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Foreword

The stunning changes in the complexion of international politics that began
late in the decade of the 1980s and continue today will profoundly affect the
American military establishment as a whole, and the US Air Force in particular.
Decisions about the future course of the military will be made in the early part
of the 1990s which will essentially determine the course of the US Air Force well
into the next century. Decisions of such importance require thoughtful con-
sideration of all points of view.

This report is one in a special series of CADRE Papers which address many of
the issues that decision makers must consider when undertaking such momen-
tous decisions. The list of subjects addressed in this special series is by no means
exhaustive, and the treatment of each subject is certainly not definitive. However.
the Papers do treat topics of considerable importance to the future of the US Air
Force, treat them with care and originality, and provide valuable insights.

We believe this special series of CADRE Papers can be of considerable value to
policymakers at all levels as they plan for the US Air Force and its role in the
so-called postcontainment environment. -

DENNIS M. DREW, Col. USAF
Director
Airpower Research Institute
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Executive Summary

l'e tiniitcd States is clearly a space -laring nat"i•in. We art, and will likely
-,inain. a superior aerospace power. At the same time. space systenms continue
m p ,ui1kk late in other countries. The impact of this prolileration on LIS sectiritv
dcpenids upon how well and how soon other nations understand the p otential of
sp;ace svstemis and upon the degree and purposes to which they exploit the
tceehnoloý'v.

In all likelihood, spacepower will prove decisive in future combal. Accordinglv,
we must continually assess Ihe impact of foreign space systems on present aind
fu tiure military operations. We must also look for ways to enhance the US defenste
po.,stu-e by improving our own space doctrine and technology.

Space systems in geostationary or geosynchronous orbit will play key roles in
deterring mnclear war and in deterring or preventing other lorns of aggression
against Ihe United States and her allies. These systems will also play inpornant
roles in resolving conflicts that cannot be prevented. Space-based surveillance,
communications, and navigation systems will make it easier to see, move, talk.
and shoot. In the future, space-based systems, possibly in combination with
smart, long-range standoff weapons, will provide both target acquisition and
terminal guidance for precision-guided munitions. Combining the positional
capabilities of navigation satellites with the relay capabilities of communicatlions
satellites will greatly facilitate such operations as airborne or ground rendezvous.
air intercepts, cargo drops, and search and rescue.

Space-based systems can be used to support the internal defense and develop-
ment strategies of developing nations. In addition to determining the position,
disposition, and intentions of hostile forces, space systems can enhance nation-
building efforts through meteorology, cartography, earth-resources sensing.
computational assistance, and educational networks.

Exploiting the full potential of space technology requires, in addition to the
systems themselves, adequate budgets and a firm doctrinal foundation for
employing spacepower, both independently and in concert with other military
operations. The more thorough our understanding of how space operations can
contribute to deterrence and crisis resolution, and the more rapidly we assimilate
space capabilities into our plans and operations, the more we will be able to help
the Air Force serve our nation and its global interests.

ix
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Introduction

WHEN I LAST was there, adorning the against the United States and our allies
walls of the foyer of Air Force Space Corn- must also be a goal. In most cases dleter-
mand headquarters were two quotes at- ring conflict on our ternms is a supJerior
tributed to former Air Force chief of staff alternative to killing and dying. Sun Tzu
Gen Larry D. Welch. One asserted that observed that the most skillful warriors
"spacepower will be as decisive in future can defeat an enemy without actually
combat as airpower is today." The other going to war.
that, "The future of the Air Force is inex- Space systems help deter conflict by
tricably tied to space." providing infornation abotil the world

If General Welch !s correct, space sys- beneath them. Information is. or caxi be.
tems in geostationary or geosynchronous knowledge. Timely informatIon can allow
earth orbit (GEO) and low earth orbit us to take diplomatic initialives tlhal
(LEO) will be important to the deterrence might prevent conflict. Similarly, infor-

or resolution of future conflicts. How mation can be an Important tool or lever
important they will be depends both on in the continual power-balancing process
how well the existing and potential con- that an Increasingly multipolar world re-
tributions of space systems are under- quires.
stood and on the degree to which nations
exploit these contributions.

Space systems-ours and those of Space Systems' Effect on the
other nations-will continue to Warrior's Burdens
proliferate. Consequently, those people
charged with providing for national IN spite of our best efforts to deter ag-
security are obligated to assess the im- gression, we may have to fight. Space-
pact of space capabilities on present and based surveillance, navigation, and
future military operations. Scanning the communication systems can make it

entire operational continuum, the easier to see, move, talk, and shoot. But
airman's handbook for future operations in the future those advantages could per-
should include a handful of space tenets. tain to both sides involved In a conflict.

