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PRBFACI! '· 

' ' 

This Note ·reviews current -JIIethods ·of -assessing -strategic 'force cc 

capabilities and evaluates the ·strengths :and weaknesses ·of ·different'" 

procedures·. ~-The •terial is organized ·tnto ·sections associated ·with ::i~ 

sillilar kinds of •procedures ·in 'order to provide an easily "referenced ·J 

sUIIIIIlry .of the -1asues in each area. ·-The work reported here was· .s 

sponsored by the Director of Net· Assessment, Office of the Secretary :: 

of Defense •. , . 

I 

Thi• Note should prove useful to ·those interested in how strate-·­

gic force capabilities are measured and in how these measurements then 

get factored into assessments of the strategic balance. 
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SUIIMAilY ; :1 

The''purp088 Of ·thifi· llot&·lB :to ·aase&S the 'natur .. :end-.wlidity ::of uf 

the :-.ariou8'•procadurea ·uaed•·in <laseaaing strategic force eapabili~i­

Ues.-> -Thet··proeesa -shooild· -illu.Unata 'the-·probleaa end-•the.l:lmitatiolie·"s 

of aucb procedures· and indicate,- 1n at lea'et--some eaaea·,.:.)),ow··.ore·l'...: 

appropriate ·proceduras··cen• be used~·' -The revieW ·aleo auggesca· <the L•.: 

complexit:y 'involved ·in ll&king ·auch asses81l8nts ·and the difficulties of c" 

arriving •at specific 'conclusions about force eapabilitiee. ·.·Finally, .-', 

the· aases81Dent should· expose readers •to 'the -liuiitationa of ·ao•·-of ·the ·:-o 

procedures·.from which ·policy- decisions·'llBY 81:em. ·•· 

There are ·three ·ways to evaluate strategic -force capabilit'ies: 

The !lOSt basic is to 'determine the-percentage of targets ·of any given 

type that could be damaged by a particular force. · ·The second and 110re · 

difficult approach is to assess the residual capability of a target 

type after an attack. Such an approach improves the assessment of 

strategic force capabilities by substituting for target damage a 110re 

meaningful measure of the implications of that da11age. The third 

procedure -is to evaluate the gross damage .potential of strategic ' : 

forces uaing aggregate mensures. ·While -considerably simpler, this· 

third -procedure· often -captures damage potential only in very -vague ··• 

terms,;:.~:· 

E&ch· of ·these procedures ·for assesslns strategic 'force -eapablli'-' '­

ties· ·has substantial' limitadons •tlult prevent 'the 'develoP...,nt -of ·pre-·;,­

eise ·estimstes. ··Even ·when there ts 'agreement ""·the 'nature' of the ·•· 

capabilities to be 'measured, ·tt 'is ·not posslllle to .,del: aioat•·of ·their \ r 

aspeets"-ln ·sufficient ·detail :eo ·support ·an accurate aasesSilent' ·of,,; 

the:i·~·c:· Allons the •~~any procedures ·for -comparing :capabtlldl!li;· each ·can··"' 

lead ·to ·a· different·:eati~~ate wttb ·no ·s1ns1e choice dearly· prefer• c­

able•' ., ·In particular;: wheti aggregate :measures ·are used(·-~e ·procedures.,,, 

employed·-are: ·,ot 'beat ·approX11118UOns and are 'ln eome··tna'tancelf'COm- :·:­

pletely· iaialeading.-:•. ·Pinally·,!·fe>l assessments -of capabil1t'ies •consldei-·o:· 

uncertatnty 0'- and wheti they do the uneerta1nt}l'.'uaually- ·oveNhelllS' the·:~ 

estiaa.te.!. r:. 
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Thfe· ·.,..lye1s 'te '«gaaicecl·uiuler···fix ··Joi be&cltn&e;:s ·The .. fiia't·'o 

section develope' "the geural·· baekgrouncl and 'bases' of proeeclurelf'foi .·.r 

auesstog :·atrategte· ·foree -apabtlttlea•· '·Seet10Cl8 n ·aocl •Ili· ·treet·ac 

thciSe·-proeeclurelf'aod ·the ·•peelfte ·typae·of 'eapabtlltY· 'tbat·-they·'lit""'­

teapt·· to ·•ssesa...-·"·.Tbe.:fou~·t!l'eeettoa adclret~setl' 'the 'l'Oleoi ·aocl ·u&eco· of ,,f 

·aggregate· 'o!Uaurea;' and ·the' fifth 'the 'i~apltcioittcia. 'of •c:oosiclerio&·" c 
nonstandard ·aec:urtooi; ' ·That · clisc:uutoo · foc:uses oo . ._ eueh llc:eftllrlcilli "s 

affee.t ·-the procedures• devel.,P..d ·to ·the earlier· seet10Cl8 •and 'the clif~ f­

ferent ·typaa of capab111t1ee ·that atat be •eoostdered.•·• ·The ftoal•"l 

seetloo preseota·•a aa11pl" aMlysie of Sorlet capab111ttes io ·the· llicl- '-

1980s ·and ·C:onstdera '&011!11! of ·the cliffic:ultiet1 of ·trying ·to ·apply ·the: " 

methodolosiea desert bed in 'the previous seettona. "· 
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Thiif'lfotio'"eaps' '·several· ·Y.,aro :of ·,;On· o·(m 'the' strategic •tiaiallee'00 

durtug lllrl.cli 'ioany·-peopla 'at Raud aild 1n the -Depart11Eir.Ccif Defedel!'"' 

appreciably ·eilhanced ·the ·author's 'understanding 'of 'the -subjtic'ts"pre.rc­

aented. ··-Moat· proli1nenc-·8aoong--these contributors wre 'J....ea L. 'Poster;'~ • 

W1lli8m E. 'Hoebn;-'Jr,',' ·and -Russell ·o, -Shaver of Rand;· and Coloo:iel'" \ 

Frederick w. · Gieiialer of oso Net Asseasmietit; ... The ·a .. thor·- 18 'a loci"'' 
grateful'to James A. Dewar, ·Philip Gardner, 'and Joyce E. -Peterson-·for- · 

reviewing ·and ·co-nttrig on earlier draftri of the Note: ·Naturally,':· • 

the 'author 'remains 'responsible for the 'information and 'concluliioris··-·; 

presented~-- ;l. 
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I. B~~ES FOR EVALUATING STRATEGIC FORCr.S 

There is today no generally acceptP.d metho.:•logy for asuessiug 

the capabilities of strateg~c nuclear forces. ~e wide vari~ty of 

measures and metrics that attempt to evaluate :;uJDC aspect of .. 1~se 

capabilities suffer from two types of pr3blems. Some measures do Pot 

measure specific capabilities in any meanin~ful way. ~thers ar~ of 

H.nited utility because they usually cor. •• der only one of the many 

dimensions th3t .~hould be inc~uded in R general assessment. Both of 

these problems are age., ""vatcJ by the uncert.ainty that degrades the 

precision of the assess~ents. 

This section desc~ibes th~~ general bases for asse3sing strategic 

for~e capabilities. It outlines th~ purpose and objectives of ;tra­

tegic forces and the capabilties generally ac;soc!.ated with tl-1~m. It 

also addresses flexibility an1 ench·rance in the strategic forces. 

Finally, ~t considers how to deal with uncertainties in estimating 

strateg~c capabilities. ~n the SYbsequent sections, specific pro­

cedures will be develvped for addressing each capability discussed 

herein. 

THE PURPOSE OF STRATEGIC FORCES 

The fundamental purpose of strategic nuclear forces is det~r­

rence. The relationship between this purpose and the requisite capa­

bilities. of strategic forces is described on pp. 5-6 of tte Fis~~z Yea~ 

1981 Defense Depa~tment Repo~t (hereafter 1981 Defense Repo~t): 

We have recognized for years th3t our strateg!~ nuclear capa­
bilities could deter only a small number ~f cpntinge~cies. But 
the•' can be no doubt that these capabilities still pcovide the 
foundation on which our security rests. Withc~t ~hem, the Soviet 
Jnion could threaten th~ extinction of the United States and its 
alli~'9. Wlth them, our other force& be":ome meaningful ir.stru­
ments of military an~ political power. With the growth of Soviet 
strat~gic capabilities, we have concluded that erodible deter­
rence depends on our ability (1) to maintdn ,-.1e sec.ond-ctr~ke 
forces necessary to attack a comprehensive set of t~£gets, 
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including targets of political and military as well as of eco­
noD1c yalue, (2) to withhold retaliation against selected tar­
gets, (3) to cover at all tiDes a sizable percentage of the 
Soviet economic base, so that these tarbets could be destroyed, 
if necessary, and (4) to hold the elements of a reserve force for 
a substantial period after a strategic exchange. 

Clearly, the "capabilities" of the str~tegic forces are tied to 

their ability to de· ~roy several categories of Soviet assets. the 

1981 Dsfenss Repo~t also refers to maintaining flexibility and endur­

ance in the atrA!eglc forces. While these specific requirements may 

vary from time t~ time, two basic concerns remain the same: (I) What 

classes of target~ ~st strategic forces be able to destroy to "guar­

antee" deterret.ce, and (2) how flexible must those forces be in 

threatening that ·destruction? 

OBJECTIVES FOR STRATEGIC FORCES 

Kill tary • poll t"ic:al, and economic target classes have been as so-

elated historically with two targeting objectivr countervalue and 

countermi!itary. Countervalue targets normally are located in urban 

areas. Counterm1litary targets are primarily the military forces of 

an opponent but can also include the industry that supports the mili­

tary and the political leadership that controls it. Such targets also 

tend to be located in or near urban areas. In short, the traditional 

targeting objectives cut across the target classes proposed in the 

1981 Ds{enstJ Rspon. 

Despite the clear definition of target classes in the 1981 De­
fense Repon, there is still no consensus in the United States on the 

appropriate objectives for strategic targeting. This lack of consen­

sus contributes to the generation of a variety of very different as­

sessments of strategic capabilities. While analytic techniques have 

often been blamed for· the resulting differences, those differences 

more often derive from the assumptions made in applying the analytic 

techniques or the selection of techniques that reflect particular 

policy biases. It is therefore important to identify the general 

schools of thought on strategic targeting. 
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Perspectives on Counterv~lue Capability 'i' 

Countervalue Rttacka seek to destroy the "value" assets of an 

opponent. Those aaaeta· are normally considered to be his industry and 

population. 1 Destruction of a large part of the opponent's induatry 

and population ia intended to cripple his economy, cancel bia ability 

to support modern warfare, and destroy the viability of his society. 

There are, however, two schools of thought on·eountervalue at­

tacks. One school holds that countervalue attack& fulfill an "assured 

destruction" objective in deterring "a deliberate nuclear attack upon 

the United States or ita allies ~ maintaining at all times a clear 

and unmistakable ability to inflict an unacceptable degree of damage 

upon any aggressor. • • • After careful study and debate, it was 

[Defense Secretary Robert) McNamara's judgment 

to destroy in retaliation 20 to 25 percent of 

was 

• that the ability 

the Soviet population 

sufficient.• 2 In this and 50 percent of its industrial capacity 

view, the "unacceptable degree of damage" had to be sufficient to 

offset any potential gain that the opponent might seek to achieve by 

nuclear war. By posing this threat, then, a country deterred its 

opponent from ever starting a nuclear war. 

The other school of thought holds that the magnitude of a coun­

tervalue attack should reflect the magnitude of the gains the opponent 

could hope to achieve by the actions that had to be deterred. Thus, 

if in a nuclear war the Soviet Union were to gain control of an undam­

aged Western Europe, the loss of half of Soviet industry might not 

uffset eventual Soviet gains, and a higher level of damage would 

therefore have to be threatened. Similarl; . Sovl . limited nuclear 

attacks should be deterred by U.S. responses 1n kind, aa the use of an 

assured destruction attack in such a context would be inapp~~ta. 

Finally, this school believes that if deterrence should fail and both 

1In the past this type of attack has often made the civilian 
population the specific object of attack. Although such attacks 
appear to be in violation of international law, the a•.lity to kill 
civilians is almost universally included in assessments of strategic 
force capabilities and will therefore not be ignored here. 

2Enthoven and Smith (1971), pp. 174-175. 
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sides deliver full countervalue attacks, the relative_ •;levela- laf .damage.,., 

would be an important detel'11inant of the poatwar.-.relationahipa~·"· 

These two schools of thought view countervalne •capabilities .froar0•.1 

very different perspectives. To the f1rst0-a co\Ulterftlue•.•cspal!111ty. t)' 

exists if strategic forces can deliver an assured ._destruction -attack • .-<. 
Therefore, the advocates of this school focus on the •size:"'£ ·the 'stra-:-o­

tegic forces relative to assured destruction requirements.-.'' .The· ·second-·~ 

school views countervalue capabilities in a relative. oense,--J'ocusing :;.·_ 

on as)'llllletries in the levels or types of damage -that· either.-side· -.could.: ·J 

cause. The importance of those differences will be :discussed below'.-,. 

Perspectives on Countermilitary Capability · 

Broadly defined, a counten>ilitary attack seeks to destroy- the .... 

military capabilities of an opponent. In both classical· militar:•·:. 

strategy and in more recent strategic thought,. auch attacks are. said ' 

to bav< two basic purposes. First, the attacker wishes .to destroy­

some of the opposing military capability to prevent its .being ·used 

against his ··value" (nonmilitary) assets. Since at least the early· 

1960s, the literature on strategic war bas referred· to that goal as 

"damage-li.niting." 

The second purpose ·is to destroy the opposing military. ·forces or -·­

reduce them to a level at which they acknowledge defeat· or -withdraw-"-' 

from the war. This purpose more closely ap~roaches .the- notion -of :f 

"war-fighting," which is focused on in the contemporary.J.iterature.on on 

strategic war. 

Among a wide variety of opinions on countemilitary• -attacks:'and::,d 

their purposes, two are prominent. Stated aillply,l the.:,first· holds,!, 

that damage-limiting is essentially impossible· while: u.s;. 'and, Soviet ec 

strategic forces remain at their present .high levala of -destructive·_._,, 

capability. ("What is the difference between 150. llillion :and--120 '0 

million fatalities?")) Further, since nuclear var .. would• be 'the:!;~end nd 

of the world" (as we know it), the outcome of nilclear .war-.becolll8a·c,, 

~ny who hold this view also believe ·that· arma· control·:should. c' 
be used to reduce nuclear weapon arsenals to very· lOW' levela. where,,-._,, 
according to their logic, damage-limiting ·could again• become•·a· ,, 
relevant capability. 
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irrelaYilll!:> ;IIJUL, .. J:P.£1sfttiJ18. <ll!llU&.>DO ·SBIUie•' 0 ~D 8hott,•· ipropoii8Dt81 'Of c: 
that •. vi ..... belieVe: ·that ,eounta1"111lltary; capal!Ui.Uea. •US• ·unnecUIIIH'y,r y , 

wastafuli• ialld• •potent.isllyt :danjp1Toua0 • .and .. thatcclll!ithet .. the. :Unit ad: ,,d 

Ststell .nor•·the. !Bo.,iel:l ,IJnilm .shoUld: 'develop ·1;hl!lll•~:. in 'chiS: 'VieW.o·u..,,­

a easing ·the. :countendUtary> ·capabi-lity. Df ·Bithet•·eidei.J.a -rthuhila le 

only: to M!rify. :that, tha !opponent·.could, DOt,.O 1.Jidaed0: .Umf.t·; <lamapLtO to 

himaelL· by 'deatroy.ing .the. 'opposing •foriAL• s. 

The :oppQ8ing .point. af ·lliew ,(espoused ·by the Soviet. ·llnion).·ai:knowl.,·l-­

edges .. that: nuclear .. war •. WDuld be 'extremely destructive .. but. maintainS no 

that• maoy. would aurvivo! the war.-.and •insists. on .trying to dmprove•·the k 

lot:. ,of .the. :survivors.:·" .In this Yiew, c the 'question ·of ·uho· wine. ·the: :war•., r 

1s 'crucial,1 for: .the 'purpose. of ·the 1mr.-1n .the .first· plaea: is to •pre-.· :­

vent •aubaervienee:.to •tha 'opponent., .. Further,· wile the ·war.- would· be:-,, 

highly destructive,.· each .aide should· seek -to minimize dauge to •itself 'I 

in .order to improve· the .quality of vhat !ld.ght otherwise be a truly.:·' 

meaningless· postwar existence •. , ~n ·ahr.;rt.· this view: -gives··i.mportance·-· ·· 

to :both :the :damage-limiting and war,.f-!~ting purposes of countermili- ' .. 

tary. attacks, thus· requiring -a detailed assessment -of the relative . · 

countermilitary capabilities. ,. 

These .tvo .pointa .. of view lead their pr~pone.nts· .to assess ·strate"" · 

gic. force capabilities .in :very different >ways •. , .Those vh<> hold t:h<r ;,,,. 

firse- position ·.often .ignore• .countenollitsry··c-::-.bilities,· .assessing"·": 

only• :COuntervalae~•capabilities •• s .Those- .vho .. hold• ci> the. :second .. vleti;;w 

tend,;to :focils·<DD countermi:li.t'ary• -capsbili.t'i<rll',e.t.D .part. .because• :they.cy 

are1 :not1'3reatly. i,ntereated ,in .the. :fate. :of :assets·uotl~directly: r:elat"ed o.= J 

to 'the::11il1tary" <Wtcomes:.·of ·li war•"'. 

STRATEGIC: PORCE'.'CAPABllilTIEs: AND.'TARGET DESTRUCTION n:_: 

Many• analyst"' ass\11118;;that> tile .. dauge •. ~ an •asset• .is 'proportional• :· l 

to !the. \tmmbet' ,of aaset;oor.,lsted ·.J:arget.e· <that>-hava:·beea·destroyed•,d ll\at:a t 

4cdimter!ld.J.ib'ry> -capabilities·.·are- potmtially: 'dangerouo:·in that,, t, 
if 'Qne,..,.re:ot;o •develop· . .,, da118ge.,lim1ting .capabilit)',c:it would·lead .toto 
instability. •bf 'encouraging. a. preemptive' ·strike· ·vhenevar:·one party:·c :' 
feared·-that•td.&· deterrent··capability: 'llligbt·.:be :erodad'•by his: <>pponent'.a: · o 
dsmager;limi tingl •C;!Ipa~ilit)i~t y. 
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is,c .if five' ·of <tea steel· aitlla'. arao 'llestroyed··-50 'percent·•of •tha.ieapa~ .1-

bility .. ~o 11Bloe 'steel··ia 'assumed· to •be 'lotit•'' l!van·•if all• 'tea •eteeb·' 

mills'. W.re '"""ctly. :the.:&alll8:'a1oe·,-,thi8· conc:lutiton ·doaa,not<•tmmediatelydy 

follow••w.Tbe: 'phy81eal· uaeta· :of ·e' ateel··mill 'C:Onatitute; ·only ......... fac'-o,c­

tor in the 'production •of steel;· in this: ease,., tha.'potelll:ially bettercr 

availability ·of •other: resourcea·,(aueh• sa ·labor) udsbt·'well· allOw' steel-e l 

production to recover .to 60 ·or :70 percent· of thei ·original· level•· l.The !:c 

more• appropriate· :criterion ·for.'•meaauring .strategic· force· capabilidea .,s 

is,· .therefore,· the ·extent··to vhich· ·they:·can· degrade: the ·capabilities.,., 

of an opponent (such· as steel-making).·,. 

there are• three· types of -relstionahipa .between the' destruction of c:' 

targets· and the ·degradation of capabilities •.• -In ·the first,· ·if a capa~ :­

bili'ty :is redundant· the damage to that· capability' will' not be 'propor- ~­

tional· to the ·damage inflicted on the targets that make it ·up.:. For ... ~ 

example,- it may be necessary to sever 50 percent or more of the nodes 

of a communication system before communication between any two points 

1s impaired. 'The second type of relationship involves capabilities 

that. degrade· much ·faster·than the rate at which targets are destroyed. 

A power grid 1o a good example: The failure· of one of several units · 

in the grid will cause the. entire area to ·lose ·power. · Beeveen 

these extremes there are. capabilities that. degrade aore nearly accord-.:­

ing· to the ·level of damage. •-Thus the loss of vehicles in a' transpor- :·­

tation· •system running at full• capacity will degrade the· 'ability to t·: 

deliver.- goods· in roughly• a· proportional -manner.., lt 'is 'also· possible-:,. 

for an aaset-·tc have. combinationa of these· relationships·.-" -For·..,....,_ .c,­

ple,: ·the effectiveness of a military. unit• initially will degrade·. at a ,; 

rate.·roughly• proportional .. to ·the··rate at which' a88ets··are being de-:..-­

stroyed •. ·'When ·fatalities ·reach some break-point' (usually' leas· than. 50 ·J 

percent damage),· the morale· and ·cohesion··of •the' unit-disintegrate- and."' 

its· effectiveness falls' nearly· to :zero.:-•), 

While· 'it is usually possible to estimate- how •ny: ·targets ·of ·a ··· 
particular: .type.- .will be 'destroyed in a. spec1fiell·attack0c ·it 1a liiiC:h·c:' 

more· difficult• :co determine· .the.'effect·•of -that. attack "" ·capabilities."· 

That. effect··depends on the ·specific· aim points,. and analysis of ·that:.:• 

effect• requirea·.relatively detailed models· of ·the. functions- of each . .-h 
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target.:•typeope .Thiij• .ld1 ff.J:i:Ultyt tts ~urtber' •®mpU.c:at:aol -llhed: ·aoeuur1n&- np. 

countenatlita'ry; reapabilUl'ea.e o .This• :meaaureiiiOilt• •bea.-.. .... e;,..raiv&:Jc: 

"My·: i:apab1IUY. tto tcles~rey· -bill • <>apabili't'yi 'to :de strd)<' .y tCapab11i ty!. t,.;· •• . .. .. . 
To -avoid• :these• ·difficulti'es,c '110St''88sees11811tat :of .. trateg1o; :toree· .cape~: a­

b1 Utua <CODCentrate• :ou •target;•dam&ge,c:«<f tell' <ignOr1nif •the. ipoaaib1lftY. t y 

tluJI:•·theTe• :aigbt.;'1101:1-be t&·· direct•~nneot1od.•bet-n·.carget;ctlallilge•;and•nJ 

thlf :degr:adatton. -of <Oppoaing.•aasetlh'" ·Thiii• Note' tforuaea-•on <the. 'desi:ruc-•c­

tior>·of •terget., :but:·•alsoLattSI!Ipta•:to •identify. :ao ... ·•r.f <the iissuss••in..;. n­

volved··in determining\ •how· an •opposing •capability~ "«gradesJ·ss ·it u h 

dauged .. cdSollle·'eimple>modela· for:' •evaluating. some -of -those .. degradat1ons•c> 

are· >clisplayed•:d. 

STRATEGic: 'FORCE: FLEXIBILITY TY_ 

Relatively· l1tde. analysis- has .gone into·'aaaessment· •of •strategic:i •: 

capabilities· ·i•l other•· than. a fe>t standard. scenariOB··"Standard .. sce- ,,­

narios .. usually: start >lith a. counterm1litary .. attaclt,: followed. almost'"' 

immediately· by a countermilitsry/countervalue·. exchange: that. ends· the~<·­

war.~:· -But;·.at leaat.·three··circumstances.·not routinely considered· could:~ i 

change· .conventional· .. "strategic· .force -capabil1t1e,: ··an .extended- crisis i ~ 

or -a· period ·of ·conventional .. conflict: that. preceded the use•·of nuclear:,. 

>teapons; .. •an init1ill-resort•-to :limited ·nuclear .. options;. or ·protracted ·:.•. 

nucleal':•confl1C.t5.:..: t ..whethet:·or ·not~~stra·tegic, -forces: -would, haVe· ·the::•e 

fleidbtlitY: ·and. endurance"to <:arry. 'Out>'the1r. aasigned··ll1sa1on' ·thrciugh•;;h 

euchlc~off"'1des1gn~~:t8C:enar1oa:. ~1s, i ·as ear lle'r- ,remarked~-.2 1bne- :meaaure· .of of 

their> i:apabtlitiea.v 0 hoeedures ·cfor: ·meaauring'. •atratagtc~ eapab111tii;a' e s 

in ithes8'.off-iles1gn'.seenarios: <are• examtned:·~n Secic·.V, V. 

UNCERTAINT'l' IN 'ASSESS INC 'STRATEGIC. FORCE 'CAPAB1L1TIES: !:i 
Every· factor- •considered -in auessroente• ·.,f ·strategic: force·•cspa~''­

bili't'liial<is U..certe1n>' o Unfo-ri:unately 0l ;thS:Ityptcal:.appr<~&eh• •to .to Lu 

igoore•:thelie•-uncerteinties'.·and••to •aaslgn· a• s1"gle· 'point: •estimate' <to to 

eachl•psr-ter~or .The:lresultinlf•estl.mate· ·.ta ·oftetr·referred··tb :as -an ar, 

"eij>ec:tect:'•-iir ·~-beiit~-' iistimate,t ·beaed•-upoq .. the: ~~.Ost·-liltioly~i :or J'.biiiit~" t .. 

valuU,jof jtbe:!paramet:ers· used·•tb c.alculat:e·. tit. it Ho..rCver-;·' rt.be?Je'Fe.Stl ... t­

raateiJ: <are• ueuaur: neithe~··~-btiiit"., cior:c".elipecteol~-· and· ·therefore: un· ,, n 
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eer10(ialy; 'talslealt•tbdfle'•vho·tuae•~boii'J'"' .,\ lledtert'lqlp_-eb' eta leo r.l:cdftlt' n t 

expUc:U:lY: 'tor' :cbeee• 'Wieerta1:at'ies' ~tO: •tbll' 'extelite •poastbte):.e l ·To "lifo J o 

80{ •analya·tlf-..at··1iodh·ruadaratadd· 'the :aaeure: 'Of <the 'uneertai<tt'ies/--d' od 

1nc'lud8,cthai,t1n iaase&ttaEilltlf•t s. 

