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ABSTRACT

This paper looks at proposals for
conventional space based weapons and
contemplates the problems those
weapons might cause for future
commercial space activity.

INTRODUCTION

“[We] start from the fundamental
truth,” wrote Captain Alfred Thayer
Mahan of the United States Navy,
“warranted by history, that the control of
the seas, and especially along the great
lines drawn by . . .commerce, is chief
among the merely material elements in
the power and prosperity of nations.”"
Mahan, a force behind the turn-of-the-
century American naval buildup, rose to
prominence by articulating a link
between commerce and naval power in
his book, The Influence of Seapower
Upon History, 1660-1783 (1890).
Canvassing historical examples, Mahan
argued that in addition to exploiting the
seas for commerce, transportation and
new markets, successful nations floated
large navies to protect national interests
and free navigation. In his view, success
required strength; commercial and
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military expansion upon the high seas
had to proceed concurrently, “hand-in-
glove.”

Mahan’s basic vision is alive and
well today in a new arena: space. The
US military establishment has
transplanted Mahan’s ideas into its
current thinking about space exploitation
in this century. The Air Force sees its
coming role in space in similar terms to
Mahan’s hopes for the Navy:

[s]pace forces will emerge to protect
military and commercial national
interests and investments in the
space medium. . .the US may evolve
into the guardian of space
commerce-similar to the historical
examples of navies protective sea
commerce.
Jim Oberg, author of Space Power
Theory, has documented this
appropriation of Mahan’s ideas by
current Air Force strategic thinkers:
These space power proponents cite
the-influence of the theories of
Mabhan as the impetus . . .for the
acquisition of navies by several
nations at the beginning of the 20"
Century. At a historical crossroads,
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many argue spacefaring nations find

themselves in need of a similar

overarching theory against which to

plan their national programs. . . *
Space power advocates in the military
hope that a latter-day version of Mahan’s
ideas will prompt the acquisition of
weapons for space.

In the rush to develop this
framework, few have questioned the
underlying assumption that military
expansion will complement commercial
expansion. Will a new generation of
space weapons facilitate or hinder the
current track of space
commercialization? Part one of this
paper will survey some current proposals
for the deployment of conventional
space based weaponry. And part two
will examine some potential problems
that might be caused by such plans .

Before beginning a discussion of
space weapons, let me say a word about
sources and intentions. To the best of
my knowledge, neither the Air Force nor
the US government has formally adopted
nor undertaken steps to deploy any of
the systems I will describe.’ Instead, I
have tried to suggest the types of
weapons the United States might adopt
based on unclassified official policy
statements, civilian commentary and
graduate papers from the military
professional schools. Secondly, I have
intentionally avoided a discussion of the
propriety of these weapon systems under
public international law as beyond the
scope of this paper. My purpose is not
to rehash the old, treaty-centered debates
but instead to critically -and hopefully,
freshly - examine the relationship of
weapons to commerce in space.

I. “The New Look™ of Weapons in
Space

The Department of Defense

Directive on “Space Policy” outlines
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very broadly the projected future
missions and responsibilities of the U.S.
military in outer space.® In particular,
section 4.6.1.8 of this Directive tasks the
Armed Forces to “[p]rovide space
control capabilities consistent with
Presidential policy as well as U.S. and
applicable international law.””’
Likewise, section 4.6.1.10 requires the
defense establishment to “[e]xplore force
application concepts, doctrine and
technologies consistent with Presidential
policy as well as U.S. and applicable
international law.”® Space control
involves “[c]ombat and combat support
operations to ensure freedom of action in
space for the United States and its allies.
. . [including] negation of space systems
and services used for purposes hostile to
U.S. national security interests™; force
application simply means, “[c]Jombat
operations in, through and from space to
influence the course and outcome of
conflict.”'°

These mission requirements then
suggest a possible direction for future
American weapons deployments beyond
ballistic missile defense. “Combat
operations” aimed at the “negation of
space systems and services” (i.e. space
control) squarely indicates a renewed
interest in anti-satellite weapons
(ASAT). “Combat operations. . .
through and from space” designed to
influence a conflict (presumably, in part,
on earth) points to the development of
precision ground attack weapons,
capable of engaging and destroying
targets on the earth’s surface or
atmosphere.“ For the purposes of this
paper, I will limit my discussion to
proposals for space-based weapons
systems stemming from these two
missions.