Surveillance systems can render large
portions of the earth's surface (and even

Space Systems Help the ocean and land subsurface to some

Deter Conflict depth) transparent. As sensor technol-

ogy exploits more of the electromagnetic
UNTIL the arrival of perestroika. the spectrum, the ability to assemble and
United States has tended to focus on move covertly becomes increasingly
deterrence almost exclusively in terms of threatened. Concealment-including the
nuclear deterrence. Although the task of entire gamut of signature reduction tech-
deterring nuclear war will always be our niques-must become a routine part of
first national security priority, deterring operations from assembly through
or preventing other forms of aggression employment. Operating in darkness
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provides soIlle advantages, htit radais \elli leis. ad il.t i 1114h (p .lat io ,1 ac all.tiI

and infrared systems c(an -see- e •en in the Ir-lltvelY 4 -onliplex and ex 1penive\, andt. a
dark. It would be wise 1o inCOr i-rate likely to ieniain so. 'la'l A4hobal iNsitlhin
stealth I and sigtat ure-redtiction lech- tu, SVSIelIi ((PI -atellite c- isis $1o 3 ixjl.

nologies in ever- -vway feasible. WitIihlit lion. ail(i each (•VlS satellite lau'nCl cosIs

anl awareness of space-based si lteillael( .c anolher $50) miifion. 11h)so ilaitions that
capabilities, we may be i inable to employ a echnolog~cally calable (t etariuig
surprise to our advantage. Worse, we oftentimes offset their investment costs
[ia oi llrselves be' sul]rised.

Thus, we need to know ihe types of bv marketing -thlie take" troin thieir

space-based sensinig systems or data to sptacecraFr. For ettniple. ilrlg(-s takeni

which aln adversary niay have access.

wheni these systems miay he overhead. de la terr' (SPOT) and planned het-

lheir fields of view, and how they best can eropowered carth-lainched ilter-orbitaI

be defeated or degraded. Naval -l(0lCes- (flOS) are and iav ie (oin

scrutinized fo)r years by Soviet radar 1p()(littes fr sale. News services increase
their effe•tiveness by euiploving Space

o(ceani re'connaissan'e satellites (ROR-
SAT) and electronic intelligence ocean to transmit voice, text. and plc-

liures.,n ie hit Itilre. tiews' services IliVi
reconnaissance satellites (EORSAT)--are also ehe auowre services tnav

already able to conduct operations in

ways that make sensing by hostile satel- satellite (already nicknamed MEDIASAl'
with mutltiple subsurtbers. Equally tni-

lites more diflieult. Air forces, except for with aultie sutsniaie Ealls tn-

special operations air components, are int are te land battl wi th
somewhat less experienced at incorporat- ing the air, sea, and land b)attlesleld with

ing passive counternmeasures against evening news crews on both si.es ol our

sensing satellites, gun barrels.

Eventually, we may have to accept that A routine part of the intelligence

anl adversary may be able to see or hear preparation of future battleflelds at any

us, but we can still degrade the utility of anticipated level of intensity should in-

that sensed information. For example. dude the notation of the space-derived

the probability of detecting a small force data to which the adversary (or the press)

is lower than the probability of detecting has, or might have access. Depending on
their objectives. Inclinations, and

a large lorce. Nonetheless, we can as-

semble a large, combined force by capabilities, third-party nations might

generating small portions of it at a time, find it advantageous to provide space-

by originating from widely separated derived information to our adversaries in

geographical points and rendezvousing in future crises.

the air or on the ocean, or by operating at Combatant coommanders joint task

a tempo that exceeds the adversary's data force (JTF) commanders, and air com-

distribution or decision capability. What ponent commanders must be aware of
technology allows. tactics or operational friendly and adversarial space
atechnoloy beablltow tactic ocapabilities. The tactical exploitation of

art may be able to defeat, national capabilities program (TENCAP)
We must remember that a target provides access toabroad rangeoffriend-

country need not "own" surveillance ly surveillance capabilities. Nonetheless.

satellites to have access to the data a the intelligence staff still must ascertain
satellite can provide. Spacecraft, launch the adversary's ability to use space

2



aigainst uts. andi~ the o;)eratfors st, ' 4fit arlott lit f-Iititft'( ll OInfildl 14'1 AX. lind

chiding coinintnicat ions -elect r- s per- Wts Es t1.1ed paI htleadqua Ielets 0ý11 iii iiii

son nel) mu st acquire a . to t ilhe to rliuti~tru a torte sil roil ie LLtari.cl Air

spitce-basd545 navigatifort ;4zi(I emliflhiniii- Voice if olig .l) ~fftflt- d1ilfitf ''I

b~llsv~enisrie'essty o enatie opra- aerospace sillpporit audlw it-' 11141 ar fidtt'i
Itiols. fiveiless tw)efl~ties fillsillus- Al