TaliW' llo fta't'a· ,_.,Of •the luneertlllrtt'tes'-<cluid•.:Uif 'llff..'C't"<!apa"""­

biUt'y' tauea111!11!11ta~'-"·Tboy.'llary. 1frcilr 'J>b)leteal•·UnkllOIIIl&"'cir •rmP..eer~ ••. 

eatbiatea:•to <ial.tu'ent"Uokncivrte'·aboUt"the.laet:ual"eoad1tl'dn·s:rof •a lliJ""u­

elea·r ·\lat';.~~- · \ee!luae;~the8G· -faCtOl."a· =irt'e·: 'lineerta1a;1 :tbef.l'resutt&-'of ~a~~ :1:1 

eapabllltY· tasaaa811ent::tbat•'employa·:·theoi''W1lf :&lsO. ·be 'ancertain~i o Mari:i" oy 

analysts• 'suggest that• t"n1'oVuncerta1nty· 'in •results' <is ·neither'•impOrtarit :o t 

nor,·algnifle'alltt•·.:ainee; ·a· major. ·nuclea·r·-war- would involve' 'tbe::uae:!of uf 

tho\isands:'bf <18rge· .weapons· and·•thus:·the 'uncertainties· should• :~wash·, h 

out•·.:--.. ·Yet:'·the..!var1anc:e;•tn ·estimateS ·-of 'Btrategtc···force·reapabllft.'tea· ~"' 

so <plentiful•' •tn 'the' 'Ht'e'rature: ·today: strongly· suggeats• 'tha't• the':un-w­

certaint-tea· ·may· not~·vash· ·Outrl t. 

some~~rof ·these'·parameters--weapon· accuracy-· for· ·example_:_ean~:be h: 

very· uncertatn.i.' Figure"!' shows the·. results of •simulated •flight · tests· c .. 

of •a' m1s•1le· With ·a· 900 ft CEP:·(i:trcular-.·probable- enor) and·'zero· r·: 

systematic b1as (the ·distanca''between the 'target· and the· "''"" point' of.,, 

impact·'1n the t"sts) •. J Based ·on the assutDed CEP;-·random numbers:.are•r .. 

used ·tO ·generate•·the· 'imp&ctl points•~ · Dut'lng 'the.:flr.st~:ten or so so 

tests;' ·the'·I!Bt1ms·teo· of both··aystemattcf bias 'and c;rp. are· very 'dlf~ '­

ferent: •froof•their· true :value's~'·' A 90 ·:rercent··conftden<:e· ·interval· ls '·' 

shmin around::the' :utUiated-·CEP{ 'durl.ng •the· if1ra·cr·20 :Or <so tests~' •thfa: is 

is ~lsol11ery· -brO..·drHi.tadeei!;e•even··aftetr•SO 'tests',l'U '!a :Stilli aboUt"20 ~U . . 
percent;·· '1111kirig'.•counterstlo' capabfil't'ies' 'lmeertalil> :Co lwtthtri• 'abou'tJ•40 !.0 

percent,.f>,, · 'ln.ne: iaost:·rong-range· .ba1118'tie- \aisaUe 'aystema"are''l:eated·l'd 

more·.- 'thari "50 'tl.aieir•'durlng·. •their· 'Ufet'lme's't 'Dlny• :of <thelie"tes'tiJ' :neces""' o­

sarUyl eoncertt'llllrdl:lare• 'Or ·IIO~tWat'tl' :Charige-a··tnt<!lided'·tl> 'corr6Ct''fl8w'"'s 

in i:he •od.salle&~···• -Any::clutrigu··tn 'c!onfig'Uratlon' 'llakili"the: 'te&tg;cs 

5un';;erta1.'nty' 'in i:hese · •fae'i:ors ··result a: 'from· '11nlte'd· ·teat"progrus\"s, 
impierfeet-c:intelltgenel!',c•tnabUtty 'to :predict~ <the-letrcullstancee:<of ·1i " 
nuclegr";""r•'' '411d•'>ther"such··proble&s."•'. . . 

CountersHo capabtlity,t as developed ·in the ·next s'ectiori,o·a I> 
proporttonat'·to •the 'inverse ·of ·CEP· &quared~·'" · 

l 
i 
I 
I 



Deployment/Availability'- L:: 
Warhead ·Loadings ,-,c 
Yield - c 
Acouraoy-c;· 

--Dispersion' '(CEP)·:' :• 
-Systematic Bias'-'' 
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He:lght':of Burst'"' 
Reliab'Uity ':r 
Rarige: ·-~ 
Footprint' ,-.-., 
Launch Rate : .-.­
Reprograming •--~ 

Unc<.rtain Force Employment Parameters :·.--

Prelaunch- Survivability··.:.­
Collllland--and -Control ConnectiVity .:: 
Penetration- Probability .· 

Tillie-:on-Target ConlroF·: 
Fusing/Burst Height : 
Warhead Allocation ·,-

Uncertain Target Parameters · 

Location and 'Altitude-· 
Mobility 
Size and Shape · 

Hard~ess and Shielding 
Value 
Climatic Conditions · · 

Uncertain Scenario Conditions 

Warning 
Attack Objectives'"' 

Attack Timing 
Scale of 'Attack :.: 

M~~ling Uncertainties · 

Prompt· Effects---' 
Fratricide -

Fallout- Radiation Level"': 
Fallout· Distribution :: 

Protracted war Uncertai'nties ,., 

Interactions ·llith' 'l'ac-tical"; 
Nucilear/Conventional- Forces··:-

Enduring· Si,.;vivu:-,' 
Enduring 'Avail a oilitY. v: 
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he tPiogeneouii"ai>d' 'only· homogeneous'' l:estii' 'ciuf-·re8lly 'tie ;eouiltecl 'l:h...t o­

gether''l.'"n ista~ist'ically tistbiatlng 'our cozit1dence' ln 'cEP.': The-reroreo,re • 

the 'amount· of iincetbiintf· shoWr.'·in ~EP here· 'for 50 testa' 'm8f·not·•tie 00 

unuiiW.Ffoi 'ai&ny"illia·s'ue' ·'syliteaia;' and 'the 'accuracy' 'of 'relat'tve.ly' uev·"" 

and 'untested 'systems' wilf 'JH. 'far' less 'certainJ•· 
1 

nu!.'other''factors"listed· 'iii Table '1 · are• assoclat'ed·'vi.th :UnciiF r­

tafntii!s~--that·: Vaey· :in. 'scope) and 'n8ture··froDi· thOSe "that. Coneerif'Weapon•on 

accuracy.:·.· Both-·systematic· ·bias. and ·fratdcide' ·are' ·extremely· ;,nceri:ain' i :·, 

because' ·they"cannot be 'tested ·directly. 8 ·"on ·the ·other hilnd','·'missile' 1·• 

range' is lc.nown'.Qt'tte' ·accurately.' . Any uncf!r.tainties that· thEi United ··d 

States ··fac·ea 'fn 'its' ~OW'n Parameter ValueS are· enlarged when effor't's. 'are!:·~ 

made·tt.o :estirDa.te1 !comparable Soviet' parameters:· ·TbeTefoie~'·the're 1s is 

lit-tle ·basis for· the conventiOnal c'onfidenCe in SsseSsmer\ts ·of ·st_ra_,.. ~­

teSte· force ·cap&bilt't.ies. ··By Oot accounting 'fflr" 'the.Se uncertclint.ie·s ,' · ~ • 

analysts 'could severely misestimate stnitegic force· capabilities,' · .. 

It is worthwhile to distinguish betwe'en two types of uncertain_:· -

ties ·tn. strategic analysis. First, there ·are variations ·in the pa-· ,­

raaieters ·around their mean value. '·For example,· the yield of a"ny given··~·. 

warhead might vary frOlu the mean of the yield of that warhead type . 

because of variations in the critical parameters of the warhead around' 

tts destgn specttications.· ---second, there··ts uncertaintY·'tn the· mean· :·1 

value ·itself~~: For example;' the 'yiel'd of 'a warhead type 'may be ·estiaia'ted · .. 

as ·2oci' kilotons· (Kt)',' thm;gh that estimate· is uncertain because' of''' 

limfted testing' and 'impredse· measurement ·techniq.,'es~'-"'·In ·large' at"'''-­

tackB/ ·wrtilt'io·n·a·· terid ·c:, Wash :Out 8nd··mean''Va1Ue' ·uncertaint·tes.; ·tend·-nJ 

to 'Persist';~ t 5triC'e the bilsfc 'attacks· here ·f:"onStdered ·are' 'lar-ge .. at-1 
;__­

tacksi variut.ion'e 'need be .discussed only' occasionally',' 'attention' being'": 

foc:Used''on 'the':uncertaint}r'in 'the· 'mean••valuei'of ·a- parameter. ·r. 

7since·'a' 90 -percent' confidence' 1nterval'1s used here/ the' ~range·''" 
of 'CEP values' considered· is much narrower·'than if a higher confidence'·'·' 
int.erval· were· 'Chosen.- ·Also~. 'the·· system' ·1n the· example has .. a· known .. :\ 
CEP;- 'in ·reality·; 'the· CEP will not be l<:nown and thus eould be 'anyWhere ,,. 
with!o the' confidence 'inte.rval.' '· · 

11Friltrfcide· ·cart be tested only by 'ei<auiining'·'lltlltiple' 'bursfsc·'in '" 
the' 'atmosphere, a test prohibited by the test ban. • The source of· · 
systematic tiia's' is inherently unknown;_ it can •be tested 'only' on ·our"' c 
tes·t ranges: &nd ,..riot· Over ··operatiOn'al· tra'jeC:to-ries·; as Would· be t_-.,: 

necessary· 'to 'correctly quantify 'this' bias.· '. 
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Giveu''thi 1iineel'caitit}i''in 'the ··mean ·vuue' of paraioetera,' '~here 'are" 

f1vf.i 'types'' of 1iaraiieter 'vduea'·that' can be used 'in assessments' of 

sttiiteg1Cf 1fin''ce•eapabiiities· •• , 'l'lu;y are shmm in Pig.' 2, which takes 

as "in ifxample''the.!proti&lintt·y ·distribUtion'of the ·warhead yield of a 

soiiet 'W..apoti"system."'''The 'llli>st''c01111110n procedure· for 'dealing' with. the ·· 

uncertainty' 'in 'estimating 'this 'yield is to essentially ignore it by .. · 

using 'th-. 'most"proliable' iwlue· '(1 )· 'as a "best. estimate.""·· Alternadve.ly ,' 

One0 migh.t 0Wlsb tO 1SCCOUnt''for the bi.,odaf nature Of thiS particular 

dist'ribUtion,'' by 'noting' that there are two possibl~ wrhead technologies 

·and· acknowledging 'uncertainty about which is being used. In that case, 

one"idgtlt'·''choosec·,r "best''estimat'e" and an "alternative estimate" (2) in 

the 1ailalys'ts· 'or ,0 'a· "worst' case" criterion ( 3) could be used in selecting 

paramete~ 'value's~·"' ,..;-·worst case value represents the highest possible 

yield-i.rrespectt<ie' ·of the probability of its being realized--on the 

basis tha't' high confidence' in u.s .. strategic capabilities requires the 

ability 'to 'offset the· worst possible threat. A fourth (and rare) method 

for. 'selecting parameter values is to use boLh the highest and lowest 

value's of the distribution to determine the range (4) of possible 

values.''' The final· p.roc'edure ·uses values drawn by "Monte Carlo sampl­

ing· .. 9·. (s) 'across' the 'distribution to estimate both the range and the 

shape' :of the 'dist'l'1butiori. ···This method is not often used, 10 but in some 

cases;'it C&n ·impioVe Starida:rd capability aSsessments. 

9Id:;.ai.ly'.~. 'analys'ts· 'of s'trategic force capabilities would 'lik'e' to . 
be 'able to 'develop''ailalytic' expressions that would integrate the dam­
age' functions_·"across 'the various uncertainty distributions, yielding 
a simple distribution' of ·results. Unfortunately, the mathematical 
techniques' for 'integrat'ing 'these functions do not exist. In their 
absen~e' analySts' tum· i:o Monte Carlo simulations in which a seriea of 
estimates ·are drawn··from each distribution and a result calculated for 
each''of 'the'·'various· estimates. · These results then serve to param­
eterize· the'· uncertainty' distribution of the outcome of the calcula­
tiOn'.( ;1 , 

lOE~'en' lf 1{ ptocedil're"existed for cO..bining uncertainty' distribu:.; 
u.,;nS''1iith' damage: functions, 'it Would still suffer from the hclr. of 
kncniled'ge abou·t. the distribution functions of the -,..rious parameters. 
However,·' linalysts usually are willing to choose a "best estimate" -ven 
thcitigh''they cannot determine how close that estil:'ate is to the "real" 
value:.:lr:Whiie· the: 'distributions'.themselvea are uncertain, 'making some 
estimate' 'of 'thm''h undOubtedly' better than ignoring them.-
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II. ESTDIATING ci:ilJirrBJOO.LITARY CAPABILITIES 

This section cooaiders some of the procedures use~ to eatiaate 

the damage that strategic forces can cause to military targets. Hany 

aoalysts defioe counterailitary targetiog aa that at.ed at destruction 

of the opponent's atracegie forces (eounterforee attacks). Some de­

fine eouaterailitary attacks even more asrrovly to include only at­

tacks on the opposinn land-ba9ed intercontinental ballistic missile 

(ICBM) force. While this section focuses on eounterfo1 ~~ attac• ... , it 

also includes attacks on other military forces. Different methodol­

ogies are used to aaaeaa the effectiveness of attacks against ICSHS, 

bombers, submarine-launched ballistic adssilea (SLBKs), the strategic 

command and control system, acd other ad.lltary targets. For each type 

of target, the asture of potential attaels and their critical elements 

are examined, and some of the methods for aeaeaaiog attack effective­

ness are introduced. The potential importante of uncertsinty in all 

of these calculations is _also presented. 

INTERCONTINENTAL BALLISTIC MISSILES 

AttaU<s on ICBHs must focus on deliv~ring warheads very close to 

the target; The critical factors are (1) the vulnerability of the 

target, 1 (2) the destructiveness of the warhead, ._,d (3) the accuracy 

vitb vhich the warhead is delivered. Attack aasesa.ents must also 

consider (4) the effects of multiple warheads (includiog fratricide), 

and (5) the delivery probability of the· warheads. In eesence, then, 

these fact~rs cover all aspects of the traditioasl bard target de­

struction problem. 

Initially, the hard target destruction problem was aaslyzed uaing 

a relatively simple formulation, vhich assumed that target vulnerability 
.-.,-

1A variety,~f· ..;.~pon effe~~~ ·~y coni:rtbu'te to the destruction 
or disabling of a hard target, aa deecribed ln Appendix A. Bovever, 
most of those effects are poorly understood. Therefore, vulnerabil­
ity is normally represented aa auece,tibility to bleat effects, vhlch 
are relatively wall understood. 
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could be aeaaured by the lethal radius (LR)2 at which a 1 Kt weapon 

could kill the target, that the destructiveness of the warheAd waa 

proportional to its yield (Y) taken to the one-third power, and that 

warhead iapacta were circular normally distributed a=ound the target 

with half of the warheads falling within the CEP. Given these aasum~­

tions, the survival probability (PS) of the target can be formulated 

as: 

T~ia formulation assumes what is communly called a "cookie-cutter" 

damage function: If the warhead lands at or within the lethal radius, 

the target is completely destroyed; if the warhead lands outside the 

lethal radius, the target is completely undamAged. For multiple war­

heads (n), this damage simply compounds, 3 yielding a survival prob­

ability (PSn) of: 

To account for delivery probability in tt.is relationship, many 

analysts simply deflate the number of warheads by the delivery proba­

bility. Thus, a warhead with a lethal radi••.a uf 120 ft, a yield of 

1000 Kt, and a CEP of 600 ft woula have a c~ of 0.0625. For two w.r­

heada deflated by an 80 percent delivery probability (n • 6), the 

compound survival ~robabi!ity would be 0.0118. 

Several factors complicate this relationship. Firat, the lethal 

radius is a function of yield: A higher warhead yield increases the 

duration of the overpressure pulse that hits the target. In turn, an 

2see Appendix 8 for details of the lethal radius formulation. 
lJlamage "compounds" when the damage ca\laed by each warhead 1a 

"independent" of the damage caused by every· other warhead, and thu• 
the survival probabilities can be multiplied together to determiae 
the multiple shot survival probability. Damage would not be indepen­
dent if (for example) the first detonating warhead failed to k\11 the 
target, but "softened" it, maki~g destruction easier by subsequent 
warheads. 
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increaae 1~ pulse duration .. y .ate tha target vulnerable to lover 

overpreaaurea, thus e~larging the effective lethal radiua of the war­
bead. But the effect of pulde duration variea eeroaa target types, 

asking it lapoaaible to include thia effect in the yield term of PS. 

In~tead, a modified aratea of meaauring target vulnerability baa been 

developed that ezplieitly includes aenaitivlty to pulse duration in 

the •ulnerabillty assessment. It ia called the vulnerability cumber 

aystes:a. 4 

The second complicating factor is the nature of the damage func­

tion. For a variety of reasons, damage does not take the form of a 

cookie-cutter. 5 Rather, the probability of damage falls below 100 

percent well within the lethal radius and does not reach zero until 

well outside the lethal radius. A log normal damage function is com­

monly used to capture this kind of variation in target damage, with a 

"daaage sigma" measuring the alope of the damage function. Use of t.hia 

function changes the cookie-cutter PS by up.to about 2.2 percent--not 

a very significant difference. 

The third complicating factor is warhead accuracy (or rather, 

inaccuracy). While ideal warheads might fall in a circular normal 

pattern around the target, this kind of pattern usually forma around a 

"mean point of impact" that is some distance from the target. 6 The 

distance between the target and the mean point of impact ia referred 

to as systematic bias, or gross .tea. Thus systematic bias measurea 

true inaccuracy, whereas the CEP measures the dispersion of potential 

impact points. Systematic bias invalidates the simple formula for PS 

ah00111 above and makes aay simple, a118lytic assessment of PS lmpos­

aible. However, approzimationa have been developed that make calcu­

lation of PS possible while accounting for systematic bias. Depending 

upon ita magnitude, systematic bias can significantly increase rs. 7 

4See DlA (1974). 
· .5Theae reasons include variability in target berdnesa, in wrhead 

effec~a, and in the hardness of different target parts. 
OWarhead impacts may slso fall in elliptical or other more com­

plicated patterns, but such variations are eztremely difficult to 
model, are normally not significant in effect, and are therefore usually 
ignor,d. See Bennett (1980a) and (1980b, eopecially Appendiz C), 

Foater' (1978), pp. 34-38. 
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The fourth-complicating factor is the proper repre&entation of 

the probability of warhead arrival. While many analysts offset war­

head arrival uncertainties by deflating the number of arriving war­

heads, that technique is clearly improper. In the example given 

above, the survival probability for two warheads having an 80 percent 

arrival probability was 0.0118. However, for two warheads with an 80 

percent arrival probability, no warhead would arrive ~t least four 

percent of the time, making the expected survival probability at least 

0.04. To arrive at the proper compound survival probability, the 

survival probability for the target when it is attacked by a single 

warhead llll&t first .be found. For the above example, it is 0.25. 8 For 

two warheads, then, the true compound survival probability is 0.0625, 

or more than five times larger than is sometimes calculated. 

The fifth complicating factor is fratricide--the destruction of 

an incoming warhead bY the debris or nuclear effects of a previous 

nucl~ar detonAtion in the same area. Because of fratricide, warheads 

that would otherwise reliably detonate on target could be lost. Un­

fortunately, there is no consensus as to the potential magnitude of 

this effect, though most analysts agree that it would limit the suc­

cessful delivery of warheads to two or three per target in any given 

attack wave. 9 

A variety of other factors also might affect the simple formula­

tion of PS, though most are less important than those described 

above. Among these factors are the choice of warhead burst height, 

the interaction between accuracy and height of burst ~rrors, other 

nuclear effects (especially ground shock), and attack timing. Uncer­

tainty also plays a significant role in a proper formulation. 

It is not possible to solve all of these problems using the for­

mulas developed above. 10 However, it 1a posaible to account for the 

8the probability of survival equal& the probability the warhead 
does not arrive (20 percent) plus the probability the target survives 
if the warhead does arrive (0.625 times 80 percent, which equals five 
perce~t.) 

While fratricide is seldom cited as the reason for limiting an 
attack to two warheads per target, this limitation is widely employed 
for trst reason. 

A more complete description of the procedures for estimating 
damage. to ICBM& is given in Bennett (1980s and 1980b). 
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fourth aa4 fifth factora fairly eaauy·.;;·:nuo:,.f.s,l~ri'fldJ;tarqbold.J.U.y.ty 

( PA) c:au be introduced by 110d1fying .thee ·.surv1ftkprohah111ty;.,z;o :to: 

1/.3 ' 0 2,A' n 
PS • [1 - PA + PA •· 0.5<~·Y.·' /CEP)_,f ) 

In turn, fratricide can be partially accounted ,for:'.by :limiting: -the'. he 

value of u to 2. This formulatiou allows· us ·to at .leaat>oeatiate,.tJie.;,c 

potential couutersilo capability of ·atrategic:>forcn •. ,. 

Table 2 displays S01118 sample ICBM parameter.-Yalues:-to be 'used ·111 in 

an exemplary analyais. For siaplic:ity,· it 1a aasumed .• that:octbe:ilCBK.•:;t 

silos are all protected to 2000 pounds· per· square. :inch·. (psi): oiler-t!r­

pressure and that the arrival probability of ·the w.rheads•.in a·, firatc;;t 

strike ia 80 percent.ll Thus, although several· of thne .aysteas -c:an·:n. 

destroy oppoaing lCBH silos if the warheads- arrive·, ··the· ·so percent .. ·: 

arrival· probability dilutes their effectiveness .... It Will: also' ·be ,.,_. 

assumed for the purposes of this example that no aore than tvo- war- '­

heads can detonate on any given target because· of fratricide~ C:on-·:--.­

straints. 

The data in Table 2 presuppose that a· Soviet: c:ountersilo strike', .. , 

on U.S. lCBHs would probably employ SS-e or .SS-A 1Riss1les· .rather. than"" 

SS-Bs, which have a lower kill probabilitY•''. Because: the"SS-c. warhead·.d 

ia so large, they presumably would not be numerous ·enough._for:'a: aig-:;:.­

nificar.t counterailo attack (such a lliaailec ~«~uld, be ..,radikely•. to be ce 

used against leas numerous cOIIIIDilnd and control:· ailseta).~) If two:SS-A' -.\ 

warheads were allocated tu each U.S •. llilo;t-tbe::fore&oi~.:formul&JL1 

iudicates that roughly 87 percent of the .. U.S•. Uloalvoulclibe ile-tie­

stroyed. Such an attack, although not a "diaandfl&l .blow, .. ~,., would, 1 d 

llThe ltill probabilities calculated equal: olla,llinuBo·thl!':'aingle :o 
shot aurvival probability ahowu above aa1og a· c:oolde-cutter .. dAmage ce 
function (so as to allow readers to nprocluce ... the .. 'Calc:u.lat1ona) •. : Ihe~he 
lethal radius is calculated asauaiog a groundbuntostlf a1rburate·wera,ce 
used, the kill probabilities vould be aomevbat higber;·if a· log~rmal,,l 
damage function were used, they would be ao11!8Vbat1lover.-rSince. both·Lh 
differencee are small and vould tend to cancel·-cb, other I,. dley ·are<r·, 
ignored for simplicity here. 
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Systelltero 

US-'A3-A 
US-B:<: 
US-c>-c 

SS-Ai-A 
SS-Bi-B 
SS..C•-C 

.. , 

Table> 2o 2 . 

· · · 20001 )Uo s i 
Wamaad!ad ltill\Pf'ObabUjty;ty 
TieliHJ CEP:c:c P(&rrival)-. Equaab 
(I!'II'l)r") (n illib) 100J!c! 8oJ:C~ 

0.20.20 O.TD.i~ 0.613;1:; 
1.00. :;o 0.20.~-·~ 0.500. :Q 
s.oo. :)') 0 .60. so o.zoz:~.' 

Soviet.' ·Un1011' en 

o. 75- 'i5 
3.00. (,·J 

·12 .00. DJ 

o. 12-12 
0.36--; 
0.12. 1 ' 

o. 796. }G 
0.359'':" 
1.000 ~--

0.~90190 
0,400-GO 
0.16-1101 

0.637;:, 7 
0.287'::7 
o.aoo -

affect the countermilitary• capabilities of the u.s •. ·IcBH:·force· by .··:·· 

reducing· its• delivery probability' .(w1thoutrretarget1ng), to about 10 : 

percent.- .(assuming:..,._ force·-rellability. of 80 ·perc:ent) •'· 1 With. 'this. is 

residuaf•.of perhapa.;100 ICBI!a-'(and.·ignoring. other:aasau);:. the· United -•1 

Sta~&>tiDuldo be able·· tO do Ollly.ll; limited IIIIOilDt;·of damage• to aither••·r 

Sovieti ..Ulitary. or aralue~ target. a;' a"d' :evetr•·leaa.- without •·retargeting! :to : c 

allov:.the. !residuali.mslileiL •to opti,mallyc co....,r.--oppodng: •target&ol <. 

