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Abstract

Todaythereis virtualy no approved space ddcie D guide he devebpment and
employnent of space forces. The supportingstrateges for orgnizing, training
equpping, andenmploying space forces do netxist. There § no dscusson of he enets
of space power or the operational art of employing space forces.

Space policyhas emergd to fill the doctrinal void.Policy is the majorinfluenceon
the orgnization, training equipping and emplosnent of U.S space forces. The
preeminence of policy and asence of dodrine has causel military effectiveness to be
muted in the debates over space forces.

Without a clear vision of what space forces should do, the Air Force has been left to
build spaceforcesin an ad hoc anner. There s no doctinal guidance for howd
achieve the offensve and defense mx of forces cdkd for in the natonal spacepolicy
and there is no approved process from which the needed doctrine can be developed.
Although doctrine development follows a proscribed bureaucratic process, little
consideration is given to the underlying thought process.

This paper attempts to define a doctrine developpeuessanduseit to formulate
a space dodne. This doctine ncludes he enets of space powerhe operatonal art of
spacewarfare, and implementation stategies for space forces.This doctine can be

immediately applied to ongoing space operations.



Chapter 1

The Space Doctrine Poblem

U.S. space forces are ynidrabé © atack and sommissons coull be“drivenfrom
space” i future conficts! This vulneability is not bael ona singe peer compditor
like the Former Soviet Union. Rather, it is based on the availabiliby many attack
options such as, jammers, deception, attacksroang stations, kinetic weaporspace
mines, and directed engrgreapons. Most of the technoldgs neededo employthese
weapons are readilpvailable to amyne with a desire to acquire thémTechntal
sophistication is no lorey a barrier to launchingpace attacks, instead, the Lhtustrely
on deterrence and the goodwill of others to safeguard its space forces from attack.

What would happen if deterrence anabdwill broke down and U.S. space forces
weresubjectedo attack? The answer ges begnd an analys of the defensive measures
for eachspace sstem and calls into question the undewydoctrine that ties space
operations togher. Should these operations haveréspondto a direct attack, space
doctine nust be atwork guiding the devebpment and employment of spaceforcesto
ensure their success in battle.

Unfortunatly, there s virtualy no approved space ddcte. This is true for both
joint and sevice dodrine. Despiteits importance to thesuaess of thgoint team, thae s

almost no mention of space forcesnithe pint capsbne and kestone doatine



publications. In addition, the dint Tactics, Techniques, aitocedure¢JT TP) for space
opeaations is still in drét after many years of development. Air Force dodrine is not
much farher abng Space s included n Air Force basi doctine only becausaerospace
is takento meanboth air andspace. This is highlighted bythe factthat Air Force basi
doctrine has veriittle to sayaboutthe organization,training equipping andemployment
of space forcesIn addition, the Air Force does not have amgrational spacdoctrine,
since the onlyublication of its kind was rescinded in 199hereis no discussiorof the
tenets of spacepower or the operatonal art of enploying space forces.No one seem
sure whatthe enets of space power areln the absencef doctine, coherentstrategies
for organizing, training, equipping, and employing space forces have not evolved.

Space policthas emergd to fill the doctrinal void.Policy now controlsalmostevery
aspectof the military space progm. It determines what progms are developed, how
many systens are feldedandhowtheyareenployed. Therearefew checksandbalances
to weigh military effectiveness against cost or policy constraints.

Without a clear vision of what space forces should do, the Air Force has been left to
build space forcesnian ad hoc enner. Natonal space paty cals for the Air Force b
field a space force composed of offensive and defensive weaponso masterplan
exists to set priorities. Therefore, thdormulation and implementationof eachweapon
system is undertaken in a piecemeal fashi@fith this kind of disjointed approacthere
is nowayto determindf the current weapons suite is propdyalanced.This is alarming
sincee the bdance baween missions ad fore size is crudal to fielding a militarily

effective space forceClearly the current ad hoc approach is flawed.



Given the absence of doctrine, but its obvious criticaktypat must be done?
Unfortunately there is no approved process from whible neededdoctrine can be
developed. It is also verydifficult to discern howthe Air Force developsits doctrine.
For example, althoulg doctrine development follows a proscribed bureaucpbcess,
little consideration is igen to the undering thoudt process. Therefore,in order to
constuct space docine a processineededhatlogicaly ties space poweheory, policy,
and strategy together.

This paper attempts to define a doctrine developmertessanduseit to formulate
a spacedoctrine. The discussion bégs with a review of asting doctrinal publications
and heir treatment of space powerlt proceeds wh a revew of spaceolicy andshows
how policy has been substitutingfor dodrine. Next, a dodrine development proess is
recommended wheh highlights the absence of a space poweedry Finaly, a space
power theory is proposed and used to derive doctrine includithg tenets of space
power, he operabnal art of space warfareand implementation strategies for space

forces. This doctrine can be immediately applied to ongoing space operations.

Notes

Carter, Ashton B “The Current and Future Militarysesof Space.” In Seekig
Stability in Space: Anti-Satellite &fpons and the Evolvin§paceRegime (Lanham,
MD, University Press of America), edited INye, JosephS.,andJamesA. Schear]1987,
pp. 57-64.

“Ibid.

3_ambakis, Steven, “The United Stdes in Lilliput: The Tragedy of Heeting Spae
Power,” Strategic Review, Winter 1995, pp. 35-36.



Chapter 2

Curr ent Space Doctrine

At thevery heart of war lies dodrine. It represents thecentral bdiefs for
waging war in order to achieve victoryDoctrine is of the mind, a
networkof faith and knowledge reinforced by experience which lays the
pattern for the utilization of men, equipment, and tacticslt is
fundamental to sound judgment.

—General Curtis E. Lemay, USAF, 1968

The Role of Doctrine

Thee are many historica examples of politica leadership direting force
development and force emplognt via policydirectives. History also highlights the
perils associated with such an approak€fench reliance on the Mawpt Line after World
War 1 illustrates how politicaly-driven military straegies and foree strudures can impeil
a nation. It is imperative U.Sspace forcesige careful consideration to space doctrine
lest they leave themselves open to disaster.

Joint Publi@tion 1, Joint Warfare of the Armed Forces of the United States
describes how doctrine is a key determinant for force employment.

Dodrine facilitates dear thinking and assists acommande in determining
propercourseof actionunderthe circumstances prevailirag the time of
decision. Thoudh neither policyor strateg, joint doctrine deals with the

fundamentaiissueof how best to employthe national militarypower to
achieve strategic ends.



Strategc objectives are defined kthe countris political leadership.They define
wha naiond interests ae a stake and whd the military instrument of powe is intended
to acconplish. Strategic obpecives are ofin exoressed as nanal policy. Samuel P.
Huntingon noted “the fundamental element of a militagyvice ists purposeor role in
implementing naiond policy.”> Therefore,doctine & also a bol to transhte natonal
policy into military forces and employment strategies.

These relationships can be illustrated graphically as shown in figure 1.

m

Policy ;

Figure 1. Key Relationships

Figure 1 depicts the centrd role of dodrine to augment policy as it guides force
development and emploent. Consider this hyothetical eample of how doctrine
transhtes poicy into forces. Policy could directthe creabn of a new spaceissin for
space-based radailhe directive would be more concerned with what needs tiohe
rather than how togyabout it. Doctrine is needetb fill in the gapsto guide how the new
space-based radar forces wbube orgnized, tained, equiped, and employed.
However, thee is nothingsacred tha says amilitary sevice musthave dodrine. Figure 2
shows how policy can substitutefor dodrine by guiding force development and

employment directly.



Policy — >

Employmen

Figure 2. Policy in the Absence of Doctrine

Space Doctrine

Doctrine cones from many places and ests for different purposes. Doctrine ako
carries different levels of authority based on who promulged it. Figure 3 illustrates

some of the most common types of doctrine.

Joint Dodrine Service Dodrine

CapgoneDoctrine

Basic Dotrine

Keystone Doctrine

Operational ctrine

Joint Tactics, Techniques
andProcedures

Figure 3. Types of Doctrine

Joint Doctrine

Joint doctrineis tied together under the capstone publications @ihd Publication 1,
Joint Warfare of the Armed Forces of the United Statasd &int Publication 0-2,
Unified Adion Armel Forces.® Theylay the foundation for conductingint operations.

Theman concern of capstonedodrineis to integrate dl military sevices and instrumats



of naiond powe in ajoint warfighting evironment* Since there is not an independent
space service, space power is not specifically addressed.

Keystone dodrine links together families of wafighting dodrine and proedurd
publications’ Joint Publication 3-0,Dodrine for Joint Opeations is the kegtone
docrinefor space operains. It only tangentally incorporags space forces lmiscussng
force enhanceantand space cordl and ony superfcially discussesiow the synergstic
effect of space forces can contribute to dominance on the battfefield.

Joint Tactics, Techniques, and Procedure$TR) 3-14, Space Operationsis
earmarked to be the joint-level space doctrikinfortunately this publication is still in
draft after several years of development. Theefore thee is essantially no joint space

doctrine at this time.

Service Doctrine
TheAir Forceincludedspacadn its doctrine startingn 1959. AppendixA provides a
review of the hstory of space operains n Air Forcedoctine. As figure 3 indicaes,
service doctrine can be either basic or operational.
Bastc Doctine. Basic doctrine is comprised of the fundamental principles

for the employnent of aerospace forces in support of Utational
objectives in peacetime and during periods of conflict.

The bast doctine of he Air Force nakespromnentmention of spaceoperatons. It
doesso by including space in its definition of “aerospace.Referencesd space as a
unique enwionment were availed and aerospace was used whémeeiar operatons,
spaceoperations,or both air and space operations were appropriaien thou the
term “space” was avaied, sore references provetb be inescapalel Theseinclude

references to unique space missions such as counterspace, spacelift, and on-orbit



support. Unfortunagly, the gnerallack of dstinciion betveen ai and spacenhibits the
understanding of how the Air Force intends to implement its space missions.

The Air Force § moving awayfrom the &rm aerospace and reqaiing it with air and
space.This is seen in the recent publicationGbbal Engagement: A Vision for the 21st
Century Air Forcewhereair and space superity is now listed as a core copeency'®
Although the idea of space warfare is becomipgominent in Air Force thinkinglittle
effort hasbeenmadeto flesh out what it meansOne would egpect Air Force operational
docrineto provide a cogent discussbn of he operabnal art of space warfare as seen i
the definition of operational doctrine.

Operational Doctrine.Opeationd dodrine is compriseal of theprinaples
and rules governing the org@nization, direction, and employent of
aerospace forces in the accomplishment of major operationaftasks.

The Air Force had opernainal space docine n the form of Air Force Manual
(AFM) 1-6, Military Space Doctring from 1982 until 1991 when ivas rescinded.

Unfortunately, no replacement doctrine has been approved.

Notes

LJoint Publi@tion 1, Joint Warfare of the Armed Forces of thénited States 10
January 1995, p. vi.

“Huntingon, Samuel P, “National Rlicy andthe TransoceanitNavy,” Proceedigs
May 1954, p. 483.

3Joint Publication 1-01.1Compendium of Joint Publication®5 April 1995, p. A-4.

“Joint Publication 1-01Joint Publication System Joint Doctrimad Joint Tactics,
Techmiques, and Procedures Development Progmarf9.

Ibid.

®Joint Publication 3-OPodtrine for Joint Opeations 1 February1995, pplV-3, IV-
5, and 111-9 through 111-10.

’Air Force Manual 1-1USAF Basic Doctrine28 September 1971, p. 1-1.

8Air Force Manual 1-1, Vol.,IBasic Aerospace Doctrine of the Unit&tatesAir
Force, March 1992,p. 5.

%Ibid., p. 7.
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YUnited Sates Ar Force,Global EngagementA Vision for the 21st Century Air
Force, (Washington D.C., Department of the Air Force), December 1996, p. 10.
YAir Force Manual 1-1USAF Basic Doctring28 September 1971, p. 1-1.



Chapter 3

Curr ent Space Policy

Policy. Any plan or course of action adopted by a government, political
party, business organization, or the like, designed to influesoe
determine decisions, actions, and other matters.

—The American Heritage Dictionary, 1976
The lack of space dodhe neans paky is alone n deermining the devebpmentand
employment of U.S space forceslt is imperatve o exanmine the natonal spacepolicy to
assess whber or notU.S. space forces arenperiled by such an approach arfthe U.S.
is relying on the equivalent of a Maginot Line in space.
The process flow shown in fige 1 demonstrates how doctrine complements policy
by providing force structureand employment strateigs. An understandingdf current

space policy is needed to understand what space doctrine is seeking to influence.

National Space Policy

The political leadership ha dearly articulated the straegic objectives for military
spaceforcesin the national space policglated 19 &tember 1996.1t provides gidance
for civil, naional securty, and conmercial space seots. Specfic instuctions are
provided to the Department of Defense (DOWithin the national security sector

guidelines.They include:

10
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. Maintain a capabilityto execute the mission areas of space supporce
enhancement, space control, and force application.

. Protect critical space-related technologies and mission aspects.

. Act as a launch agent for defense and intelligence sectors.