A. Anti-Satellite Weapons
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Anti-Satellite (or ASAT)
weapons cleave easily into two
categories: directed energy weapons or
impact weapons. These weapons can
permanently disable or completely
destroy a target satellite (known as a
“hard-kill”)or temporarily disable, blind
or degrade the function of the target
satellite (alternately, a “soft-kill”)."2
Many of the proposed weapons can be
applied in either a hard-kill or soft-kill
capacity.13 However, let us examine
each proposal in turn.

1. Directed Energy Weapons

The Space Based Laser (SBL)
concept has interested the military as an
ASAT weapon.'* Traveling at the speed
of light, a laser will impact its target
almost instantaneously reducing the need
to compensate while aiming at a moving
object.”” Because neither gravity nor the
earth’s atmosphere will distort its path
through space, a laser will be able to hit
anything in a direct “line of sight” with
minimal adjustment.16 And a space-
based laser would certainly have a better
chance than land-based or aircraft-based
ASAT’s of intercepting enemy satellite
in higher orbits."”

Presumably the SBL could be
employed as a soft-kill weapon as well.
For example, a lower powered beam
could be used to temporarily blind the
sensors on a reconnaissance satellite.
Alternately, assuming the weapon could
be focused with the requisite precision,
a high powered, SBL could target a
certain piece of hardware on the target
satellite- thereby crippling a specific
service function but otherwise leaving
the satellite intact. A similar directed
energy weapon proposal involves radio
frequency (RF). Like the SBL concept,
a radio frequency weapon could be
deployed into a high orbit and use a
massive antenna to bombard target
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satellite with high energy radio waves.'?
The intense radio waves would overload
and short out the fragile electronics on
board a satellite, making it unable to be
controlled or to perform its intended
function.'®

2. Impact Weapons

In contrast to the complex
functioning of the directed energy
weapons, impact ASAT weapons are
quite simple by comparison. A space-
based kinetic energy (KE) weapon relies
on the relative speed of the target
satellite for its destructive power. A KE
ASAT interceptor would lie dormant in
orbit until employed. Once activated,
boosters on the interceptor would change
the orbit of the weapon to intersect with
the target satellite. Although the
interceptor would not be traveling very
fast at all, the force of the target
slamming into the interceptor at
extremely high velocity would obliterate
both vehicles.”’ Because of the
precision needed to intercept bodies
traveling at such high speeds, some
proposals have advanced a warhead that
would release a cluster of smaller objects
into the path of the target rather than
focus on a single interceptor.!

A variation on the kinetic energy
type interceptor is the co-orbital ASAT
weapon. However, the co-orbital
interceptor does not collide with the
target; instead the co-orbital weapon
“chases” the target and destroys it with
an explosive charge when within close
range.”> The “space mine” is similar in
concept to the co-orbital ASAT except
that the mine is planted unobserved next
to a specific target satellite long before
the need to use it.”* Once activated, the
space mine closes with the target and
destroys it with an explosive charge.

B. Precision Ground Attack Weapons
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Unlike ASAT weapons,
proposals for ground attack weapons do
not cleave nicely into set general
categories. Nevertheless, many of the
same weapons that perform BMD or
ASAT functions could also perform a
ground attack application. The Space-
Based Laser system could be used to
attack either fixed, hardened ground
targets or aircraft in flight.2*

Kinetic Energy impact-type
weapons offer similar promise for
development as a precision ground
attack weapon. Unlike the ASAT
variant, the KE weapon in the ground
attack role relies on the velocity of its
projectile rather than the velocity of the
target to destroy the target. Once
activated, the KE weapon would hurl a
projectile from orbit to impact a target
on the earth’s surface; on its way toward
the target, the projectile accelerates to
enormous speeds.”® The actual
destructive force depends on the type of
projectile employed.