STRATEGIC' BOKBEIS·iHS 

At taclr.a: :on •trategiq>, bomber&: are. easeutially: time•·vsen~ "t-• t­
taclr.a,:: o If bOmllet.: hawwadeqilata• t>tcU<:al.c llilrning~r.tbey: can:-taka·'off:-f f 

frolia: .their. baaaa,-and. a-roicl; .deat.rllcti~'·n Furtberr: since "thee !bolllber'a• r' 

can:•ba lrecalled;<·the-:'deciaii>D'.oto 'lauileh<.theal• tloea:-not• ha....,, thee 'eericoa"'" 

impli_eationa··,..s~ed.-llitbl J.aubehl.tigl :lCBI!ar-iOD •rn1DS•"3 Nevertbe•h"­

lea&ls &reate care; would, have, to be uereiaed- -in neall1JI3' t.be~ :bolaben·· : s 

to -avoid.·•king·.,t,!le~~·-wltrerable>ilfter .• u.ey,.J.aniled;c" St~: 1t 11111' be be 

ass~-her'e.· dlat:,otbe: bombeft, are: lauJlehed; uj>oD,• tactical·.-warning,o_anoL,.d . 
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theUfofto>Jtha~•;tb~'-N''Cif ·ail attadt•·O.. •tbdi•'Will'l>ie lait1Cal1y!ly 

clepttlldeDt' 011 ·.J.ta' 1tilll1il8'~~}. 1 ~ 
lloaller., vtll! ·..urvtve: •tf tbey.rcao:•oatruu-•t¥;,.,.c:taaro:etfeei:~J:'Of of 

weapou' 4etim:ate'Ct- -ob <~r 11eal"·'tbetl" baliea.c s -The11" abiltt:.y. to & •t:bte• is 

deptlada• em ~•faeto-nws '(1): lthe: 'a.oaut"cif ·'t!Mi'llllededl•ti> lJrepanr.re 

for' •takeof fl: {2): :the· :uyoue:>-curve-·for.: ·UuJ lat n:ratt! '(uhting' :clbt.8nc:<r. ce 

to :cae:· ... rlag. Ttakaoff:- and: ~celerat10D); 0 ud::(3 r the: 'timec •delay: •lle...;,e­

tween· plaJiea·.·trying. ~ uae: -the-:..,..,ru,_,.., :' Alao1s eiaee• •bolllbere • and- "a 

taakera· .,sc•·c:oac:urrently escapa••frcm -"eirfielila~·'-the·.•IIWIII> lrs• <If ._., 

each: that:·. wrvive'. ·depend- on the- 'priority'- ·giftn ·to each• 1D the- takeoff•i f 

queue··-'" The' 'IDOGat::of ·ttme'·bombera· have··to Teach·<&• safe· diatanee:·frOII·o,:: 

their' basea · -18 Toughly·. equal: to the·' aouat: of ·tl•' 'l'equi red· for the'- ho 

att&Cking.lll1a.1le' t.o reach the -bomber·--batie ·after.·lts· launch·- has. been·"' 

deteeted. 13.: The aafe· distanc:e-·fr0111··the base 1a a• funi:t1on of (1)' the·':' 

vulnerab11ity· of the.·atreraft,' (2) the deatruet1venesa of the attack--,-­

iag--varheada;·: (3)' the· number of warheads allocated to the base,· and :·-: 

(4 )'·the- pattern by which theee· warheada• are allocated and- the patha- by · .. 

which -the- bolllbere attempt• to eacapeo:"·. 

In the 1950a and• early·l960s; 'SAc-: off1ciala·. W.re· initidly i;or; -­

ried about•attacka·on u.s;. bomber basea·-hy Soviet bombera.--·Later,:c, 

Soviet- ·ICBI!s .. were. of concern •. --' In each• case,, the lack- of a reliable·' o 

tactlealc-Wilrning'. ayst- was-· the--prime' reason· for' concern about:thoee'•-•' 

threata<'-:i!l'Oday!a• syst-J ahould• generally· pronde- at -leaatJ 30 ~nutea:c:c 

of warning: agalaa~··attaefta:::by etthet'l·Of ·theae•types:•of atrategtc·l C 

12Ahually~l:1n ilor111al peacetime' :o::treilutaac .. --there· are·- two>o::ne-'~­
ponenta• to the: bomberc forc~•:>:Tbe f1rac;-1a the alert, 'force;: Olhleb' 1a J s 
prepared for· ·lauach • <in •rntng·.".: At taelta: agaiaat. thta: force· are- ttme: : .. " 
aeasltive>v" The:"aecond' ta the noaalart ·'force;: which- norully'. i:'equlreil-'•• s 
hour.: :to be ·._de.,ready··for. launching: ·and• eould· therafoTe' tie 'att&Cke<f:.:c 
at a: more. dell berate· paca,c aa could • other· basically. llalllobUe: tar-· r­
gettr.•: But" it ill at• also: be 'reengniuct ·that • with Teaaonabla- strategic; i c 
warning' &'.llllch•.UrgaT-·.·allare' of the· :total: -bOoaber··fnree~-could' te~~ponr-:r­
Uy. t>y placed--on alert,rwtth: obvioue>coaaequencea•·:s. 

3xt ia i>onoally1 aaallllled· that. the:ftrst· de~ted Uunch• of an en 
enlliiJ'1111sa1le! Ulitiatea. •the· lauiu:hing: of -tha·- 8ilttno: bomber•·torce~·:o. 
This -proeedare: 1. ncreaaea' ·the·. time ·available' for: eaca pa • by all nwtns· ".; 
lllllllf"&irei'aft, 'to take• off before the t11sa1lea ·fired at their baaea-es 
have. lleen:eithei'-1\l.aunched·-or detac:ted.e 1 .. 
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weapons,ns But\<thec 'flight;·. 'tJ.meil: .• of SOviet' <SLBMoii' l:eapeclallyc ~<*e•oe 

located.·dlr«tly. off: :the''u.s;. :Coast;·• ~ulcl< l>e 'on •the:'order!·of <fivelto to 

twenty' 1111 nutall'1'' "PPSing'. ;a; cleflntt.: 'th~'t'-'<to 'bl>mlii!T>·IKJrvi vat)fl. 14 

Thereforeor only• the- :SOrlet· ·SLBM.ltbre&t.'·to lbom'ber "ll'll"iwlv.ta 4nuuainell'ed 

hera.n. 15 

A slmple•1axample>lls uaecl;·here<:to 'illuiltre:tll'~ su .... ivalo'al 

calculatlon&•:I:::Tbe~ ·foui-.):bomber.·-ba8etr•:ShOWD)"_1n Table'•3· are! :to be l:at--t.. -­

tacked>by &· Sorleti •Yaokee· .. .,..bllarine' •located "&boa1:.>•800- n 1 m1 :off .•'the' ilc 

Atlanue· eoaatline· •. ,c The: -bombers• and• •t&okerac ahoW!l- are; on •day-'-to""day'" y 

alert.:·. For··s1mpl1e1ty',< :it is assumed .. that--the·. SQbllarine- •ean place• at ·•' 

most> one· warhead· on each· of ·theae: besee.o s :rable• 4, swllllarbe8>some''"" 

nominal: value8•·fori 1111saue: 'flight'. timea:·and• aircraft• eaeape•:times;•.:><. 

shooiing potential •ircraft. aurvival-··l'eviels.l 6. i Thel'flight.··ume' of the he 

SLBH-•ia ealculated assuming· ·the· use•of ·a moderately· depreued ·trajec•·,·-

tory as an extreme form· of threat.··: Bombers and. tankers· perform equiv-.... 

alently.'.:The bomber reaction time'·is f<-~· d~y-to-day aler<:;r·the' bomber,.,,. 

escape t1111e: 1s ealeulated- aasUI1ing that a 1 HT warhead is detonated · · 

over-· the- ·center. ·of the. :runway: and· that the airc:raft 1s Proteeted tO ;_.-) 
17 . 

about •·1·~5 psi. , . · Subtracting. the- bomber reaction and. escape•:times" · 

14sLBH- flight time< ·depends on ·(1 )'the distance· between ·the·.·aub-·'· · 
marine' and the. bomber.·bases,· and (2)' the trajectory. of the missile ic 
(range· and·•ngle' of depreseion) ;·· .. >. 

15The .. nonalert' bomber .force,: although· not'&- tllle"sensitivei·target ·"' 
set,·: ta of potentially: very. high· .value." • Therefore,< 1t is assUill!d that· .. , t 
some :combin.tion. ·of SLBHa, ' lCBHa ;· ''&nd' ·bombera• \1111: attack. the· bomber'"' r 
bases<•fter. ·the· ·attack· on the'. alert bombers' to enllllre•the·. destruction~,,., 
of the<nonalert:: force;..: e. 

16rar··thi&' example;: most•·of 1:her'p.ra~~eur: ·wlueu: eome froiD·mo 
Quanbeck' and' Wood··<(l976) ;· • pp.:·, 44-50;',!; Quanbec:lo· and• Wood.··indicate' 'that'" r. 
a depreased··trajectol"J SLBH ... could: fly: 1100. n·m •in SJO•aee; ·or 2~075'i) 
D m1 ·pert second;•><: -ln&smucl!· a1 the- Tangea:·in the. 'example· are• frCCD· 820-Cl' 
to '1180. n'•m,,·.thia·-llpeed·willl be uaed·tO l:alculate•SLBM .. flight.:tlmea.·'"· 
The::ume' between SLBH -·laur.chea ··ia from· wtnnefeld and• Builder- (1911);1), 
p. :21." I For' the· 'aalte><of a1mpl1eity',t:l5 ioee··•ia ••-d·aa the:>intervaJ::.!l 
betwey,- aircraft • talt.,ciffa.· ; . 

QUanbeclt. and Wood ··tndteate' that·, bomber•· ·are• bar<lened' to ~·>to :2-- 2 
psi1s i Using' ·thee optilliiltlcc 81sumpt1on ·that" the· bollber eould' climb: .. ,b 
abow•·the'-llllelear: 1111ch at em·, ... the- distance :·at tlllieb: damage· .. would • be bt: 
done,·dependa:on othe'.lfree"·air,overpreaaure;rt:{The: mach stelli.U the :,e 
shock> .. front "formed·.•by the· ·merging· of •the,-lncldent "and Teflected shock •,. k 
wave•}'' n.e-lethal· .. radH·: of •. 1·' HT ·bUr'er- at '1' and: 2' pei·•overpreaaurel''c'S 

•· 

. ~ .- ...... 
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TabllP'9' 3 

EII!HI'LARriiiO!eBR B.ll!ESC :.um"c 'DEPUlYHI!!IIflP S 

HoJ~bt of Ho,\~·br of 
Lattt\lde::i Lorisltllde :c Bollibel's'r .'farikeMJ"'' 

G1'1tr1as' ss 113 •23-23 75,'IIOYJ 5 5 II 
IUckenbac:kt>r: or 39 .'82.['2 82.93- 0 3 0 0 5 
SeyDOU...-Jollftacm •on 35 .33· 33 77 .95· S'i II 4 " Wurtllllith: t h 44 .·45· ''5 83 .110· ~·j 5 5 5 

Tabte·Ji • • 

SLBH ·PLIGHT·; .fiHES ''AIID·· 90!18ER: ESCAPE'• '1'IHES :<:s 
(In' iDl.nutee)·s) 

~ 

5 
4 
5 

SLBM·'':: Bombel' .-,.. Bollbel' ·::·Net •' Possible·; o 
l'light·c Jleaeuon· ·Escape· Escape·· Airei'Bt't' :·r 

Base-''· Time• ,,.,. Time Time .. . Time · ··Surviving· r.r; 

Gritriios' ,. " 6.62 '2 5.50 2.30 --- 0 0 
Rieken becker· ,.. 9.26.:. ' 5.50 2.30 1.116· :,•, 6 ,, 
Seymour-JOhnsen · " 7.85 .; ' 5.50 2.30 .05· . 1 
WurtS111th' ·" 9.46· :::. 5.50· ·.: 2.30 ":J 1.66· :.:., 7 

froia•the'SLBM 'tlight•'tillll! glves•·the.'net' escape• time: for'·all' of -the··"" 

aircraft' at ·the:::ba&e;''Onll'llln:raft• QD.'·take: off: evef'1"15 aec;·"C 'l'hUBt'JS, 

with' \lurhllith'ti• h66. 1iin" net'••c•-pe· :t1_., the''llnt' boooberOean· tak'e•'-c 

oft:>at •t1JIIe .. eero>:folloire<l'·'IIJ 'cix·ioore)tairereft•~t ·15 ilee '1at.,rvalall'; 

ho.ie'H!r;·· aubeequeat"alrc:raft: t'aking: ·off.'caa· ·110t··eecape' :the: 'weapon:· 0 " 

effei:t.-•t" OependiftS~ 'iiJ>OD'•the:: ordu!•of 1>0aobe~•· ead"taatt>t'tl' '!n ne:he 

takeoff·queue0ueo•'1lixture:~ :each· C.n· aurvivet at Vur'i:a1llthi''ataeE;:ce 

bombere: \IOuld> ptobebly" be plaeed::e&rller· 'ill the: 'queae••thad: Uakera' 1:m on 

the·. 'averageha· fw tl6r.W' boolbere• than -taaket'&. would' probablY·' iurvlve'.""- · 

are: •l>oolt>·23 ,()bO''aad::37 ,(i()()''ft,f 'r•upec:t1vely~: i A s·. ,J 1111 :avet'•&e' lli.,.;.l c­
tanee 'was' thuli: ehosen•·for• 'the: ilethal • effecte~' 'Further,• lt was ... ....,.tooo 
that'>alreraft• etart·· their· takeoff' 1: D· 1111 •frooo''the: center· of the'· !'<lnvey•3:; 
andc:thue''DlSt'·fly, 6· n'• 111 ·to ee.,.pe: the· auclear: effec:u~: ·•see Olaeet-"'e 
and· 001411:·(-1977)',;' pp.:<108•109.'JO · 

! • r, 
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Tbec~e-··e'Kape' ltiJiieit "glvait''lll 'rabl., .. are" 'e&lc:uhited: 'll'alliJdlia1 ng. 

that • •each' baM' 1.e b1 t • Oil til' 'the'- :f1 riot-: 1H.BM--ifraof •tlle'· iaubila'tlae,n e 6tQt,lelc c 

SLBifa'''are"fl.ed-...Oe•'&t ,._ tiJiei,·•·-..ttli 'rougbl,<-:. 1·S loec>'detay~·be~•·· 

uri.ag'e;:: the' '•ttaclter• -•t' :clloos&"tbe'- iorclerl'in >lbieh' 1ie ltarge'ttr' ~at he 

basea,o >·In this' ease;• ·the''attaclcet'c •c;&,.: ltl.il' iloritVOf <the" talrenft'llit ~ t 

Rlckenbaclter ·(ilince1'0Dl1' flft; ·ate· baeeil"there-' end• 'el:i' eoulif' \!ecaj>e))"); 

therefore-- be 'al.ght' 'not. target;·that' base• •at ··u~i l tUao/ 'the' ~attilcltetk e r 

can'·destroy'-' &U• of 'the: -.ireraft1 iot Gr1ff1sa' 'II a loag' ilil be 'tloeS-·'110t10 t 

del.ily'·the IIIla sUe' launcli' by -1~ 18 loin • 'or -re,re On 'the·- ·other' harid,n-u l ~ 

the 'flrst SLBM 1a targeted- on Vurt1111lth',t ane•'IIOre 'a'ircrilft• \:an'·liill'llive~ ve 

at Seyitour-Johnson (the 1S eec'''delay:·ln hltttitg'- ·Seym<>Ur-Jobnsmr'ill.loois''" 

one·- 110re• takeoff),: 'and vice' ·versa·.~ a -In this'· i>artli:Ular~ eaae;s the''·aeveli'" n 

aircraft• that can' escape froiiVuri:nith' -... y---be all' of ,'thebombers;r·ao '' 0 

that: the'- 'urginal aircraft- at ·Vurtamith 1a probably .• tanker;. r; 

alternatively,' 'the second- aircraft·· taking' off· fr0111- Seymour-•Johnaoa lis 1 •• 

probably a· bomber~·_-: Assullling• that• the attacker prefers to destroy--·:· 

bombers,: he llllght place- his· first- weapon on Seymour-Johnson, · hla'" 

second on Wurtslllith,- hls' third on Grifflss, and his· fourth-on -"' 

Rickenbaeker ·(if: -he plaees- any• on Rickimbacker at all)~: .l Thus," the"'" 

surviving ·aircraft might'be 'the- flve' tankers· at Rickeilbaeker, ··one"''' 

b0111be -c-- ·fr0111· ·Seyril<nir-Johrition,0 •and. -fivei 'bombers. and- •three' 'taukers. froio -,,., 

Wut"t81ilitb".t h. 

In real·ai:.tacka''on ·the 'bomber• forceir;'"two''Other"faci:ors" auit"be he 

consideriKr."" Fira·t--," ilot •'all' llf ·ti-ae' 'weaporia''firiod-·at 'tbe'-- ibombei''bases""" 

villi detemate• an ·targetj'' u they- are•less-''tba~"100 'percent"·reuablelle · 

AaaiDiing' •that' the'- :sLBMa--· lil our:>·e1unopn• ne' 80 'P'rcent· rio liable;: 'thn;c n • 

the: 'cpeated- ·a.inival-' •troit -tile' 'four'.,.rllea'4 •a hack• 'l'ncreeiJell'"froir·'sllf' r x 

bombers' ancl---eighi:.~·tanltera' to abou't' e'ighi::-'bollbeirr' and• ten' tankeili;rs · 

seeond;"·the' 'attacker·---ean- reduce• aurvival-'bf ·targeUq'llore''tba'n~oneono 

varhea'd· per· base>''' Tha'"extra' \larheliicla 'Cali: offset· nllab'iltty'- jltOble\oS-'"lS 

and- also: -carr' e>q>and• the' 'arear·eovered'•b1 ilucleal"'effeci:a~t 'ilecrea'etagcng 

the' 'bomber'"escape' tiaie~~o The:·sovi.ets 'probalil.y' Oiowd 'uae''irisch • 8• pro-oo­

cecluN!l''referred··to aa a· pattern •ttackfgtvelr ·the' relati.nl:;'' iiaan'll 
number' of 11. s;. bomber baaei•'ancl"the' 'relatively: i..arp' ituaber- of sOviet'., t 

subll&rineti "anilable' • i:o -.ttack "theii•""' · 

• • 
·.J ; .. ·~ 
~-- ; . ~ .. 

. -· ...... ,. 

. .:.;. 



' 
' 

-24~4-

prciSi'Uiio'"'" 'rlui'M• 'pr~ 'ft rr 'ln 1:olllpiuit;' If raW" <eirt tOioiieT:f liiaij>'re" lt 

appi:OXI.'Mtt~~ 'to 'vet;>' <~eti.Uetl' 'simaiat't.mii' 'iif 'tb.r: itilter'ilcl: r.;ntp:cn.,.:J-s-

slloeatl.w 'Of iNuipoiilt"for' ·patteril' 1itt8CI<s',_,a"!' 1ie 'tjt!JiplU'i'~ 'li7 'ii' a 

DWI'betb·of .. ~sUIIIjitlOD!r''becausoP..,be'ltlaitli&'- 'lmd' 'pOiiltl'Oid'i!i 'Of ~t1:l!"rif ro 

attaclte:lean'be 1elttTtioElj'' 1:0oipUCated",''1ao.Jtlrigi 'a: trulj'' lcjptiii&F;;,l,a~b,00 

alloeatlm-'lilfeaelble.' o sulli,L ioost' ~f the- irlltaUei!l'Si..iuiatlb'rHP'prO"'o-

vtdii-'all~tions' 'tbat: are' 'Yet;>' 'Claeli 'to 'opt!.oiat-'and' 'tbuP''jiroa~c:e 

reasonably' lii:c:urate' 're..Ulta')B. 
1 ~ooievet;" the 'auoC:atlons"are, almOi.t,s: 

alwaya•:ealeui.atecf·ainllllliiti 'tb&t• each r&ide'• has perfei::t''lnf6rmaUtm'"" 

abOUt'' the'' 'ac tloils' ·and' •eya tellis' ·pe rfo-r1oanci!' 'of 'the" 'other:" Vi tlloa'~•jjet= r­

fect"lilforma'tioli,"'a suboptimal' ailocano'n' 'of 'Ueapon.-''lil probable'lle. 

BALLISTIC: MISSILE. ·sUBPiARINES :o;:;_ 

Like' most other naval· assets,·- SSBNs iaust· be treated ·aa 1110bll'e' 1 r· 

targets.-' Therefore;' e.ttac:ks 'against them progreas··through ''two'·:" 

stages.• ''In the· ·first· (localioatloil)~·· the attaeke.f·attempts•i:o ileter'-···­

llline- the- SSBN' -location· within 8' s1!18ll- ares;·., In the 'second "(engage-··· 

mentH' the· atta-clter emptoys•:weapons in an sttempt·"to ilestr#'the'."' 

SSBN;,c::wu;h: a nuclear· weapon,-- the 'prol>sbili'ty' of destroying- the'· SSBN::.:: 

in 'the· 'engagement" fa filfrly· l-.igh:.l9_ ' Therefore·;' ·tocalization1-'b the'.,., 

key' ate')i'in atts'ckini; SSBNs; '· 

There' are' 'four• ""ya':to -local:1!' 'ilit -ss!lil; ·.•; Thenfirst' t's t"o ini>ntti>r" or 

ssi!N: 11orta·and' 'repair' 'rae'i.uties',c s'l'he"'second' r• to 'traU' 'sslilis'l'as 3s 

they"tea\re" 'port'; rt 'l'be:lthlrd' l"s to ;,eari::ll 'for' ·ssBif'if'wi th' any'"of <e:' " 

varlety' Of 'systeiiilo"'5 Anct' l:b.,::;fourtlt proc:'edure' ts tro Wit·· for' 'an SSBif B:l 

to 'give~ ·a;,ay"lts' P.,sition; 'b7 iaui.clittigL•a; llliaaile';l '8urfe.cingl,11 <.r • r 

lllah;;m.r ··simple' bomber··aurvtvai·· ..Odele-; ·wue!i••ae ·the' 'ofte'ueed "" . ' . - . 
by Quanbeclt 'and W<>ricl' {1976) ,•· produee "survival· levelS· that· earf be 'off·' l 
by 1.p 'tO ~ P.,reent',r.'elnce··-they-'fail' to alloeat·e·...,apoile''b'j>timallf 'Y 
and' 'often' ·lllisestimate• the·- 'dauge' ce.used to escapiiig' aircraft;' =-•\nalyei:e·= t s 
ehoaU' linaUTe" that ''riolpie'' IIIOdels' are' SOllie how' W.lidated· egalilat''t'he· .. :·: 
actUal·' CIY.,BIIies• of bOcbet'''8urviY&l·;; L 

9A barrage•·attaclt• could' be perfor!.ea•vith- ICBif w&rnr-ads~"<>r 'the'.hc 
attilclcer''Could ·l.ae•a· varfety"of nuclear'- torpeii<>s ·and· depth· bombli·· with'· t h 
eophistf.cated" h<>ming- 'derlees;c·s. 
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c:arerea's'ly' ltta'iiiaiittt'fns ••••se·~·' s 'l'he"ile: proeec!Ur~e:- iiilf'bil 'iisea"ilil&aY'ny 
c:ombinatiiin',0 'thouafj' t'he! -thochlf 'attaCk' re.UUttig' 'fTol.r'·eac:li' ·ia ~.e­

vhat'"iliffennt;n t '!'hat' •ia,l 'eiac:is0 '8oeo!-'SSBNs"'iirti' lalvayii' :1u port~ L 'SSBK~r.:; 

portS:' :.Iilli uraranyll;e •• tar'gee;'e'et"f'or any· 1iileleaEc''llttaCk•ck ssa.>iiftis 
ean'·lies't' lie 't·raile'd' 'ohly'li'J 'other'w~rttii!a·· and''isre' Ukely'to ~ Lc 

attacbii'-'b7 'tbose>"aubtMdite'a-;·>' Suba'rtne·a· deti•c:'t'ed· 'clj,r{q- 'Ofiarcl{c0r M 

after' 'e'i<pootns themiuilites'·can: be ·attacl:ed·''bY the''detec:tini 'Subioa'diie',"e, 

surface' ilhip; (or 'alrcraf'i:} 'per1Uopit'1iitb' 'en area' 'battag;.''Gf nUc:reat d[ 

veapons~ns. 

Kuch''of 'the''.'preoient"-day~ effort·ln antisubmarine' warfare· 'is e,....:·>·.­

petided' in 'clev;.lopins' ilea reb' tec:hniquea' for ·localii<a~io'n'."" Two: baa'ie' i c 

appr'O&cheo ·are. use a 1n such' searches.'. The' 'fint"'ta ac:oustic:' aearch'~oh. 

llhiie' sonar' and. 'il1111ilar1 devices have' been uaed. ·for years. for- thfs' i 0 

purpose;•··acoustic 'search'' iiJ a difficult· and uncertain· procedure'' c 

because· sea· water' 18 an imperfect i:'arrier of s·ound. Acoustic·- search'."'' 

ean ·!Je Perforioed bY area" sensors (like· SOSUS), 20- point sensors (sono-· 0 -

buOya)~-- or sweeping sensors (mounted on navill craft, especially sub.;:!o­

marines). · Area sensors'Provide. ContinUal surveillance of certafnii.t· 

areas as long ·as ocean -:ondltions ·are appropriate;· pOint. -sensors~: . .-.'. 

search·· a· circular aTea; around the·'sensor;·~and Sweeping· 'Sensors··aearcl\ d: 

8 path defined by the' range of 'the' 'sensors' {the' 'path. width)' 'and' the'"' 

speed' of 'the' vessel' (the 'path' iength'1n any .. given' perioi!· of 'tillie)'~"). 