. Integrate and enhance the robustness of satellite control.

. Establish requirements for military and national-level intelligence information.

. Coordinate intelligence gathering with the Director of Central Intelligence.

. Develop, operate and maintain space control capabilities.

. Pursue a ballistic missile defense program.

O~NO O~ WN

The responsibilities assigd to the DOD are both defensaedoffensivein nature.
Defensive actions include (1) mantaining mission epabilities, (2) proteting
technologes and missions, (4) enhancingatellite control, and (8) pursuingissile
defense. Offensive action is required for (7) developisigacecontrol capabilities. The
combination of both defensive and offensive capabilities should lead to the attaoiment
space superiority.

There is an asymmdry baween ddensive and offensive capabilities. Colin Gray
observedthe positive and negive benefits of space power are not identiCkb. be able
to use space does not necessanigly the abilityto denysuch use to an enemwhile
the ability to denythe use of space to an enengrtainlydoes not mean that, ipso facto,
space can be used friendl forces.” Mark Berkowitz further described thienportance
of striking a balance between defensive and offensive capabilities when he wrote:

The United States must continue to roixensive andlefensivemeasures
to ensure freedom of action on-orbit for friendbrces andto prevent
enemies from usingpace for purposes inimical to U.S. interes®e
U.S. militarycan denyaccess to space solehroud offensiveaction,but

the ability to control space to enhance the combat effectiveness of
terrestrial forces requires measures to protect U.S. space systems.

Space doctrine will be needed to balance these policy directives.

11



Policy as a Substitute for Doctrine

Lt Col James Eken observed “the Air Force and B@D choseto dealwith space
employment via polcy guidance wie spedic space docine.” Space paicy cerginly
addresses many issues normdly covered in dodrine, but ha& it really becomea substitut@
Thedifferentroles policy plays for space forces copared ¢ ar forces cedinly seens ©
support Lt Col Eken’s statementonsider the four examples below:

1. The $ace Archiects Office and DepytUnder Scretiry of Defensg DUSD) for
Spacewereestablished to provide leadership of the militspace progm since
Congess natd he lack of a “cohesie sbry’ and overal spacearchtecure.
DUSD (Space)is chargd with consaldaing “policy, stategy, and pans.® The
aircraft community does not have corresponding officials.

2. An interagncy panel was needed to recommend developroérthe evolved,
expandable launch vehicle (EE)L® The F22 did not need such policupport
since air doctrine clearly calls for the development of an air superiority fighter.

3. Expenditures on protection and survivabilitgeasures for space stgms are
extremely low when they should be inte@l to a space doctrine.Aircraft
survivability continues to bea high priority as seen in the development of
defensive countermeasures and stealth technology.

4. Direcives b stindardze and encmyt spacecrafttommand and comnbl systens
were implemented via policy and never reflected in docfrine.

In the absenceof doctrine, policycan drive force development and emphant.
This procesdlow presentsome interestingroblems for space force®lthough policy
and doctrine are closelylinked, theyhave separate purposes; moreover, pakcyot
aways an adequéae substitutefor dodrine. Policy is designed to implement political
decisions. Its primary concernis describingwhat oudnpt to happen.Doctrine describes
wha military organizations bdieve to betrue conaerning opeationd matters. Dodrine’s
primay concern is with gplying theory and past experiences to maimize the military

effectiveness of fores. While policy may or may not onaern itsdf with maters of

military effectiveness,dodrine must. Many dodrinal issue are not aldressal in policy

12



and poliy tends to @ilange more frequently than dodrine. Some of the differences

between doctrine and policy are shown in table 1.

Table 1. Policy versus Doctrine

Policy Doctrine
Source Civilian Authorities Military Leadership
Emphasis Politically Derived Military Effectiveness
Responsiveness Quick Slow, Incremental
Duration Short Long

The different purposedor doctrine and policgan result in conflictingadvice about
how to or@nize tran, equip, and anploy military forces. The costof military equipment
isone area where pol and doatine ofen confict. Policy may dictate a costconscous
force structurewhich may not survive the rigrs of war. Doctrine is more concerned
about military effectiveness and magee advantas to spendingnore moneyto have
forces which can survivein bdtle. In these cases, dther the policy is modified or the
political leadership must accept an increased risk of failure if war océurstherarea
where policy and dodrine can conflict is in deéermining wha quantities of equipment to
proaure Policy may again striveto minimizemilitary expenditures and mé&e optimistic
assumptions about force attritiorDoctrine tends to be more conservatared assume
higher loss rates.The push and pull between poliend doctrineis useful and should
result in a superior force structure.

Omitting dodrine from the proaess déiminates an important check and bdance from
force developmenandemployment. Policy makers should not fear doctrine since policy

takes precedenceover doctrine. However, doctrine iges the militaryleadership a
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stronger voice in debates over force structurBoctrine also forces consideration of

employment issues which may not otherwise be considered during force development.

Problems With Not Having Doctrine

The absence of militargpace doctrine has allowed poliwydrive how the United
Statesorganizes, trains,equips,and emplog its military space forces.The advocates of
military effectiveness are oftenrigred in the debate over spacesteyn desig and
implementation. The lack of emphasis on militargffectivenessfor military space
systems is cause for concern.

The lack of space doctrine, so far, has not been catastrapbgenin DesertStorm.
Some arge that Desert Storm was a space aadthe United Statesandits allies won,
so here 5 no needd fear war i spacé. Thisis supposed to allafears byassertinghat
space ward not new and U.Sforces are prepared féuture spacewars. This line of
reasoningis dan@rous for two reasonsFirst, the lessons learndtbm DesertStorm
havea narrowapplicationdue to the one-sided nature of the space order of bditle.
coalition forceshad spaceresourcedar superior than those ofalj. Second, there are
significantdifferencesbetveenthe“space war” and a “wanispace.” DesertStorm does

not tell us much about war in space since Iraq did not attack coalition space forces.

Space Doctrine Is Needed

There & a sgnificantdifference bewveen vewing space as a edium from which you
cansupportterrestrial warfare and viewirgpace as a medium of warfare itsdloctrine
needsto address not onlyiow space stems support terrestrial warfare but how to

employ space forces when space becomes the arena of conflict.
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If spaces no longer a sanctaryfrom terrestial conflict, then pastand currenpolicy
directivesdo not go far enouf to prepare U.S. space forces for battie.the event of a
space attack, militaneffectiveness will be the dominant concerolicy directives
intended to make spacessyms cost effective are inadequate to enthee military
effectiveness. An eye on cost effectiveness is warranted, but it should not alway
dominde ovea military effectiveness. Futurewars will provetha military effectiveness
shouldbe the dominant consideration and space doctrine needs to be there to advocate
this point. Without credible space doctrine, one can never be sure how space forces will
reactto anattack. Credible spacedoctine s neededd guide he devebpment of future

space forces to ensure an ability to effectively fight a war in space.
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Chapter 4

Doctrine Developnent Process

Therefore, liket or not, spaceis a newtheaterof war that mustbe studied

in that regard as thoroughly and carefully as asther lest we suddenly
find ourselvesonfrontedby thethreat of physical force and violence from
others who have taken it quite seriously.

—G. Harry Stine, 1981

Acceptingthe argiment for better spacgoctrine doesn’tautomaticallyproduceit.
Space doctine has to come from somewhere and ti generaly takes nany years ©
produce. This paper $ primarily concerned wh the devebpmentof space docine butit
is necessaryo definean overall doctrine development process to support tlial gince
none currentlyexsts. Colonel Drew, in his articlelnventing a Doctrine Process
highlights the difference between a bureaucratic doctrine process and an intetieetual
He goes on to conclude that “if the AiFce isto haveeffective and usefuldoctrine, it

must invent and implement an intellectual process for its developrent.”

Defining a Process

There are rany processes avable © guide he devebpment of doctine. The
following list shows some possible options.
1. Mimic other doctrinal publications.

2. Create a collage of ideas from subject-matter experts.
3. Define inputs, relationships, and outputs of doctrine to create a doctrine process.
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Pastdoctrine developmentappeargo follow a mix of options 1 and 2.Doctrine
forma is somavha standadized sine many dodrina publications mimic a capstoneor
keystone publication. However, theydo not follow a standardezl recipe and thegan
vary significantly overtime, organization,andpurpose. The colla@ process is often used
to fill in the sdected format. A team of subjet-matter experts is formel and ther drats
are coordnaied with al the nmgjor stikehotlers b creaé a colage of ideas. AFM 1-1
went so far as to provide the individuessag usedto developthe doctrine as an
accompaning publication? This kind of process caoroducewidely vanying resultsand
is not suitedto rigorousanalsis. It is also prone to missinghportant factors since it is
not systematic.

Creatinga doctrine development process aldhg lines of option 3 appears to be
bestsuitedto the development of space doctrin@ption 1, mimickingexisting doctrine,
hasproven hadequat to dak, as seenni usng air doctine and he &rm aerospaceot
descrbe space opetiains. Option 2, creahg a collage of ideasregarding space
operations,would probably confuse more people than it would ehten, since an
underlyng theme is not available to build oheresulting doctrinenight be disjointed,
have gaps in logic, and miss important points.

Proess deedopment “consists of rdizing tha results ®me from progesses,
building a proaess to produe the desired results, implenenting the proess so onean
later figure out why it produed theresults it did, ad then feeding this insidit back to

improve the proess net time it is usel.”

Ove time, sud an goproah to writing
doctrineshouldimprovethe qualityof the publications and provide consistehefween

doctrinal publications.

17



Observations from Other Doctrine Publications

It is possible to infer a doctrine development process from samglivey doctrinal
publications. Joint Publication 1 and A¥ 1-1 are god representatives of respected

doctrinal publications.Their organization is shown in table 2.

Table 2. Doctrine Organization

Joint Pub 1 AFM 1-1
Chap 1: American Military Power Chap 1: War and the American Military
(includes principles of war)
Chap 2: Values in Joint Warfare Chap 2: Nature of Aerospace Power

(includes tenets of power)

Chap 3: Fundamentals of Joint Warfare | Chap 3: Employing Aerospace Forces
(includes principles of war) (includes the operational art)

Chap 4: The Joint Campaign Chap 4: Preparing the Air Forces for War
(includes supporting capabilities)

Both publications follow a similar logal presentation.The principles of war are
discussedfollowed by the tenets of power and then the operational art of wanis

template is shown in figure 4 and can be used to define a doctrine development process.

Step1l
Principles
of War

Step 3

Operdional
Art

Figure 4. Doctrine Development Steps

Recommended Process

A more thoroudh review of AFM 1-1 reveals additional information is needed to

support the doctrine development procedarst, an underiyng theory is neededto
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explain how or whythings work. It ensures the resultirdpctrine hasolid underpinning
andis not strictly self servingfor the proponents of the doctriné&second, the tenets of
power are dsel tied to the charadristics of the warfighting environment The
environment heavilynfluences what works or doesn’t work under the pressuresnof
Appendix C compares the tenets of power &r, land, and seaoperationsto illustrate
this point. Third, operational eperience is an important factor in determinitige
operational art.Doctrine draws heavilpn pastexperiencesincelessondearnedin war
are especially credible to military organizations.

Figure 5 shows how the basic structure fromufig 1 can be gpanded to include

theory, environmental characteristics, and operational experience.

@

Experierce

Figure 5. Overall Process

Figure 6 shows how the basic structtnam figure 4 canalsobe expandedo include
the contribution of environmental characteristics and operatiegaérienceto the

doctrine development process.
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Step1l
Principles
of War Step 2
> Tenets of
Space Space Power Step 3
Characteristics : Operdional
Operdional Art
Experierce

Figure 6. Doctrine Development Process

The one ingedient still missingor the development of a spadectrineis a space

power theory.This is the subject of the next chapter.
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Practical Revolutions in ManagemeirfPortland, OR, Productivitiress), 1993, pp. 45-
46.
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Chapter 5

Space Powr Theory

Man hasalwayssoughtto expandhis domain.In subduing the earth, man
moved onto the water, under the water, into the and into spaceas
technology allowed.With him, man took war.Man will take warinto
space.lt is not a matter of if; it is merely a matter of when.

—Lt Col Thomas Eller and Maj Charles Friedenstein, 1981

Carl Builder, in his book, The Icarus Syndrondefined theoryas “a supposition or
conjecture about the relationships between thingTheories explain why"! An
understandingdf why somethingworks makes it possible to predict whegedsto be
doneand how one shouldogabout it. Therefore, theorgan structure the wayoctrine
organizes space power concepts into a coherent whole.

Clearly then,one nustbegn by quesitoning why space forces are dewpkd. There
are nmany conpeing conceps recarding the rok of spacepower and how spaceforces
should be developed and emmdy It is impossible t@ccepteveryconceptsincemany
aremutualy exclusive. Thereforejn order b organize the arrayof space power conceypt

and coherently guide the development of space doctrine, a space power theory is needed.

Definitions

Before a space theory can be described, a common understanding of terms is needed.
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Space System

The first item to consider how to describe a spastesy. Many publicationsdefine
a spacesystemasbeingcomprisedof space, link, andrgund segents where thergund
segment includes a control element and user equipment.

