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System
— BY LAURA GREGO
In early 2008, President Bush tasked U.S.
Strategic Command with Operation Burnt
Frost: “mitigating” the threat posed by a nonresponsive intelligence satellite that was soon
to re-enter the Earth’s atmosphere. USA-193
had been launched into orbit just over a year
earlier, and its fate was sealed after the National Reconnaissance Office was unable to
establish control over the satellite after launch.
While the imminent re-entry of a satellite was
not in itself at all remarkable—70 tons of
space debris and scores of large objects drop
out of orbit each year without any casualty
and without any operations mounted in response—administration officials expressed
concern that leftover hydrazine fuel aboard
the satellite might survive re-entry and hurt
someone on the ground.
On February 14, 2008, General James
Cartwright announced the United States
would destroy the satellite using the Aegis sea-
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based missile defense system. After a few days
of waiting out rough seas, on February 20, the
U.S. Navy Ticonderoga-class cruiser Lake Erie
launched an SM-3 missile which intercepted
the USA-193 satellite.
While framed as a public safety measure,
some observers expressed skepticism that this
risk was the real or entire motivation for the
exercise. The interception, at an altitude of
240 kilometers (km), vividly demonstrated
the ASAT capability of the U.S. Aegis seabased missile defense system. The intercept
required only modification of the system
software,1 and could have been done from any
of the 5 cruisers or 16 destroyers equipped
with the Aegis system at the time (two destroyers were slated to be backups to the USS
Lake Erie).
The context is important. This was the
first time the United States had deliberately
destroyed a satellite since 1985; Russia hadn’t
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done so since 1982.2 This unofficial moratorium had been recently broken by China in
2007, when it destroyed its own aging
weather satellite at 800 km altitude. The Bush
administration had withdrawn from the AntiBallistic Missile Treaty in 2002 and expressed
interest in a range of new military uses for
space, including space-based weapons and
anti-satellite weapons. Just a week before Operation Burnt Frost was carried out, China
and Russia had circulated to the Conference
on Disarmament a draft treaty that would
ban putting weapons in space and using force
against satellites.3 The United States responded with little interest, saying that there
was no need for arms control in space.4
Operation Burnt Frost, in turn, is important context for the announcement eighteen
months later of the Obama administration’s
new plans for European missile defense, the
Phased Adaptive Approach (PAA).
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This new PAA plan replaced the
George W. Bush administrations’ plan that
aimed to protect European allies from
missile threats in the Middle East using
powerful ground-based interceptors in
Poland and a radar in the Czech Republic.
PAA would rely on and substantially expand and improve the Aegis missile defense system used in Operation Burnt
Frost and demonstrated to have antisatellite capability.

The Phased Adaptive
Approach to European
Missile Defense
The PAA system’s much smaller SM-3
interceptors are to be based primarily at sea
on Aegis ships converted to the purpose as
well as some land-based “Aegis ashore”
sites. It is meant to be flexible and address
emerging ballistic missile threats from the
Middle East over the coming decade. It
will be improved incrementally, in four
phases. The current generation of the SM3 missiles, Block 1, will eventually be augmented with longer-range, more sophisticated missiles. More ships would be outfitted with new missiles and new and improved sensors added. Land-based sites
would be added starting in 2015.
Currently, only the Block IA variant
of the SM-3 missile is deployed. The Block
IB interceptors, currently under testing
and development, are based on the same 3stage booster missile as the Block IA missile, but the Block IB kill vehicle will have
sensors that can image the target at two
wavelengths and increased capability to
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maneuver (“divert capability”). Both Block I
interceptors have a reported burnout velocity of
3.0-3.5 km/s. The Block IIA will have longer
range and a seeker with better discrimination
and more divert capability. The Block IIA interceptors are expected to burnout at a velocity 4550percent faster than the Block I missiles, so in
the range of 4.5 to 5.5 km/s.5 The Block IIB
interceptor is still in the conceptual stage, but is
meant to engage intercontinental-range ballistic
missiles and to have yet higher propulsion. It
may be land-based only.