'l'he~'area'· searched,'·' When· divided by ·the·. 'areo''available·· for' SSBW 'cie-""­
ploymerit;'' 'gtvea"'the' 'probabilit)' 'Of 'a' raudom>encauuter' 'iiitlt- a' single'! h; 

ssaN: 2l. "i-t.uii;· ·thai· jirobabi:lit)i inc: rea sea iiitb' 'the~ 'area' that cati' lie b" 

searc:hed in any given·'imourit''of time' and ~crea'ses'idth''tbe''ilmountJ'of c[ 

&Tea'''ill whic:h' 'tihe' ·ssan' iiau" be depl'oyed.'' ,: -

NoriaciliistrC: 'search''ia ~her~'l:he·.:-. means' of ·s·sm('detectioii."'" Among"ng 
the'· 'techniqueil: suggested' 'for' noriac'ouatic:' search" 'are- oc:ean; l>iei-l:ing' n;:. 

lasers·;' -ke' 'de teet ion', 0 'and' ·,agoel:le' anomaly' deted:lon'•n'1 Suc'ii• 'forciiil"'of ''" 

oeari:h'''c!ould iil.sal'emplo,' area',"' 'Point','' or si.eep '•tedmtques''' 5 ' 

2D.t~~~ u; s·:- 'sosils' (sol.n<!' ·su..Vdllanl:e' ayst'eml''C:onani:a' 'Of a serle&1>s 
of '<iensc;r-s' for' 'aubmarine· det.!.ction'·lliOuilted· ·.m the: :Ocet.r bottoio'o''"'See ··co 
Aldridge: (1978)';' pp.i· 34-36;''·· 

21sslm8''8:tsc.! 'liav.;· ·aou;,,r df.tec:tion' 'aystei!is' wt.ieh' 'Cat( t'imeo)"ahoir!o"' 
theiil1 'i:il detec:t'''iln ·attili:ker·and''e'lade' or attack' firat;·:c. 
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Att'a'ck's-~ <ssiiRa'1iloiiaUty' \to ·not'" fit' iilt\:i. ;,os-t"a&aesneot• ·d£· '·' 
atratqili'~pilJ;U'i\:teii,~tn part' llecauce''ilany 'analysts 'treat ss11118 ·aa ., 

1nviiltte'riible~ 1·« 'Wlnnable' only in tluo' 'loni 'terio, given' the lengths 

of 'ttoie'''tbat''iliib~·'lie 'Tequirecf to find ·and 'destroy' thm~ .. Allotbe·r"' 

reason' 'for 'l.gnoitng' 'ahacka'em SSBRa· i.a that strategic "weapon aysteas -· 

voulil' iU.V..' 'ii' .mall' \-bra· fil 'such attacks, ·and 'thus exchange· ratios' · · 

would' not' be \.earitiig!ut'.'22· However," 'these attack-s coutif affect iitra- '­

tegi:i:'' 'ciapsbilitte;,! in ii"""' ·'scenados23· and 'should therefor-e be con­

aiden·cf." a · 

coHiwn)' AND 'i:oNTRoL '.::. 
The' :..Ultiel-abitt'ty' 'of 'c011111111nd s'nd control systems is essentially a 

netWOrlt'~l.~bl;;..> 'Thar'·fs,' such syate11111 are usually designed with •· 

redundaai:y;" ilbiclrrequires· tha-t an attack 1111st cut •ny nodes or · 

co1tnect1ons ·to be 'effective· • .- Further, the attacker can never know for 

sure' which· levels of the command and control structure have already 

receiVed authority' for counterattacks. Thus, while damaging upper 

lenls·of the netvork'mtght require relatively little effort, a 

prudent· planner would· probably attempt to damage several· levels, 

including the more dispersed operational level. 

While· the'''i>ublic·· literature is relatively ricn in detail on the 

wliiP..'rability' 'of 'strategic forces, the same literature has largely 

ignored 'detailed' 'treatment ·of command and control wlnerability. 

Though single point' "wlnerabilit,r can be fairly well approximated" on 

inc\:impli>tli'infomatlon','·' it i.s much more· difficult to construct a 

22ceneral .. put')iose' forces could' also. be used to destroy strategic · 
eysteizls other''than SSBNs. ·For example, B-S2s could be destroyed by 
hand'-hel'd iiurfa'ce-to'-air·mtssiles (SAIIII) as they took off, and ICBM 
eiloa'could·be subject to paramilitary attack with conventional ex­
plosiVes;··· However,· ICBHa and bombers are generally considered 1110re 
susceptible. to 'atta'clt by strategic forces, whereas SSBNs are 110re 
suac·eptible0 to 'attack· by general purpose forces. Thus bomber and ICBM 
prelaunch·' surVival"llllst be Considered in assessing etrate&!C force 
cepabilitiesi'"uhereas SSBR prelaunch survival is not as obviously 
retev!~t •. ' · 

. Sucii"see.narl.os' mtght begin with ·a phase of protracted conven­
tional-war;-- during· which SSBNs might be destroyed, or might include a 
strategic· e1tchange that continued over some period. 
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network model without a good understandiDg of each DOde and coDDec­

•ion, since the.eurvival of but a e1Dgle link lllllY lllllke the postulated 

attack unsuccessful. This type of problem is shown 1D the folloviDg 

ai11ple ezample. 

Each u.s. Hinuteun squadron controls the launch of 50 missiles 

in that squadron. At this level, the command ancl control elements are 

referred to as launch control centers (LCCa). 24 Each squadron has 

five. Normally, the crews from at least two LCCs must give the order 

to launch the squadron's missiles; h~ever, with outside help a single 

LCC sometimes can launch the missiles. Th~refore, an attacker who 

wished to neutralize the missiles in any given squadron by attacking 

command and control sites would have to destroy at least fourt and 

perhaps all five LCCs, in that squadron. The pro~sbility of LCC sur­

vival can be calculated using a binomial equation baaed upon the sur­

vival probability of each individual LCC, as shown in Table 5. For 

example, if each LCC has a survival probability of only 1 percent, 

there is a 95 per~ent probability that no LCC would survive and 

roughly a 5 percent probability that only one would. There is almost 

no chance that two or more LCCs would survive. 

The results shown in Table 5 are typical of many network prob­

lema. Very high kill probabilities are needed against each node in a 

network to completely cut all links. Thus, in the LCC network, a kill 

probability against a single LCC of 90 percent results in only a 59 

percent probability of disabling the entire network. Alternatively, 

if this network requires at least two links to stay open, the effec­

tiveness of an attack against the er~1re network can exceed the kill 

probability against any individual node in the network (if the LCC 

survival probability is leas than 0.131). Thus, while requiring two 

LCCs to launch a squadron's missiles reduces the probability of·un­

authorizecl launch, it could also substantially reduce the probability 

of effective command ancl control survival. 

24rhe operation of the LCCs is described in "Targeting Flexibil­
ity Emphasized by SAC" (1976). 
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Table S 

MliiUTEMAN SQUADRON CC»>MAND AND CONT!IOL 
NETWORK SURVIVABILITY 

Individual 
LCC Survival Probability or the Survival or: 
Probability 

2 or 
(J) No LCCs l LCC Horf' LCCs 

1.0 95.1 4.8 0.1 
2.0 90.4 9.2 0.4 
5.0 77.4 20.4 2.2 

10.0 59.0 32.8 8.2 
13.1 49.6 37.3 13.1 
20.0 32.8 41.0 26.2 
30.0 16.8 36.0 47.2 
50.0 3.1 15.6 81.3 

OTKER MILITARY TARGETS 

There are various other military targets, the vulnerability of 

which depends on their size, mobility, and "hardness." In general, 

many of these targets are associated with "soft.~ relatively small, 

and immobile military bases that can be destroyed by a single nuclear 

warhead. Damage to these targets is determined by the number of war­

heads that can be delivered against them. 

This type of formulation has some obvio~s diff~culties. If the 

military capabilities themoelves are either mobile or capable of dis­

persing on warning, destruction of the fixed facilities associated 

with a military capability may have very little effect on the capa­

bility itself (at leaet in the short run). Further, many military 

facilities are quite large and more than a single warhead might be 

required to cover the entire target. If theoe facilities are hardened, 

damage must be assessed as for ICBM silos, above. Also, because the 

attacker will not know which warheads will arrive, he y be forced to 

assign more than one warhead to each target to ensure .~c at least 

one arrives. Some other military targets may be so close to each 

other that ~re than one can be destroyed by a single warhead. 
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In auamary, than, damage to other .tlitary Largete is difficult 

~o evaluate. Even for fixed military facilities, analyet3 .uat use 

detailed weapon allocation procedures and must knav the actual loca­

tion, aize, and vulnerability of these facilities and the arrival 

probability of the attacki~ weapons. Damage to mobile or dispersable 

ailitary units cannot readily be assessed without considerably more 

information. These difficulties cause many analysts to ignore other 

military targets in assessments of counterailitary capabilities, even 

though in some scenarios they may be the most important targets. 

UNCERTAINTY IN COUNTERHILITARY CAPABILITIES 

Like all other aspects of nuclear war, counterailitary attacks 

involve large uncertainties. While it is difficult ~o precioely rank 

the types of military targets by the amount of uncertainty as&ociated 

with attacks against them, it seems likely that the ranking today 

would be (from highest uncertainty to lowest): command end control, 

other military targets, bombers, ICJKs, and SSBNs. 

Attackr on command and control should be treated as having the 

moat uncertain effects for a variety of reasons. An opponent C'.an 

never be entirely confident that he knows the precise nature of the 

command and control r.etwork. The network also can change rapidly, and 

is likely to do so if an attack is not quick enough to catch airborne 

command elements before they escape their airfields. Alan, the reli­

ability of the various communication procedures, especlally in a nu­

clear environment, is extremely uncertain. Finally, both sides know 

that once nuclear war has begun, lower level commanders may be able to 

continue attacks regardless of the condition o! large command ~nd 

control networks. 

Uncertainty exists in att•.cks on other lllil1tary targets beeauae 

the attacker can feel confident only of destroying the fixed install&-

tiona associated ~th those targets. 

also catch many units still at their 

In a surprise attack, he may 

bases, though he is unlikely to 

know their exact locations. Even if units are damaged their effec­

tiveness thereafter remains uncertain; partial attrition may destroy a 

uuit'a cohea1on or motivate it to fight harder. Finally, no attacker 
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can be certain of the abort- or long-tera effects of having destroyed 

the flud installations associated with particular 11111tary units. 25 

Vlth attacks on bombers, the prl.aary uoc:ertalnty t. t11111ng. Will 

there be enough warning? Will the aircrews and aircraft respond 

quickly? Hov quickly will the opponent'• SLBHs reach their targets? 

The defender can not accurately anticipate SSBN targeting plana, and 

the attacker will not asauredly knov where the bombers are baaed. 

Laat, the destructiveneaa of the warheads and the vulnerability of the 

aircraft are imperfectly koovn. 

The uncertainty aaaoc:iated with countersUo attacks has been 

widely atudied. 26 Perhaps the primary sources of uncertainty in those 

attacks are accuracy, fratricide, and weapon effects. Some of these 

uncertainties car1 have large consequences, as will be demonstrated. 

Moat analysts feel that SSBN survival probabilities are very high 

and that the uncertainty of that survivability very low. They insist 

thAt u.s. SSBNs are almost certainly invulnerable and will be safe for 

years to come. lndeed, almost all discussions of SSBN survivability 

suggest that only a major technological breakthrough in SSBN localiza­

tion would make th~ vulnerable, and that breakthrough must certainly 

be less probabl~, at least in the near' future, than are the various 

threats to the other forCes. 

The potential effect of some of these uncertainties is shown by 

calculating the uncertainty in U.S. ICBM survivability, assuming a 

Soviet attack as discussed above (using the data from Table 2), In 

this attack, it is assumed that two SS-A warheads arrive at each of 

1000 u.s. silos (and therefore arrival probability is not a 

2!ivith airfields, for example, the fixed installations tend to be 
the aircraft repair facilities and the stores of petroleum, oil; and 
lubricants Without these asaeto, aircraft sorties may be limited to 
only one or two per aircraft. If, however, similar facilities exist 
at an undamaged airfield close by, aircraft sorties may be limited 
only when extr·~ly complicated or specialized maintenance problems 
ariae

2 
· 

~is subject is developed in considerable detail in Bennett 
(1980a 8Qd 1980b). 
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problea). 27 The multiple-warhead PS for.ule given earlier ia uaed to 

calculate aurviVability, so that the only variable& are the tarset 

hardness, the warhead yield, and the CEP. 28 The result& of tbia cal­

culation are di.,played in Fla. 3, vbere the nuaber of aurviving U.S. 

lCBMa ia plotted asaioat tba eu.ulative probability that aa many or 

fewer survive. Thus, there ia only a ~S percent chance that 20 or 

fever U.S. ICBM& survive, and a SO percent chance that 47 or mre 

survive. The "expected" survival calculated from the nominal param­

eters is 42 U.S. ICBMo--lesa than the median level of aurviva1. 29 

Even vith the liaited uncertainties considered here, and aaaumins that 

two warheads detonate on every tarset, this curve above that the 

number of U.S. ICBMs surviving could range from essentially zero to 

over 400, making impoaaible any precice numerical estimates of stra­

tegic force capabilities without alao specifying a confidence inter­

val. Further, as stated above, ICBM survivability can probably be 

estimated with greater confidence than the survivability of any other 

military force element except SLBHa. Therefore, while a basic pattern 

of countermilitary capabilities can be established, a point estimate 

of those capabilities is very hard to justify. 

27If ~rrival probabilitc were actually considered, the expected 
value for survival should !n~rease (unless a large number of warheads 
are used to sua ran tee arrival), and the uncertainty would be enharcced 
(since arrival probability is itself uncertain). 

~8Thus fratricide and systematic bias, two of the aajor deter­
minants of uncertainties in ICBM survival, are not included in this 
calculation, decreasing the overall survival estimates, and reducing 
the uncertainty shown in survival. In doing this calculation, yield 
is assumed to have a standard deviation of 10 percent (75 Kt), 
hardness a standard deviation of 250 psi, and the CEP ia aaaumed to be 
determined from 25 teats. It ia further assumed that the yield and 
~EP are determined by 10 testa each, and that the lethal radius cal­
culated for bleat effects baa a standard deviation of 5 percent• 
Student's t distributions are used for each of the variables except 
the ~~· which ia determined from a chi-square distribution. 

In most cases where the "expected' survival ia quite 1~·, the 
median or the average survival (accounting for uncertainties) tends to 
be higher than the "expected" survival because a alight degradation in 
any of the factors tenda to increase survival .ore than a alight im­
provement in the factors decreases survival (the mathematician's prob­
lem of averaging across a concave surface), 
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ThoL''Jiarpo .. ,Gf cbu~ervaluaj.attac:kac:s.. iuouallyl nueAl .... .tbe:!:e 

deetrm:doa.\ of -the: OpP"P!"" •a: lsldiuotr,: ~ aoeiatY•' :' ThiO:c ioeetioa.'. eli a.,.; s­

euaaee' -the: 'llatarec of .;~eh, .S:ttaek.e.: 'asul: - '• thode '·forf evaluatiq: n g 

thea;d1rat~ by ll1ffetauiat1ql tbet ifttl.Darabillty: of iiuluatrr. atlcl: the':~:e 

popalatlou~o theri: by ·eonaidariq: ~oc:eclnru: -for.' Utal:kiag!. col louted: cd 

a ree' ·targets ud. how'·, c.ountervalua: at tac:ka .'could ' af feet· 1odua trial! .1 1 

eapabilitlesi dA tbe·: poa_twar :.periocLd Fallouto damage: 1a also: aaaeaaed,,,d, 

as 1a tbe:pot!'ntullihfluaoee:of cl.vil"defeDile,"micll'ia desiped:to "' 

offaet,aueh: damaga~-:-' Finally• :_this· .lleetiOil' r::onaidera: how':,..rioua·,un-Jn­

eertaintles:can:.Ifect·countervalue:aaseaements••s. 

THE VULIIEIW!D.I'rY OF !'OPULATIOII ARD IMDOSTRY ·; 

Nuelear·weaJUna:affeet ioduatcy:eod population u varioua.wya;·.-: .. 

(It. is a.ot :U.s;. policy. to attack. population;.) .. As vith 111111tacy: tar-" ... 

gete,r.the weapon effeet· ... st often·.uaed to aasu1> damage-to both·of · .­

these typea:of esaets·ia overpressure-or ·"blaat.~c.An "verpreasure of 

between 5·.and-10 pai-11 oomally. fatal· to elther<ioduatcy· or popula.,.:.­

tion•··.cWithlD• tbe·. 5, pal:: d'tstaoee· frcCA: ac nuclear explosion;,. firei IIIIIY-~:·.· 

destroyc•ny· of theLatructurea··.tbat·.aurvin: blalt• effects):,. For' a:- .o 

grouodborat: lt Hl' veapo,..c the: S: pai<>letbal·, redina:ta about-·,2• 5" •1•1111 "' 

( 1 s·. 000 >.ft h' lt is about,,];. 8) "' m forf &D opti118l-.'a1rburatos t :rhe7'colr0r.­

parable'odiSt&DC88. for. 10 pai;at"e .. !. 71 and• 2;4:: D· 1111, >respeetivelyo~)'• c 

1Daa..e· Ol'iteria· tor,botbc. blaatcaod ·fire: etrecta: are·, given. in :" 
ACOA'.'(.197B) ;2 pp.:7p9':-'J. 

2The~'letbal· radii; are>calculated· troa·Glasatoa.e: 1111d -Dolan· .. -,,, 
( 1971)>"1 pp.o,1l2.-115~ "· The:detaila or these· ouclear ....,.poa.:·ettectaoare,ro 
discuasathiD Appendir.A• •,It la illportant·.to 110te·t11at· the optimal~::l 
lil!ligbt ·or bUmtr tor' 10 pat-. and·, tor: 5'" psi· ditrer''aiglliticantly•l :; Thua '"' , 
at .tbe: opt.11al:· beigbt·or baret· tor:·5cPJ1: (aboutc .10 ,ooo···rt tor: 1rH1') ;; l • 
the'· 10 plli·.letllal:. radiusc ·la coly·: abooto .1:;. 3' n·: 1111 becanse tbac wapoa. ·1.s 1 ' 
detoDatad·.abDftl.:tbac-10 pai ·meb -stem region•c·:olt tbecoptimal .. bl!ligbt .. ot 
or burstrtor.\10 pab(aboutc7;000 ·tth~ the 5:psbletbel radius; 1.s ; 5 

raduee<S: coly; aboot.:.lO peroanto!1C. 
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P~pil.latlall i.a iLlso t..enatti.vet •bo Tacliatloni effeeta. t s l'rciiapt' ~o"J 

and' neutron: Tadiatlon'. ia em t ted: -by io' nuclear.- ""aJIOil' whea • •it ex'"" '­

plodesi" s Pordr Mr ·or ·larger.: ""apo118;" the· 'at hAl' riocli,..i •for· proraptc.p t 

radiation~ ia -lar: thao. that', for' comp~rable'· blaiol::•effei:ts;t and' .0 so 

blast" is tbe,etfei:t. from•· which: fatalities~ should be ealeulate.!~·c,~ For' ·or 

we•pona•lllllllleri than•l.,Mr,·:the·:prOIIIpt •.radiation athaJ:·radiusiia the:!;e 

larger .. and. thus· ia the· determinant• of fatalities. 3, .. The-n.al·. radiation. on 

can: a lao: be lethal • for' thoae •to line· of aight, of the'. exploalon.·-·c Usu-. r 

ally .only people Who ·are outdoora at ·the time of an explosion: would•!•! 

ordinarily: be ao exposed,· but. for them. thermal radiation. could. be the •.c 

moBt • ·lethal4 ' i Finally; .fallout • produced by nuclear. weapons spreads,;,. 

.downwind· from the· ·explosion.·· .. People.·downwin<l would. receiv• radiation• "'' 

dosages ae long.as they remained unsheltered in contaminated areas;:~; 

accuanllatlon of a sufficient radiation dosage· can be fatal. 5 .. ·. 

IndWitrial activities can also be damaged by other nuclear.ef-J-
; . 

fects.· :_Almost· all kinds ·of modern electronics are. vulnerable. to : o 
' . i 

elect'romagnetic.pulse (EHP) effects, which. may either temporal"ily' <:.-

disable or permanently. destroy electronic circuitry. ·Also, ·if fall-' 

out. covers•industr1al establishments,. access to them may. be denied.·:.' 

for: weeks or 110nths after- a nuclear. explosion.•·• . 

3There is an 1otermediate. region between about: .100·11:t and •. 1. HT ::; 
in which both effects. are significant and cause a net lethal radius ·.:c. 
larger ·-than the• lethal: radius of either effect by 'itself •. : Thfs ·.' s 
relationahip .exists· because ·blast .affectsc acale.with yield to the· i.e 
one-third. power.; whereas· radiation· effects· scale. with: yield.: raised ··to ~o 
aomewhat•lower··powers·(e.g., around-.15) •.. ). 

4Th~· effect ·of prompt ·radiation· is greatest ·against people'WIIo :•:.; 
are:.outdoora.and-unprotected•·cHowever;· prompt radiation' is probably,:y 
less lethal· thai). thermal-radiation· to people outdoors,· except· froal"-• .. : 
very low. warhead yields (below. about • 10 to 20 Jet) •-:-

Sin'-'· determining the -.total radiation 'dOsage received·;·· prompt::,: 
radiation. dosages must. be added' to fallout radiation dosages.- :How--.;. 
ever , ... the"protection against·. radiation. afforded. by structures ··is llOt .o c 
the: same .for' both.· :.In general, structuros ·provide lesa protection-'·" 
against:. prompt .. radiation. than fallout. radiation.· ..... See Appendix- .1.·: for:.,;c 
more .information:"" these. effects•--·. 
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ATTAatii'Ci TAJI(l£'!':; '<DNCliJ!"M:AT'IO!lSJNS 

A lethal" 'Nd1u$i •rorrpi'OIIlpt:JIIicleai-?l!rtlJO~ ban': be eatllliii\;M!:ad 

aga1Jiat." an~ or ~~oc A ttatlk~qa1flato 1tlolate.ttpb1J!t:l tar~ t" 

wil1.idesb'oy.'tlle·.t.rg.t::<1't Uiet'-a~•arr1-'Ucl'·1M~':w~·<tt '.f 

the'· tletONrt.icni otauJ'tJ.I U'\thllt· t.11et a.-..thal'' rild111ai 1'Joo!D-tbet 'tar8'et'-~ . 6 

Howie'NII";e l:lottr:·l:iopulat1cA' andO:t'ildilatrY-:ten«rou. be located~-1.11 h1gtlly 1 y 

concentt-ated'- UJ'baD1Veu';"eolloeateclt wt Uti Othel'h1.ndilatl'f~ Uld' urbal'i'ar. 

population; 7o aiiiO~OIIany•:tnc!Uatr.1ea' -aetually: ilrea .. target.a;t 3 At.J. t­

tacka'; ·ap1nat· ·industry . or populatlon8: ai.st• account' ror: tbeee · rae"'• o .. 

tors;r·~ While' ir: varietr'ot app1"0Ximat1ona:·are available· ror'' assesa1~: c ~ 

claJDage•:to the!Mt'·area-t.argets;tthe' real· dltticulty; 1n rorilulatine:: such :o~ 

attabka · :u 1n determ1n1ilgi Wllere' wapona· ··alloUld • be 'plaeiod "and' tlle'.he 

prioritlea• betwei!ft·locationa•"'' A sOlution' to tiles.· problema'·'la knciwn 

as a·: waapon alloeationa proeedlll'e;ll . ~ 

To ·eatablhh: an allocaUon· procedure• W>at ·&nalyata· employ' a· ., 

value~·aystem: for. urban·: and •industrial targeu.; Such A value. system·,.-, 

fac111tatea·. the·. 'eomparleon·· of targets· of different types ;•. allo¥1ng< 'the'· .. 

analyst'-' t:o C!ec1de; ,: for: example;~ where· to target a· weapon tn an area·-· 

containing: both-IO·.steel-'111111' and·an oil• refinery.•·· The' .,..lue! of each•··'' 

populated: area .. h related: to the' number:rof people Who' live' within. that"'' 

area•·•·' The- .,..lue: :of each ·lndUetrial' plant. un. be the: m.nufaetttring' r;~ 

valuecadded' (MVA)~O; ~i eo• •aim1lar •. measurer·: Assigning' a•· value' ~o :0 

6 Al'ternati Vlalr,} 1'orf llo" nl>rlllal' &magee fUMtiolli ·(not; 11: •ooO!d&-c i e 
cutter•):;" the ·Pl"'babiltty! that' ·the'- t.arget7.1ll destroyed· by an al'rilliil!' "' 
and•• detonating· weapon·: ill oaloulated' by tntegraUng. tole. damage'"" 
function·. v1th. t.becWarheaclc·111paot··d1strlbuUon.-·r .. 

7 •u'l·ban~··areu· aJ"e'Cit1ea'. or 25 ,ooo.· population; 01' 1110r4r;:·aa ''" 
detinilcloin ACDAc{1978)'\''P• 3• :::. 

8&ttiloks"agatnat: popUlation' are·•dtsoussed ·herein' because•or c•f 
their-· frequent· mention• 1n t.he'. strategio ·literature especially: 1n 'r. 
conneetion: with: e:ssured:·<Sestl'uction--4espite: the C:l1stast8 or the'-'"' 
autllor'•tor:·a-str&te8Y'·that!>IIOuld; all.,W! BUell •lltteeks~; ;; . 

9& ~apon·anoeatton• pi'OI!edlll"&' can :~ftl'·:a-varl~JI"ot t.lrg.te;ts 
besides:' •value•.:abate;: but. is essential: to toMIIUlaUng· a· 1Ma111ngl'lll' ·: l 
countei'VRlue: attaok.c<. 

1°t!Vi-:u Ule:.atrteNince• between tlle: . .,.lueit rot tile: outpute' ilndlc.o 
inpute:ot a:· tire;r 1~e.,c Us· net>.1bc,_se.: 

• 

~ \ . 
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. . . '·. 
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i··f •· .... 



each• taraet··.·pro'llde.' a beau• for' ·alloi:at'lngi a: Siftli'-ber'•'Of wapou'"" 

to uxlal.,.,~t.e•-<la..&p•chey'·-do.H-! 1 

T\.0: b&S1a-' j)roooelllre~ ·can·: be used- ·in alloaa tin&' weapona. 4Sa1Dat:••: t 

urban· and' ti11luatrial- ailaeta)ll. ; The· -tlrst·· alld • al.alpler- pi'OOe<IIIN• ez_.:c.­

lneir all j)osail>le·locatlcna-·for: placing· the· tlrst" wapor1; · and· allo"-' ~­

cataa·-it were·u can· destroy. the- sreatest ·value.13 .. The· procedure'r~ 
. then· allocatea·-llf:apon~r.-eequeaUally· to the· locatlons >~here• the' next•xr. 

sreatut·value-can-t• ·destroyed.- 'Thlit·procedure allows the· analyst.·•>~ 

·to deterllllne' a rouglaly Opt!Jaal' laydown tor any nu!llber or weapons;·. and_,., 

to draw a·· tradeort curve between value destroyed· and -weapons used.- .. 