The basic projectile would
consist of simply a thin, metallic rod
approximately one to two meters long.
As the rod hurtles through the earth’s
atmosphere, the leading edge of the rod
generates tremendous pressure. When
the lead edge of the rod contacts the
target, the target’s surface in proximity
to the tip liquifies as well, thereby
allowing the rod to penetrate the target
until the rod is completely worn away.”’
Another related approach involves the
use of a hardened penetrating projectile
that contained an explosive charge.?
This projectile would remain intact
while puncturing the target’s surface;
once well inside the target, the explosive
charge would detonate at a preset depth
or time( or upon reaching an open space)
for maximum destructive effect.?’
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Even an attempt to hit a fixed
target would require extreme accuracy
and precision in employing this type of
KE weapon. Currently, the accuracy
achieved for guiding a comparable
weapon (i.e. from space to the earth)
such as an ICBM is not precise enough
to guide a KE weapon on target in the
kind of mission envisioned.*’ Because of
the extreme rate of speed that a KE
projectile must obtain, customary means
of course correction and in-flight
guidance based on data from radar,
optic, and laser systems would likely
prove ineffective.>’ Launching a cluster
of extremely high velocity projectiles to
bombard an area without any means to
abort or control these weapons will
certainly be dangerous. In response to
these challenges, the commom aero
vehicle (CAV) concept has been
proposed. CAV involves the use of a
secondary re-entry vehicle. Rather than
shooting the projectile from space, a
CAV vehicle could be deployed from an
orbital platform.>> While slowing down
to sub-orbital speeds for reentry, the
CAV vehicle would have aerodynamic
controls and the ability to receive
guidance and make in flight
corrections.”* Once over the target, the
CAV would then release its submuntions
with extreme precision in much the same
way as a conventional aircraft.>* While
the weapon lacks for velocity and power,
the CAV offers exceptional control and
precise guidance.

II. Space Weapons and
Commercialization

As business expands to develop
new markets in outer space, commercial
interests will increasingly come into
conflict with these planned US military
activities. Ironically, it is the US
government that is propelling both the
military and industry into inadvertent




This article from International Institute of Space Law is published by Eleven international publishing and made available to anonieme bezoeker

competition. Historically, because of the
long-term, high risk nature of space
systems development, the Government
rather than business conducted research
and provided services to the civilian
markets.>® With the Challenger disaster
in 1986, the American government
reassessed its role and began to privatize
and deregulate. By 1995, the American
commercial space industry was worth
over $7.5 billion.*®

Major plans exist to push out
further into the fields of remote sensing,
navigation, telecommunications,
transportation, manufacturing and even
tourism.”” The United States
government supports this expansion.
However, if the government were to
develop and field the weapons systems
discussed, government would be forcing
the commercial interests into potential
conflict with the military over spectrum
allocation, orbital slots, and service
continuity. Weapons in space could
cause industry more problems in
procuring insurance and licenses from
the government. Let us examine each
potential new hazard in kind.
A)Spectrum Allocation

Radio frequency spectrum is
widely recognized as a limited and
scarce natural resource.” The spectrum
represents all the useable frequencies in
which electronic transmissions may be
sent and received; as the number of
applications utilizing spectrum increases,
the total amount of spectrum does not
change. By treaty, the United States
coordinates within the International
Telecommunication Union (ITU) and
accepts to be bound by the ITU’s
allocation of the spectrum. America’s
coordinated share of the spectrum
extends from 9 kHz to 300 GHz and
incorporates over 450 bands within the
allocated segment.*® At present the
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Federal Government exclusively
controls 27.1% of the allocated spectrum
and shares another 41.3% of the total;
the remaining 31.6% is exclusively
controlled by non-Federal entities.*'