The plan is to make all versions of the SM-3
missile able to be launched from the launch
tubes on the Aegis ships.
Also important is the development of more
sensors and the capability of the Aegis ships and
sites to perform “launch on remote,” the ability
to launch on the cue from a sensor not on the
ship. This will allow the interceptors to launch
from a greater range. This capability was first
introduced to the Aegis system after Operation
Burnt Frost and will now become standard.

Missile Defenses as ASAT Weapons
While Operation Burnt Frost was the first time
the United States used a missile defense system
to destroy an orbiting satellite, the United States
has for years had some intrinsic ASAT capability
in its existing missile defense programs. Both the
Aegis BMD and Terminal High Altitude Area
Defense (THAAD) missile defense systems
were considered during the preparation of Operation Burnt Frost,7 although THAAD, like
the SM-3 Block 1 systems, would be useful only
against the lowest altitude satellites.
The U.S. Ground Based Midcourse (GMD)
missile defense system with a total of 30 deployed interceptors in Alaska and California8
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and the recently shuttered Airborne Laser,
also have intrinsic anti-satellite capability.9
The GMD interceptors could reach nearly
any satellite in low earth orbit (LEO).
The SM-3 is designed to intercept
warheads in the midcourse phase of flight,
when they are above the atmosphere. The
kill vehicle carries its own fuel for maneuvering as well as an infrared sensor. The
sensor is intended to guide the interceptor
toward an object and allow it to home in
on and destroy the target by direct impact,
or “kinetic kill.”
Because midcourse missile defense
systems are intended to destroy ballistic
missile warheads, which travel at speeds
and altitudes comparable to those of satellites, such defense systems also have ASAT
capabilities. In fact, while the technologies
being developed for long-range missile
defenses might not prove very effective
against ballistic missiles—for example,
because of countermeasure problems inherent in midcourse missile defense—they
could be far more effective against satellites.
In many ways, attacking satellites is an
easier task than defending against ballistic
missiles. Satellites travel in repeated, predictable orbits that ground facilities can
accurately determine by tracking them. An
attacker would have time to plan an attack
against a satellite, could choose the time of
the attack in advance, and would be able to
take as many shots as necessary to destroy
it whereas advance notice of a ballistic
missile attack is unlikely. In addition, an
interceptor attacking a satellite would not
have to contend with the same countermeasure10 problems that a midcourse missile defense system would face.
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Countermeasures can severely limit the
ability of a midcourse missile defense to defend against ballistic missiles: warheads and
lightweight decoys move on the same trajectories in the vacuum of space, and the interceptor’s onboard sensor or ground-based
radars would be unable to distinguish these
decoys from the warhead. An attacker can
release numerous decoys along with the warhead in order to confuse the missile defenses
or exhaust them by forcing them to intercept
all the decoys along with the warheads.
Operation Burnt Frost showed that
SM-3 interceptors can successfully intercept
satellites if they can be reached. LEO satellites are generally in highly inclined or nearly
polar orbits, and their orbits will take them
over any given region on earth (with latitude
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below the inclination angle) twice a day. Since
an attacker could choose the timing and geometry, the attack can be mounted when the
satellite is overhead and the missile defense
interceptor may therefore use its velocity to
reach the highest altitude possible rather than
to reach out laterally. A rough estimation of
the maximum altitude an interceptor can
reach may be calculated by setting the kinetic
energy of the interceptor at burnout (when
the missile ceases powered flight) to the potential energy at the given altitude.
The current Aegis interceptors SM-3 IA/
IB can reach only the relatively few satellites in
orbits with perigees at or below 600 km altitude. However, even using a conservative estimate of the burnout speed (4.5 km/s), SM-3
Block IIA interceptors would be able to reach
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the vast majority of LEO satellites (see Figure 2).11 Interceptors with burnout speeds at
the high range of estimates for the SM-3 IIA
(5.5 km/s) would be able to reach any satellite in LEO, as would GMD interceptors.