The:··aecond· procedure· ~ina· with a specific number or weapona·-r::: 

that'-must-l>e ·allocated to a ·given target·set. ·It then rinds· a •rea;;. 

sible• allocation ror"thoae weapons, orten in the· sequential manner----­

or the nrat procedure ... Finally, 1t ettempta to IIIOdity the various ... 

aim points to increase the amount or damage done. For example, 1t :: 

only two industrial- racil1tiea are being attacked, &nd lf they are ' .. 

separated· by someWhat more than one weapon radius but so"'ewhat less .· 

than two weapon rad 11, then the tlrst weapon and the second weapon · 

might be aiaaed oo aa to impact· between the two. ·If this ·allocatton · 

11 In performing such weapon allocations; only the· value- or ob- : -
Jective targets is considered. ·If some type or industry 111 Mt· to be : 
attacked (e.g. 1 clothing ma."'lufacture), its value ia not included.­
Alse;: soaae assets can be specifically avoided by negatinly weighting ·. 
their value. --:Similarly; though the units or population and MVA are· 
dirterent,• "optimal•·attacks against both (to simultaneously aecom-·.:::­
plish the· dual-sosla or assured dGstructlon, ror· ex811Ple) can be · ·.· 
produced by appropr111tely weighting tbe values or each. ". 

12A' third procedure•allocates· a slngle·warhead to each objective .. :" 
target,· and -then searches· ror overlaps ln weapon coverage, removlns · · 
ll3 IIBtly overlapping weapona as possible tllllle leaving every target , 
covered,· 'The-loeatlono chosen beccaae the· aim points or the attack, 
and·weapons are then allocated· to these locations either uniformly 
(one ·or two per a 1m pOint) or by 118Xlm1zin8· the 11arginal ds11111ge ... 
done.····Thia procedure 111 not· usually employed because the exclusion-· 
111 gene!'llllJ· done 111 !land ·and 1a thus Yary al«*. - · 

13ti.e procedure tor· nnd ing the optiul· location can be ' · 
compUeated,· beeauae-the··value aurrsce ror destruction or targets 
Often' haS a"·Vllrlaty or local opti!IIUIIS, 801118 of whieh do ftOt Occur 
directly· over ·any target, Some allocation procedures eearch· the · · 
entire- space• tor: the· global optil'l1111, -Whereas others consider only the·· 
damage··that·,could ·be done by directly attaeklng ally Biven· target;..-.· 
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doee'mt"'tOiiplUel)"' Cleoi:-re>Yrettllerh·tar'aet;'· tbeii •·the' 'f'inal"'iteP' 'Of ·tbilo"is 

p~ 111Sfli:.'wll'1 io0ve··cm.t·veapcn''t6 eacll• tar!et'; 'Suanftteelnsi ng 

the'il" Clestraotlcfti nr: bOthC WapaM-:atrl"' '1!1!1~ 'detciililte') ~e ) In iltlort'{ t ' 

the'· 8equent1ali p~re' ~:~an·'aatuall,.l Y'!eld: lt" subOi)tillilFai.loeatloblon 

ror' eore- 'tban'· that :n ret" ilioapcn . in ill!:;· p Y'lln' Veil~" 'and' 'thia'' ilecOi!d' n d 

procedUre: "eeka' :to illproY'II' the'· ~auoeaum· to ilil opti.uio;-:Jif. g 

Ftgure:ll · dlsplaya·a· produet•or the'·'tirot" proeedure;·15. 
1
tn tbiii' ic 

rtglire;· 1· Hr Vilmeada·•vith: an 80 pereent"arrlvaFpioobabll'ityi ifere·ro 

assignee!'· to o's; ·1ndustry;16 · ''thua'r• ene 'hilndred"wrbeilds• ·bould: de_.~e­
atroy' &lightly' IDDre ·than· 20 J;ereeot' of u;s·;. l!VA, · whereas· nearly· 90ci!•l~· 

varheada•wuld·be 'required" til deatroy=·about.•60 Jiereent•of u.s;·l!VA;•::,As ,\s 

ahooirl'; .. the'· data'' baSe employed' ( ror''1977f"contdns' only 79 ."28· percent''"'· 

or all'IJ.s·; .. l!V&;-:and·"thuli 'the' destruction' or HVA'·'approaches that'"t 

value' as a· ll.mlt'; ·' · 

THE EFFECT OF INDUSTRIAL DAMAGE ~ ':: 

The quantity' .,f HVA' destroyed does not· necessarily• measure· the' '•" 

damage do~ to industry-by a· nuclear·attack;··••ror· a"variety·of rea-·:­

aons, 'the surviving· industrial· facilities· lllllY ·produce at either higher··· 

or lower levels" than before· the· attack, '•'Also,•- the' 'composition of the· ., 

surviving• industry' determines ···the' vtabit'ity and ·usefulness of the' !.c 

econOIIIJ.· · .. Hany ·analysts;: concerned about· the' ~apacity· of the' industry' ry 

to 'recover:ua:prewateilpabtlitles~· measure·•tndustriBl' damlige"by thia'•l> 

recovery· time~::J•" • 

Proiluctloil0 at !lur'l'ivlng' industrial· piantil"iorter' a:· nuclear·attaek-· 0 '' 

could 'differ' rroio· preattack prodll<!tton- prilDarlly' bi.-iauae' the inputs' ·.s 

14llbi.le' the~ 'aecond''j)rocedu~'desti"'ys'1116re 'villue' than'•the' 'nriit.-.c: 
ror' any·given:nulll!ler or veapona allocated·,·. it 1itvolves'potent1a11y' :·: 
changing· everything' about · the · illlocatloit • inolUd 1ng· a1m·· polilta :at :· c 
ditrerent •levele'or attack;-:·:· 

15Thls ·&lloeatlon' assumeli'that''1111rheadl!t' eanObe aime4Conly' at the' C:c 
center' or :each· t.arg!Wdr~ta··aree;··•The· target/ data ·ilre•epee1r1ed· a5 "' 
HVA .. ·clusters J"'lnging"ln J"'ldius tram a• rew- tenths· or a' nautical·lllile· ;.-. 
to sb<x:.t 7• n' ad; .. : Target. hardness 1a auumecl· to be 10 psH" · 

16o~'ia•forfthi&' analysis are projeded. from· the' National Mi.Hi:ar)"'.'' 
Command • System Support Center' ·(1973). ·' 

•• 
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to 'the' l;to<!ueh'ont 'pro<:eaS'·uy'wll' l:iunlge'rl7. t if ,I tor'·~ica..pre; laome"'• 
tmpottaill: 'lnpa_t·;r • 1we re-· 'iii ;;e..y· short' supply; J ·i>ro<N'etror.' 'liilg'ht' ·'be ·great:""''­

ly cilrtailed~"d If·' liow'evet;·· iiome 'it>pl.'te! 'could' be increao'Od'" ibeb'•j;Tct-70 -

duchon1 wulcl' aisG' 'it\~reaiie;'''' ill thi8'1 lattel'· event; "'eoaoe"analysta' ts 

argue;··~· larger :von" forcer could ·prob&b'ly"· i.e \ilobll'tzed"after'· ·an 'ilt-"­

tack'i .:tbue 'lt>creadng1 tile' 'tabor'· iitput·s• tG produci:i'on~ 18· 'Hookve·f~·· imlch•ch 

of thiS'' added :labOr··,,Ould! likely. be \mslr.illec!',· and' therefore 'ltoq.ar-· ··­
glnal" productivi t·yc 'might'''not"be verf' high~:·.!: On 'the!· 'Gther nan'd;'"tt til ;_,. 
reaSonable' t·o 'assume·• that: mintY: lmpOrt&Tlt' i11put·a·t 'such· aS Steel'' aftd·; 1":l 

energy'' would have 'received·' higher levels bf damage. than' the manuhc~···­

turi:ng' HrinS' thai:.· depended '·on them,' and ·therefore 'would ·indeed ·be 'itl ; n 

shor't 'supply:· (especially: g'iveit' the' e-xpected' interruptions "of the'-''·'' 

transportatiGit n·etworl<)~· - Further,' some"lndustrial' processes···resembl'e' 1" 

the· 'power'·secto'r', ·in which: even ·a· slight 'degradation' fit productive' 

CapAcity- 'could' cause 4 'complete failure' Of that' proceSS lit S; glvei\ .. , 

area. ·Thus, it seems more likely that the destruction. of MVA. wOuld 

underestimate the loss in short-term industrial ~apability·.· 

While most· analyses do not identify the MVA desti'Oyed in terms· .... 

of the industry-affected, industrial damage by sectors is a critical -­

determinant· of industrial viability and usefulness. Thus, though the 

civilian· popillation would· greatly' suffer lr all of the MVA 'ilestroyed ·- -

produced. finish~ civilian prOducts,' the effect ·or 'an attack could 'be .... _ 

much-greater' if simtiar levels·of destruction· (in terms of MVAf'·: 

17 Industrial· plants may be onl l' partiaiiy- isam8ged, leaving: isome ''"0 

part~- of their productive eotivit~, still·intact;· If the buildings;·,:: 
that house· a facility are destroyed while· many of the· ;::achine• tools .. ,. 
within those buildings survive undamaged;"extra--labor·will have'to ''·' 
be drawn away from other productive activities· tG i.mcover· the' .. :.o 
surViving equipment. 

181;.· the· assured destruction· eoneept considered above,·'the''goaF'' 1 
is tO destroy 50 percent of industry and 25 percent of the popula-· -,­
tion. 'Thus, ·many analysts immediately assume that relathely IIIOre , .. , 
labor will be available after the attack.· 'However, half or the Soviet · c 

pcpUlation is urban;"constltuting' the majority of both the labGr· force""·.' 
and the rata lities. About 50 percent of the present Soviet industrial :.- i 
labor force would· probably b'e killed; thus increases· in labor would·­
primarily come from either the rural 'population .,. the urban" popula-' . 
tion that· was not ·in the labor force, both groups consisting mainly of ''' 
untrained· labor.·' 
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affeci:i!d: 'thet 'ene·rgy· cir heaVy' indu'atcy. sectors.' 'For a. country· eDgBged 

in a"aiU:l;a\&'·conflict~ perhaps the' moat import'ant'·issue would be 'the······ 

amoiiilt"'of wr"'s\ipporting' industry' that survived, though even this 

elemerit.''could'be ·partly or 'Qbolly. useless if, for·· example, surviving'· 

pet'ro'l.eum .. product•·atorage ·and refining capacity could not support the· ·.:· 
surViving' 'iiuhistry'.; ;·. 

Concern· abou'i:' the· composition of industrial aaseta that survive· 

an ·atta'ck' hai· fed' some analysts to look for· "bottle-neck" sectors 

which~ ··if h~a;,ily. damaged, could disrupt the entire industrial econo­

my.•·:.- Petroleum, ·steel, ·and electrical power are traditional eandi­

dat~&';"''Howevei'; 'it is difficult to disrupt an entire economy because 

subst'ttutes for' the products of any given sector can usually be found, 

altl.:X.gh·they'msy not perfectly replace the original producta. 19 It 

is also' difficult to predict the degree of substitution possible in 

any' given· case, and thus the effectiveness of an attack on a bottle­

neck is extremely ur.certain. 

Over the· past several years, many analysts have measured indus­

trial damage by the time required for industrial or economic 

recovery. Such estimates tend to ignore the compositioh of the re­

sulting industrial base or the production potential of individual 

firms under adverse conditions. Instead, they focus on the time re­

quired' to 'recover pi-ewar gross national product (GNP) 20 or MVA, assum­

ing; 'that. au·· postwar production relationships are like prewar 

cases. 21.. These analyses also ignore the tradeoff a between initial 

----·--- -----
19Thus .. ; 'aluminum· or other metals might replace steel, and 

petroleum or steel could potentially be obtained from areae 
captured. during· the war • 

. 
20

GNP 'is essentially the ec·nomic value of all goods and ser­
vic'es·produced by ·an economy. It is much greater than HVA, since it 
includes ··servic·e, ·commercial, agricultural, Md other nonindustrial 
sec tors ·.of the ·economy. 

21 That· ·13 ,'no ·substitution is allowed, and all factors are 
assiniied ·.to retain thr 'r prewar product1 v1ty. Often the prewar 
production' ·relationships are captured in an "inrut/output• table, 
Which gives'the relationships between inputs required and outputs 
produced ·'in the' peacetime economy. · 
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postwar induatrial eapabilitiea and longer-term recovery.22 Thus, 

even if industrial or economic recovery time is a useful .easure of 

industrial damage, the procedures presently being used to ealculete 

this time eannot be relied on because they oversimplify a complicated 

phenomenon. 

In S\1111118J'Y, then, industrial damage 1s normally equated to HVA 

destroyed. However, HVA may not be a good measure or industrial ca­

pability because it fails to capture the dynamics or ~onomic pro­

cesses and also ignores the composition or the surviving ~ndustry and 

the recovery potential of that industry. 

to accurctely account for each of 

return to the simple HVA metric. 

Yet because it is difficult 
23 

these factors many analysts 

FALLOUT PATTERNS 

Fallout IOlS one of the first weapon effects recognized during 

the development of nuclear weapons. Since that time, probably more 

re:~earch has gone into modeling fallout than any other nuclear weapon 

effect. Despite th~s effort, no model available today can reliably 

~produce the fallout patterns observed at nuclear tests. In part, 

this is due to the difficulty in modeling the atmospheric transport 

of fallout part1cles,24 and in part to other atmospheric and geo­

graphic factors that cause variations in the size and composition of 

fallout clouds. Even when thes~ factors are held constant, the most 

22Accordingly, a U.S. attack on Soviet heavy industry ~ght 
maximize the amount of time "required" for Soviet industrial re­
covery, though it may not significantly affect essential production 
or war-supporting industries in the short term, production that could 
help ~3termine the actual outcome of the war. 

The difficulties in predicting changes in peacetime economic 
activity are well known to most people. It is far more difficult to 
predict economic perfor~nce after the severe changes wrought ~ 
nucle~{ war. 

Once a fallout cloud 1s formed, it is carried by the winds 
until the individual particles fall from the cloud. While very de­
tailed wind models are used in some fallout calcu"~tions, these models 
require too much time for practical estimation of fallout effects from 
large-scale nuclear attacks. 
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commonly used fallout models still vary considerably in tbeir predic­

tions or tallout pattern and intensity.25 

Despite these difficulties, several aspects of fallout are well 

understood. Firat, warhead& tha~ detonate at ground level produce 

substantial fallout near the point of detonation, whereas airburats, 

especially above a critical height, produce almost no close-in fall­

outs.26 This observation is important because many warheads that 

would be detonated in populated areas are likely to be airb~rsts.2 7 

Second, groundbucsts produce extensive fallout of varying intensitl.es 

over large areas. The radioactivity in such areas would be far great­

er than the levels at which people express concern about nuclear reac­

tor accidents; yet only in small areas would eitber casualties or 

fatalities be certain. 28 For standard wind speeds, these lethal areas 

would tend to be long but not very wide. Third, fallout is carried 

mainly by extremely small airborne particles of dirt and debris (thus 

the importance of atmospheric transport). Fourth, fallout decays 

fairly rapidly but exponentially, 29 so that some areas would still be 

significantly radioactive for weeks and. even months after a nuclear 

attack. T~is residual radioactivity would be especially intense wher£ 

25This problem is described in Berinett (1977>, pp. 6-8. 
26unless the nuclear fireball touches the ground, no real crater 

is formed, and th'Js few "heavy" particles are raised into the fallout 
cloud. Then, the radioactive material does not "fall," but circles 
the earth at high altitudes until most of the radioactivity decays. 
Analysts disagree on the minimum height requlred for negligible fall­
out, though for a 1 HI burst ab~ve about 1800 ft, close-in fallout 
almost certainly will be negligible (this height scales ~ith yield to 
the ~7-third power). 

Airbursts have :arger lethal radii against industry and popu­
lation and thus would tend to be used against those targets. 

28A dosage of one rem, a thousand ti~es the millirem dosage of 
concern in industrial accidents, could cover tens of thousands of 
square miles for a single 1 HI ground burst. However, the mean le­
thal dosage of 450 rem (integrated over time) would cover an area 
measu~d in hundreds of square ;niles. 

Fallout is usually measured by the dosage that would be deliv­
ered one hour after a nuclear explosion (referred to as the h+1 hour 
dosage). 1'hereafter, fallout decays with time (in hours) to the -1.2 
power, so that the dosage is one-tenth as much at about 7 hours, one­
hundredth as much at about two days, and one-thousandth as much at 
about two weeks. 
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fallout patternc from aeveral nuclear weapona overlap. Fifth, the 

prevailing winds tend to blow from west to east, tho.ih the average 

wind direction depends on location and aeaaon and the specific wind 

can differ considerably from the average. Finally, almost any kind of. 

attucture or building can provide some protection from fallout; how­

ever, people must stay within that structure to remain protected. 

These observations help to clarify the damage potential of fall­

out. In a standard nuclear attack, most Of the fallout damage would 

occur in thin strands downwind of groundbursts. Since prompt effects 

damage occurs first, the fallout damage would become significant only 

beyond the lethal radius of the warhead. Fallout from warheads deto­

nated in cities probably would take ito toll in areas l->ediately 

surrounding the cities (areas that are often densely populated). Hoot 

of the fallout damage fr~m warheads detonated away from cities would 

affect the rural population downwinj of the burst. 

Many anal>·sts hav" noted that fallout is potentially much more 

1amaging to people than are prompt effects because of its much larger 

lethal area. They have sometimes assumed that these effects could be 

exploited to maximize fa tali ties by placing fallout patterns fairly 

accurately over populated areas.3° In general, the thin shape of the 

lethal fallout area and the variability of winds would make it diffi­

cult to so utilize the fallout from a single nuclear detonation. 

However, by appropriately patterning warhead detonations, a fairly 

large area could be subjected to fallout; 31 of course, thia would 

require accurate prediction of the precise wind conditions. To give 

30see, for example, Boeing (1977), pp. 48-58. 
31Boeing (1977). This report suggests placing the detonations 

along a line pe~pendicular to the wind direction to increase lethal 
fallout area (with overlapping dosages that are, by themselves, sub­
lethal) by 35 percent. The results of our experiment descr!bed in 
the footnote below suggest that the lethal fallout area c~•ld be 
increased by perhaps aa much aa 100 percent if the overlaps ~re 
appropriatr.ly arranged. The resulting areas would also be auch wider 
than that from a single detonation. 
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an idea of the lethal area produced, Figs. 5 and 6 ahov the percentege 

of a preau.ed lethal area that would actually be covered (baaed on a 

30 kn wind), aaaUDing errors in the prediction of either wind direc­

tion or epeed, 32 While the actual wind direction tenda not to reduce 

the lethal area very much, it determines whether or not the target is 

within the lethal area; for errors of 45 deg or more, it would be very 

difficult to actually cover a target with fallout unless a large num­

ber of weapon• were uaed to produce every wide pattern. 33 Alterna­

tively, errors in the wind speed could drAmLtically reduce the lethal 

area because of a loaa in optimal pattern overlap, leaving the lethal 

patterns either much shorter or with many sublethal "holes" within 

them. Thus, vhilo it io remotely conoeivable that fallout patterns 

would be used in attacks on populations, the technique has limited 

real-world utility because it depends on detailed local weather data 

that would be very difficult to acquire and evaluate in time to be 

useful. 

CIVIL DEFENSE AND OTHER POSTURE VARIATIONS 

Calculations like those shown in F:g. 4 are made assuming that 

the attacker knows where the opposing urban-industrial assets are and 

how vulnerable they ~e. In many circumstances the location and 

vulnerability of these assets can change. Population is mobile and 

in various ways the vulnerability of either population or industry 

32these results were obtained by placing five I Mr warheada, at 
eight mile intervals, along a line perpendicular to the direction of 
the vir:. (to produce the maximum total lethal area). The WSEG 
fallout model, the most widely used model in the defense community, 
vas used to simulate the fallout patterns (see the description or 
this model in Bennett (1~77)). The basic lethal dosage of 450 rem on 
the ground was used to define the lethal area. While part of the 
loss in lethal area from wind direction errors can be offset by 
staggering the warhead aim points (rather than putting them all in a 
line), this procedure can make the total pattern less errective for 
some direction errors, 

33Even with the five warhead pattern used in this experiment, the 
lethal area is at most 40 n mi wide, though it ls up to 154 n mi 
long. With larHe errors in predicting wind direction, the 
rectangular nature or this pattern could cause it to miss targ~t' 
some distances from the detonations • 
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can·· be ·lessllllll<l•eoThe:term: .•civU·:defenae•:or~~rerac to tbet purpoaetalful 

actio1111 ·talc•·· e.loag·.eitber:·cf these ·unea .. to reduce :urban•illdustrialte l 

claasge pot11ntial;o l. 

Reducing' populatioo: wlnerabilityi usually! lnvolYelJ; some,toranot of 

abel tering.n.-.llhila' special: abel tera··canc be built:. to protect•.- people:• co 
from·nuclaar.·li88poo·•etrects, · alaost .any .. structure;cand :especially! thet:.e 

basament.of any .structure;: tends to provide: SOllie shelter•··r·In par•"r­

ticular; .IIIOSt structures offer. some protection against:.radiation;cr., 

especially. fallout. radiation,- and purposetal··abeltera can ·martcedly·iJ :1 

increase that· protection. :·Host. structures offer alight protection. :.n 

agains~ blast.effecta;·thougb:apecially designed shelters can protect· ct 

against· tens to oondreds of psi or overpressure;:· .. Blast shelters may·.· 

actually: provide complete protection against blast .effects ·in urban "" 

attacks, ·as those attacks would. tend to use optimal airbursts against :' 

unprotected ·assets, detonating so high that the maximum overpressure:· 

generated ·on the ground may be 40 psi or less.34 . 

No matter how a nuclear war began, many people on both sides 

would not- be in their assumed locations. In part, this is because .the 

census data.employed in locating the population give.the "night-time, 

bed-down"· locations of people.· ·While the populations of the Soviet· 

Union or the: United States: could be in those locations when a ·war , ,. 

started, time differences and. the locations of the two· countries oppo-:.: 

site each other on the globe mean that. both countries would.not be in ;., 

such ·a'. condition: at the. sama time. :•.-Some people .in both countries, •.':: 

would, be at work,: and. tbus .probably 1110re. susceptible to attack. because .o.•· 

industrial sites are more likely to be targeted than residentiaL.: i 

34At th~~-;;ptimal beight·of burst· for·10 psi (7000. ft for a·l .. MI' :-:•· 
warhead), the· maximum overpressure on the ground (directly under the· 
detonation) is about 40 psi ... At the optimal height of burst for 5 · 
psi·,:·the maximum overp~essure hitting the ground ia about 15 psi •. :. 
Thus·,- people protected to at least these levelo would not be in- .. ,_ 
jured •. Many analysts SSWIB that if the· Soviets were to shelter their·; r 
people,· U,S,, warheads could be ground burst; but to do so would require .... , 
a retargeting capability. (aince the trajectory would have to be dif-',:­
ferent to hit the·. ground at the same place),· and would significantly. c · 
reduce damage. to unprotected targets (since groundburata reduce the:,, .. 
lethal radius),,!. 
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nelgbbo'rhooila•dsOn ~beti>eheri.banil;nif iliffidKt·-'•rningl of ehetiluat:ll:;ick 

were.: received>; thee 'population: c:ould.:well·-' airac:uata· probablao targat-:e t 

areas;;•greatlyt lncreastq· .. ehanc:ea. of aurvival·,.;J 1. 

In iiYacuating' tbecurban·Jpopulationica. civil·:defeaae .progre&-·''" 

face a: seven.lc tradeorts~;-sPerhaps .. tbet.-t: t.portant.dac1s1011l tbat."" t 

JllllstJb& 11acl1111s where-·: to put: thee ancuees,,_.:;ProYi:s1ons·ciiUstJb8 illade,de 

to feed: atld support ··them •and to provide~aome shelter aga1nstc bothc.tt: 

fallout· .. aadothe·.weatber•o•·One:.or the[ easiest solutions· is to maJce•::c 

each. rural:· resident•- responsible·. for :·a .. small:. aet ·or urban'.•evacuees<'-' s. 

The''ratin' of evacuees· to rural·· residents ·is referred--to as the· host-:·.­

ing.ratio;:a;hosting ratio' of two·.to one.·is normally. considered. dif.;.::·­

ficult"bUt .feasible·. to maintain.' cWhile• hosting may .ease probleu ·of of 

shelter· and· food d1stribut1on,"1t could: increase. the·. population· den-·::­

sity' in some :already heavily: populated areas,. thus ·making· evacuee• .,. ' 

targets for· a·· population attack •. :•.To avoid ·thia, ·they :could ·be sent. to :. ' 

sparsely populated areas, but such regions generally leek ahelter.end 

food distribution capebilities. 35 . Also; by evacuating. the· population, 

the civU.-defense program <DOves urban residents away. from· the-majority 

of the good shelters, ·thus trading distance from weapon effects for· 

the level of protection provided. ·finally,. during.nn evacuation,"'· 

evacuees- would be extremely vulnerable to attack •. An effective. civil 

defense program would' have .to minimize this eztra· wlnerability while. : ,_, 

completing. the. evacuation. as quicltly:.ao posaible•l ·-In abort,,. an evac• 

uation• plan: is extremely complicated-and ita. effectiveness .in reducingc "··. 

fatalltiea:would. be highly dependent,on the:C:hoicee planners.made .in ::·. 

deciding· how' to proceed ·with: it. i c. 

Industry·. is neither· as mobile· nor·as easily. protected· eo ,. '. 

people.: ··The: fraction: of industry: (especially! basic --industry): that . •' 
' 

35Se'1eral other tra~eofts· would' exist; . ·. Firot; moving. evacuees · ,., 
into -relatively unpopulated areas would probably take longer, because .,,, 
those areas have inferior tranaportation facilities.·· Second, because,.,._. 
people .will be concerned about tbeir- welfare in aucb areaa, .authort-·i­
ties. may. have difficulty. in persuading. them to evacuate •. Third;· tbe .: .• 
difficulties ·in providing food and shelter in aucb areaa would un- .:­
doubtedly .lead to some fatalltiea.over-time fr~ exposure;. disease, or ·.r 
other .. related problema, .. 