The Defense Department is
concerned about the current trend
towards the reallocation of spectrum
away from the military.*’ These fears
are not without some foundation, either.
Some elements in the private sector have
accused Defense of hoarding spectrum
and have lobbied for a reallocation.”® In
Title IV of the Omnibus Budget
Reconciliation Act of 1993, Congress
removed bands in the 235 MHz range
from the military.** The trend continues
as the FCC plans to reallocate bands in
the 200 MHz range for new commercial
radiocommunications.*® In virtually all
spectrum ranges used by the military, an
array of civilian commercial
applications- including Fixed Satellite
Services, Mobile Satellite Services,
Personal Communication Systems and
more- could compete for additional
use.

Any future plans to field weapon
systems in space would further
aggravate competition for spectrum
resources. Launching and controlling a
complex assortment of space based
weapons as discussed would require a
reversal of the trend towards reallocation
away from the defense establishment.
Perhaps, the armed services could
realign their current systems to free up
enough spectrum to deploy these
weapons.47 However, the costs in time
and money to achieve such a move
would likely be prohibitive. Quite
simply, the military would likely be
inclined to ask for more spectrum.

The commercial space industry’s
need for additional bandwidth to
facilitate their increased activity would
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be increasing just as the military’s
ASAT and ground attack weapons
became operational. As need and use of
the spectrum escalated on both sides,
military and commercial interests could
find themselves competing in a zero-sum
game for spectrum.
B) Orbital Slots

Like bands in the
electromagnetic spectrum, “useful” slots
in the geostationary (GEO) orbit are a
scarce and finite resource as well.*® A
satellite in GEO, though moving at
roughly 17,500 mph, will remain fixed
over a certain point on the Earth.*’
Since satellites operating in the GEO
orbit require some minimum buffer
space to avoid interfering with the other
satellite’s functioning, there are a finite
number of useful slots to be divided and
distributed to member-states by the ITU.

Placing weapons in GEO orbit
could be disruptive in a variety of ways.
“Hard-kill” ASATs (beam, KE or high
explosive) which completely destroy a
target satellite run the risk of creating
substantial amounts of space debris as a
result. Residual space debris could
make that portion of the GEO orbit
uninhabitable for future satellites as the
risk of a terminal collision with the
small, fast moving, difficult-to-detect
pieces would be too great. “Soft-kill”
ASATSs which merely try to temporarily
disrupt or disable a targets functioning
prove no better an alternative. While not
leaving the GEO slot bombarded by
wreckage, a “soft-kill” still runs the risk
of destabilizing the target so that it
tumbles out of orbit. An uncontrolled
reentry or drastically decaying orbit is
little better than the first option; the
target has become a collision risk to
other satellites in other orbits (or worse
to people on the ground).
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Barring these grim scenarios, the
placing of any kind of weapon into GEO
increases the pressure on industry. As
mentioned earlier, the quest for useable
slots is still a zero-sum game. Any slot
given to the military is a slot taken from
commercial interests. Arguably more
slots could be created by narrowing the
operating parameters of satellites in
certain GEO regions. In other words,
existing satellite operators would have
less buffer for interference or maneuver
and would be forced to take costly
measures to upgrade the satellite’s
performance within more narrow
limits.”® Putting any such weapons in
GEO will raise the cost of doing
business for commercial operators.

Because of the limited space in
orbit, some inquiry has focused on
greater exploitation of low Earth orbits
(LEO) under the GEO canopy. Unlike
objects in GEO, satellites in LEO orbit
travel much faster around the globe and
do not remain over a fixed point for any
extended period of time.’! As such,
assigning slots in LEO and monitoring
them is a more difficult task. LEO poses
a great risk to satellite operators as well
since they must continually adjust the
position of the spacecraft to compensate
for increased atmospheric drag and
stronger gravitational pull.’> As the
costs of putting satellites into LEO
declines, space operators will have to
facilitate traffic through low earth orbital
to avoid damaging high speed collisions.