PAA as a Strategic ASAT
Weapons System
While the United States has long had ASAT
capability in its missile defense systems, the
PAA system as conceived is ASAT capability
on a much different scale. The enormous
potential size of the capability is new. While
the projected inventory of Block II SM-3
interceptors is modest—there are 29 Block
IIA interceptors and an undefined number
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of SM-3 IIB interceptors planned for 2020,
Aegis warships are capable of carrying large
numbers of interceptors—cruisers have 122
launch tubes and destroyers have 90 or 96
each.12 This would support a large scalingup. Block II interceptors are designed to fit
in all launch tubes.
The number of ASAT-capable SM-3
missiles can be scaled up and their configuration changed more rapidly and less expensively than the GBI
missiles. While
GBI interceptors
cost about $70
million each, the
e s t i m a t e d p r ocurement cost for
each SM-3 Block
IIA missile is $2024 million. While
locating a new GBI
missile site in a
different location
would take greater
than five years for
construction, the
sea-based SM-3
missiles can be
readily moved to
the theater in
which the y are
needed.13
This potentially large ASAT capability can be compared to the satellite inventory of the two
heaviest space users after the United States,
which owns just shy of half of actively operating LEO satellites. Satellites stationed in
LEO perform important civil and military
functions; this is where most earthobserving, reconnaissance and signals intelligence, and weather satellites orbit. Table 3
shows the number of actively operating
Chinese and Russian satellites in low-earth
orbits. China has a total of 49 and Russia
43. (The United States owns 230 LEO satellites.) The PAA system as it gets to Phase 3
and 4 (see Table 1) could hold at risk a sig-
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nificant portion of either China’s or Russia’s
low earth orbiting satellites, particularly if
the numbers of Block II interceptors is increased or it is considered in concert with
GMD.
Another important point is that the
PAA system is highly mobile. The 43
planned Aegis ships could be positioned
optimally to stage a “sweep” attack on a set
of satellites nearly at once, rather than a
sequential
set of attacks as
satellites
moved into
range of
fixed interceptor sites.
This positioning
flexib il it y
also means
that the
SM-3 missiles would
not have to
expend
much of
their thrust
going crossrange and
could retain
the ability
to reach the highest LEO satellites. (The
more powerful GMD interceptors also
could use some of their fuel to reach out
laterally over thousands of kilometers, allowing them to hit satellites in orbits that
do not pass directly over the GMD missile
fields in Alaska and California.)

The PAA system is
highly mobile. The
43 planned Aegis
ships could be positioned optimally
to stage a “sweep”
attack on a set of
satellites nearly at
once.
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The Way Forward
While the primary purpose of the PAA
system is not ASAT, as conceived it will be
the largest destructive ASAT capability ever
fielded and can hold a significant portion of
any other space actor’s space assets at risk.
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While some may describe the capability as
“latent,” it has been clearly demonstrated in
Operation Burnt Frost. At the same time,
international law treating the interference or
destruction of satellites is only very weakly
elaborated.
Some restraints on using the PAA system as an ASAT weapon do exist. Operation Burnt Frost required a modification of
the missile defense software in order to perform the ASAT intercept and this reportedly will not become a standard option.
However, no formal U.S. policy exists that
renounces deploying this option, either, and
other countries will assume that this change
could readily be made to give any Aegis
interceptor the ability to intercept satellites.
Additionally, the United States is
clearly aware of the debris consequences of
using kinetic energy interceptors to destroy
satellites. For example, the destruction of a
single 10-ton satellite could by itself double
the total amount of large debris currently in
low earth orbit.14 This is a major reason
why the United States prefers nondestructive ASAT options. It is therefore
unlikely to use the PAA as an ASAT
weapon simply to signal intent or in any
situation outside of a major conflict.