Issues with Ground Segment. Groupingthe control elemerénd userequipment
into a singe segnent inhibits the understandingf user equipmentUser equipments
growing in importance as support to militaoperations increase for spaceces. User
equipment is often fielded on airborne or spaceborne platforms and the rtaund g
segnent does not adequatebonvey theseapplications. Therefore,user equipment
should be accorded status as a distinct segment.

Issues with Link Segment. The link segient describes thelationshipbetweerthe
contol and space segens. Relationshps betveen sements can be dganic and ske on
a varietyof forms. Links are usuallyadio frequencytransmissiondut they can be
acconplished by lasers or camsters. Using the &m link segmentinhibits the
understandingof other relationships such as spacecraft-to-spacecraft &nkisuser
equipment-to-user equipment linkdMixing relationships and hardware tescribea
space sstem is awkward, at best, and is unnecessdiye system can be adequately
defined usingonly hardware elements and their relationships can be defined on a ease-by
case basis.

The following three segments will be used to describe a space system in this paper:

1. Space segment—the actual space vehicle which is also referred to as a spacecraft

2. Control segment—the means of command and control
3. User segment—the equipment which provides users with space services
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Regions of Space

The seconddefinition to consider is space or tegs of space.lt is important to
carefully conside wha regions ae usel, sin@ thar characteristics will directly influence
the development of theomnd doctrine. Although spaceis physically undivided,there
are nmany different regons of space whh are ready discernble. It is possble ©
consideronly a sinde class of orbits, such asggtationaryorbits, and develop a doctrine
for geosynchronousspace. However, such narrowlydefined regpns of space will
probablynot be useful to the war figers sincespacesystemsof all orbits typeswill be
neededo supportterrestrial operationsA good startingooint to define reg@ns of space
is to consider the taxomyJohn Collins describes in his bobkilitary Space Forces: the

Next 50 YearsHe defined four regions of the space environment as shown in figure 7.

Region Il
Circumterrestrial Region Il
Space Moon and

Environs

Region |
Earth ard
Atmoghere

Moon

S~ _Luna
Region IV Orbit
Outer Envelope

Figure 7. Regions of Space

Although the Air Force now defines aerospace to include the air environment and all
of spacé it previouslyused the term to oniypean‘“the regon abovethe earth’ssurface,

composed of bdt amosphere and near-spaée.This erlier definition closdy maches
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Regon | which John Collins calls “earth and atmosphere.In this paper, the term
aerospaceavill be usedto describethe regon from the surface of the earth up to 60 miles
which corresponds to region This is where the transition from air to space occurs.

Regions|l and Il highlight the differences beween earth and luna orbits. For the
purposes of this pgper, there is not a sgnificant difference between regionsll and lll and
it would bedifficult to m&e a meaningful distindion for dodrine beween these two
regions. Therefore they will be combinal into asinde region alled earth orbit. The
space power theory put forth in this paper is for the earth orbit environment.

John Collins callsregon 1V the outer envelope.This includes evething beyond
earth orbit. Since oute envdope is not awidely-usel tam, it will be referred to simply
as outer space in this paper.

Using the common frame of reference providedthg above definitions, one can
now begn describingthe environment and operationalpexience which are needed to

build a space power theory.

Space Characteristics

There are several characteristics of space which define it as a unique argditargf
endeavor. There are so amy that is often hardto decde which characeristics are
important to the devebpment of a space powemhéory or doctine. Some interesing
characeristics, suchas, size or remotenessare notrelevant to the devebpment of space
power theoryor doctrine. Many authors havelescribedthe attributesthey consider

important and a few of them are summarized in table 3.
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Table 3. Space Characteristics

AFM 1-6' AFDD 2-2 Luptor? Burke
- Global Coverage - Global Coverage - Global Presence - Size
- Economy - Flexibility - Quasi-Positional Siting - Remoteness
- Effectiveness - Economy - Congregational Tendency | - Openness
- Flexibility - Effectiveness - Long-Range Electromagneti¢ - Unity
- Efficiency - Robustness Weapons Effects - Isolation
- Redundancy - Hypervelocity Kill - Vantage
- Infinite Operating Area - Harshness
- Logistical Handicap - Constancy
- Inaccessibility - Uniformity
- Lack of Manning - Poverty in Resources
- Altitude/Security Trade-off
- Legal Overflight
- Vehicular Sovereignty
- Political Insensitivity

IAFM 1-8, Military Space Doctringl5 October 1982, p.

2AFDD 4, Space Operations Doctrinanpublished draft, June 1996,

3Lupton, Lt Col Davd E, On Space \Atare, A Space Posr Doctrine, (Maxwell AFB, AL, Air Universty
Press), June 1988, pp. 19-27.

“Burke, 1Lt Roger C., “Basc Space Dodtine” In Military Space Docine -- The GeatFrontier. A Bookof
Readingsfor the United Stateéir Force Academy Militar SpaceDoctrine Symposim, 1-3 April 1981,
Vol. |, (Colorado Springs, CO, USAF Academy), compiled by Swan, Major Peter A., 1981, p. 115.

Most of the atributes n table 3 are actally characgristics of individual spacecraft
(e.g, effectiveness, flakility, efficiency redundancyrobustness), reflect the current
state of space technolpde.g, inaccessibility lack of manninyy or are lessondearned
(e.g, altitude/securitytrade-off,economy. Although these tges of attributes should be
discussed in theoryheyshould not be incorporated into doctrine since it wdoitde the
doctrine to chang as the force structure dechnology changs. The collection of
attributesin table 3 do, however, provide an adequate reservoir to distill out three
fundamentakharacteristicof space:observability undivided medium, and tie to earth.
Theseatributes incontoveribly identfy the space enkenment as a urque operahg

environment separate from the air, land, or sea.
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Observability

Obsevability ties together the ideas of gobd coverage, high vantage point, and
reciprocity. Not only can space forces obseregéstial forces,but, terrestial forcescan
observespacegorces. Theability of space forces to observe terrestrial activities istkey
their effectiveness, while the abilitgf other forces to observe space forpesesa
significant vulnerability.

Observabilityis most concerned with the spacemseqt since spacecrafanobserve
the earth and, in return, be observed and monitoosad earth. Spaceis void of virtually
everything, including obscurants. There are no clouds in space, so spacecatitbe
observed quite easilyThe high vanta@ point of spacecraft also contributegtie ability
to obseve thar activities. There are some obsevation limitations dgending on the
phenomenolog employed, such as, sun deg for optical sstems andize anddistance
for radar systans. Additiondly, thee are latitude limitations for low-inclination orbits
andlongtude limitations for geosynchronous spacecraftiowever, these limitations are
small, and, for the most part, anyone can observe spacecraft at any time.

Theuser sementand contol segnentare nuch harderd observe dueottheir ease
of movement (user segent) and worldwide locations (control segnt). However, if
they radiate energy into space, it is possible to observe their activity, as well.

An element of obsevability is the predictability of orbitd mechanics. Once you
know the element sefor a spacecraftyou can accuraly predtt its locaton in the
future. The only way to chang the orbt is to expend energ in a vebcity changng
maneuver (i.e., deka-v) to either accetrae or decadrat the spacecraft If a detav

maneuvers observedthen the spacecraft’'s orbit will still be predictabla.the event the

26



maneuve is not obseved, the object will continueto be obseved but it mg not be
apparenthatit is the same object since it will be in a different orbithis is because
spacecraftare tacked accordig to their orbit rather tan vsual identficaion.
Predictability may chan@ in the future with new spacecraft technoésg such as
continuouslythrustingsystems (e.g ion propulsion). Thesetypesof systemsmay not
have predictable orbits and nev tracking schemes mg have to beemployed. Until then,
orbits will be predictable.

Another element of observabilitg low-observable technolgagnd itsapplicationto
spaceforces. Low-observablgechnoloy can hide specific spacecraft attributes from
speific sensors. As sasors éher become more sensitive or expand into nev
observabn bands, hen spacecraftvould have ¢ be redegned b defeatthe new
technolog. This process would result in a cat-and-mouaaegbetween spacecraft and
sensors.There will be periods where the spacecraft have the adwaatatothersvhere
the sensors hae theadvantage. It is impossibleo prealict wha the stae of the art will be
at anytime in the future, thus low-observable technglagnnot indefinitelyovercome
the fundamental characteristic of the observabiitythe spaceenvironment. Clearly
then, the application of low-observable techn@egto spacecraft will have to be
considered at the operational art level of space doctrine.

Despite low-observabletechnology and gven the broad implications oflapal
coverage and thepotential benefits of the high vantage point, obsevability is a dominant
environmentl characeristic thatenabés space forcesotassura war fighting missons. It

will drive the need to defend space forces from attack.
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Undivided Medium

Earthorbital spaces a sinde, undivided medium.There are no plsjcal barriers to
sgregate one area from anothe, unlike the land or sa. Theae are aso no political
barriers n space, such as,aghs of natonal soveregnty or exclusion zonesfor land and
air. In contrastspacecrafarefree to transit anyegon of space at anyme gven theydo
not endangr other spacecrafandthey have sufftient fuel to make the maneuver. There
are natural gpuping of spacecraft into similar orbits but these are driwemdividual
mission objectivesDefining sub-regons of earth orbits, such asogynchronousor sun-
synchronousorbits, is a matterof convenience and does not impact the development of

space theory or doctrine for the earth orbit region in general.

Tie to Earth

Earth orbitingspacecraft are inherenthgd to terrestriahctivities. At the mostbasic
level, theyareboundby the earth’s gavity until theyreach escape velocityspace forces
in earth orbit will assumeroles and missions while will, in someway, influence activities
on earth as well as beinfluenced by thoseectivities. Most peple recognize that orbiting
spacecrafiare n view of he eaith and can be ewed fromthe earh. Their influence
need not be so passive, howevéerrestrial sgtems can project engrgnd/or matteup
to orbitingspacecraft at virtuallgnytime. While the abilityof terrestrial forceso attack
space forces is limited ihe relative gometryof the weapon sgem, gound mobile or
airborneweapons can overcome these limitations and attack space forces at \amyally
time or place. Every space sstem is vulnerable to attack whether or not its operator

wants it to be.
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Operational Experience

The United States Air Force has been opdrag spacecraffor aimost forty years.
This operationakexperience has taig us much about militargpace operationsOne of
the most important events to demonstrate the importance of msip@ge power was
Opeation Desat Storm duringthe Gulf Wa. Sir Paer Anson and Dennis Cummings
observed the following lessons from Desert Storm:

1. The user segment needs to be more flexible to exploit space capabilities.

2. The distinction between military and civil systems is blurred.

3. Space systems will be increasingly in demand.

Similarly, Vice Admird William Doudherty cited these lessons from Dgat Stormin
his article titledStorm from Space

1. Space plays a broad role to support both tactical and strategic operations.

2. Dependence on space systems will continue to grow.

3. Improved space systems are needed, for:

e More immediate support to troops and assembled forces

e Upgrades to early warning systems

e Responsive space launch capability

e Space-based wide area surveillance

e An ability to protectU.S. space assets and selectivdgny adversaryspace
use

Not all of these observains are gneral principles of spac®peratons. However,

three generalzed statements of operatonal experience can be alle usng these

observations.

Useful to Many

The clientele for space-derived information is impressivegaoing. Everytime a
new spacemission is undertaken, it quicklyecomes indispensable to militapolitical,

and economicopeaations. Saellite navigation ads, missilewarning, and westher systans
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are familiar eamples of how the simplest spassrvicecanspawnentire new industries
and enhancemilitary weaponry The U.S. armed forces alreattiave a considerable
relianceon spacedataand this is crossingver to the domestic civilian population and
spreadingworldwide. The increasingsophistication otivilian spacesystemsblurs the
distinction between militanand civilian space capabilitiesxd increaseghe probability
civilian space sstems will be used for militarpurpose$. Sir Anson observed fesert
Storm] reveded the military potentidd of commecial communi@tions and earth
obsevation systems and narowed the gap bdween military and commecial spae
ground equipment” Reliance on space stgms should continue torayv for both

military and civil users.

Fight on Demand

Space forces support militagperations 24 hours a dagveryday They play a
prominent role in peacetime militayperations and suppoat high operationstempo.
Space forces must be constamtiyailable to support sugg in militaryoperationsvhether
for war or military opeations othe than wa (MOOTW).!® This has blurred the
distinction between peace and war in space.

The transtion from peace @ war nmay happen unepecedly and space sgenms will
be among the first to respond. An attack on space-based eanyarning or
communicatons systens could proceed fihting betveen érrestial forces. A space
force's ability to withstand sud an attack could be crudal to preventing an escalation in
hostilitiesor concludingthem quickly Therefore, space forces must be able thtfan

demand, even if the timing is dictated by the adversary.
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Always Vulnerable

Spaceis a sanctuaryonly as longas no one shoots at another’'s space fordéws
nature of the spaceenvironment (observabilityand tie to earth) makes spacecraft
vulnerable to a wide varietgf threats. In addition,it may be difficult to perceivean
adversarys actons for whatthey are. Space aacks coul eady be mistaken as
unintentional interference since space forces can come under attack with little or no
warning. Even if there is ovewhdming evidence of harmful interference, it may not be
possibleto pinpointthe culprit or go public with it for fear of revealinthe capabilities or
limitations of space forcesThis concern encompasses more than just the spaterseg
The user and control segments also have many vulnerabilities of their own.