These al"'iain requiremlenits ('tifldt be I hlotgl I heit I Stilt is st -rf lod I br I lItC
simrpler. I'rgalloi rs a~~lt lrloliwt 1Ii~ll-%s ihe' oilher III\(5 f-

ness- in 1 985. the Depart runvit of 1)eterise Creýase I hiVI ii et WCflenlII it) -,p;It f- ( ajV

(DOD1) (retedl til e unlified Ui.hted States t it iris this issue will rven)flIcL 4.en t) thc
S-pace Commtand (USSPAC E( X)M bv -,l)- ii filre. A., tilt urijiile andi s'ified (,(jill

pend(inlg aI 'omparatively small Naval Ina rid sI ticltfii, re esporls 144 If) 11½(it

Space 'otnilnarld arid it m111inscul~e (and realities adl! clia r gcs intlt- Ilhiv'ilrca thle

unffl)icial) Armv Space Agency to an al - nee'ss~ity to teorjilfimze (ýan I w iflne a %-it

ready large arid robuLst Air Force Space Ow f. Ainnenf wkho fadl to rt-cignite t hat
Command. A joint headquarters stall -spac'e poiwer- is lthe deliberate t'voliili1(0
wats added to manage the USSPACECOM - oi "dirlx)wer" have lailed it) comfprtlehend
About 90 percent tf' the forces assignled thle ine-vitable progression of arinilinenirts
to thle United States Space Conintamid enlterinfg (hle fie-t inllthlllinfirli.
belong to. and are operatedl by. the Ai r 5par'e-basetl swStei-'11 call pflovide .1

Force component. Whatever value jo~int- 1n nlt itiflde of data-tile awthlat 'i al of
ness add~s mnay not ameliorate ille (hisad- S1)ACe p)ower-blut Ofily liritrain Cognit ionr

varntages that the existing architecture ;Arid human mrantipulationi can Itifri (hatfa
presents to air component commnanders into( operat itnaiiv Iiseiilulih Itrifliflloll-

serving other war-fighting coimmnarders Onie positive outcone of creating tile tran-
in chief. sit lonal architectumre oi aI unif~ied space

For examlple, the air component s of Itile coniitland anti(the assoc'iate'd ptish for
Pacific, Atlantic. Central. anid European jotatness has been a dranmati ittncrtease in
Commands are "air only- commands. military space expert ise. The services ate
Thus, whatever "space" expertise the simultaneously prsuing three finllor-
combatant commanders require is not taift mianagemnent goals: (1) to acqualint
brought to them by their air comiponent space specialists with specialists fromr
commanders. Rat~her, the stafl or ftinc- ofther ibraltichtes aridl communifilties of t-()fii-

tional cells of a supporting -space-CINC- bat arms. (2) to educate military leadlers
provide this expertise. at Int ermedlia te arid seniobr service

We might have avoided this diminu~tion schooxls ofl tile cotnitribultiorns spate sYs-
of the air conmponent commanders' terns can miake It) deler-rerce arnd war

responsibilities, along with the fracturrin!n1 fighlting, and (3) to) enlsure that spatce
of aerospace support, by nmaking the Air systemn enti-user reqlilrernierts-inlichli-
Force Space Command a specified comn- tag product s-are delinet! nltotectleatlv 1w-
mand for space operations. Today, how- tile operational user.
ever, the supported CINC must get the Unrtil recet'rt v. enginee'rs. coliflrufrlia-
space support required b~y means of tions-electrortics specialists. in tchhigt'nce
liaison with another CINC. his own TEN- officers, andi thle researchl andh deve~tlop-
CAP staff, or-depeniding on the inclinia- nien I cormmunity r hIIv ave dominlia ted
tions or uniform of the supported military space( torc-es at comipany grade

CINC-the Army, Navy, or Air Force and lower-Ievei field grades. In the past.
Space Commands. The DOD eventually operator-, fromt tire traditional landl sea.
must weigh the advantages of having and air warfare specialties did( nott Iiilly