But the existence of this capability also
makes significantly less likely the possibility
that other countries will also refrain from
building such systems. The hit-to-kill intercept technology used by China for its January
2007 satellite destruction was apparently
developed as a system that could be used
either for ballistic missile defense or ASAT
attacks. It is likely that China’s first ballistic
missile defense test on January 11, 2010, used
this same technology.15 India is also developing a hit-to-kill ballistic missile defense system which could also serve an ASAT role.
Long-standing restraint regarding such systems has been weakened.
The Aegis-based missile defense system
is also likely to be owned by other countries
besides the United States. The Aegis system’s
interceptor technology is being codeveloped
WWW.FAS.ORG
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Intercept prior to the potential deployment of multiple warheads or penetration aids –the principal reason often
cited for EI – requires Herculean effort
and is not realistically achievable, even
under the most optimistic set of deployment, sensor capability, and missile
technology assumptions.

and operated by Japan, and Japan is modifying all six of its Aegis destroyers with the
updated Aegis BMD system. In June 2011,
Japan agreed in principle to the export of
the codeveloped SM-3 Block IIA missile to
other countries,16 clearing the way for the
expected sale of the Aegis BMD system to
additional users, including several European
countries as well as South Korea and
Australia.17 Given the intrinsic ASAT capability of this system, the United States
should review carefully its plans to sell this
capability to other countries.
At the same time, the United States is
grappling with what to do to address its
outstanding space security issues. The National Security Space Strategy outlines a
strategy for protecting U.S. interests in
space, including supporting the development of norms of responsible behavior for
space-faring nations, and increasing the
ability of the U.S. military to continue to
operate despite interference with its satellites by an adversary.18 The United States is
engaging in diplomatic initiatives such as
the effort to create an International Code of
Conduct for Outer Space Activities and the
United Nations Group of Governmental
Experts forum on confidence-building and
transparency measures to improve space
security and sustainability. However, none
of these efforts yet imagine restrictions on
“hardware” like missile defense interceptors,
5

and are focused instead on creating norms
of behavior. (Even the Russian-Chinese
draft treaty on space weapons does not restrict ground-based missile defenses.)
Few limits or guidelines exist on technologies suited to ASAT use and devising
effective limits on them becomes increasingly difficult as more weapons are developed and tested and more countries develop
policy rationales and military doctrine for
using them. Serious efforts to strengthen
them should be put forth by all spacefaring
nations; such discussions have not taken
place for many years.
In addition to strengthening the legal
and normative framework, space security
requires thoughtful limits on the most dangerous technology. One way to address the
inherent ASAT capability of the PAA is to
restrict the burnout velocity of the deployed
SM-3 missiles and to discontinue the Block
II program.
A primary rationale for the high-speed
Block II interceptors is to enable “early intercept”—the capability to intercept the
attacking missiles after their launcher burns
out (post-“boost phase”) but before they are
able to release countermeasures. However,
the Defense Science Board, in an unclassified summary of its report on early intercept
states that:
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While the study cites other capabilityenhancing or cost-reducing scenarios that
the longer-range interceptors could provide,
the authors cede that successful operation of
midcourse missile defense requires addressing the as-yet-unsolved countermeasures
problem.19 And the Block II missiles do not
do so.
While the SM-3 Block II missiles will
not solve the countermeasures problem by
providing an early intercept capability, they
could still have a theoretical capability to
intercept Russian and Chinese long-range
missiles; this can complicate Russian and
Chinese reductions in nuclear weapons.20
Limiting the allowed burnout speed of the
SM-3 missiles would therefore not sacrifice
any new capability, and would also avoid the
problems that deploying an unlikely-to-beused but still provocative ASAT system
would.
The space environment needs more
protection, satellites face growing risks, and
space activities continue to be a potential
source of mistrust and tension. Making
significant progress requires making
forward-looking choices.
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