It is unreasonabléo expecta countryto have sufficient information about the threat
or thepolitical resolveto conduct preemptive strikes to protect its space forédtough
the chim of natonal soveregnty for spacecrafis a stong detrrentto taking preenptive
action, manytreaty provisions that are intended to protect Uspace forcesnake it
harderto acively defend aginst space aack. An adversarymay rouinely probe
anoher’sforcesjustto see whahappens oifitheyeven nate. The “atack” may not be
an dtack at dl but raher unintentiond interference which is not worth riskinga war for.
Sincethe U.S. has the most to lose from a war in space, it will be reluctant to make the
first strike aguinstthe space forces of a nat with the meansto retaliate. Thisreluctance

almost guarantees the U.S. will continue to be vulnerable to a first strike in space.
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Space Power Theory

A spacepowertheorycan be developed usirtge information presented above to
conjectureabout how and why spaceforces will shape the future of national power.
Space forces haveraldyassuned important naional securiy roles and dlindicaions

are for their importance to grow.

Trends

Thereare many trends hat indicae a pronment future for space power, however,
two in particular bear mentioning.

Continuous Awareness. The first trend B toward space forces that provide
continuous awareness of terrestrial everithe observabilitycharacteristic othe space
environment has dlowed space force® monitor important world evens andsituaions.
Ealy missionswere to monitor straegic forces and to veify treaty compliance. Othe
missions developed to continuoushonitor the earthdor missile launchesand weather
paterns™ For dl of these missions, theemphasis ha ben to lessen the time from
sensing an event to reporting it. Rday sdellites hare been employed to dlow space
forcesto operate in a near real-time modéhe trend is takingpace forces toward an
ability to provide continuous awareness of terrestrial events.

Vital to All. The second trend is the transition of space forces from bapmrtant
to many, to beng vita to al. Space power has becemncreasngy important to
political, economic and militarypower. Terrestrial military forces in particular are
becomingincreasinty dependent on space power in the conduct of thgérations?

The time compressiorcausedoy continuous awarenessvgs orgnizations less time to
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react to crises.This has elevated the importancespicepower for stateand non-state
actors alike (e.g businesses, private volunteamanizations, and potentially terrorist
groups). The trend is for space power to become a concern of allam@gtions,
regardless of their technical sophisticatioGeneral Herres put it well when he forecast
that “no nation will be fullyable to control its owmlestiny without significant space

capabilities.®

Conjectures

The two trends discussed above can support rddfgyent conjectures abospace
power in the future.Some are found intlCol Mantz’sbooklettitled, The New Sword, A
Theory of Space Combat Pow&here heikts the folowing “axioms of spacecombat
power”:

1. Space strike systems can be decisive by striking earth forces.

2. Space strike systens can be desive when an eneyhs essemél means for
waging war are vulnerable to space attack.

3. Space strike systenms can be decsive by stiking eneny decsion-making
structures.

4. Space strike systems can deter hostile actions by holding the enemy at risk.

5. Space deral systems can be desive bydenyng eneny accesdo space-devied

data.

Spacedenal systens can be desive by physically denyng eneny accessad

space.

7. Space protection systems can assure friendly access to space.

8. Total space control is neither achievable nor necessary.

9. Space combat power must be centrally and independently controlled.

10. Space power is not intrinsically linked to air powfer.

o

These conjectures are more exhaustive than is desired for this dépér.a
comprehensive space power theory needs to discuss space power at this level of detail,
the need here is to summarize the fundamental conjecture about the future of space

power.
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The conjecture offered here is thgppace power is a precondition ¢ontrol the sea,
land, or air® This conjecture is supported Hiye two trends stated above ameaks
down into four supporting conjectures.

Space forces are necessary to enhance av fighting capabilities!® This
conjectureis basedon the positive benefits gned from eyploiting the space medium,
opeaationd experience usingthese capabilities, and thetrend towad geater reliance on
space forces.The mission area undertaken to enhance watifig capabilities is force
enhancement.

Space forces can target sea, &nd, and air forces!’ Space forces canarget
terrestrid forces in oneof two ways. First, thg/ can enhance the lethdity of terrestrid
forces as stated abovelhis added lethalitymakes itpossiblefor terrestrialforcesto
more quicklyengage opposingforces once thegre detected bgpace forcesThe second
means is for space forces to direatlygpge terrestrial forces througspace-to-gpundor
ground-to-space-torgund weaponsThe mission area to tagterrestrial forcess force
application.

Adversaries must be deprived access to space to gaindecisive advantage'®
This conjecture stats with theassumption thiaothe naions will follow theU.S.’s lead in
relying more on spacepowerin the fuure. Indeed, he European ewpont of lessons
learned fromDesertStorm indicaes his to be he casé® A more conventional wago
provethis pointis to produe intdlig ence estimates whidh danonstrae foregn utility and
dependencyn space stens. This option may not be posdile snce t is diffi cult to

project foreign space developments much teg a few garsandintelligenceestimates

34



are @gneraly classfied. The mssbn area @ deprive ohers accessotspace s space
control.

Spacepower is perishable and must be protected®® This conjecture is based on a
denonstated or a reasonalyl plausble threat to friendly space forces. The threat
discussion provided in chapter 1 was curdauy adequatelgupportsthis argumentfor
now. Operationalexperiencesddemonstratdhow quickly a countrycan targt the space
forces of an adversarylhe msson aread proectfriendly spaceforceswasoncecaled

space defense but it is now included as an element of space control.

Roles and Missions

The proposed space power theoigentified the force enhancement,force
application, and space control mission ared&M 1-1 andthe national spacepolicy
complement this list byddingspace supportThe list of mission areas and supporting
missions include:

1. Spaceupport
e Launch
» Satellite Operations
2. ForceEnhancement
e Surveillance and Reconnaissance
* Navigation
e Communication
* Weather
3. SpaceControl
* Space Surveillance
¢ Counterspace
* Missile Defense
4. ForceApplication
* Ground Based Nuclear Deterrence
e Conventional Strike

Armed with an understandingf the space environmenmastoperationakexperience,

and a space power theory, it is now possible to develop space doctrine.
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Chapter 6

Warfar e in the Space Envionment

Future military spa® opeations must betreated with the same
‘developed-for-war’ approach that today is applied to operationghe
land, sea, and in the air.

—General John L. Piotrowski, USAF, 1989
The peces ¢ the doctine process dcussedn chapér 4 arenow readyto be put
together. Chapter 5 provided supportimgformation concerningpacecharacteristicand
operatonalexperienceasit relates  space powehtory The prnciples of war andhteir
applcaion  the space enkonmentare proviled n Appendk B. The conpleted pieces

of the space doctrine process are shown in the gray boxes below.

Principles of War

(See AppendixB)
Objedive
Offensve
Economy ofForce
Unity of Command
Secuity
Surprise

Simplicity Step 2
Tenetsof
SpaceChaacteistics SpacePower Step 3
(SeeChagter 5) ——— Operational
Observabiliy peational Experience Art

Undivided Medium (SeeChayter 5)
Tieto Eath Useful to Many
Fight on Demand

Always Vulnergble

Figure 8. Completed Pieces
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Tenets of Space Power

Codifying the tenets of space powersithe nex step n the doctine devebpment
process. Tenets desaibe how “powe can beusel to ahieve military objectives.”! They
are the operational strateg that harmoneenvironmental constraints and the principles
of war. The following checklst lays out the process use® ttonpare he prnciples of
war to the environment characteristics.

1. Make a one-to-onecomparisonof the principles of war to the environmental

characteristics.

2. Consider whether or not the environmemablesor impedesemployment of

forces in a manner called for by the principles of war.

3. If the environment enables sud opeations, tha@ no tene of powea will result

since all forces will enjoy that advantage.

4. If the environment impedes such operations, then aaépetvershouldresultto

describe what characteristic forces need to overcome the impediment.

A good wayto exlain this process is to demonstrate itdpplyng it to a familiar

topic as shown in tale 4. Thefollowing example from ar dodrine s illustrative only. It

is unlikely this process was used by the authors of AFM 1-1.

Table 4. Tenets of Air Power Analysis

Principles Aerospace Characteristics
of War Dispersed Many Targets/ Lethal
Capabilities Hard Targets Environment
Objective central control persistence
Offensive flexibility concentration
Economy of Force synergy priority balance
YExtracted from discussion of aerospace power tenets, AFM 1-1, Vol. I, March 1992, p. 8.

Table 4 shows how the seven tenets of air power casheberibedusing the first

three principles of war and the nost elementry aerospace charagistics. The

combinaion of obgcive and nany targets leads ¢ a need for persence. AFM 1-1
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staes tha “destroyed targets may be rebuilt by resoureful enemies” (environment
characteristic). The prindples of war cal for military forces to achieve objectives.
Therefore,“air plannersshould plan for restrikes agnst important taes.” In other
words—persistence.

This same anafis process should reveal the tenets of space poWee. tenetof

space power analysis are shown in table 5.

Table 5. Tenets of Space Power Analysis

Principles Space Characteristics
of War Observability Undivided Medium Tie to Earth

Objective initiative N/A synergy/sustain
Offensive initiative N/A N/A
Economy of Force N/A N/A sustain
Unity of Command initiative N/A synergy
Security initiative agility N/A
Surprise initiative N/A N/A
Simplicity N/A N/A sustain
Note: N/A means no tenet was derived from this analysis.

A brief descrption is provided for eachenet of space powerni the folowing

paragraphs.

Initiative
Table 5 shows that the observability of space forces leads to the tenet of initiative.

Initiative. Initiative sds or ¢hanges theterms of batle by action and

implies an offensivespirit in the conduct of all operation®Applied to the
force as a whole initiative requires constant dfort to force the enemy to

conform to commanders’ operational purposestangoswhile retaining
freedomof action. It means depletinghe enem\s options, while still
having options of their own.

Initiative is requiredof spacgorces to: (1) achieve objectives, (2) take the offensive,

(3) achieve unityof command, (4) maintain secutitgnd (5) surprise the adversary
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Anotherway of looking at this is to consider what mdyappen if space operators fail to
take theinitiative. They will beunable to achieve any new objectives othe than continue
current opeations. They will be in addensive postureand unable to take the offensive
Unity of command maynot be achieved and somassetsmay be beyond the
commander’s contol. The secuty of the swtens may be tireaened byan adversary
who hasfound keyvulnerabilities. And, finally, the adversarwill never be surprised or
forced to react to the space forces.

Initiative is needed to ensure the safetyfriendly spacecraft, as wels put the
adversaryn the defensiveBy forcingthe adversarfo react instead of act, the likelihood
of sucessincreases. This tenet gpplies to theuse and @ntrol s@ments, & wdl as the

space segment.

Agility
The tenet of agility arises primarily from concerns over the security of space systems.
Agility. Agility is the abilityof friendly forces to react fastehan the

enemy and is apreaequisite for sezing and holdingthe initiative. It is as
much a mental as a physical quafity.

Agility can beboth phyical and virtud. Physical agility is theability to movespae
forces or usedternae equipment in reaction to adversay actions. Virtual agility is the
ability to chang operating characteristics without moving@r changng equipment.
Agility is the linchpin for the protection and preservation of space forces during
hostilities,and without it, a space-faringation risks losingts space assets durimgar.
Agility includes two sub-elements. First, it is necessaryo maintain a situational

awarenes$o detectthreatsto spacesystems. Second, space operators must be prepared
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to react to threats as theyise. Contingency plans needto be well understoodand

exercised.

Synergy

The tenet of synergy arises from the tie between space and terrestrial forces.

Synergy. Synergy is the abilityto “produce effects well bend the
proportion of each mission’s individual contribution to the campaign.”

Spaceforcesareinexricably linkedto the earh and heir operatons provie a force
multiplier to achieve desired objectivesThe force multiplier effect ofspacecraft
providinginformation superioritys so well known it is almost taken fgranted(e.g, the
role ofthe Global Positioning Sgtemin precision-giidedmunitions). Unity of command
also hasimplicatons for syergy since some centalized contol is needed d ensure
compatibility and to not overwhelm the user with unnecessafprmation. If space
forces operate in an uncoordinated manme&ancausanformationoverloadandbecome
a detiment to the conbatant commander. Space sgterms work bestwhen hey are

operated cooperatively rather than competitively.

Sustain Operations

Joint Publication1-02, DOD Dictionary of Military and Associated Terpdefines
sustainment as:

Sustainment. The provision of personnel, Igic, and other support
required to maintain and prolomgperations orcombatuntil successful
accomplishment or revision of the mission or national objectives.