Space based weapons will make
coordinating traffic through LEO more
hazardous. To carry out their mission,
ground attack weapons must pass a beam
or KE projectile through the bands of
LEO orbit to hit a target on Earth. As
LEO fills up, coordinating a clear
“window” through successive layers of
orbits will be difficult to do without risk
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of some collateral damage. Improved
monitoring and prediction of the path
and location of commercial satellite
constellations will be a necessity
although not a guarantee of safety.
Cheap commercial flights of reusable
launch vehicles (RLVs) to and from
LEO will further complicate monitoring
because (as of now) these flights would
not be coordinated by transparent
international agreement.”> Ground
attack weapons utilizing a beam or
submunitions carrier (e.g. the Common
Aero Vehicle proposal) will offer more
control in these instances while the KE
variant will be uncontrollable once fired.
C) Disruption of Commercial Services

The next potential hurdle does
not involve competition for a natural
resource but for control over decision-
making. As commercial entities become
the major provider of space resources
and services, the traditional power of
state actors to control the flow of those
goods and services wanes. When state
enterprises exclusively provide
communications, imagery and launch
services, national security concerns
dictate the authorized receivers and end
users of the products. Commercial
entities do not take into account national
security concerns unless artificially
forced to by a state regulatory power.
Otherwise, nations will increasingly turn
to private industry for space services,
and commercial interests will be inclined
to meet that demand no matter who the
client state is. In other words, so called
“rogue nations” like North Korea, Iraq
and so forth which lack their own space-
based assets will turn to the private
sector to meet their needs.

Recognizing this pattern, the US
military and government will
increasingly put pressure on commercial
providers to cease or disrupt potentially
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lucrative transactions with clients who
pose a risk to American and allied
national security. During the Gulf War,
for example, American diplomats
successfully put pressure on the French
government to deny the Iraqis remote
sensing imagery produced by SPOT.>*
After the Landsat Act was passed in
1992, the U.S. Secretary of Commerce
had the authority to issue a “shutter-
control order” to halt the picture taking
activities of an American-controlled
remote sensing satellite deemed to be a
national security hazard.> Even Israel
has demanded a similar “shutter-control”
right with respect to images taken of its
territory.56

What will happen in the future to
commercial space service providers in
the future who resist voluntary service
disruptions? Certainly American owned
or controlled ventures would likely face
legal sanctions. Coercing foreign

.providers would be a more delicate

matter. The question of whether the
United States would intentionally try to
disrupt or destroy satellite services being
used by national enemies by using
ASAT weapons is beyond the scope of
this paper. However, in undertaking any
coercive action, the United States would
be hampered because of American
reliance on foreign providers, the
difficulty of determining use by an
enemy, and the risk of escalating
tensions by collaterally denying satellite
use to third party nations.>’

Conversely, what will happen to
commercial interests who are currently
forced to rely upon the military for
services like global positioning system
(GPS) navigation? Satellite navigation
represents one of the few areas where
industry has had to rely on the military
for an essential service. American GPS
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has almost wholly supplied the demand
for commercial navigation.

Nevertheless, commercial
interests seem uncomfortable with the
American military’s control over such an
essential service. The European Union
approached the United States to explore
the prospect of joint ownership and
control of GPS functions; the US
government flatly rejected this proposal
citing the overarching military interest in
GPS.*® The American’s stubborn
rejection of joint ownership increased
European suspicions that the Department
of Defense could not be relied upon to
provide open access to GPS whenever
needed.”® As such, the EU has pushed
for the creation of a competitor system,
Galileo, as insurance in case the US
Defense Department begins to charge for
access or makes GPS unavailable to
commercial interests for security
reasons.®
D)Greater Risk: Insurance and Licensing

The achievement of vast
commercial enterprise in outer space
requires as a condition precedent the
systematic reduction of financial risk.
Simply put, commercialization will not
happen if the business community
decides that the risks involved outweigh
the potential profits.®! Deploying these
weapons would likely increase the risk
of conducting business in space; this
increased risk translates into increasing
costs for insurance and licensing.