3
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capitalize on space-derived data. As a 'onlact witth tile ellfeiv. III addition to
consequence. space-based capabilities slipp)rtinRg nuliitarv operations tot con-
have evolved at a rate greater than tie vt'entional war. slphUce-t)ase•l naZligafixm,
capabilities of (tie distribution and dis- surveillantce. and low- rOhbaiilitv 4j-ii1
sernination systems that provide space- tercept (coimlmlicatilonsts sv .emesll, will add
derived Inlornlation to military users. even greater levurage to irientdlh loi(c-s
E(ltu'atel ('oiiithatanits are btw(Oilliit• more engaged in (()tulnterlerrorlsin. ('4 intei-
articulate in speci•ying what they want. ntarcotics. pe;a(cekeeping otperat ions. andl(
how theV want It. the rate and spledl operations to restole order,
required. and tie operational inmpact of
lailing to satisfy these requirements.
Even in the unlikely event that space- Space-Based Systems Will
based systems and architect tires remain Revolutionize Precision-
largely static, combatants call expect to Guided Munitions
see exponential improvements itt the

1 riality, speed, and .pccificity of tile EVOLVING sensor technology will
space-derived information they receive, result In an increasing nutnber of targets

that can be seen from space. (Combliing
tile ability to ac(quiire targets Wilh ac-

Space Systems Can Help i'urate position informnalion and long-
Simplify Complex Operations range standoft weapons will allow a wide

range of semniautonomous weapoinr,.
NAVIGATION satellites like tile glcbal Today. either the delivery platforn, tlhe
positioning system eventually will provide weapon Itself, or a ground-base(l target
coverage of the entire earth. Thie ability designator provides terminal guidance.
of friendly forces to fix their positions Tomorrow, space plaiornns commnlanding
within Ieet and to accurately deterrine the high ground of GEO or LEO can pro-
speed and course to the next point vide terminal guidance. Reconnais-
provides tremendous advantages. These sance-strike complexes, as somne call
advantages facilitate ali-Wrne or ground them, are a likely tectuiological spin-ofl of
rendezvous, air intercepts, cargo or troop Strategic Defense Initiative (SDIl) re-
drops, weapon delivery, obstacle breach- search.
ing, minesweeping, and search mid res- Ultimately our ability to assinilate
cue operations, capabilities into our doctrine and

Communications satellites allow voice budgets, and riot technology, will deter-
(including secure voice), data. and fac- mine the linits ofprecision-guided 1aunt-

simile transmission without reliance on a lions. Although many air operations will
large, deployed, ground-based equipment continue to require that we endanger
infrastnicture. Technological advances, human beings flying manned systems.
Including greater miniaturization, may many more operations will riot. Space
make it possible to combine the positional systems can combine with smart. long-
capabilities of navigation satellites with range standoff weapons to greatly extend
the relay capabilities of communications the range and capabilities of airpower
satellites, eventually allowing accurate application. Space systems ('atl provide
fixing of friendly forces of squad size the culmination of the trendl begun in
without any effort beyond depressing a World War II with Genrmay's V- I and V-2
single key. Before long that same squad strategic borihardmnent weapons.
can receive an up-to-date facsimile image Cruise missiles, tile over-the-horizon
of what lies ahead of it, even while it is in advanced rnedihm-.-ange air-to-air ntis-
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slle (AMl-RAAM), the HAVE NAP (a conven- tween space systems and long-range
tional, imaging, infrared-seeker missile), precision-guided munitions. Most likely

the TACIT RAINBOW (a conventional, the future will allow us to contemplate
loitering, antiradiation missile), and an space-to-earth weapons.
entire class of remotely piloted vehicles
lack only longer range and real-time links
with space sýystems to complete a trend Space-Based Syh ems Can
begun almost half a century ago. Al- Support Developing Nations
though traditional thinking seems to re-
quire that we remain wedded to manned IN addition to helping foreign friends and
aerospace systems. it is not obvious that allies detect, deter, and. if necessary,
manned systems are superior for many counter external threats, space-based
missions to unmanned ones in exploiting systems can be used to support the inter-
the full range of the aerospace. Just as nal defense and development strategies of
advocates of the horse cavalry resisted developing nations. As an aid in counter-
the assimilation of aircraft into the army. ing various forms of subversion, lawless-
existing air forces might resist the greater ness. and insurgency, for example.
assimilation of unmanned systems into satellite surveillance and communica-
airpower. For example. senior airpower tions systems can all play important roles
decision makers may soon have to decide in determining the position, disposition.
whether the national security is better and intentions of hostile forces. One of
served by "too-few" B-2s or "Just enough" the most promising applications of space
reconnaissance-strike complexes. systems in the developing world, how-