AFM 1-6 stated that “an integl responsibilityto deployng a space force is

nl

maintainingit and ensuringt has an enduringapability”® Once space sgens are

included into operational war plans, eveffort must be mad# sustaintheir operations.
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It may be more important to the commandercontinuereceivingspacesupporthe is
familiar with than testingomethingnew in the heat of battleSpaceforcesmustbe used
wisely so theywill be available througout the conflict. Sustaining spaceperationswill
reducethe fog and friction of war for U.S. forces. Sustainment operations include
defensive operations, replenishment strategies, and maintaining reserve capabilities.

A comparisonof the tenets of power for land, sea, air, and space operations is

provided in Appendix C.

Operational Art

The enets of space power can now be usedlevebp the operatonal art for space
forces. Joint Publication 1-02 defines operational art as:
Operational Art. The employment of military forces to dtain straegic

and/oroperationabbjectivesthrough the desig, organization, integation,
and conduct of strategies, campaigns, major operations, and battles.

The opeationd art is the heart and soul of militay dodrine. It calls for careful
consideration about what strateg and capabilitiewill lead to mission success.
Opeationd art is comprisal of the capabilities or tehniques military organizaions
develop to maximize the effectiveness of thé forces. It is roote in opeationd
experience and seeks to animate the tenets of powegireamedium. Operationalart
elements can be either backward-lookorgforward-lookingbasedon what experiences
are considered most important to theaoigation. The attempthereis to articulatea
forward-looking doctrine and prescribewhat should work in the future to make U.S.

space forces as effective as possible.
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The mechanics of developing the opeationd art is simila to tha usel for thetenes
of power analysisThe following checklist was used to conduct this analysis.

1. Make a one-to-one comparison of the tenets of power to operational experience.

2. Consider what the operational experience reveals concerning the tenet of power.

3. If the opeationd experience if favorable, then record wha capabilities or
techniques were the cause for success.

4. If the opeaationd experience is negative, then record wha new capabilities or
technigues may be needed to ensure success in the future.

Severaloperatonalart conceps canfit into many places m the anajsis, however, he

matrix below only lists the best match to reduce repetitiveness.

Table 6. Operational Art Analysis

Tenets of Operational Experience
Power Useful to Many Fight on Demand | Always Vulnerable
Initiative encryption observation maneuver
management
Agility N/A autonomy attack detection
training space surveillance
Synergy standard products exploit others data fusion
interoperability
Sustain exploit others launch on demand robustness
reserve modes

The eylanation and discussion of each of these capabilities requiresatb@mnéon
than can be devoted her&ppendixD provides a definition, emples, and discussion

of all fourteen operational art elemenihey are also summarized in table 7 below.
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Table 7. Operational Art Summary

Operational Art

Description

Examples

Encryption Stop intruders and pirates Crypto boxes, on-board processing
Observation ManagementControl what is revealed Decoys, debris, LPI links
Maneuver Change orbits or locations Thrusters, mobile ground segments
Autonomy Automate counter measures | Safe mode, back-up frequencies
Training Train as you fight Exercises, simulation, planning
Attack Detection Characterize attacks Attack warning, direction finding
Space Surveillance Maintain situational awareness| Radar & optical tracking, listening
Standard Interfaces Facilitate data sharing Commercial standards and formafs

Interoperability

Modular and standard designs

SGLS, standard/modular designs

Exploit Others

Use non-military systems

CRSF, commercial GPS receiverg

Data Fusion

All-sensor view of the battlefiel

i All source intelligence reports

Launch on Demand

Deploy spacecraft when neede

dSpace plane, ICBMs

Reserve Modes

Overcome problems or attacks

Alternate power settings, back-up

Robustness

Be hard to kill

U7

Milstar waveform, hardening

Notes

Air Force Manual 1-1, Vol.,IBasic Aerospace Doctrine of the Unit&tatesAir
Force March 1992, p. 8.

?|bid.

3Field Manual 100-5Qperations, June 1993, p. 2-6.

“Ibid., p. 2-7.
°AFM 1-1, p. 8.

®Joint Publication 1-02,Department of Defense Dictionary of Military and
Associated Term23 March 1994.
’Air Force Manual 1-6Military Space Operationsl5 October 1982, p. 10.
8Joint Publication 1-02.
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Chapter 7

Applying the Operational Art

Doctrine is intended touyde theorganization, training equipping andemployment
of military forces. Dodrine guides these activities by codifying military judgment in a
form that is usableby developers and plannersA readily usable form of doctrine is
foundin implementatiorstrategesto guide acquisition and emploent activities. These
strategies asstin the ranshtion of polcy direcivesinto force structure andemployment
conceps. Implementtion stategies can be catprized as eher force-devebpment or
force-employnent oriented.Both types of stratdgs should reflect the application thie

operational art to space missions.

Force-Development Strategies

Force-development strateg should address issues related to the acquisition of space
forces. Many important characeristics of space forces are @enined dumg the
acquisition phase because follow-on operational innovatwils be significantly
constainedby the desgn of the space sfem Force-devapment strategies aremtended
to describegeneral capabilities space forces need rather than mission- on-desoe
characeristics. The proceedhig list of operaitonal art elements contain two readly

apparent force development strategies.
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Modular Design

Modular desiq is the abilityto mix and match different p&yads between different
types of space sstens. It apples equdly to the space, cordl, and user segent,
althoudh the emphasis is often placed on the sgagment sinceit is more difficult to
change once it is launched.

Modular desig is also concerned with addin@ncillary payoads to spacecraft.
Many of the operational art elements advocate equipgiingpacecraftvith multiple sub-
payloads. This idea was prominat in ARM 1-6 and was rderred to & a multi-mission
capability AFM 1-6 envisioned a capabilityo: “defend friendlyspace sstemsby
avoiding or survivingattack and to promotedeerrence by having the ability to detect,
identfy, and neutllize threaening eneny systems.” These samideas are gressedr
this paper in the operational art elements of:

AttackDetection
Spacesurveillance
Standardnterfaces

Interoperability
ReservéModes

aprwdPE

The term multi-mission wa not usd hee sine it now arries a different
connotation. Multi-mission is often taken to mean combinimimary spacecraft
payoads such as addj an magery mission o a mssie warning spacecraft This may be
a good idea undercertaincircumstanceshut it is not gneralizable to all space forces.
Modular design on the other hand emphasizes the abittyadd gneral warfidnting
capabilities as an adjunct to primayacecraft mission(s)t is reasonablé¢o considerall

spacecraft as candidates for implementing one or more of the capabilities listed above.
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Commercial Standards

Many of the functions required of militargpace forceare commonto commercial
uses ad thee is often no reson to hae uniquemilitary standads. This idea has been
around for some time and was the subjearodcquisitionreform. In 1994, Secretaryof
DefensePerryissued a policynemorandum statintthe use of militaryspecifications and
standards is authorized only as a last resort, with an appropriate wWaiver.”

While commercial standads ae bang pursuel by the acquisition @mmunityfor the
potentialcostsaving involved, this strateg also offers manyorce employnent benefits.
Adopting commercial standards should make space forces more responsive in
implementing these operational art elements:

1. Standardnterfaces

2. Interoperability

3. ExploitOthers

4. DataFusion

Fielding space forces in this manner will facilitate the iné¢ign of spacéorcesinto
theater operations and theater afle Managment, Command, Control and
CommunicationBMC3) systems. It will make space forces more fiele to operational
demands by allowing greater interoperability between service components and

commerciauserequipment.lt should also facilitate rapid dissemination of space-derived

information to terrestrial forces.

Force-Employment Strategies

Force-employment strategies dffer from force-devebpment strategies in that they
arise from use of he forces rdter hhan herr desgn. For exanple, a space sfem can be

despned b be naneuveral®, butif an atack warnng is never receied, he spacecraft
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will not respondto defeat the threat. Employment strategs can also allow space
operators to possess capabilities notipnally considered when the spacestgyn was

designed.

Operational Security

Operatonal securty, or OFSEC, has been a pramentfeatre of U.S. spaceforces.
Most spacesystems are cloaked in a veil of secreryd OFBSEC is almost syonymous
with progam securityclassification gides. A too narrowmindset,however,can blind
space operators to the full rangf OFSEC strateges and measure©PSEC is supported

by these operational art elements to create uncertainty in the mind of the adversary:

Table 8. OPSEC and Uncertainty

Operational Art Element Adversary’s Uncertainty
1. Encryption | don’t know what they are doing.
2. Observation Management Can | believe what | see?
3. Training They seem to anticipate my moves.
4. Interoperability What are the connections?
5. Data Fusion Can | have a meaningful effect?
6. Launch on Demand Should | expect more?

A comprehenste OPSEC plan can help preventatacks on U.S space forces by
making it more diffi cult for an adversaryo launch an aack. It can crea uncerdinty as
to thetrue naure of U.S space operains and denyhe adversaryeededdrgeting dag.
Although the benefit to some spacest®ms maybe negigible, OFSEC can be

particularly effective in protecting high-value assets.
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Instant Awareness

Instant awvareness is onacrned with mantaining the commandea’s situdiond
awarenes®f space and enablingim to respond effectivelyo an adversatg actions.
Most attacks on space forces can occur in a few minutes tohdilitese shorvarning
timesmakeit imperativeto detectandrespond to an attack as eaaly possible Even if it
is not possible to protect the firststgm attacked, countermeasures can be implemented
to protect likely follow-on targets. Instant awareness is supported these two
operational art elements:

1. AttackDetection
2. Spaceésurveillance

The man bendfit of instant avareness is it inceases the ability of the commande to

defeat an enemy attack on U.S. space forces.

Decisive Action

Decisiveactionis the ability to expand space operations to meet increased demand,
sustin space operains n the face of dack, and @ retliate against an adversarys
actions in spaceDecisive action is supported by these operational art elements:

Maneuver
Autonomy

Training
Interoperability
ExploitOthers
Launch on Demand
ReservéModes

NoghrwbdpE

Expanding Operations. Operational demands magquire space forces to support
more uses than originally envisional. An ability to exploit civil, commecial, and/or

coalition space sfems maye vital to providinghese capabilities quickfy A launch on
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demandcapabilitymaybe equallyimportant to egand space services bither deplong
addtional or new forces. Regardless of he echngue chosen, space forcesishbe abé
to satisfy surges in user demand.

Sustaining Opeations. Space operatrs nmust anicipake atacks ontheir space
forces duringtimes of increased user demanthis will require defensive measures for
all space forcesMilitary space forces should have a survivabgitivantag sincemany
of the operational art elements, such as, maneuver, autqraordyreserve modes will be
features of the sgems and should enable thdeecesto defeator withstandattacks.
Civil, commercial and coalition space forces will probably more vulnerableand
defensivameasuresvhich can “umbrella” these syems from attack should be empdy
Possible eamples include: providingttack warningdestroyng the attackingplatform,
and intervening with other space assets to confuse or blunt the attack.

Retaliatory Operations. Retaliatory optons are needed tensure a bahce of
power can be mintained n space. As space forcebecone an even greaer force
multiplier, the temptationto deprive an adversargccess to spacerayvs. The U.S.
currenty would suffer he nostfrom losing its space forces sbisimperatve to maintain
an abilityto retaliate if those forces are attackdthe threat of a decisivid.S. response

to space attacks may be a sufficient to deter an attack.

Graceful Degradation

Graceful degadation is the abilitpf space forces to absorb the loss of space assets
a pre-planned manner andterd the time space services are available to terrestrial

forces. It should be a characteristic of both individual spastesys and space forces as a
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whole. The following operatonal art elements contibute o a gaceful degadaton
capability:

Interoperability
ExploitOthers
DataFusion
ReservéModes
Robustness

aprwdPE

The emphass on gracefuldegadaton as an eployment strategy is on space forces
asawhole. A theaer commander s not likely to be concerned wi the surwal of an
individual spacecraftf it is not a sinte point failure. Space forces should be fielded in
sucha way thatthe contibutons of ndividual spacecrafaare notreadly apparent The
emphasis should be on total mission performance antb$sef individual spacecraft
should be noticeable as time dala@y lower confidence in the informatiorRelianceon
single platforms to provide highly-specialized information should be avoided.

The force structure and force eployment strategies dd not evalak specific space
systerms or recormend spedic changs © space forcesinsiead,theylaid out a general
framework which should lead to the depimnt and emplayent of militarily effective

space forces.

Notes

'AFM 1-6, p. 6.

’Secretaryof Defense PolicpMemorandum Specifications and Standards -Mew
Way of Doing Busines29 June 1994, p. 2.

3Giffen, Colonel Robert BUS Spae Systan Sunivability, Stratejic Alternatives for
the 1990s (Fort McNair, Washingon DC, National Defens&niversity Press)1982,p.
38.

“Moore, Georg M., Vic Budura, and dan dhnson-Freesé,Joint SpaceDoctrine:
Catapulting into the FutureJoint Force QuarterlySummer 1994, p. 76.
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Chapter 8

Summary

Noonecan pralict with certainty what theultimate meaning will beof the
mastery of space.

—President John F. Kennedy, 1961

President Bush articulated the need for caring about space power when he observed:
“Spaceis the nescapala chalenge o al advanced natns of he Earkb.

Our god is nothing less tha to establish the United Staes as the
preeminent space-faring natioh.”

