could
support space negation

Space surveillance capabilities for debris monitoring and transparency can also support
satellite tracking for space negation purposes. The US and Russia maintain the most extensive
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space surveillance capabilities and the US has explicitly linked its development of enhanced
space surveillance systems to efforts to enable offensive counterspace operations. China and
India also have satellite tracking, telemetry, and control assets essential to their civil space
programs. Canada, France, Germany, and Japan are actively expanding their ground-based
space surveillance capabilities.

Updates to China’s Xi’an Satellite Monitoring Center in 2006 reportedly included increased
orbit determination and tracking capabilities, which were demonstrated when it successfully
intercepted a satellite on 11 January 2007. US efforts to develop space surveillance capabilities
that could support negation efforts were largely stalled in 2006, particularly in GEO. Despite
progress on the Space Based Surveillance System, launch of the initial pathfinder satellite was
further delayed to 2009 and the Orbital Deep Space Imager program was cut.

Ongoing proliferation of ground-based capabilities to attack satellites

The development of ground-based ASAT weapons employing conventional, nuclear, and
directed energy capabilities dates back to the Cold War when a variety of US and USSR
programs were initiated. Since then technologies have proliferated. 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. Some 28 states have demonstrated sub-orbital launch
capability and, of those, 10 have orbital launch capability. As many as 30 states may have low-
power lasers to degrade unhardened satellite sensors. The US leads in the development of more
advanced ground-based kinetic-kill systems with the capability to directly attack satellites. It
has deployed components for a ground-based ballistic missile defense system and has advanced
laser programs, both of which have inherent satellite negation capabilities in LEO.

China became the third state to successfully conduct a kinetic hit-to-kill intercept of a satellite
on 11 January 2007 when it destroyed a weather satellite at an altitude of approximately 850
kilometers. This was the first openly conducted ASAT demonstration since 1985. It followed
US reports that a Chinese ground-based laser illuminated an American reconnaissance satellite
as it passed over Chinese territory. Given the few details released about the incident, it is
difficult to determine either the intensity or the intent. of the laser. Both the US and China
are conducting ongoing research on high-energy lasers. Funds to testfire a US laser against a
satellite in LEO from the Starfire Optical Range were initially revoked, then restored in 2006,
following denial that it would be used as an ASAT test.

Proliferation of space-based negation enabling capabilities

Space-based negation efforts require sophisticated capabilities, such as precision on-orbit
maneuverability and space tracking. Many of these capabilities have dual-use potential. For
example, microsatellites provide an inexpensive option for many space applications, but could
be modified to serve as kinetic-kill vehicles. The US leads in the development of most of these
enabling capabilities, although none appear to be integrated into dedicated space-based
negation systems.

In 2006 the US experimented with potential space-based negation technologies in GEO,
using two classified microsatellites to assess their potential for defense applications. The US
Air Force also requested funding for an Experimental Small Satellite-11 follow-on mission,
which demonstrates proximity operations and autonomous rendezvous capabilities in LEO —
capabilities that could be used for passive reconnaissance missions in space or hostile negation
efforts in the future.



Space-Based Strike Systems

While no space-based strike systems have been tested or deployed, 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 strike systems. Under the Strategic Defense Initiative in the 1980s, the US
invested several billion dollars in the development of a space-based interceptor concept called
Brilliant Pebbles, and tested targeting and propulsion components required for such a system.
The US and USSR were both developing directed energy strike systems in the 1980s,
although today these programs have largely been halted.

No space-based strike systems were tested or deployed in 2006. Despite US efforts to move
forward on technology, including a ground-based Multiple Kill Vehicle demonstration and
budget requests by the Missile Defense Agency for a Space Based Interceptor Test Bed, space-
based technology experiments, and a second NFIRE test, the Congressional Subcommittee on
Strategic Forces banned the use of funds for the development of anti-satellite capabilities and
space-based interceptors for the time being.

A growing number of actors are developing advanced space-based strike enabling
technologies through other civil, commercial, and military programs

The majority of advanced, space-based strike enabling technologies are dual-use and are
developed 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 space-
based strike purposes, such development does bring these actors technologically closer to this
capability. For example, China, India, and Israel are developing precision attitude control and
large deployable optics for civil space telescope missions. There are also five states in addition to
the European Union that are developing independent, high-precision satellite navigation
capabilities. China, India, and the EU are developing Earth re-entry capabilities that provide a
basis for the more advanced technologies required for the delivery of mass-to-target weapons
from space to the Earth.

The development of dual-use technologies that also provide enabling capabilities for space-
based strike systems — including hypersonic flight and Earth re-entry technologies, global
missile tracking and warning, precision navigation, and high energy lasers — continued in
2006. The technological challenges of space-based strike systems remain daunting, however,
and there was no evidence that states were developing capabilities for strike purposes.
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