. """ 

: 
I 
: ! . 

i 
' t -
!-

t ' 
I 

·-· •• _i 

' 

I 
. '' 

' I 
I ·, 

I ,•. 

.• 

. '• 

' , 
•'. 

·-·· 
.t, ' 

J ~~· ... 

;_<·' ;:~~-
' ........ ' 
~·. • .. 



I 

... 

----·-- ---- ... , ... ~--~ ------ .:.:;·,·-- ·~,~~,----~-~-·-.-- -.: .. ..• .,.._... .. -··----- ~--

couldube ilhpenedooll. •ntnat :La ilull•~~- 3
Tt.ereforelranalyat.asfoc:1aecus 

on the: poaetbllttlul of protecting\ 1Dduatrta1c equ1pMftt•·tll place' n-ra­

ther-•tllaa::-trylq to IIOVII·• tt. E · 3 
Yarl.oua •proeeduraa: llaviP lleea,cla-f-o­

velopad,•forf aucb:.rp~otectton;• al1110it all •of thea ·eaaenttaUyt iDvolftl·:c 

buryina: thee ilachtnary; ,., Such·rprocedurea• provtdetliood'protectton;•·but'"' t 

aachinary" ao protectadcwould • be Out"of aurvtce: for'welta.·evell:tf the'-'"' 

order•' to unearth•·tt ,..re · givan·•aa aooft ·ea thee burial! •a•ccoarpleted~<·". 

Tllei·naulUng•loaa·tD productlon'-would•be ilubatantlal; •ilo auch•proce-·,,­

durea•·would-a<lt·•ba llghtly-UJidertalten ... ,,\lao; -llUch•of industry 1a not•·'' 

susceptible to ~burial~--(e.g.,·blaat furnacea) and•could•not be alg­

nlf1eantly: protected;· -:In abort,' while· aome protecttoa. could probably 

be provided. for'tnduatry; r thia protection- would· be far· fro11 comprehen- .,­

sive:and •would be in:tramely.•co•tly; '> 

UNCERTAINTY IN COUNTERVALUE CAPABILITIES 

Many analysts believe that there ta very little uncertalnty about '' 

the- damage· that could be inflicted by countervalua · attaoko. Tlluo, • 

little: has been done to aaseao that uncertainty.· Part -of the- reason 

is that countervalua targets tend to be large and eoft, leading many 

analysts to believe that the uncertainties· of a massive. attack would 

"wash.out" because-eo many weapona are involved. If no more were 

involvscl-111 countervalue attacks than ranclo11 varbtlons about the>· 

mean 'Y&lueil .or parameters,- tbe· uncortatntiea llight, indeed, be 1ns1B­

nit'1cant••,. But even oountervalue attacks include a substantial number 

36New·: industry· could -be built' ln dispersed areas•" -'While' this-'.-. 
tacttc: would reduce the vulnerabillty of industry;· there would uaually: l:­
ba atrong econollic 1ncent1vea-not· to do eo •. · Thst 18, dispeued indue-· -
try has higher tranaportatlon costa end fairly high· "a tart-up• coste·, -,. 
incurred. in aovlng-tralned labor to the fac111ty-and training other ... 
new· labor. rTllus, economic 1ncentiveo tend to push the conatructton of '" 
new:f!71lit1ea-into :the same area• where old fadlltieo au located.·'· 

Even· if the· industrial machinery could bo protected in place,.-.,, 
industrial' bu1ld1nga ·could not.· '·They would eventually have to bo -.. _ 
replaced after· an attack ... ·-xn place• with bad wather, they may· llave.<c 
to bo replaced before production· could . bo ruuMcl.- ·' · 

e r:·a 

I 

I 

• 

.. 
• 

'' - ., , ..... 

-·· .. 

··"l .. 

I 

I 

., .,. 



... ---~-- .... -- ··---~---- ... -~··.~---------.,.-,-.-------·.·~-·· ----"'"'.;_,....,.·~~-·---·~--· ., .. -----~ ... t· 
-so-'•('-

of p&ra .. \411'8-lihoM·---ftllaea al'8 ~·;•tbei'et)t contl"lbuUII&'r~ 

aign1rtcantlj~ to the• unoerta1ntJ 111 auch -atteaka~38. "'' 

Four--1111aertatn. p&ra~n oond1Uon. tile· ~late iia~: oauMd· ._,-1 

by Coulltei'Yalue attaake;' .. Fil'llti Vartlead desti'UCti'feMIIII (eapeatallr· i Y 

yield): ta unoerta111 vtthth· oel"ta1h ·bound a, · eapeatally ror:·tlle· de_,.,_ 
render·tn a oountervalue• attaok,39. Seaond,··the al"'"lYal proball111ty' ~" 
1a ilacertaln eve11 1ft • firat· atrtke• beceuae Halted tee till& preveate · '" 

the· attacker fl"OII' tyechaly deterailllng the' rellablllty' of hla W&p-•:•· 

one,· though a·rrtval prohablllty 11 conelderab17 aore uacertaln for the 

llde attacked ln a ·unt atrtke. ·Third, the vulnerablllty· of lndu~try 

and•populatlon·ta uacartatn, even though bla1t damage falla· generally 

ln the range of S to 10 pot (ao dlar:uued above), .. 'Fourth, the· IKidelo ·' 

~•ed to predict pro~t weapon effect• generate uncertatn·ftndlngo 

because they are baaed on a limited number of teats with' variable 

outcomea. 40 . · 

The potential tntluenoe of these uncertainties has been esti­

mated by calculating the uncertainty aasociat~ with a Soviet assu~ 

destruction attack against U.S, iJ,Justry, using the data frolll Fig. II 

and aasuaing that uncertainty In these rectors could b3 captured by 

modtrlcatlona to the lethal area. 41 . The results or this analysts 

38Thls subsection considers uncertainty In the damage estimates 
but ignores the inherently much greater uncertainty In the viability 
of Industry· or the population after a nuclear attack. 

~ . . . 
The determination of an orponent's warhead yield usually begins 

by estimating the weight of that warhead and then Rueasing the warhead 
technology employed. Because thiH technology can vary greatly, eati­
matee· of yield also vary greatly. For exampl@, eattmates of do~e Soviet 
ICBM warhead yields were recently cut about in half. See Pincus (1979). 

40 
Th~ influence of civil defense, which could completely over• 

vhela any of the uncertaintieo shown here,· 1• also lgnnred. 
41 . 

In this example, the followlnK assumptions were madeJ the war• 
head yield vas 1 HT with a 10 percent standard deviation, the hardness 
vas 7.5 psi with a 1 pat standard deviation, the reliability vas 80 
percent vlth'uncertainty based on 25 testa, and a 5 percent uncertainty 
vas ass~d In the weapon effect&. In each esse, a lethal area vas 
calculated' using the Monte Carlo values of yield, hardness, and weapons 
effects,· and the ratio of this lethal area to the 10 pal lethal area vaa 
used as a multiplier times the number of warheads to obtain I HT, \0 pal 
equivalent warheads. 
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are'llllollll''tll ~;;:yl 'in tile: ._.,tftiielloJ'ICOIJaeiiStO apreaa'cOuDter:"'r­

roroe 'attaol<"uncertalfttJ'·lll F1&.~3• oBaaioc~K-bal'.sftl!lllt' 1a aaaUUMF•·1 

to be ?·,s7pal'FU oppoeed't0 tJieC10 pa1Clft Ftg;''• "l'bo·:IIM'Of5500~fJ 1 

Ml' var!IMila 1n tho'· "basic,.' tirat"atr1ke' attack -~tea'·• '90 percetont 

prcbeb111ty that'" at ·ltlaat•SO percent: or M¥l"vould·be ileatro)'ed;"d·In Jn 

tum, .. the' aaaUIIPt1an; of 50 parcent· ettr1t1an'of tlie-Sodet' ro..O.a'bf by 

• u.s·~. t1rtit"atr1ka' ill &aaootated'· with' the' prelld.ea· that• the' Sovlete•·t" 

would·doubla''tbetr·attaok ai&e to 1100.warheade•tn a··aecond· etr1ke~i<e. 

In both Dil11811 ,: an opt1aallaydovn ·ill eestmecl"'1n tbe·· oaloulationa"" 

&iviWI here.•·· Tho' aeoond-etr1ko curve ·does not ovorlap: the basta at-•t­

taok·ourve"becauee·llOM unoertatntJ·waa· aestmed in tlle'Uoaunt ·or nf 

att:'1t1on· autrorecs• 117 tho' Sovlota ·tn tho· u.s;· t1rat· atr11<e; ·thererore··-e 

inoroaatng the unoertatntJ 1n their oounterYBluelattaok.-2. " 

Tbe Oho1oe or the attaok.alze·(550 warbeada•tn the basic atteok)'·i:) 

vas predtoated on the de,e1ro to pnerate hl&h oonttdenoe or roaching '···. 

the SO percent dama&e level 1'8Qu1red by assured destruction. As a· 

result, the nominal dallla&e level (based upon 111st 'likely eat1aatee or 

the pal'lllleters) te about 56 percent. Even so, there 1e a 10 percent·· 

pi"Obeb111ty that thte level or attack would not -t the aesured 

deatructtoo requtre.ant; to lncreaae to 99 perceot the·coofldeoce ·of ··' 

obtatntaa 50 perceot da.age, over 700 ,..rheada would be required (and ... ; 

even thea a·one·percent chance of failure ln aaaured deatruction would•ld 

aldat),: ··l'beae 700 ... rhoada are ·conetdorablJ aore than'the -ber'•'" 

required·to obtatn·a noalul·o~auao•level'of 50 perceot ·(about ·400·"0 

warhead& lft tha'noatnal c&aa), ·ebow1ns·tbe'cooa1derable effect ·of onlJ·lY 

theao baalc·· imcartatntlal 'to eountervaloe capabllltJ;',.. 

Io a 'eocond ltrtka, ave a .. though ·aa opt tal laJdollli ie aaaWIIId, d • 

the· addad'uacertaloty la warhead aurvtvabtlity'decreaaea to 80 perceot'"' 

the confidence of achtavina' aaaured··daetnsctloa: ·• ·Further, the' low:.·~ 

eida.of the d1atrlbotloo'1a aaw ·VOrJ'lov;· fallift& to about 30 perceot nt 

dauaa;;··Marely to overco .. th.,· ·u..certainty ·u ilurnvablllty' iliid'ln-' o:­

creua •tba' eonfldenca ln auured' deetructlon' t6 90 percent;'·tbe'·i"' 

~2sov1et attrition was aesUIIOd ··to be SO pilrcont •ldth a standard •rd 
deviation or 10 percent.• '·. 
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IV, 1 ._, AGCllECArE. HUSUilES . c s 

Aa •boOrll···iQ the pravioua wo· aactiona,'· eatiaating. counter­

ailitary'and'eountervalue capauilitiea for either the.United State• 

or ~he'Sovteti Uidon· can be a fairly complicated proceaa. ·Further, · · 

since'8Uch' capabilities vary acrose weapon systems, there· is general­

ly no elear· procedure for combining these capabilities. into a sirgle 

measure·; ,,.'To deal vtth this,. eo-called aggregate •.aeures ·wre devel­

oped.· ·''l'heoe meaaurea simplify the detailed calculations of force 

capabilitleio: and provide a way to aggregate capabilities acroaa an 

entire' atrategi_c force. However, aome widely used aggTegate •asures 

completely· mtaeatimate strategic force capsbilities; and moot others 

de not accurately represent the capabilittea they. are suppooed to 

mesaure.· ··.Therefore, 1n rt.o:vieving the aggregate measures, this sec­

tion explores both their rationale and ltmitsttona. To make theoe 

preoentattons meaningful, the aggregate measures are gro~ped by the 

capabilities they are auppoaed to meaoure: countermilttary, counter­

value,· and combinations o! both. 

AGGREGATE MEASURES OF COUNTERHILITARY CAPABILITIES 

Aggregate measures of countermilitary capabilities a~e intended 

to provide: a Bimple 111etric of thoae capabilitlea by capturing some 

aspect·of a· countermilitary attack.· Ideally, the mesoure ttaelf 

ahould ·seale 'directly with countermilitary capability.· However, 

an.alyata have not been aucceoaful in aimplifying the dynamics of 

bomber~ SSBN,· or COmmand and control survivability; therefore, DO 

aggregate measuree"exiat that allow analyata to evaluate attacks on 

such''targeu;·- ·For counterailo capabtlitiea, a wealth of meaaurea 

have'been developed, the moat Vldely used of which will be described 

hereafter;··• For att~cka 0n other military targeu, the one aggregate 

measure 'that. ·has been widely und will be d1ecuaaed here aa well. 
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Hard Target Kills 

Over the years, eountersilo capability baa often bean aeaaured 

by tha nuaber of hard targets that a given force could lt111. For 

s1mpl1e1ty,. though, it baa usually been aaauaed that aaeh attaelt1ng 

warhead 1a aaa1g~d to a a1ugle target ~nd that all taraeta have the 

same hardueas. Because of this aeeond assumption, this .. tr1e.baa 

moat recently been referred to as 2500 psi ltllla, because 2500 pal 

probably represents an extreme of deep uudc"lround auper-hardened 

teraeta. 1 Since it is aaaUIIl 1 that aaeh war'·~a.. h placed on an 

individual target identical to ell others, this measure la calculated 

by deteraining the !till probability against that target for each type 

of warhead and summing it aeroaa the entire strategic foree. 

Claar._, thia measure does not adequately reflect counterallo 

capabilities. For this procedure to provide reasonable estimates of 

'ctual capabilities, it muot be assumed that the number of hard tar· 

gets on the opposing aide is equal to or greater than the number of 

weapons available, 2 that the hardness of all targeta ia opproxlmately 

2500 psi, and that all weapons are used in counterailo atto~a. If 

there are fewer targets than weapons, or if target hardneaaea are 

greater than 2500 psi, this measure will systematically overestimate 

hard target kill capabilities. If target hardueaa ia leas ttan 2500 

pat, the opposite bias occurs. More specifically, if the hardnesa of 

u.s. and Soviet silos is different, thio metric will ~ biased 

against the aide that baa the harder silos. 

lrhe uame of this measure baa been varloualy known over tl.lle aa 
"1000 pal kllla,···2ooo pat kills," end "2500 pal killa." 

lro overcome thia hlrltation, this index baa occaaionally been 
modified to (1) limit the number of W$rheada used, and (2) allocate 
more than one warhead per target. tAt present, both the United States 
and Soviet Union have at least ff•:e times sa many weapona as ouch 
targets). Thus a recent variant, ~Jch ia not widely uoed, placed two 
warheads each on at most the number of opposing silos (chooaing the 
highest value warheads first). Thlr type of modification approaches 
the methodology outlined in See. 11 >n both accuracy and complexity, 
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ThrC>~~Weight 

Ritza (1976) has suggested that missile and bomber throwweight 

be employed aa a measure of countersilo capebilitiea. (Throwweigbt 

is the weight of the payload that can be delivered to targets b7 
either missiles or bombers.) Host payload weight is made up of war­

heads, and thus, for a single missile, throwweight establishes the 

number of warheads of any g!ven size or the size of warheads that can 

be employed. Larger warheads have a higher countersilo capability 

and also serve to hedge against uncertainty in some of the other 

~arameters involved in silo destruction. 3 Within limits, more war­

heads allow either more silos to be attacked or mote warheads to be 

targeted against each ailo. 4 

Today, throwweight is not a particularly significant measure of 

counterailo capabilities because the primary determinant of such 

capabilities is accuracy, and throwweight has very little effect on 

accuracy. Further, throwweight normally includes bomber payload and 

as such really does not measure simply the potential for bigger or 

more warheada. 5 Thus, while throwweight may indeed \ndicate some­

thing about the numb~r and size of warheads available for counterailo 

attacks, there is no direct relationship between throwweight and 

countersilo capability. 

Countermilitary Potential 

The moat widely used aggregate measure of counteroilo capabili­

ties is countermilitary potential (CHP) •. CKP is widely used because 

it is oimple to calculate and seems to relate directly to the ability 

3see, for example, Foster (1978). 
4At some poin~, very little extra damage can be inflicted largely 

because of fratricide, which limits the number of warheads detonating 
at eash target to ab~t two. . 

For example, when bomber payload includes a short-range attack 
missile (SRAH) or an air-launched cruise missile (ALCH), it includes a 
lot of weight besides warhead weight (e.g., missile motor, fuel, and 
guidance). Nitze factors that weight out in calculating the weight of 
a comparable ICBM warhead payload; neverthelesB, that extra weight 
could be used instead to carry more bombs, but for sood reasons, such 
a choice was not made. 

~~ 
. -:-·-- . ., ... .. 

·'· 
·.tia·ill ~~ 

., 

' .... ~ • .. t:o••:J"•• ...... r 

i • ; 
' ' ... 

I 
I 
I 
i 
I, 
I 

' ' 

,. 

·-·--· 
' 

.~_ .. ( 
!· 

·' 

• , 
1 
I 
' 

l 
1 
j 

I ''I 

I :·· 
. ·. -~~·; -~ 

;. .. • 



• 

-57-

to kill a hard target. Re.:alling :he formula for allo PS, CMP ia 

simply patt of tbe exponential term: 6 

CHP • Y213tCEP2 

Thus, CHP includea both the warhead yield (Y) and part of ita accu­

racy (the CEP). To aggregate CHP across the strategic forces, the 

CHP of all weapons ia simply added together, reflecting the procedure 

used in calculating the multiple shot ~urvival probability (PSn) 

above. 7 

Unfortunately, CHP can be biased in several respects. Firat, in 

aggregating the CHP of the total strategic force, weapons are in­

clu<> •. d that are far too inaccurate or too. small to be effective 

against very hard targets. On the other hand, as CHP values become 

relatively large (especially as accuracy increases), a point is 

reached where additions to CHP do not significantly increese the kill 

probability of a warhead; includint CHP values beyond that poi&t 

results in an overestimation of aggregate eounterailo capabilities. 

In other words, CHP does not scale linearly with l~rd targ~t kill 

probability, but rather shows decreasing marginal returns because it 

relates to hard target survivability tb~ough the exponent of the PS 

formula. As a result, doubling the CMP value of a weapon leas than 

doubles its countersilo capability against a fixed target set. 8 

These considerations are illustrated in Fig. 8, which relates 

CMP values to the kill probability for 1000 psi and 2000 psi tar­

gets. tn both cases, CHP values beyond about 120 add little or no 

benefit aa the kill probability for that CHP value ia virtually 100 

6For CMP, yield (Y) ia measured in megatons and CEP in nautical 
miles. The accuracy of CMP as an aggregate measure depends upon the 
accuracy of the assumptions in the PS formulatinn: a "cookie-cutter" 
damage function, no systematic bias, a circular normal impact distri­
butio?, etc. 

See Tablea 6 to 8 below for sample CHP calculations. 
&Naturally, a force with double the CHP should be able to achieve 

the same kill probability aa a basic force does if it is used againat 
twice as many targets, but this is really only true if the CHP is 
equally divisible among all targets. 
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percent. Tbia obaarvation auageata twO central problema with the CHP 

M&aura: o\e '•rhead CEP becoll8a very amall, CM1' valuea· bee.,_ a.ch 

iarger than are really -~~inifuli g and Tela.tively -11 CHP valuea 

can be aaaociated with kill probabilitiea approaching 100 percent 

though the arrival probability of the weapon .. y be much leaa than 

100 percent. For pxample, it ia impoaaible for a weapon ayata. to 

have a kill probability that is higher than ita probability of 

arriving at the target, but CHP ignores that conatraint. 

Effective Countermilitary Potential 

The author baa developed a formulation that corrects CHP for 

arrival ~robability and, thereby, reaovea a aajor aource of biaa in 

that measure. The resulting measure ia called effective countermil1-

tary potential, or ECHP. 10 While many anaiyets have attempted to 

correct CHP by simply multiplying it by the arrival probability (r), 

that formulation does not properly accoUDt for arrival probabil­

ity.11 The difference between the results of that procedure and of 

ECHP is illustrated in Fig. 9. 12 For relatively poor missile ac­

curacies, the two procedures· produce about the 81118 effect. But for 

missile CEPs better than ebout .15 n mi. the tvo proce~ures diverge 

dramatically, with ECHP at best equal to the CHP value that has a 

kill probability equal to warhead arrival probability. Because many 

new weapons are likely to have CEPe of .15 n m or leu, the uae of 

~ or some multiple thereof could be very alaleading. 

9Tbis is especially true since CHP ignorea aystematic bias, the 
other component of accuracy; therefore, even if tba CEP were to ap­
proach zero, a non-zero systematic biaa would keep the kill probabil­
ity bylaw 100 percent for amaller yield warbeada. 

UThe formulation for ECHP ia given in Appepdiz c. Note that 
this formulation require• that the target hardneaa be included, and 
thus f~ ia not •• general a measure •• CKP. • 

Multiplying CHP by reliability is like multiplying the nwober 
of warheads assigned to a target by the reliability to set the aur• 
vival ~robability. The problems with this procedure are discussed in 
th~ ·~~section on ICBM vulnerability above. · . 

. In thia fiSilre, a 1 MT warhead with an 85 percent arrival prob­
ability ia targeted against a target hardened to 2000 psi. 
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theaill~o!o&eiC'Vatioua ·have~..,... .• potjlntially U~portant .• illplil'&tio"* · ., ·c 

for• the:atrategic:debata. :c·For-·exaaple,:CIIP- haa .• baen a favorite: ""'a""""­

sure·,of · thoae· .vbo .oppose ··prograaa .. for :aprovina.u,s •. counterforca:··oc 

capabilitiesie;they·,araue .. that<. CliP ahows .. the: UnitedcStatescto have .a.· , 

very. large: and .rapidly .arowina• countarforca,·c:apab1lltyLboth .in. abso.,..•o­

lute·.:terlllll •and ·.in comparison to the. Soviet, Union. 1 ~. :They attribute 1 t ,, 

to u.s •. atrategic,,forces .CKPs .so maall, that they .encounter. the. CliP.: .. ;• 

bias· proble11. · :.Also, •-8011111 •iDcludevbolllbar. CliP .in thair .. aggregate -est1-: l­

mataa ... ,Though.bmnbera ·c:arry.mny-larga.yield,.sccurste ~ .. arheads,~.>." 

bombers IIU&t .. penetrate Sorlet. air defenaes, . thus llllkina. their arrival · • l 

probab111t1ea,lower.tban .. thoae of aither .. ICBMa or SLBHa.~~. :Since QIP. ~P 
does· not account. for this extra· warhead attrition, it makes the.::t.! 

bomber force appear to be very effective· against silos.·· However,.·:, 

when arrival probability is properly taken into account, the bombers 

do not appear to be so eff.ective. · For example, ·aesueing that a B-52 

carries four bombs with CEPe of 1000 ft, .and four SlAMa with CEPe of 

1500 ft, ond that the B-52 arrival probability is 60 percent, the CliP· 

value (170) ie more than twice as large R& the BCHP value (83) for 

each B-52. (The calculation r times CliP gives a value of 102.) .. : 

Warheads 

Many other military .targets include at least same component 

which ie relatively ~aoft~·.&Dd small, :and thus can .be destroyed by a 

single .warhead,.• .. Thio bas' induced same analysta to nse the number of .,, 

warheads as an a&aregste measure. of the.capability.to destroy other :: 

13A'particularly·otrong·advocate.of this·poeition·ia tosta .: . 
Tsiph •. See,- for example, .Tsipis .(1975), . This .argument bas also been 
raised in the Congressional debate, with Congressman Leggett a strong 
advocne· · See Leggett (1975). ·,. 

Because ·of the ABH Treaty which was part of SALT ·I;· ABH de-:. 
atruction of ICBHa during penetration can be virtually ignored in moat .•l 

aggregate analyses•: ·The same c:an- not be said of bomber defenses 1n 
the Soviet '.lloion. Also, bombers take much longer to get· to their 
targets,· increasing the· probability of an ICBM launch on warning,· ·. 
which in turn would make a bomber strike on opposing ICBHs essentially: .. 
worthless. 
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111Utu,Jtaraeta-!~. 1 1ecaun '•-·-•rlluda.,willl.ot•··anha'OD tar .. t0~t, 
.,..lyata_-uauallyidaflata.:tbeciwabar:·of •rhuda·.hy tluliir,ani•al·:~l 

prollablllty~tnfarrlq!to thiiL•aaora-:u ~daUwarabla .. •rMada•~•- · 
Dallrirabla~•rhuda•f.a,itberafore;-•a.-ure"of tbeciwz1-~_...rier 

of tarseta:llable .. •to be hit;.:H. 

Por:'a<veriety:of roiaaou··d1acuue4 abon;•·aetther:-.a,couot!of of 

warheada- oor ·a· couot ·of 4el1warebla verhaada -precU&lJ ... nraa:the:ile 

capeblllt7' to dee troy :·other lll.lltiley tarsau. r 'Vhila' cJell•erabla''le 

warheada- taod --co overeat! uta the o~aber ·of other .. llilitery tarsau· t s 

4eatroyed, collocattoo of •ny tarseu •7 · beleoca out •ch .of thla • l:; 

biaa;--at laaat--for.fl:ud ioatallatiooa ... ··Tha·aat.affact•of tha:h• 

variaaa. fleva lo thh •aaura 1a oot. clear, · thoush • the •aaura : ia ! • 

probabl7 a· fa1r--iod1cator· of a· capabillt7 ·to cleat roy fi:ud tutalle-: ,_ 

Uooa.- :. 