To become the preeminent spacefanmagion, the U.Smustorganize, train, equip,
and employits space forces around a centgpliding spacepowertheoryand doctrine.
The needfor spacedoctine becones nore apparentvery day Dayto-day space
operationsare conductedn a doctrinal void and this void makes it difficult to predict
how well U.S. spaceforceswould reactto a surg@ in misson denands or 6 an atack.
There have been mamgmedies proposed to solihes problem. Unfortunately theyare
generally debated individuallyand the lack of a common seft principlesoften makes
themineffecual Whatis neededd an overdl approachd harnonize the workings of
policy, theory, and doctrine.

This paperdescribeshow this harmonycan be achieved.Although many of the

processes described in this paper are new, leeg useful targanize ideasconcerning
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policy, theory, and dodrine in sud away as to dlow a coheent strdegy to emerge. The
approach can be described as a principles-to-syrategysis and can be thot of as a
variant of the stategy-to-task process. The principles of war are conparedto the
attributes of spaceotdefne he enet of space powerThe enet of spacepowerarethen
matched wih operaitonal experience ¢ descibe he operabnal art of spacewarfare.
Finaly, the operabnal art element are packagd bgether into force-devebpment and

force-employment strategie3hese results are shown in figure 9.

Principles ofWar
Objective
Offensve
Economy ofForce
Unity of Commad
Searity
Suprise
Simplicit, Y Tenets -
e Initiative Operatond Art Force Developmert
| Al Encryption Strategies
Attribute o Space Agility Obsewation Managemant =
Oeavebly 22gi%yqaerc'zﬂl'ons Maneuver E:Agﬁlrﬁc?f Standads
Undivided Medium Au[.or]omy
Tie toEarth Trammg
Operational Eperience Attack Detection
Spaee Suveillance
pedtul to Many Stfndard hterfraces Force-Employment
les\/ht vamar;gb Interoperabili ty Strtegies
ik Exploit Others Operational Searity
Data Fusion Instart Awareness
Launch on Demard Decisive Action
Resenve Modes Graceful Degradation
Robushess

Figure 9. Doctrine Development Process and Results

The figure is probablynot completelycorrect, but that was not the interithe intent
wasto get the space doohe debat into more subsntive issueshian deahg with the
lowest ommon daeomindor and senantics. Additiond changes will be needed as more
people think about these concepts and the understanding of space operations grows.

Some mayquestion whether or not the Atorceshouldpursuethe masteryof space

as the national space policglls for. Theybelieve spaces supposedo be a safehaven
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for the pursuit of peaceful purposes and amlitary activity should be minimied.
History will judge whether or not the United States should hsuedt the masteryof
space butfor now, t is the Air Force’'s chdknge to atain it. The quesbn now is
whether or not the principles, tenets, operational art, iemmementationstrateges

described in this paper will lead to the mastery of space.

Notes

'Bush, President George W., quotation from a speech made on 20 July 1989.
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Appendix A

USAF Space Doctrine

Air Force Manual (AFM) 1-2, USAF Basic Doctrine 1959

AFM 1-2 wasthe USAF basic doctrine publication from 1953 until 1968he term
“aerospacepower” replaced “air power” to acknowleglglevelopments in missiles and
space sstems in the 1959 editioof AFM 1-2' Aerospace was defed as ‘he btal
expanse beynd the earth’s surfacé.” No further mention of space operi@ins was

included.

AFM 1-1, USAF Basic Doctrine 1964

The term aerospace was redefined to antjude: “the regon abovethe earth’s
surface, corposed of bdt atmosphereand near-space® No further mention of space

operations was included.

AFM 1-1, USAF Basic Doctrine 1971

The defnition of aerospace wasganded backatinclude:“the regon ofthe eart’s
surface, composed of bdt amosphere and spacé.”A new section titled “The Role of
the Air Force h Space” was addedSpace forcesvere descrbed as having thesetwo

major roles:
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1. Promote space as a place devoted to peaceful purposes.
2. Insureno othe naion gains astraegic military advantage throudh exploitation of
space’

AFM 1-1, USAF Basic Doctrine 1975

The definition of aerospace was shortened to be “theore@bove the earth’s

surface.® The same two roles for space forces described in 1971 were identified.

AFM 1-1, USAF Basic Doctrine 1979

Aerospace was still defined as “the totalpamse beynd the earth’ssurface,”
however,GeneralThomasWhite was quoted as statirfgir and space comprise a dsieg
continuous operation field.” This edition of AR 1-1 significantly expandedthe
discussion of space in Air Force basic doctrine and ligtexkresponsibilitiefor space
operations:

1. Protect our use of space

2. Enhance land, sea, and air forces

3. Protect the United States from threats in and from §pace

In addition, the three types of space operations were listed as:

1. Spacesupport

2. Forceenhancement
3. Spacelefense

AFM 1-6, Military Space Doctrine 1982

In 1977, the CSAFdirected the development of the first AirrEe doctrine
publicaion devoed b spaceoperaions’® This new doctrine was assigd the number

AFM 1-6 and it was officially approved on 15 October 1982.purpose was twofold:
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1. Provide a more detailed and updated statemeAirdforcebeliefsastheypertain
to space and Air Force responsibilities, functions, and missions.
2. Provide the foundation for developing detailed operational space ddttrine.

AFM 1-6 saw spacepower as “a nafral extension of the evoltion of arpower
development*? It described three roles for space power:

1. Strengthen the security of the United States.

2. Maintain US space leadership.

3. Maintain space as aa@te where nains coull enhancehe secuty andwelfareof
mankind®?

AFM 1-6 listed the following five military objectives for space forces:

Maintain freedom to use space.

Increase effectiveness, readiness, and survivability of military forces.
Protect the nation’s resources from threats operating in or through space.
Prevent space frombeng used as a sangry for agyressve systems by our
adversaries.

5. Exploit space to conduct operations to further military objecfiVes.

ronE

AFM 1-6 described two current and three potential missions:

1. Force Enhancement (current mission)

2. Space Support (current mission)

3. Space-based weapons for deterrence (potential mission)

. Space-to-ground weapons (i.e., force application) (potential mission)
. Space control and superiority (potential mission)

[S20F >N

Several operational art elements were discussed thootighe document althohg
theywere not called operational art elementdost of them were described as desired
military capabilities. They are listed in order of appearance.

. Survivability, endurance, and reconstitution

. Multi-missioncapability

. Avoid or survive attack

. Detect, identify, and neutralize threatening enemy systems

. Deny unauthorized use

. Reliability, security, and flexibility

. Quick-reaction launch, short-time regeneration and turnaround for space launches
. Survivable launch faciliti€§

O~NO O A~WNBE
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AFM 1-6 was rescinded iraduary1991 to make wafor AFM 2-25which wasto be
the operabnatlevel doctine for spacé’ Unfortunately AFM 2-25 wasneverpublished
andthecoreideasin AFM 1-6 were never gpanded as origally envisioned.No further

space doctrine has been published by the Air Force other than updates to AFM 1-1.

AFM 1-1, Basic Aerospace Doctrine of the USAE984

The definition remained “the total panse beynd the earth’s surfacé®however, a
new concept for space as a separateoregas introduced.Space was now defineals
“the ouer reaches ohe aerospaceperatonal medium.”*®* The recogition of space as
separat from aerospace was probgitthe resul of AFM 1-6, Military Space Doctring

being published two years earlier.

AFM 1-1, Basic Aerospace Doctrine of the USAE992

This editionwas a throwback to 1979 and reflected the decision to resciviIAE
by closing the gap betveen ai forces and space forceferospacevasnow descrbedas
“an indivisible whole” with no absolute boundargtween air and spaé®.References to
space are made thrcumut the document but oniy parallelto air power concepts.
Thereis no separa mention of space res butthe folowing space-refted missons are
identified:

1. Counterspace

2. Spacelift
3. On-orbitsupport*
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Air Force Doctrine Document (AFDD) 4,Space Operations Doctrine

AFDD 4 was a roug equivalent to the rescinded KMF1-6. It wasto be the basic
doctrine of spaceoperatons and expandon AFM 1-1 much as AFM 1-6 had.Once
AFDD 4 started the coordination process, interest iM&-25 wanedo the point thatits
devebpment was haled. A replacenent for AFM 2-25 woull be neededater, but the
emphass was to increaseto promnence of spaceniAir Force basi doctine. When
AFDD 4 was presented to the CSAdt approval, halecidedan operational-levekpace
doctine was neededsiad of andter bast-level doctine. This new spaceloctinewas
assigmed the number AFDD 2-2 and the exsting draft of AFDD 4 was simply

renumbered.

AFDD 2-2, Space Operations Doctrine

AFDD 2-2 is not approvedIt is unclear whether the curreshaft is really suitedto
be an opeationd-level dodrine sinee it was orignally written at a basic-dodrine level.
Anothe factor tha will influence AFDD 2-2 is thenew Air Force Dodrine Center beng
established at Maxell AFB, AL in early1997. There is no wayo estimatevhenAFDD

2-2 will be approved or what it will contain.

Issues with Existing Space Doctrine

Thereare many issuesconcernng the adequacyf Air Force space dathe. The
following three argments captire he essemdl reasons whyn aternatve space doaine

should be considered.
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Considers Sace an Extension of Air Operations. The argiment that space
operations is an ¢égnsion of air operations is a doctrinal convenientbe Air Force
organized and trained space forces similar to air forces becthagavas what it was
familiar with. Differences in employment and equipment ae minimized by using the
sane operaing procedures for space tmas for aicraft units. However, he premse that
aerospace doctrine encompasses both air and space opeshtaltthe looked at with
more scrutiny It can be anged that serious inquimnto the characteristics die space
environmentspacecraftand,more importantlyspace operations will reveal that space is
a distinct medium with different tenets of power and a unique operatiofal art.

Lack of Operational Art. Much of the space doghe b dak has concernedself
with a descption of roks and nissibns of space forceslhe nostvexing omisson isthe
failure to describe an operational art for spaéebetter understandingf operational art
could assistthe Air Force in prioritizing force structure decisions and tie batigg
decisionsdirectly to military need rahe than the policy proess. Policy decisions ae
more concerned with cost effectiveness than militaffectiveness and space doctrine
needs to enter the debate as an advocate for military effectiveness.

No Distinction Between Space Regons. Not only is the space enkonment a
distinct medium but it has mamgaturallyoccurringdivisionswithin it. Little thoudht has
been gven to describinghe difference between tlearth-moorsystemand outer space.
Spacetheoryanddoctrineoften confusethese space remns and a better understandiag

needed to keep us straight in this area.
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Appendix B

Principles of War

This appendixprovidesan analgis of the nine principles of war found iroidt

Publicaion 3-0. Most of the principlesof war appy equaly to space astthe oher war

fighting environments.However, mass and maneuver were deleted thatist basedon

the ability of space forces to operate effectivelithout them. Table 9 summares the

seven remaining principles of war that apply to space operations.

Table 9. Principles of War Summary

Principles of War

Description

Objective

Direct every military operation toward a clearly defined objecti

Offensive

Seize, retain, and exploit the initiative

Economy of Force

Allocate minimum essential combat power to secondary effort

4

Unity of Command

Ensure unity of effort under one responsible commander

Security Never permit the enemy to acquire unexpected advantage
Surprise Strike the enemy in a way for which he is unprepared
Simplicity Prepare clear, uncomplicated plans and concise orders

Objective

The purposeof the objective is to direst every military opeation towad a clearly

defined, decisive, and attainable objectiv&his principle of waequallyappliesto space

operatons as for @érrestial operatons. Space sgtens incorporag this conceptto an
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extentrarelyseenin other weapon sgems. Once a space stem is unable to accomplish

its intended objective, it is disposed of.

Offensive

The purposeof an offensiveaction is to see, retain, and exploit theinitiative.? This
principle of war has the same meanfagspace operationsSpace operators should look
for ways to seiz the initiative from the adversarngpaceforcesoften takethe offensive
justby fielding spacecraft The presence of a spacecr@afer anadversariys territory may
provoke a countermeasuresuch as denial and deception operations or to attack the
spacecraft The space race thi the Sviet Union denonstated how eachside tried to
maintain the offensve byfielding more and beér spacecraft The offensve canalso be

gained by doing the unexpected.

Mass

The purpose of ass 5 to concentate the effecs of combat power at the placeand
time to achieve decisive results®* The emphasis on mas is to ovevhdm the enemy in
both a physicalandvirtual sense.Physically outhumberingan adversargften provides a
distinctadvantag of superior firepower and beirgple to saturate enengigfenses.The
need for phgical mass was driven lifie inaccuracyf weaponsystemsandthe needto
increase the probabilitgf killing the tar@t. The emergnce of precisiorweaponshas
lead to the idea of virtual mass wheyeu can concentrateweapon effects without
physically outhumberingyour adversary It is now possible for ainge weaponoperator
to “outnumber”an opposingforce throudp precision and information superiotityhis is

espeally true for space opetianhs. Force enhanceemtsystens canprovideinformaton
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superiorityto a large numberof users and enable them to operate effectivatjout
physical mass. Space conbl and force apptation systerms can erploy a rektively small
numbe of systans to ergage multiple targets and achieve the effects of mass through
precision and information superiority Therefore, mass is not a principle of space

operations.