Nonetheless, space systems and long- ever, is nation building.
range unmanned weapons or engage- Space systems have revolutionized
ment systems likely provide potential meteorology, cartography, and earth-
solutions to many of the problems posed resources sensing. Predictions of crop
by relocatable targets, the air defense of yield, determination of the migration or
carrier battle groups, offensive and defen- extent of pest infestation, forecasting of
sive counterair operations, and offensive droughts, identification of potential grow-
air support operations. Linking space- iag areas and water sources, and the
based surveillance and navigation sys- selection of lucrative oil or mineral ex-
tems with long-range unmann,- ploration areas are all facilitated by our
weapons extends the range, speed, and space-based capabilities. Each of these
surprise of lethal air operations, capabilities can make an invaluable con-
Moreover, such linkages can increase the tribution to a developing nation. No other
survivability of friendly air forces by in- nation on the planet possesses the equal
creasing their displacement from the of our space-based capabilities.
lethal engagement envelope of enemy sys- Moreover, our global communications
tems. Eliminating the human "pucker capabilities allow us to provide a friendly
factor" can also increase the precision or third-world nation with such things as
discrimination of force application. classroom instruction, medical diag-

Minimizing collateral damage is a re- noses, technical training (including some
quirement that will dominate all future of the general or specialized training re-
contingencies and combat operations. quired for military personnel and police
Low-tech weapons rarely assure the forces), business management advice.
precise application of force. The ultimate and even entire newspapers-all via
in high tech on battlefields of the future satellite. In the future, lower cost
may be the offspring of a marriage be- videoconferencing, computational
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capabilities. and o~ver- thte-shioulder dssis- ii die electii ot ll•lne't ivttv I eA t'vti •i•it.
lance with iiedical procedures all will be two eal be tile object of atick () I he
possible using sl)a'e-based systems. All three elements 1onuil-ising lh1w ,. t

these cap)abilities constitute a ilIi ime the grotild-based elllenjts are fc!,t
kind of aid we mlight provide to friendly tile Iliost vultieral ile.
developing nations. We should no longer think it Ljtiij!

based downii linik siles, lpro.,-siin
centers. and (list ribution nleilwo:-k,,----'Vint

Space-Based Systems and those in the continental lititeditt. s

Capabilities May Become as sale lroin attack. 'leriorist in•or'-,- dih nj

Targets cartels, arid tile irregular or- for-ward
deployed forces ofl hostile third-woirld ii,-

WHATEVER other characteristics one tions are each capable of destroving or

might ascribe to our natlon-a degrading our relatively soft, gromnd-

democratic power. a maritlme trading na- based space support inirastriuit i.

tion, and so forth-we are and are likely Hostile groups mlright niouint attaiks as

to remain a technologically superior reprisals or as denial operations.

aerospace power. Such a power would be Likewise. in the future we inay find it

wise to protect the space forces it has and necessary or advantageous to disritil) or

tihe ones it will acquire. Although the destroy the space-based coniniinuications

then-commander in chief of the United or surveillance capabilities of another na-

States Space Command, Gen John L. tion. Electronic attacks (including jali-

Piotrowski, valued our space Inilrastruc- ruing or intrusion). soft kill of sl)acecralt.

ture at over $400 billion in 1988. our or reciprocal operations against an

nation still lacks aln antisatellite system adversary's ground-based archiitcdture

to defend its assets In orbit and to engage are all candidates.

the space-based systems an adversary
can employ against us.

Ballistic missiles are proliferating, even Conclusion
in the third world. Many of these systems IF we are to be adequately prepared Tor
have the "reach" necessary to engage tar-
gets in low earth orbit. While ballistic the future, our lexicon must also include

missile technology and ground-based an- an understanding of those acronyvis.

tisatellite techmology are not the same. in GEO and LEO. Although the seat or Inn-

some nations-Israel. France, or the pose for military operations will remain

United Kingdom perhaps--one technol- on the earth, space operations will be-

ogy might eventually beget the other, come increasingly important to the out-

Without trivializing the technological come of land campaigns (and their

challenge posed by antisatellite opera- supporting naval and air campaigns) at

tions, we can say that any nation that has every level of conflict intensity. "rile iore

a space surveillance capability, a direct thorough our understanding of the coil-

ascent weapon orjammer, and the will to tributions that space systemns mlake to

employ these systems In an antisatellite deterrence anrd crisis resolution, and the

role could constitute a threat. more rapidly we assimilate space

Since our space systems provide such capabilities into plans and operation,;.

great advantages, an adversary would the more able we will be to serve our Air

most likely find them lucrative targets for Force as its airpower serves our natioun

attack. Either the space-based segment and its global interests.

of a system, the ground-based segment,
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