AGGUGATB MEASURIIS OF COUNTBIVALIIE CAPABILITU:S '·: 

over tiaa, a IIWlbar of aasraseta ••aurae of urbao-iftduatrtal 

dauga poteotlal have developed. Aoal7ata heva taodad to aaploy· thea - .. 

ind1acr1a1oately lo seneral .......... ,. of relative u.s. aod Soviet· 

eapebilltiaa. Bovavar, each of the principal .... urea uaed today 

atteapta to apecify the effacta of ouelur attaelta io taru of 'IDpv-,---­

letioo fatalltiaa·.or duaga to lncluatrial' aueta. ·llltaa · (1976-77) · i ~ 

hal argued. that' qgrapta ........... of couotarvalua capebllitiaa·:,." 

ahould ba 1otarprata4 to the . followiog Mllll&r: ., ( 1) Mptoaoaga ia 1:: 

the· beat iodieator-of fallout ·affecta·(aod,- therefore, :·of populatloo:cc 

fatalltlaa·frca fallout), .:(2) 'aquivaleot Mgatooa (I!KT) la the.baat :.t 

iodicator:of bleat damase affect• .(and, •·therefore, ·of proiiiJit duasa ·i'." 

to loduatrlal'facllitlaa.and urbao populatloo), aod (3) 'throvwipt :· .. t 

1e "the best overall •aaure of tba couotarvalua potaotlal of a ·' 

15Befora·.lllllY verheada. vera iotroduced, the auabar of ahailae · · .. : 
wee a ... aura of caraet coverage, ao4 before tbat, vbeo boabara ear-· 
ried.ooly a aioale nuclear .. apon, the awaber of bcabera wae aleo a 
aeaaure of teraat coverage. Today, tbe ouabar of delivery vahlclaa. 
(alaailea-aod bombera) cannot aarva auch a function, and thua tbie .. 
ouaber ia uaelaaa aa a 1111aaure of atrateglc force capeblllty deeplta .· .. 
ita uae lo nttiOS SALT. force liaita. ,, 
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atrati&io;;foree;; e., .• , tiia! ·-uc.aortaatloa: pco'flda. :'as uaaflll [a tart, .. ! ng 

poillt~forf .. _atqltlleaa:· aaarepta1•aeuraa;;c". 

lleptO!!UI!' .. a-·Kaaiiara-:of falloOt·'lffecta:tc"-

Tbe'·•aatDIIII&P'of alatrataatc:;forca:ta calca1ata4'-llf iltapl,e!Y 
' a....tq•tbacyteld"of uch-:varhaad•"•'litllia!a.U.aJof M&atOIUIIll&'a• aa •n 

1Ddaa"of fiilloot .affaeu :ua':a-lltlat'•dUfaraat:·taplicaUou;~6., ~~:o­
fleettq:tll part -hie: concara·aboot· th<>-potaatlalcaffacth•aaaacof ,, 

Soviet·- clvt1:4eflinaa-apactally letty:awacuattou-ta·ltatuq: etwll .. ' 1-

lan fata11t1u~----Tber8fore,: ha ~datu .. , .. coanaa• co the total' aao- -·­

araphtc·-area &DbjfiCt"tO lethal :fallo.it·- effact&i ccu·area:·b&tq• U .;o 

tndaa :-of the· porttoa- of the- (evacuatad) poplllatloa en rlalt;11.; Vith•::·­
Oilt·:queatlontq- the·-plaudblllty:ot .ajor.etvU·:ufaua ... cuauoa·.oo 

proaraaa; -•-n•bar of qll&ltlooa are -railed !If tbil ... ·of Mptoanaaa '"" 

aa an tndaa of potaattal clvlllao fataltttaa.· '· 

la addtt1o11: to tbe- yield of a varhud, at luat -ala factor&"' 

detenoine the- area- covered by aad the racl1atloa-tnteallty- of tha--·~ 

felloot· patter11c - ( 1) _the: Uuioa fracttoa of the· warhead ylalcl; 18 · : 

(2)-vlnd-apeed, diaparatoa, and-d1ractton1 (J) tbe varhucl hai&ht of ·­

bllreq (4) .the'dtetrtbdtloD-of the popwatlon; (5) tb&-dearaa-of c: 

1~ny author& -lacorractly att•pt· to eq~~&ca··-u;>loatva yield with:"' 
blaat affect&, -lo tllra-co~~partoa the-•aatoanaaa to today'& araa~o&la _,, 
with-the deaasa-~uaad bf convanttoaal boaba 111 iOrld atr lt,!or 
divl41q MS&tOIUUII& by the earth 'a populatloa- to ehow aa "onrlt111 ~: l" 
of aboot 10 tona of nrr·per peraon.- -·All wtU he abooiD llalw, tba area-,., 
dauaed by blan ·effect& -u ii- li~~e&l' -fucttoa• of tba-yielcl of a- wapoll: :n 
taken -to che -tvo•thlrda- power; thua, lr00011 haa aatlMted- that ac luac · • 
500-·1 HT boaba vollld-ba raqlllrecl-to create tba •---t or area:- • 
daaaaa·:u convenuoul hollba ·dropped, oa Oar.aay -to iOrld-llar n.;:­
F11rthn,- calcP-latiolla-ara Malllqleaa- ulaaa Chay calla acc-c of of 
accuracy- conaldaretlooa. -'· ar.,.... elao notaa. tbat- tba IJillced &tau a'-",, 
alone •d•-- eGous~ rlfle aad ·Mchlu ·sun cartrl4&•• durlq·vorld war 11 l I 
to ltlll-th&:aeUre t1Drld'a-poplllatloa-f1ve to teo tiMe oY&r.-oclae _,. 
Brow· -U977).';. 

17Thla aaa,.pctoa: follCNa- trooa- the ·aoetq: 110n 011 c:ivU- dafaua, ., , 
ln 111\ich-it 1& au.-.1 -chat- all aajor 11tb&a- ar .. a are ••ac~&&ted ill a -­
way- that apraada the-urban and rvral·populatioD,Illllfor.ly O'far-tb&-Nral· ,:\ 
area- fllrrCIOUidtna · clttu.- See lloeina (1977), FP• · 3S-72. · - , 

"Tbe. f1aatoe fracctoo- of a varhu4 la the parceacaaa of tha:' ·' 
verhaad yield concrtbdtad by f1uioa •• oppoaad to fualon nuclear re-· ··­
acclou.- "-See the-dlacuaUoft of auelaar wapoa effecta-'la Appan~ta A •. \. 
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populacloe'aheli:atLII/11' atl4••(6)'t.,., 'loUUM'ol u.·.wm.u· aplMUU·''" 

relaclora-co 'populac .. auaa.•' • a .. a··u w lpol'8·llla' l-· .. of ,opulll•la­

tlon'dtocrlbetloa•and vulaarablllc,;•aa lltlo .... o,· ~--~·"olt td 

to 0.11 Olle •of fCNr fac:ton•·affocti .. 'U. ilqalc-..of falloit"of•·t­

fecto;' · The' latl\al •fal1ooat area· ealoo dtnctl1· Ill tin•~ ·"aU· l ·l 

only ·if all wapou ·are •p-dllllrn· aDII ba.,. &"NlallftlJ •eonauat·'"' 

f181loa fraeuon; •atld •lf c~~e· vlnd' dtreettoa; ·:dtapentoa, ·all4 ,.,..._.ara·•r,, 

cooataac.1'·'' 

Tbeaa factor• eao·ao\a'a'olllllfleaat dtffara~~&a Ia cba•aru·cd 

covarod b7 a fallwc pat taro.: ''lo Plaai S· atld 6; w all_. tba· affect c: 

of varlatlolli 111 Vtod·apead atld dtraettoo·oo che·aru•coftNd.; fl'ftllve 

fallout c101148 la a ·roor• · ·rtaura 10 ahoora tile' affect of varlatlooo la :" 

wind' apaed 011 a alaala fallouc· pattna for: t110 dtfforaat lotllel doo• ' -

., ... Z'' · ·tt •111 48araa of abel tar' coo be o"alMd, Zl tho IOOOr fa-• ·' · 

tallty crltarlon lo probably eloaar co baln& corract1 thlla, ·tha·pra• 

vloua fl111raa aay bava undaraattaoted tha offact of varlatloR& la tba 

wind, aa tlla clleoga to wind aped froa 10 to .0 las clleoa .. -tba pat taro •" 

at&a only by over a·factor of taa for IOOOr douao over tba .... In­

terval. 81allarly 0 cbanatoa tha U811on fraetloa froe 50 pareaot to 

19Evea Chla aU18ptloa dapaada upon tha fallout •dol ehoaoo, · At 
leaot ona .odal trnato thlo oaauaptloo aaplleltly, fladlaa that tho 
lethal araa (l, lo aq~~ara llllao) atld tha ••arboad yield (t, ta •sa· 
tone) of aroun4bllrlto (for a 15 las vlo4) are ro1ote4 .,, -"'' 

whorl 1 b tha latanolt,·of the·radlatloa at h+l boura;•aad·f·u the' •· 
f1811~R f~aetloa of tha wrhaad. Sao Tlloua, ( l9J6), PP• l•l to l-4. ·· • · 

"Th• aaa .. ptloae uoad abovo ln ovaluauna the flYo ovorlopl'lOI · '·" 
falloUt pattorno ara repeated hora for a elftllo pat tan.'· Io pertleu• ··­
lar, nl• aooaa ... at lo koad upoll tho 118!0 fallout .... 1 ••• 

Terrala rou&hnaao dono ro.toc .. tho dapoor· .. doaap by oboat " 
25 parcenc, h raalltl' Mkllll 600r the aoaa lethal doaaaa that •at ha ·.,. 
4epoalta4 oo Cho arouad. Kouaea have protaetloo factoro of 1,5 to S, 
1ncraaalftl tha · 111an lethal. 4oaap that -111 llno to M do pooled to '·' 
900r to IIOOr. · · 
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100: pereeat2:lc i~ereaaes"the'· doaage·'ri!ceived'tof &:-'factor' ilf t¥o;~o~o • 
roughlJhtlie Cdtfferenee••betW..eli 'the: 450r :· dosage"and'•the' looOr :dO.azeiee • 

Finiill:;illf an alrburatri;, 08ed"tn the'place'of a'gtOiiBdhurat~'uaeli. .. •n­

Ually; Do area' recetvee' leth.al''falioi.i;u 'In ahort;'.im1Ie t i:hetletha11•al 

falioUt ·area: My"be roughlJ''proportional'·to the: qgrepte'· ioarbeid00 d 

llegatonnage '&llployeol;·::t:here· le eertalill)'' no close···or conoi1iten~··re-re­

lat1onsh1p' •betveell' these 'factors; r .; . 

For''a•·varlet)':of reaioons,· :l.t i.a alao·'true' thai:"no id.lllpi;,:•rea"'1a­

Uouhip' ilitereonnects 'lethal falio.ii: area ·and fallo.ii"f&talltiea:"'· 

That 110uld·oceur only i.f tbe·population'were illlifomly'spread·acrose .. tbe'he 

affeeted area;•,; Tbe··rural population' is, I after' all; : not•·spread unt.;.:·:i-
. - . . . . . . . . ( 

forlllly, 'and evacuated. urban population.liill aoat··ulr.ely'be hosted':l.li .n 

those areas;,,. So•· ettremely.h1gh density' rnral'populat:l.on' locationa·•r.s 

vlll' elll.st even tf e11 attempt 1a .ade to spread the evacuatt~~g' popula-La­

Uon· IIOre· ·evenly.·. and the density of evacuees .. aroulld the very large'' ·c 

cities would undoubtedly be higher than that' around lalch 'illllaller > ,. 
cities. Jlf a uniform density could he obtained, the falloUt patterll8c'" 

would probably not effectively·eover· these areas because ·of their·''' 

size, shape, end ·uncertainty in placement.· 'Thus, ~~egatonnage 1s not a' " 

good· meallure··of potential fallout fatalities.- · 

lf all· of these other problem could he solved, megetonll8ge ··would 'l d 

sdeqliately i.eaaure e:t.villan fatalltles'only·lf falloUt were their ·:r 

IIIBjot cause. However, unlesa· urban areas were· evacuated;· prolljit' "' 

weapon effects 110uld ·probably·eause'IIDst··of the'c:l.v111ail' fatalltl.es'til :.o 

a countervalue 'attaclr.. •·''Indeed," fallo.it· ·effecta"uy' hio lMlgftifteant ,nt 

hecauae"alrburato· ilould 'be uaed to lllll:dlllice:dalllage''to l.ndustrid'tar"'"r­

geu~·: 'Even ·if the-cities 'vere··evac:Uated;. prooopt' effects 'voulcl· aun:l! 
be the.Mjor cause of fatalities; ·upending' upon: the ··wlnerab111t1' iuld .,,J 

location' of the ··evacuees•" • Thus, ·e1vil1en' fatalities' are 'better' eau-·-;­

IIIBted ln tems .. of proapt effecu:dalllage;:."· 

2~onoally i 'a· weapon iri the ·1 trr :,:;,.,g,; has· a ·fiseloft · fraefloil' of o: 
rouzblJ. !D percent, whereas auch smaller veapona (about 100 Kt or 
leas) are essentially pure· flseion. ·:Thus.- the contribution of yield 1 d 
to fallout dependa'on the weapon· size;; 'For aotd lnforlllation on the· 
llix of flse1on and fusion, see Appendix-A; · .. 
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Bsui 'ial.Oi' ·&ptoi\i'~!:: 
Bqut'iaienboiig&tona -· <l!lffr~u uaed ai •hllllaiiure" of urbiln'"tiid.ia.!·· "­

triial1 ti&Uaii'lieciiuai"U iii pi'oportlonaFto the"&ioount 'of a rei' thai:' e&ncon 

bot destroyed' 111 bla~i:J affeefir' h•ool! a· B1 vail atrateglc- fciree 'and · b<!c&uae '-' • 

urbaii'-indOatrlal ~ taraeti''are 'eonotiiifed' to be area 'tarieh~' '·ICatia-' c­

rallyi 1 thli''fonrulatioii '&ssllllli•f''that''tbe 1reaiiltti.i 'lati.al'·ai:ea ,_.of ar " 
veaporl'utcbea:-,(in1 size ;and 'aliap~FpOtani:idl target ·areai~''or ieloe '"" 

"excen""l.,thal''area'..O..ld'Jbe included 'in a''dlreet' calclilatloii of of 

BMT;l:l All '·target: areati''are 'iilso Lassumed-- to •.e of eaaentlally 1 equal'' 1 

valiu•i"othervhe; "EIIT 'would 'not· direi:tly measure 'the· damage 'to indus.!·'--.­

try'cir populadoii: 23. "Jeither''eosumptlon ·. holde j in reality;' and thus''-15 

EMT:: is actually 1 a' biased·· ..;aeure ·'of eounterYalce 'damage • potential:·· l · 

EI!T -te noriDally 1 fomulated· ea the varlieiid' yield (lo' megatons)"') 

taken to the··2/3-'power (Y2/ 3).'··Th18 fol"'llulati.oii'reflects'the'fact'": 

that the. lethal radius. of a. weapon' is proportional to ita yield to the 

1/3 power, ·and also that the lethal area·la proportional to the square,.,. 

of the· lethal radius.·. The aggregate I!MT ia r . .&lcu1ated by sUIIIlllf.ng the·''· 

EMT of each ·warhead. · However, · lllllny analysts have recogoi&ed that the 

lethal radius of larger warheads exceeds the radius of aome target 

areas, ·and thus· eome·change· the·EMT fo~lation; expressing'EMT as 

yield i:o t)le'·one-half power for·ylelds.above 1·-MT. A related problem,··· 

though one not as eaaily'aolved;' ia that moot target ·areas are 'oot ·.: 

perfect elretea; ·and 'thus~ "in attemptlq' to eover .. them, tiluch of the: •,,, 

lethal' etfecta ·...,uld ·i.e •vaetea;• '·Simil&rly;leomplete coverage •of "' 

target ·areaii' re1itlring 'more thao''orie irarbeii.d'·could be obtained' ODly' b; h;: 

overlapping! the. letha!' areas to some extent','''also ·creating: some "" 
•waSte~ .,!. 

'l'heae' target· coverage ·probleu''ean be addreaied bY ioodtf#ns' the t ;,.. 

I!MT toniulati~n>• Horaially; i this ··ta done . by uSing' exponential teriu' 

other' than' 2/f' tci celcuiate 'EIIT. ·For' example/ Downey (1976) · Iiiia' " 

2ln.at''lis, 'warheads Vtll' iu)l"'ll&lly 1 be allorated to the' moat valu- ].,­
able' target• fint, and thus aDalysu will find decreasing marginal ·: 
return• for' further EIIT alloeatlona. For example, if 200 EI!T coutd '' ·' 
deatroy' 30 percent of HVA, 400 I!MT would not ·destroy 60 percent of "' 
HVA, but rather' aome intera.ediate V.lue• '· : · 
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engjieitd'tb.i:''oo'ei.ould be adjusted' to reflect the' si&e'of u~s~·and 

Soviet~tnduatrlal'tarsete;'eaploytng an axponent of .4 for Soviet 

veapoiii0 aiid · ;3 for· u;s. · ueapor.a. · · Simpla ·reformulat1ona of th1a klnd 

1apriivoi"tlle'iu:curacy ·of EKT but. et111 do not ·correct the baalc bias, 

ainee"the'Power·ot yield required to make squ(valent megatons variea 

vith'bOti:i' the'·warhei.d yield and t!te lavel of damage to be done. This 

poiut 118 illustrated· in Figs. 11 and 12.24 · The curves in theae fig­

ures-auggeat· that the.2/3 exponent is almost always too large, and 

that. ·the· larger the warhead, the smaller the size of the exponent that 

ahould be used,· Also, aa an increasing percentage of HVA is destroyed, 

ever' SIISller. industrial fadllUes remain undamaged, and attacks 

again .. hese "waste" more lethal effects, causing the appropriate 

exponent:· to continually· decrease. Thus, a single,. simple formulation 

of EHT·fa~ls to produce equivalent megatons, though using an exponent 

of perhaps .5 or leas would certai~ly be more appropriate than the 

present EIIT formulation that uses the 2/3 exponent. 

A related problem for EMT is that not all warheads would orrive 

and detonate on target. To compensate for arrival probability, 

analysts oft£n employ "delivered" E:-1'!', which 1B simply tne product of 

arrival probability times the EH'f of each warhead, this value being 

aummed acrose the entire strategic fore•. However, it is ioplicit in 

the concept of delivered EIIT that all warheads do indeed arrive on the 

optimal targets, 

In reality, some 

with no inefficiencies ~.used by warhead failures. 

valuable 

warheads assigned to them 

targets 

fail to 

could be left uncovered when the 

arrive, and thus delivered EH'f 

24These curves depict weapon leydowna ag3inst the HVA data b.se 
described earl.er an~ against a U.S. populatior. census data base. 
Because some of the target representations of both HVA and population 
have very large target radii, the lethal area of the warheads used 
here will usually not cover the targets. This difficulty introduces a 
bias because the standard evaluation ?rocedure used here assumes that 
the· target value ia circular normally ~istributed across the target 
area~ and that a~ter one warhead is detonated on any target. the value 
destroyed is Pemoved, but the value d>stribution is still circular 
normal. · Naturally, reassuming a normal distribution after each war­
head overestimates the damage that subsequent warheads can do; as a 
resUlt,:: some anomalous results do occur. 
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2/3fl0""~ 

', \ -........, . 

'-"<~~... GKT 

"-.. ~ . I , . ·~,'----L,........ 
·"·......._ 2111 KT 

"·---L.-

2 !IT/-

29 411'1 6B 

Prompt lL 5. fatoli ties (percent) 

Pig. 12--Exponent of yield requir~d to produce true 
·"equivalent megatons" for various Soviet yields 

· used to s~tack U.S. population 
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OYereatt.&tea the aftOunt of damage done. 25 ~his overeatiaate tenda to 

be ... 11 if the arrival probability is high (i.e., only reliability ia 

included in arrival probability), and large if the arrival probability 

ia quite low (i.e., in e aecond strike with heavy damage). Unfortu­

nately, the exr~nt of the bias introduced bf at-ply deflating EKT in 

this way can be determined only bf detailed calculation• of weapon 

laydovna on the target data base o~ interest; e1nce auch an tzerctae 

would c011plicate the use of Elf!', thio biao ia almost never corrected 

or even acknowledged in strategic analysis. 

The usefulness of EHT is reduced bf these biases and because all 

in~atrial areas are not of the aaoe value. Figure 13 shows the re­

sults of a normal, "delivered EH!" formu~ation26 widely used by ana­

lysts today to define force requirement• for assured destouction, 

This formulation ts· biased in a ~umber of wayo. First, the curves are 

apparently based upon allocations of 1 HT warheads, althuugh tha 

United States has relatively few warheads of .hat yield. Second, the 

curves are based on the assumption that delivered varheado will be 

optimally allocated. Third, the flattening of the hVA curve just 

above 75 percent destruction suggests that the data base employed 

contained only that much SoviP.t MVA (just as the U.S. MVA curve in 

Fig. 4 flattenej in the =~- region). Finally, the data used in de­

riving these curves are at least ten to fifteen years old anti t~tus 

fail to reflect recent changes in Soviet cities. 

Fortunately, some of these biases offset each other. The uoe of 

1 HT warheads instead of the acre numeru~s ..aller warheads cauaea an 

overestimation of the EHT r~quired t• do any given level of damage 

unless EKT is calculated with an exponent leas than 2/3. Similarly, 

when some of the Soviet economic data are excluded, the amount of 

damage done at any given level of attack is undereatimat,d. On the 

25thua two 1 HT warheads with a 50 percent arrival probability, 
whUe nominally equal to one deli veNd EMT, do not have the same ef · 
f~ct as one 1 MT var~~ad with a 100 percent arrival probability. This 
bias is increased if incorrect warhead arrival probabili~iea are used, 
which is normally the case, since 1110st analy•es use a 100 percent 
arriv~~ probability to estimate the damage c>used ~ delive~ed EMT. 

See tnthoven and Smith (1971), 
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other hand.- uae of aa optimal laydown overestimates the damage done b1 
a given level of attack. Fioally, the consequences of using old data 

are unclear, though (in particular) they will probably cause popula­

tion fatalities to be underestimated, since the relative proportion of 

the urban population has been growing in the Sooiet Union over the 

last decade or so. The net effect of all of these biases is, .of 

course, somewhat difficult to assess without performing a very de­

tailed analysis of potential weapon laydowna. 

Even if all of these biases were to offset each other, EMT would 

still be a biased metric of urban-industrial damage. As is clear from 

Fig. 13, EMT does not relate linearly to KVA destroyed. Rather, any 

percentage increase in EMT employed produces a smaller percentage in­

crease in the ddmage dorie. Thus, twice as much EMT would not_ produce 

twice as much damage. While many analysts recognize this bias, they 

use EMT ratios as a relative measure of countervalue capability ig­

noring the bias. In short, ratios of EHT do not measure relative 

countervalue capabilities directly; analysts would be better advised 

to use ratios of MVA damage potential or some similar metric. 

Throwweight as a Measure of Cou· ~ervalue Potential 

Throwweight relates leas directly to specific countervalue capa­

bilities t~An does either megatonnage or EMT. However, throwweight is 

roughly correlated with both megatonnage and EHT and therefore should 

be able to measure, more or leas, the same attributes. Further, 

throwweight is more easily measured. Warhead yield is usually esti­

mated bY first determining the missile throwweight and the division of 

this weight among the warheads, and then calculating the approximate 

warhead yield using assumptions on the yield-to-weight ratio. 

In the 1960s, throwweight was adopted as a measure of strategic 

capabilities primarily because of ita correlation with the EMT of a 

m1ssile. 27 However, that correlation appears to be valid only for 

aingle warhead missiles. Available data suggest that there is indeed 

a linear correlation between throwweight and the EHT of a single 

27oDR&E (1964), PP• 193-195 • 
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EMT ·.IIOr:·•aa.toauge h a good llliaaure .. of countervalae 'poteatlal~al. 

Therefore,·• tbe •. value· of tbrovweigbt · aa a. meaeure .of cou.;tervalue po-;,o­

tentiel: 1a queatiouble: i 'llatbar, tbe. thro.....,igbt. of u ia4ividualc-• i: 
~~·. 

missile. tella :..., a· great deal· about. tbe:potentiel'for .lllllViag. that··:o c 

missile; :and it ia ia tbia coatext.that. tbrowweigbt baa value:for:or 

strategic aulyah. ·.'. 

AGGllEGATE MEASllllES OF OO!IBINED Oil MASSIVE. ATTACJ: CAPABILITIES :,·_:o. 
Aggregate IO!aaures of mssive attack capsbilitiaa are iatea4ed to "' 

comblae the aeaessmeat of counteradlitary aad couatervalue'capabll1-~:­

t1ea 'iato aimple indieea. Because aucn a combination ·is "at aa easy.·.,,. 

task, only -two aggregate measures are uaed today for. tbia purpoae: ": 

equivalent weapoas and relative force aize. 30. However, to compeaaate · ''' 

for this general lack, many analyata display a vide variety of other ' 

measures in a single table or figure, auggestiag that if a slagle 

patt~rn emergea, it is a measure of massive attack capabilities. Each.·· 

of these "measures" is examined below. 

Equivalent Weapons 

Equivalent weapons (EW) is a relatively new aggregate measure, 

introduced only ·recently by Fred Payne (1977). Beeauoe of its pur- .. 

ported generality, though,- it bas already begun to receive fairly.vtde •·'" 

usage. Unfortunately, EW is misleading, blued, and iaconailtaat •. ·In "' 

particular, it tends to systematically undereatimate all capabllitiea, "'', 

particularly those of a specialized or mixed force• .-

EW la formulated as: 

EW • :...· __ _,1 __ _ 
a b c 
PKa.+.P~ +.PKc 

31lrhe Arma Control and Disarmament Age11cy bas also· developed a '. ., 
new atrateglc forces measure aa yet unnamed and not widely knova. 
This measure evaluates damage to a fixed aet of 5000 soft (10 psi) 
point targets and 1500 nard (2000 pol) targete 011 each oide. It thus 
tgnorea the area nature of urban targeu and aosumeo a (nonexistent) ' ' 
symmetry in the-target eystema of each aide. See ACDA (1978b). 
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vherec··· ,, ad ··c•'are ··cbetpercaotaau- of the tilpponant'l'-eoft••fooillti nt. 

aoft· area;· aod,.bard polot~ta-&etl, taod PJt.,l''·~'1,i"-.,.d PJtccare •the•knl: ll -, 

probab1litlaaiqa1nat: each of theae· elauu ·of i:araatli: reopectlvaly•ll· ' 1 

Thu4' Ell b ASSUIIId to proceed- frota·a 'WiShtod'bar.DiliC'&Veraae kill·: 11 

probability; •-with: the'wighta' beioa' the parcaotagu ·of each taraat --.cot 

typa;:•·Indeed, Payne deaciribel Ell u.-·•, ;·.,·the'-capabll1ty:of a:veapoa···'" 
' .. .]2 .. J .. to ltill ·with equal· probabllity uch type 'Of target • • ·.-. · · 

However, !W h not ·a· veilbted- ave rase kill probabllity. :·:By •;·1 

assumption, Payne· seta the ·kul probe bill ty against aoft area targetl . •· 

equal to the EHT of that warhead. Clearly, EHT la not·a kill proba- ·­

billty- but rather a · ... aaure of lethal blaat area irreapective ·of the" 

impact point of the·werhead. ·Also; EHT can be greater than one (when.,., 

the· warhead is larger than I MT), and thus Ell itself can also·be 

greater than one, which cannot be true of kill probabilities. 