Economy of Force

The purpose of econonof force is to allocate minimum essent@mbatpowerto
secondarefforts? This principle of war hastte sane meanig for spaceoperatons. The
most apparent application of this principles is to carefuligritize space stemtasking
to ensure the higest priorities are mefThis is routinelydone for spacéorces. However,
an important etension of this principle is to balance end-of-life consideratiomke
operatonal life for many space sstens is tied to their usag@. Exanples nclude fuel
management while repositioning or stdion-keeping geostdionay saellites and powe
management to badance transmittingpowe and batery life. Thelongdesign life of many
spacesystemscauses militaryplanners to look bend the allocation of space forces for

today’s conflict and consider long-term economy of force issues.

Maneuver

Thepurposeof maneuver is to place the enemya position of disadvantaghroudn
the flexible applcaion of conbat power> Maneuver for spacecraftas a dferent
meaningthan for land, sea, or air forces. Spacecraft are constantiyy motion so
maneuveris generaly taken © mean a chargin a spacecrdt notion raher han he

underlyng motion itself. Most force enhancementstgms are placed into specifidits
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which minimiz the amount of maneuveringequired of them. Also, spacecraft
constellations (e.g navigtion) are used tgrovide continuoususer service without
maneuverng. Theone segentof space sstems nostamenabé to maneuver s the user
segnent. However, the deplayent of user equipmeatongwith terrestrialforceswould
not be consdereda maneuveron the part of the space seem The stuaton for space
control and force application sgms is a little differentThe spacecraftor thesesystems
may or may not ned to maneuve to engage thar targets. The need to maneuver will
dependnot onlyon constellation sezbut also sgtem desig and attack phenomenoiog

Maneuver does not appear to be a principle of space operations.

Unity of Command

The purpose of unitpf command is to ensure unity effort under one responsible
commander for everyobjecive® Spaceforceswill rarely, if ever, undertake independent
actions. The needfor spacesystems is tied to supportirtgrrestrial forces either throlg
force enhancement, space control, or force applicatidre syerg/ betweenspaceand
terrestial forces erphaskes the need for umy of effort for space systens.
Unfortunately military planners must anticipate usimgmmercialspacesystemsfor
which combdant commandes will not hare combdant, opeationd, or tactical control.
The National Space Policy stipulates hat “U.S. Governnent agencies shdl purchase
commerciallyavailable spaceopds and services to the fullesttent feasible.” The
policy does not advocate the nationatibn or militariztion of commercial space assets
during war so one should not pect to have unityf command over all space assets.

Additionally, third parties, or even an adversamay also be subscriberto these
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systems. Space docaine needsa addresshie ssue of howd acheve unity of command

for non-military space systems and how to safeguard these systems from attack.

Security

The purposeof security is to never pamit the enemy to aquire unexpected
advantag® This principle of war has he sare meanng for space operains. Space
operationshouldbe conductedn a manner which will not iye indications and warning
of U.S.operations.Simple techniques such as traffic asaycan indicate who is talking
to whom and how hjh-priority orders are eecued. Space systenms are paricularly
vulnerable to signds intecept and st@s ned to betaken to mantain security. A second
securty issueis having an adversargleermine te herarchyof space sstem priority so
he can attack the most critical nodes firG@perationalsecuritymeasuresre neededo
safegiardspacesystens from attack. Securty enconpasses bbt physical (e.g, keepng

user equipment in secure areas) and virtual (e.g., encryption) measures.

Surprise

The purposeof surprise is to strike the enemy a time or place or in a manner for
which it is unprepared. This principle of war haste sane meanig for spaceoperaions.
Surpriseis closey linked b securly since secuty measures are @t neededd acheve
surprise. Examplesof surpriseinclude: havinga capabilityonboard the spacecraft the

adversary is unaware of, and, undertaking operations the adversary has never seen before.
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Simplicity

The purpose of simplicitis to prepare clear, uncomplicaggidnsandconciseorders
to ensure thoroug understandind® This prindple of war has the sane meaning for
spaceoperations. The sophistication of spacestgms is no eouse for complexuser
equipmentor operational plansEvery effort should be made to ensure space operations
are clearly understandable to evenye participatingn the theater of operationsSpace
plannersmust rememberthat no space stem, no matter how sophisticated, becomes
irrelevant if the war figters cannot use or empltdyem effectively Simplicity shouldbe

considered for all space segments but especially for the user segment.

Notes

;Joint Publication 3-0Doctrine for Joint Operationsl February 1995, p. A-1.
Ibid.

*Ibid.

*Ibid.

’Ibid., p. A-2.

®Ibid.

"National Space Policy Factsheet, 19 September 1996, p. 8.

8Joint Publication 3-0, p. A-2.

%Ibid.

pid.
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Appendix C

Tenets of Pover Comparisons

The space enkonment is often consdered © be analgous © the ocean
environment However, he enet of space power seeto have nere n conmon with
land warfare han wih sea or ai This is not surprsing since he spaceenes are for
earth orbit with space in a role of predominastypportingterrestrialforces. If onewere

to develop the tenets of space power for outer space t@ngethodolog described in

this paper, it should start to more closely resemble sea and/or air power.

Table 10. Tenets of Power

Tenets Land Sed

Air?

Space

Initiative

Agility

Depth

Synergy (Synchronization

B

Versatility (Flexibility)

Centralized Command/
Decentralized Execution

ANENEN

Priority

Balance

Concentration

Persistence

ANANENEN

Sustain Operations v

Readiness 4

Mobility v

'Field Manual 100-5Qperations June 1993, pp. 2-6 through 2-9.
“Naval Doctrine Publication Naval Warfare 28 March 1994, pp. 7-12.

3AFM 1-1, Vol. |, Basic Aerospace Doctrine of the USARarch 1992, p. 8.
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Appendix D

Operational Art Elements

Each operabnal art element is descrbed usng a three-seép process.First, a brief
definition is gven. Second, one or more axples are igen which the reader will
hopefully be familiar with. Finally, a brief discussion iprovidedto addressissues

related to the operational art element.

Encryption

Encryption is to convert plain teixinto unintelligble forms bymeans of a cpto
system® Encryption proecs the conéntof the nformation and nay protectthe factthat
information was ezhangd. Encryption can be readilgpplied to communicatiolinks
by using cryptogaphic equipment suppliel by an intelligence agency. Othe forms of
encnption include onboard processingf signals so that no correlation can be made
between uplink and downlink signals on spacecratft.

Encryption is necessaryo proect the conént of space gnals from unauhorized
users and a proect space sstens from hackers. Many peope are iteresed in
exploiting space sstems to gn the same operationaldvantags the U.S. enjoys.
Piraing and hackig are redtively simple ways to gain accessa informaton from

unprotected space stgms. Policy makers perceived the threat toS. spaceforcesif
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evenyne had access tonmand themand dealed b encrypt spacecraftommand and
control sytems’> Thiswas ncorporagéd into U.S space docine when AFM 1-6 sited:
“our military capability must in¢ude provisions to dey unauthorized use of our
systems.® This idea has sice beendstfrom U.S. space docine. Data encrption isn’t
asubiquitous,with much of the weather and nastign data sent “in the clear” to users

worldwide. However, all uniquely-military systems employ encryption techniques.

Observation Management

Observabn management is to revealsekbcted aspest of spac@peratonsto potental
advesaies and to not reea important wafighting capabilities. Obsevation
management is conprisedof many parts. It has an @ment of denal and decepbn
misleadpotentialadversariesboutthetrue nature of U.Sspace forceslt includes use of
low probaility of intercept (LPI) signds so tha adversaies will not detect the signds
transmittedto, or emanatingfrom, spacecraft. As Colin Gray observed, it includes
"stealthy design, choice of orbits and of phasirg orbits, (and) look-alike decoy.”*
Finally, space debris can also be included as a part of observation management.

The observability characteristic of space facilitates and necessitates use of an
observabn management strategy. An adversarycan observel.S. spaceforces at
virtually anytime. This allows for inadvertent disclosures to be sthtp look like real
operational problems or securlgaks. If the potential adversagccepts theredibility of

the information, then it magause him to overlook real vulnerabilities tortarget his

countermeasures to areas of no concern to the U.S.
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Debris offers an eellent opportunityto conduct deception operations space.
While naiond policy and integnaiond agreements @l for the minimizaion of space
debris® it is important to understand the militapdvantag debris can offer. The
progess nade b keep debsin large pieces lhat are easy trackedrather than creatng
manysmall piecesmakesa debrisstratey more attractive.The threat of hostingnilitary
packags on debris should create uncertastyg confusionn the mind of the adversary
which should cause him tcegerally overestimate U.S. capabilitieSucha threatmay
deter space attacks or cause adversaries to target the wrong objects.

Debris strateges can also be usedaguinst the U.S. byome space competitors and
spaceoperatormeed to be aware of this thred#laintaininga robust space surveillance
network is crudal to minimizing damage from madicious or unintationd debris and

employing an offensive debris strategy.

Maneuver

Maneuve is the ability to reposition terestrid dements and dange the orbit of
spacecraft. Ground user and control segients maneuvers areargerally defensive in
natureand desiged to minimie their vulnerabilityto attack. In contrast, spacecraft
maneuvers can be offensive or defensive, and tactical or strategic in nature.

Maneuver was deled as a pnciple of war for spacércesanddid not appearasa
tenet of power because space forces do megjure maneuverto be effecive. In fact,
maneuver can often be a hindrance to meetiiggionobjectives. Listing maneuveras
an operational art element allows for a mdigcriminatinglook at wheremaneuveican

best be applied.
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Defensive Maneuvers

Defensve maneuversprotect space forces bynaking them more dfficult to atack
and omplicating targeting.® Theyare acical in natre, only work against a porion of
spacethreats,and applyto a subset of spacecraft (e.fpw-altitude sgtems). Some
spacecraft should not maneuver (e@mmunications) since there magt be much
chance of success artccould cause adss of sendge. Defensve maneuversareintended
to protect the spacecraft from mhgal damag from threats such as kinetic-kill vehicles
or lases. They genealy work against theattacking plaform’s targeting system to defeat

the attack.

Offensive Maneuvers

Offensve maneuversare ntended o force he adversaryo reactrather han act
They can be tactical or strateg Offensive maneuvers are limited to spacecraft that
interact with an adversarg forces, such asmegery systems. Tacical offensve
maneuvers can be used for rendrs operations, chaimy orbital parametersor
depbying sub-packags. Theycan be usedttarget the adversarys spacecrafor to de-
orbit objects into thebatle area. Straegic offensive maneuvers @n beusal for may of
the purposes listed above but over a @nime. These maneuvers avsefulto chang
arrival time of the spacecrafover the battle area or cause it to appear in an peced
location. Theycancompromise denial and deception activitiesfamging the adversary
to reactat a time for which he is unpreparedAn orchestrated plan of secondary
maneuvers, rade byother spacecraftcan be usedtfurther confusean adversarywho

has the technical means to observe them.
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Autonomy

Autonomyis aglity undercomputercontrol. Examples of autonominclude “safe
modes” where the sadllite atempts to preerve mission funtions dter an atack or losing
contect with the control sg@ment. Switching to bak-up frequendes to reestablish
contact is another form of autonomy.

Autonomyis needed because spacecraft can come under attack before a htiraan in
loop canreact. It is importantfor spacecraft to be able to conduct basic defensive
operationswithout receivinginstructions from thergund. Enteringsafe mode or using

backup frequencies to re-establish contact are examples of useful autonomous operations.

Training

Trainingis to “make proficient with speciabzl instruction and practicé.”Exanples
include participatingn exercises, conductingimulations, and planningeachof these
activitiesis desiqied to hone the skills of the space operator so that he will be able to
respond effectively to space threats.

The nead for traning is tied to opeationd effectiveness. Military forces only fight
aswell astheytrain. For space operats © be abé to plan and e&cut defensve and
offensiveoperations, theynust be trained to do sd.raining should include responses to
every type of threat from jamming of use equipment and @ntrol s@ments to dtacks on
spacecraft.Therearemanyopportunities for space operators to participate in \sareg.

A very simple one would be to treat each spaceconatfunctionasthe resultof a hostile

attack so the crews can gain expeience needed for watime. Joint and multi-command
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exercisescould include satellite jammingp better simulate wartime condition§uch a

training program should increase threat awareness and operational readiness.

Attack Detection

Attack detection is theability to deect tha an atack occurred and deermine when,
where,andhow it happened.Examples include ligt sensors to detect laser attack, low
power radars to detect space mines, and RF sensors to detect spoofing and jamming.

Attack detection is the first stgp in obtaning agility sine most déensive capabilities
requre sone sortof queung for themto be ermployed effectvely. The needfor attack
detection is not solelypased on a capabilityo defend the spacecraftAshton Carter
observed that “the abilitio detect attack can be a deterrewénif the attackcannotbe
prevented ® Also, anattackwarningsystem would provide conclusive information about
who conducted the attack which mag diplomaticallyuseful in imposing sanctions
agpinst the perpetator. Finally, correbting atacks b spacecrafanonalies can enalel
threat sgtems to be better charactedz and the development of nedefensive

capabilities.