As commercial enterprises look
to space, risk management becomes
essential. Space tourism ventures, for
example, must demonstrate to potential
customers that facilities (e.g. “space
hotels”) are safe and that the “probability
of damage from collisions with other
space craft or debris will . . . be
insignificant.”®* The Department of
Transportation noted that safe, reliable
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reusable launch vehicles (RLV) would
be necessary to attract investment in
“satellite retrieval, package delivery and
ultimately space tourism.”® The
American Institute of Aeronautics and
Astronautics postulates that elements of
risk must be defined and manageable
before space commercialization can
proceed.®

Space weapons present a marked
increased in the risk of doing business in
space. At some level, space weapons
pose a safety risk for civilian enterprise.
As previously mentioned, ASATs and
ground attack weapons could cause
unintended collateral damage to civilian
spacecraft and satellites when used.
These floating weapons also bring the
risk of accident even when not in use.
More than collateral damage or accident
potential, these weapons are neither
well-defined nor manageable elements
as recommended by the AIAA. Military
assets in space will rely on stealth and
“invisibility” for protection.; the specific
locations and activities of these weapons
will likely be closely held information,
unavailable for commercial interests. As
such, the threat or even proximity of
these weapons to commercial vehicles
can not be predicted. Certainly industry
cannot control these weapons and
thereby “manage” the risk either. Asa
general precaution, industry could take
measures to "harden” satellite/spacecraft
hulls, electronics and so forth against
accident or attack. However, industry
officials have made clear that “protective
measures are expensive and can make
the difference between whether a
satellite venture is profitable.”®

The greater risk to commercial
ventures posed by space weapons
translates into higher prices for
insurance and tougher licensing. As
Collins and Ashford note in discussing
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space tourism, space services have to be
demonstrably safe not only to potential
customers but also to the insurance
companies that underwrite such
activities.®

The existence of space based
weapons could drive up the price of
obtaining commercial insurance or
decrease the number of willing
underwriters. Having to bear more of
the financial risk or to be a self-insurer
could foreclose possible initiatives in
space. In some cases, the availability of
insurance could affect the issuance of a
commercial license in the United States.
If insurance were more expensive or
difficult to secure generally, meeting the
statutory liability requirements would
either substantially raise the cost of the
operation to secure the necessary license
or prohibit even applying for the license
in the first place.

III. Conclusion

Traditionally, industry has
benefited by the military’s interest in
space through government contracts and
spin-off technology. And the Armed
Forces have relied on the commercial
sector as a supplementary or even
primary service provider. However, in
an era of weapons deployment in near
earth space, that mutual symbiotic
relationship shifts dramatically as the
military competes with industry for
certain scare resources and, military
operations have the potential to disrupt
commercial services and raise the risk
and cost of performing valuable services
in space. “[I]n space, our national
security, foreign policy, and economic
security are inexorably linked,” wrote
Keith Calhoun-Senghor, Director for
Air&Space Commercialization at the US
Department of Commerce, “We cannot
neglect one without sacrificing the
others. Nor should we treat them as

competing.” ¢’ And yet by putting these
mighty projects of commercialization
and militarization on track
simultaneously, the government has
forced competition and sacrifice at some
inevitable date.

Should the interests of industry
and the military be pitted against each
other in this fashion? Mr. Calhoun-
Senghor’s statements offer the right
answer: clearly not. At this stage in the
development of space, I think additional
treaty language or legislation is
premature. Rather, policy makers
should reexamine the “linkage” between
“national and economic security.” In his
time, Alfred Thayer Mahan believed
national success required linking
military power to vast merchant fleets.
Mahan’s formula for success may not be
readily translatable from the oceans to
space.
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