Space Surveillance

Space surveillance includes the detection, tragkimgnitoring andinvestigation of
spacecraftspace debsj and bunch vehtles. Exanplesincluderadarandoptical sensors
to track spacecrafbrbits. Some opiical sensors can s be usedttake pictures ofspace
objects to better discern their capabilitie§pace surveillancalso includes passive

measures such the ability to listen to foreign spacecratt.
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While space surveillance has statusas a mission, it also is prominent as an
operational art. Space surveillance is crucial to haviag effectivespaceforce andits
importanceis hard to overstate. Space surveillance allows the U.S. to “detect, to

interpret and b react quickly to threaening evens.”®

Another function of space
surveillance is to provide indications and warnofgpendingspace attackand extend
the amount of time available to red%tSpace surveillance is the principal meanstier
commander b maintain his stuatonal awareness of space anateract in the space
environment.

Improvedspacesurveillancecapabilitiescan payfor itself by lowering the need for
other defensie measures.To realze tis savhgs, spaceperabrs needto be integrated
into a battle managnent plan and be able to react instatythreats detected ke
spacesurveillancesystem, as well as, have realistic responses pre-planri&ohce
surveillance should also include an ability to “examine and characterize foraig

spacecraft'to determinethe space capabilities of other natiors. particular, it should

look for hidden offensive capabilities onboard foreign spacetraft.

Standard Interfaces

Standard mterfaces dea with making space-devied nformation portble betveen
different plattorms. It does notinclude he interconnedton betveenspacesegnent or
the sandardzaton of internal connedons. An exanple of a shndard mterfaceis theuse
of commercia standardsandformats so hat space devied nformation can be usechiits

original form by multiple uses. It is morethan acommon dé&a forma. Anyonewho has
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tried transporting software between Macintosh an®M computers reales the
information interface is vitally important.

Employing standardinterfaces facilitates syergy. It is needed to ensure “rapid
disseminatiorof mission data to supported operational for¢ésMany weapon sgtems
useawkwardor one-of-a-kind data formats and spacstemns are no eeption. This has
been a chronic problem for the militaspace progm andhasbeentoleratedfor reasons
such as securityclassification and a small pool of speciatizusers. The
commercialiation of space is brimgg some standardaion but profit incentives still
motivatecompanies to use non-standard formats and interfdtes.important to adopt
standard formats and interfaces so more militzsgrs can benefit from space-derived
products. It will allow space forces to be more quickhtegatedinto the warfighter’s
battle managment, command, control, and communicatioM(@3) system. Integating
space forces more deepiyto joint warfighting will also facilitate data sharingnd data
fusion and egand space support into new warkfigg arenas suchsmilitary operations

other than war.

Interoperability

Interopeability is the ability of systems, units, or fores to providesevices to and
acceptservicesfrom other systens, units, or forces anda use he servies so ezhangd
to enable them to opeaate effectively together.’® Interopeability is dosdy related to
standard interfaces but it is more aboutingspace segents rather than product3he
space-to-gpund link sptem (SGIS) made all militaryspacecrafinteroperablewith the

Air Force Saellite Control Nework (AFSCN). This inaeased the control s@ment’s
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effectiveness and flexibility sine interopaability dlows the system to quidkly
accomnmodat the loss of a commanding site or conmand a spacecrafin a prority bass.
Although this capabilityhas been adopted for a lotime as a matter of policy it is a
doctrinally sound approach to militargpace operations. Similar interoperability
initiatives are needed for user sgnt (e.g, modular equipment) and spacersegt(e.g,

standard spacecraft designs).

Exploit Others

Exploiting othes is the ability to dfectively combine civil, commecial, and
coalition spacesystemsinto an overall space forceDesert Storm provides a familiar
example of eploiting others when commercial GPS receivers weretsestldiersin the
Gulf. The Air Force was similaly able to useFrench SPOTsaellites to get imagery of
Iraq.

Exploiting commercial and coalition space ssms has become acceptedand
enshrinedn policy. Theconcept of usinghese “gay space” assets in time of war, much
like the civil reserve aifleet(CRAF), is beconing more accemd. Such a “conmercia
reserve space fleet” offers mifjcant cost saving over operatin@ dedicatedmilitary
system. Commecial communi@tion and earth resour@s systans in paticular may offer
needed capabilities which U.S. forces may need durindiwar.

The opeationd art of exploiting othes dels with three issues. First, adequae
command rektionshps nust be n place b ensure uty of command and integrate the
assets into the overall space plarSecond, it canput an adversaryat a bigger

disadvarmige by depriving him the use of he swtens, presemnhg him with a brger space
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threat, and threaten an escalation of hostilities should he attack nosgacraft.
Third, a stategy of leashg commercial space assetluring war may effecively negte an

adversars ability to usespace. If an adversaryelies on commerciallavailable space
systemsto communicate and conduct reconnaissance, then thasensymaybe denied

to him if the U.S. leases the assets from their owner.

Data Fusion

Data fusion is the ability to combine informaion from seeral different soure to
create an overal picture of the batlefield. It is dso ausdul way to disseninae
information so that the orignal source is not revealedConstant Source is aogd
example of data fusion.

Data fusion jumps outas an operainal art becausetiprovides a mchansm to
gracefully degade space products as individualstsyns are degded or become
unavailable. Spacesystemsare often used to corroborate events detectedebnestrial
sensors and often more than one spacecraft will observe an event of intBgest.
providing fusedproducts,it is possibleto maintain the securitgf space operations and
make it transparent to the end user when some space asses$s. ddatafusionwill also
be particularly important in creating the dl-sensor viev of the batlefield thejoint force
commande needs to mantain his situaiond awareness. It is important to notetha the
enmployment of other operabnal art element such as sindard mterfaces areneededto

facilitate data fusion.
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Launch on Demand

Launch on Demandis the ability to rapidly deploy spacecraft. Examples include
transatmospheric systems such as a spaceplane and rocket systems such as ICBMs.
Launchon demand ishe mostimportant susainment concept AFM 1-6 stated hat

“the Air Force must continue to preae for quik reaction launch and short-time
regeneration and turnaround for space launches from more survivable facififies.”
Contractingfor commercialspaceservicesnaywork for some missions but there will be
an enduringneed for a dedicated, responsive militd@ynch capability Spacecraft
replenishment is a higpriority national securityconcern duringpeacetimeandis even
more criical during war. During war, U.S space sstens are ikely to beovertaskedor
even attackedlt is important to be able to pand or replenish the space order of battle in
very little time. This has clear implications for launchssgyms as well as for space and
user semens. User equpment must to be abé to meetincreaseduser demand and
reserve spacecraft need to be refdycall-up. Also, the initial on-orbit checkouteriod
needs to be reduced to hours rather than mor{tbe-orbit checkout is the time tiakes
to confirm the spacecratft is functioning properly and then turn it over for operational use.)
Thee are compdling opeationd advantages from alauncdh on denand capability.
First, it enhances the securdapd survivabilityof spacdorcesby garrisoningthemon the
ground rather than in spate. Second,an adversancould not be certain what space
forces would be empleg aginst him and couldhot effectively plan countermeasures.
Third, spacecraftvith politically sensitive missions could maintain operational readiness
while still on the gound. It almost creates a virtual space force rather than focosireg

“force in being.”
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The risky naure of spaceaunch nakes bunch on derand seenlike an mpossble
task, however, if it was possible to keepghausandintercontinentalballistic missiles
(ICBMs) on alertand readyfor launch for twentyears, then a less ambitious launch on
demandsystemis possible, too.A launch-on-demand st{em would require verification

launches for training and exercises and to build confidence in its reliability.

Reserve Modes

Reservemodesare space sstem capabilities which are not used durmogitine
opeaations. They are speidized design features to mitigate the effects of mdfunctions or
attacks. Examples of resave modes indude dternae powea sdtings to overcome
jamming and back-ups to reroute signals past malfunctioning components.

Reservemodeshavebeen ermloyed on spacecraftince he begnning of the space
progam. An original use of reserve modes was to have an alternate commanding
frequencyfor spacecraft should the primasystem fail. Reservemodesenhancethe
likelihood of mission success bgducingthe number of thingthat can cause failure.
Reserve nodes can ab be usedtensure dlsegnents degadegracefuly if atackedand
are able to prolong operations as long as pos&ible.

The useof reservemodes must be integted with other operational straieg. First,
the use of reservemodesshould be balanced agst other sustainment stratesg)
Resave modes mg be able to mompleely frustrde certain types of attack and eliminate
the need for other backupssgms. There are limits to reserve modasdit is unlikely to
develop aresave capability to mitigate a kinetic energy atack. If a laund-on-demand

systemis fielded, hen t may be beter to foreg reservenodesandsimply replacefailed
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spacecraft. Second, there is an inherent risk cdmpromisingreservemodeswhen
exercisingthem. Although manypotential adversaries latke sophisticationto detect
them, it would be foolish to needlesslexpose reserve modegxercises should include
hypothetcal spacecrafatacks andtimay be posdile to occasbnaly test reservemodes
unnoticed. Finally, reserve modes made hesed in concert with an observation
management strdegy to aeate unartainty. They may be able to make the adversay
hesitant about attackind).S. space forces and diverhis attention from real

vulnerabilities.

Robustness

Robustness is the abilitp withstand attack and continfienctioning Robustness
also calls for spaceforcesto raise the difficulty of attack even if there is no hope of
defendingagainst it. Robustness can be both ploal and virtual. An example of
physical robustness is to harden a spacensat) aginst laser or nuclear attackAn
exampleof virtual robustnesss to employa signal that is difficult to jam like the Milstar
waveform.

Every spacecrafineeds @ be abt to survve boh the rigors of spaceand harnful
interference. Survivability measures “may play a moredecisive role in dderring atacks
on our ségellites than would theavailability of an ASAT to retaiate against the othe
side’s first use*® Therearedegeesof robustness and at some point it becomes more
costeffecive to throw awayspacecraftather han nake thembulletproof. However, one

should not be too vulnerable to attack or one may invite it.
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Notes

1Joint Publication 1-02,Department of Defense Dictionary of Military and
Associated Term23 March 1994.

*The advocacyfor encnyption is still evident in policytodaysince it still calls for the
protecion of crtical “misson asped.” National Space Blicy Facsheet The White
House, September 19, 1986, p. 5.

3AFM 1-6, Military Space Operationsl5 October 1982, p. 6.

“Gray, Colin S., “Space Warfare Rart II: Principles, Weapons and TacticsNational
DefenseFebruary 1988, p. 42.

°Ibid., p. 12.

®Nye, bseph S. andathes Schear, editorSeeking Stability in Space: Anti-Satellite
Weapons and the Evolving Space Regih@anham, MD, UniversityPress ofAmerica),
1987, p. 13.

"The American Heritage Dictionary, 1976.

8Carter, Ashton B “The Current and Future Militarysesof Space.” In Seekig
Stability in Space: Anti-Satellite &fpons and the Evolvin§paceRegime (Lanham,
MD, University Press of America), edited INye, JosephS.,andJamesA. Schear]1987,
p. 64.

®Nye and Schear, p. 26.

Carter, p. 65.

Ybid., p. 66.

?Herres, General Robert T“Space-BasedSupport,” Defense 88 November/
December 1988, p. 11.

330int Publication 1-02.

“The national space policgtill calls for “interoperabilityof satellite control for all
governmental space activities.'National SpacePolicy Factsheet,The White House,
September 19, 1986, p. 5.

>“Moore, Georg M., Vic Budura, anddan dhnson-Freese, éint Space Doctrine:
Catapulting into the FutureJoint Force QuarterlySummer 1994, p. 76.

°AFM 1-6, p. 9.

Y"Caton,Major Jffery L., Rapid Space Force Reconstitution, Mandate for United
States SecurifyfMaxwell AFB, AL, Air University Press), December 1994, p. 14.

Berkowitz, Marc J, “Future U.S Securty Hinges on Dorimant Role in Space,”
Signal May 1992, p. 73.
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ACSC
AFB
AFDD
AFM
AFSCN
ASAT
BMC3
CRAF
CRSF
CSAF
DOD
DSAT
DUSD
EELV
GPS
ICBM
JTTP
LPI
MOOTW
OPSEC
RF
SGLS

USAF
USAFA

Glossary

Air Command and Staff College

Air Force Base

Air Force Doctrine Document

Air Force Manual

Air Force Satellite Control Network
Anti-Satellite

Battle Management, Command, Control, and Communications
Civil Reserve Air Fleet

Civil Reserve Space Fleet

Chief of Staff of the Air Force
Department of Defense

Defensive Anti-Satellite

Deputy Under Secretary of Defense
Evolved, Expandable Launch Vehicle
Global Positioning System
Intercontinental Ballistic Missile
Joint Tactic and Techniques

Low Probability of Intercept

Military Operations Other Than War
Operational Security

Radio Frequency

Space-Ground Link System

United States Air Force
United States Air Force Academy
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