!lore important problema with Ell arise fro11 the implied weapon 

allocation acheDe in the Ell formulation. In this formulation, each 

warhead type must be allocated against each target type ao that the 

percentAge of total target kills aosociated with each target category 

is the same as the preattack percentage of total targets in each 

category. Payne suggests that these target percentages •ight be: 45 

percent soft point targets (a•.45), 45 percent soft area targeta 

(b•.45), and 10 percent hard point targata (c•.l), · AI a result, a 

weapon type intended to kill 100 total targets would have to kill'4S 

soft point targets, ·45 soft area targeta, and 10 hard point tar-_,_ 

gets. Thus, a cruise .tsaile with a 811&11 yield but good accuracy· 

would be used primarily against soft area· targets rather than hard-· 

point-targeta, and a Titan II with a high yield but poor accuracy 

would be used primaril1 against hard poiat targeta rather than aoft 

31Payne specifies the kill probability against soft point targeta 
as 100 percent and against aoft area targets as thu EMT of the Olar­
bead. He also orecifiea a for~~ula, but not a hardness, for the hard 
point kill probability. A hardness of 2000 psi is aaauaed herein to 
retain consistency with the above calcul~tiona. These for~~ulao all 
ignore arrival probability, which Payne factors in aL a later point ln 
deva13~1na a force EW measure. 

Payne (1977), P• 109, · 
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araaltaraeu.ll. :In other 110rda; 'tba·uaa of Ill eacouraaea allocattaa:".; 

apaclalhed wapona to taraata thaJ are leaet aulted·to. · PaJU'·, .. · 

arau•• 'that thla approach 1a ratloMl becauaa • can enar ·be aura of ••• 

tba aunhabllltJ aacl penetration of any veapo11, aad t~ .. ell waapo11 ·"' 

ahould be a .. tanad eaaenttallJ ·tile·._ rola in a •••he ·attack.· • aa · · 

lanoraa ·the ··correlation betvean the aur•ivabllttJ and penatratloa of ,; 

aoaoe .,.fJ different IMapona <•·•·• Tltall·tt aDd IUnut-11 Ill Ilk· 
12a), alnca vlthl11 correlated aroupa apacl•ltoed taata could atlll be 

performed b7 forces that do thea IMll, anaurt~ the auccaaa of a 

compreblnalve maaalve attack. 

Pay11a also uaea the percantasea of tarseta •• if each taraet · · 

cla•a bad an lnflnlte (or vaey larse) number of.taraeta, a11d thua 

each target would receive onlJ one warhead. Under that aaauaptlon, 

the EW Measure evotda the probl .. of ~ltiple wrheada being aaaigned 

to the same target, cbangln& the kill probability for each warhead 

after the first. Unfortunately, nothtng In Ill prevent• the alloca· 

tlon of .ore warheads to a taraet type then there are taraets~ 

Indeed, with hard taraeta, the forced allocatlona would undoubtedlJ 

cause .any .or~ warhea1a tn be allocated than there are tarset•• aod 

thua the 11111aaure failo to record actual· taraet kill capabllltlu. 

The choice of the target ratio (aoft point, aoft area, aod hard 

point) can also affect 111. In particular, few veapona are effective 

againat bard target&, e11d ao oaall changea In the preattack percent• ·· 

agee of veapona allocated to theae taraeta could cauaa lara• ella~•• 

ln the value of EW. Unfortunately, there la 110 aaaJ way to eat the 

appropriate percentagu. For eJ<aapla, Which are aoft pol11t taraeta '" 

and which are 1oft area targetaf ' Kov are the number of 1 KT aoft · 

area taraeta dateralnedf Are ell pooelble taraeta con1ldered, or 

only thooe ahove oome ainlaUG value! 

33ror example, take the 5 HT yield end ,4 n m1 CIP of the us-c 
varhaed In Table l. To kill 100 tarsata, 4S us-c varheada would be 
a1algned by !W to 10ft polnt targeta, IS to 1oft area taraeta, aad 50 
to hard polftt taraata. These a1olgnaent1 daatroy 45, 45, and 10 t•r• 
geta of each type, raapactlvely. 

I • ,. 
I • 
I 

I, 

; ........ 

I 
. : 

•• fi.: 
!• 

·I ., 
' I l 

j 
j 

·~ 
l 
< 
4 
1 

• ·I 
1 
j 

i 
I 
I 

i 

11 

-----=::::;::;:. ........ :. . ..,;_:,.; :;;;;;~ ~-'. --. -- ~ 
j~_-<5··.· •·•. ·1:------~-_:__:~·-\,;,.~-~-J - ·--- .. -·-. --· -·-------......... .-............·....:~··--··;,. 



.. ·--·----~ ···~~ -~--- .......... -,.--.... ~-·~- ---__....._ ............ , ·---...-.. --------~.._--..-~-------·-- . ---···~ ..... .-·----... .,-.-_....,..., .. 
I ... 

Parbapil' the· .,.t t.portant ·aepect of- Ell is tbat.lt h hlaaed ·in !o 

favor. of relatively unifora weapon ayateu, even lf theae ayateu ''" 

have oaly .,deet eapabiUUee 'qaiaat· 101111 target typee,·c'Th1e .. ts ·!s 

deaonetratad ·ia Pig,' ·u, · vbere ·1000 taraeu divided into the above ·:' 

percafttapa are attac:ked by tvo ·different forcaa, each baviq 1000- -'' 

varheada,l4 . One force containa only 1000 US-A varheada, aa defined·": 

in Table 2, vhereae the other conaiata of 900 large, inaccurate -~r- -­

heada and 100 asall, ·accurate varhaada. The pure US-A force baa only' 

a aodeat capability aa-inat either aoft area or hard point targeta, 

giving it an Ell ratlng of 5.18 (,Sl8 per •rhead), Alternatively, t!\e­

large, inaccurate varheada do well againat either type of aoft target 

but very poorly egaiaat bard targeta; in turn, the aaall, accurate 

varheada do very poorly·againat aoft area targeta but very well 

againat bard poiot targeto. Still, Ell evaluates the mixed force as 

leal than half aa capable aa the pure US-A force. In reality, the 

pure force could deatroy about 665 target• if optimally BP'"t, 

vhereaa the mixed force could deatroy all 1000 targeta. In other 

vorda, the mixed force, when uaed on the target• it ia designed to 

cover, 11 the much better force despite the fact that Ell rates it aa 

only half aa good. Since Ell ean be ao misleading and biaaed a mea­

aura, it il of limited uae ie etrategic analyaio. 

Relative Foree Size 

Over the peat oeveral yeara, the Secretary of :.efenae has uaed a' 

aeaeure of aaaaive attack cepabllltlea called "relative force 

el&e.·lS The formulation of thia ~aaure baa never been publlahed. 

However, it apparently allocatee foree1 to both lnduatrial and mill-· 

tary targeto, aesuming some haole level of damage agalnet each. The 

procedure etopo once thle level lo reached, and then caleulatee the 

oize of the total force aa a percentage _of the·foree requtred to · 

obtain the baeie damage levelo. Thua, a relatlve force alze of two 

for 
the 

34The numbera of theee weapono come fro• Table 2, except thoee 
t~e crulee alaeile, Vhleh are simply provlded to sake the point ia 
t§Jt• 

See, for exaaple, li80 O.f~• ~nuat Rtp~. ·pp. 114-116. 
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Optimal ollocatlon 

1 OOJ wortleadl 
0.20 liT, 0.10 nm CEP 

I 

;• 

SOC. ntleada · · '' 
1.0 liT, 1.0 ""' CEP 

1 00 worheada 
0.04 liT, 0.01 nm CEP 

.\ 

rta: ·u-~011par18ori of I!W to opt1aal veapo11 alloeationa 
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i•pilea~that''tfle'forcii'ili twti:e'iia l&r&e···· lli aeceaeary"fo obtai.n>ln 

the •- baate "uusa·-'lavela~ ts · 

ntii:Wiaaura'·haa 1aeveral: intereatlrij. iiapectli"'"PiratF ltrateaicF 1" 

foreeti''tarieta are 'apparefttly . .iot ''eO..tited: 11111011& the :-id.Htal:;-.-ttiriettijts • 

es the :ioeaaure"h alvaya 'applied bOth before -aftd after'arciluoterforeerce 

exchaoge··to iohov' how that' ezchange· degrade• 'the ·ability' tci da .. ge the 1 he 

basic i.tHtary-iftduatrial. target aet. ·.· Tlliii excluaioo tapliei' that -,c 

relative- force. abe. determtoea 'duage ooly agaiDat 'other military. r:· 

targets, 'aod 'urideubtedly 'ool~"isalnat their fl.xed facilities; aa "' 

discussed above .... Secoftd, it does not reflect the actual targeting of ,-' 

the strategic forces~· ra181D& queationa about ita- validity· io the''·' 

first • place. ·Further, relAtive foree- abe may oot include e large-,._ .. 

number' of illlportant 'targets,: or •Y include aome unimportant targeta; :o; 

by varyiD& the number of targets included and the da .. ge levels· re-c-·­

quired, relative for~e aloe can be changed dralll8tieally. Third, it :: 

is not clear how an analyst should determine the force required to "' 

obtain a fixed level of da.age: lo the aggregate measure used ln the 

divioion (to obtain relative force aize) EHT, warheads, throvveight, 

or aome other m.tric? Depending upon the procedure used, a variety 

of outcomes could be obtained. Fourth, relative force alze has been 

calculated for both the United States and the Soviet Union uoing the ·' 

same target bt.ae, rather than the target base that each facea,36. 

ignoring the'often.aignifieant differences in targets-that character~"·­

ize ·the : tW<I ·count riea. •- · 

While :,;.ny of these difficulties' can· be redressed; the' basic'-' c 

coocept of relative force alze is eo inappropriate that. efforts to co 

improve that 110aaure are· not likely to be worthwhile. : That is, 'rela-' l-•­

tlve force- aha la a ·theoretical indicator' of the capacity' of atrate- '. ··­

gtc forceo to destroy a ·aet of targeu; however, values ln exceaa of ·: 

one have generally been interpreted a a an indicator of "overkill" to :, " 

the strategic forces. Defeoae planners have alvaya included exceaa '' ' 

forces in the' overall •etratogic force aa • hedge against uneertaintiu' 

36-aelative force olze:ia a ... aaure of capability to cleatroy·a 
given aet of military and econolllic targeta." 1980 D•fenae Annual 
R•pon, P• 15. 
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for 1.&intaiD1aa.forcea appreciably larger than aiaaioo aaataa-enta 

requtrei ·-relative- force alae ahould be i::eplacad by a meaaure of the 

confideDce with vhich a aet of tergeta could be deatroyed.37 · Relative 

force alae · ia DOt ·and canDO~ be that measure becauae it in oo way 

accouota· for the uoce:taintiea in the performance of atrategic_forcea. 

Tiu · Trenda of Varioua lleaaure Comparhona -

Recently, atrategic for~• capabilitiee l•v• often been aaaeaaed 

in terlll of the time tren~ of varioua aggregate measurea. 38 Often, 

theae meaaurea are evelueted in a relative aenee, ahowiaa the ratio of 

u.s.'- ~o s,ntit capabllitiea. These measures are aaawoed to reflect 

the'balB.nce of aasstve attack capabilf<iea because ..,aeurea of both 

cou~terailltary and countervalue capabllitiee are'in~luded, and 

because the inclusion of a variety of -•~urea should help to cOIIpen­

aate for biaeee in any eingle measure. · Even skeptics will argue ~bat 

the cocbined trends in aggregate measurea are at least useful for 

ahcving trenJa in strateg!c capabilities, if not the absolute capa­

bilities, since the trends in all of these measures tend t' be corre­

lated. 

Tbla type of capability aoaes811ent can only be as valid aa the 

meaaurea ueed in it. Since the measures used in it tend to be those 

critiqued above, analyst• should DOt ezper.t a atroaa correlation be­

tween relative capabilities and the ratioa of these aggregate mea­

aurae.· On the ~tber hand, the direction of cbaaae in bo~~ the aggre­

gate measures and in force capabilities will exhibit a much higher 

correlation; thus assea&~~ent of trend data ln the ratios of aggregate 

Deaaurea ahould at least t~ll U8 which way the balaDC~ ia IIOVing, 

though the pace o~ that move~~ent or the actual value of the balance at 

any given time 1a much leas reliably obtained t!.rough thla proce••· 

37ror eump~r., from Pig. 7 we could determine the probabUity of 
aucceeafully accomplishing an aaeured- dutnK:tion aiuion, anrl from 
Pig. 3 we could determine the probability of a successful coun:erailo 
atta~8(once "successful" ia defined as a specific daiU.ge requirement). 

See, for e~mple, RL•II8feld (1977), pp. 20, 61, nod Nitze 
(1976-77), PP• 201-203. 
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laturally, eYen in reachina thie conclusion, .. .uet aeeu.e that other 

par ... tara relevant to eapabilitlea, but not captured by the aaaregata 

•••urea, clo not chanae. For elWiple, durlna the lata 1960a, laprove­
Mnta in u.s. ICIII accuracy end the beglnnlna of HllVina uy have 

euaaeeted that counterailo capabilitiea .. ra eh1ft1na in favor of the 

United State• (judgina by CMP retioe); however, the proliferation and 

hardenina of Soviet ICBI!a ..,rlna that period .. ,. have 111val1•,.ted tl'.at 

preaiea. Such chana.. 111 the target data e&llllot be captvred by CMP 

ratio• alone becauee they do not take account of target data, and 

therefore the tre11d ln CKP alone would 11ot neceeearily reflect the 

t_re11d in cou11ten1lo capab111Uee. 
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V. ASS~SSINC STRATEGIC FORCE CAPABILITIES IN OFF-DESll'N SCEIIARIOS 

Alaoat all aaaeasments of the strategic balance focus on tba 

capabi~itiea of the strategic forces in a fev, standard scenarioa. 

Theae acenarios involve very large counterforce or countervalue at­

tacks, with escalation to the highest level of conflict occurring 

i.mediately at the nuclear threshold. After these attacks, the out­

come of the war is assessed according to da~ge cauaen (or aaaets 

aurviving) and forces remaining, assuming that any major fora of 

hostilities ends at that poiot. 1 The•e scul&;l.i.GS alao crosider only 

two force postures fr ... which the war could be initihted: dsy-to-day 

alert (corresponding to a surprise attac~) and fully generated alert 

(after seveTal days of force generation in a crisis). While there 

are no "rules" of strategic analysis prohibiting the use o~ other 

scenarios, these scenarios ore employed because they describe rela­

tively simple "wars," the nature o: which is fairly easy to psram­

etert~e. 

tn the last s£ve::al years, many analysts have come to recognize 

tbst these standard scenari~a are fairly unlikely contexts for nucla-· 

ar war. In particular, the Soviets are believed to view nuclPar war 

as a likely prospect in a vP.ry prolonged crisis, or ~s an escalation 

from con<entional levus of conflict. Thes .. analysts also perceive a 

Soviet interest in winning (or at least in not losing) the uar, and 

therefore dnubt that it will end cleanly after one or two nuclear 

exchanges. Finally, in a desire to control escalation but also to 

provide a hedge against conventio·oal force inferiority in any given 

tr.eater, these analysts have examined a variety of limited nuclear 

opUc.ns which would precedt•, 1f not replace, the very large nuclear 

exchanges. 

1some analysts will argue that the assessment of remaining forres 
aerves as a proxy for the outcome of the war after some point in 
time. However, a variety of factors other than simply the residual 
force levels will influence the nat~re of conflict thereafter requir• 
in~ a somewhat mote systematic analy•is of w;~t could, indeed, happen. 
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Since 110at of this work bas yet to be seriously evaluated in a 

strategic balscce context, the conditions considered have been re­

ferred to as "off-design scenarios." In this aection, ~ ezaalne 

theee scenarios and attempt to evaluate their effects on the balance 

framework• eatablished above (which correspond more closely to the 

tradttional scenario approach). Speclflcall;·, we eumine three 

phases of nuclear .ar in which var~ations could be expected from 

traditio.lAl scenarios: (1) preparation, (2) escalation, and (3) 

protracted va' after a massive attack. In each of :hese phases, we 

discuss the scenario c~nditiona that could alter the present pro­

cedures Cor evaluating the strategic balance. 

PREPARATION 

ln past nsses~ents of the st~ategic balance, very little atten­

tion baa been paid to :he preparatory phase of nuclear war. Tl-.ts has 

b~en primarily due to a traditi~nal focua on surprise nu~lear war, 

for which nbither side is suitably prepared. 2 Over time, analyata 

have come to view aurprisP. nuclear w~r improbable, ~eco~izing that 

its outcome would be so devastating for both aides that no rational 

national leader would be !ikely to adopt such a st~ategy as an ele­

ment o~ premeUitat~d milit~ry aggress!~n. 3 Rather, nuclear war is 

perceived as beiug mol'e likely to res••lt from a prolonged crisis that 

hd one Aide to vie:. that option as the least undesirabie choice, 

somewhat as the :a?anese viewed the ini~iation ct war ·~ainst the 

United States in 1941. In a erial• ot •ur.h magnitude, bo~h sides 

would presumably ~biliz~ their military assets well before :he con­

flict began; at th~ initiation ~f the conflict, the fully generated 

a:rtt~gic forces of each side would conftont one other. Many 

2That is, the defender is surprised a~d thus ttakes no preoarst1on 
other tha" t;Ult >'hich t~ctical war.ling (about 20 minutes) allows him, 
while th" attacker ~anr.ot eJttensivel:• prepare for fear of signaling 
his i~tentions and losing the advantage of strategic surrrl4c. 

The attacker must fee! that he has much to gain and little to 
lose; otherwite, he can ~£ford to avoid conflict, or to pursue his 
tnte•.·.lons through cr!sls actions. With nuclear wr-r, it 1~ e~tremely 
unlikely t~at any attacker would perceive that he had little to lose. 
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aaalyata ba•e- recoplzecl that war could occur .Uring mobilization, 

When atrateglc force leYels were moving fros a atatua of clay-to-clay 

alert to fully pneratecl alert levela. Thus theae are ~Dly 

treated aa the e~ttre•s of the range of forces that could be ea­

plOJecl. 

Dete~Ding the availability of atrategic forces ia a auch_ more 

c~licatecl problem. Even in a crisis situation, there are .any 

raaaona for DOt generating strateglc forcea or for pnerating oDly 

part of thea.4 Yet if a crisis ia aufficiently grove to .. ke nuclear 

war a real poaaibility, one aida or both .. y attempt to .,bilize h1 
(1) preparing s~rplua .taailea for firing,S (2) placing nuclear 

weapona on aircraft other than eltiating boabera, &Del (3) producing 

.,re nuclear weapons or their deliver) vehicles. (In a protracted 

criaia, wapons pro<Uction cou1.d becoae a aipificant considera­

tion.) Such ac:Uona would be deaigDed to inc.reaae the availability 

of atrateglc force& above even the fully generated levels. But so.a 

actiona intended to increaae the availability of other ailit~ry 

forces (e.g., moving troops or supplies into Europe) could actually 

degrade the capabilities of the strateglc forces by drawing resourcea 

fr0111 them (e.g., by reassigning tankers froe bomber support to sup­

port of airlift forces). Alao. after a criaia had continued for days 

or weeks, the operational capabilitiea of waapon eyateaa could clegen­

arate; growing .aintenance clemancls and diainishing crew endurance 

would cause force availability to fall below ita a&lti.ua. If the 

criaie continued longer, further degradAtion would have to be ac­

cepted to suatsin peraonnel training; aoae of the mobilized forces 

aight also have to return to their normal activities. Aetiona to 

that encl by one aiel~ would not naceosarily be paralleled by 

4rorce seneration could be an escalatory act in • crista &Del 
would have to be avoided to .. intain the criala at a relati~ely low 
mals 

In SALT, only the number of aissile launcher& (ailos) ancl DOt 
tha nuaber of a1u1lea is llaited. Therefore, both aidea have a 
variety of elttra adsailea available that are (1) obsolete ayate .. , (2) 
teat ayate .. , and (3) spare• and replsceaenta. The Soviet& alao ap­
parently plan to reload aome ailoa and thua .. y well have a aupply of 
elttra aiaailea available for that purpoae. 
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c.-parable actiooa by the other party and thua the balaoc:e of forcea 

probably would be altered. 

SOMVbat leaa thought baa gone into tbe poteDtial clefeui'le 

actiona in a crisia period. Strategic defeoaive forcea (air defeoae, 

ABM, and ASW) would Ulldoubtedly be placed on higher levela of alert, 

~ch as their atrategic offensive force counterparts. If ezotic 

ayateas (lasers and particle beams) or. 8JSteaa banned by treaty (ex­

cess ABMa) were available, they would probably be deployed. Durina 

an intenae crisis, either aide might activate civil clefeoae measure•, 

disperse military forces, and take precautio~s to protect the na­

tional leadership. Once again, the specific timiD& or sequence of 

these activities would undoubtedly be different for each aide, and 

such choices could have a significant influence on the balance of 

capab11itiu.6 

As a crisis developed and forces were generated, each aide might 

begin "testing" the other, poaing threats to see what reaction was 

elicited. For example, the Soviets could move several SSBNa toward 

the U.S. coastline, increasina the vulnerability of u.s. bombers. If 

the United States failed to react, the Soviets would have a aignifi­

cant advantage should war start. Even if the United States responded 

defensively (e.g., further uia~raina ita bomb~rs), the thre.tenina 

Soviet action would still retain ~ome advantage (e.g., aborter SLBK 

flight tiaea to all bomber baaea). Further, the United State• might 

degrade ita own real capabilitiea aoaewhat (e.g., decreaaina boaber 

range by puttina bomber• on aborter diapersal airfields, Vbicb limit 

taki.off fuel loads). Were the United States to rea pond by taking e 

aimilar threatening action (e.g., rovina SSBNa in cloae to Soviet 

ahores), the Soviets would still be better off aa lona aa they bad 

6tn general, defeoaive action• improve the balanc~ of capabili­
tiea from the defender' a point of view, though with aome actiooa there 
1a a transition period durina wbich the opposite say be true. For 
example, in activating civil defenae, there would be a period taaedi­
ately after the order to evacuate or shelter people in which mora 
fatalities would occur in an attack because soae people would have 
moved outdoors where they were more vulnerable, and few or none YOUld 
have yet reached protected locationa. 
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choae'D:>8etMe&treotvb4ch'lthll lll>it~lll Stati~aaa •ra-,-c:aped.b,ltillelf If 

.the IJDit841 StAtll8.:l baekadcilo*aj othe IIOY1aul ~ll:ir1a"wtbe !Uatint 1 re 

cr1a181a1tuat1111l~beir!1&baL3W the finti plac:alach a11Drt~odepe~q11n;~ 

upoDl ~he aetillllfnaet1oat t:hoica~caaeho teatf.qt eqrcf.eeeicea daoa leo 

dgDif~c&Atl:rnlllfloe6i:e<•cepabU1ttea~1es. 

Ia a:eufficlentl:rnheatacuerf.a1a9st:ooveattoealocohfllctlt:oaldould 

eveatullya reault•ulCoavt!artoaalocohflictltollldotoeilh? .S.thettw aos a 

reapDIUIIIIotoe the !.'te•Uq~i df&miaaorsaar _, eaceletoryt at.eps af~erf oee onP. 

aider. del:lckdllt1 cbald:plD,_,atnadvaatap;ac<la elthett l:aae;oeweao tllouglr.mgh 

nucleerl .. aponapuere•not naed<scooventtonalo..apona,probablyJWOuldo~ b~ 

uaeclt toiattackt tliiati>jtpon&llt~ ac. ulu:laarl atocltpU.8a11 c l'hieTIIOald> llild be 

part~calarlt•ttuetofoaoiar toc!Uropa;ochougboanr auelearl ... ponapons 

deettoyed o.illi tbatt caae·:aoulcl-> ptaa-bly' bey thea taro related' sy•t-•eo•. 

Bovever.-;ehouldoconventlonalonaval·, atfaref d""elOPt l the deattucttoa' ion 

of SSBNe':IIOulcloeiottalnly l chao.geeetratesic'' cepabtlitUa;! cfurtha"f";'ler, 

vith·•B.,.SZDeoiloor betnl!o&eaigna•b•• thaatere roleriii~Europa;oMny:oofy of 

these'' atrateg1c•-.llel1 veryv aye toast c:oald o be i daa troyed·oia' a'. coaveattoealona l 

conflict' there~.(eitbert"bf: attaclta •oil•: thelrrairfieldaooro bf< clefellalft•1 ve 

action: 11bila 1they :·.wre•atteaptiq: peaetretioa: Clfc. Soviiitv dafeliaeao.es 

whil&i1c:&rryto.g:·toavent1onabbolllb' loacla-)·,!s). a 
Notvithatandiq,tthe paatebtatorytofywarfareiaatrategicc.UlyaU?sts 

almoabcolllplatelycixaote·:the p08aib1lltylofypar&Dil1Ury:a~acka·<cks 

aga~tlatrategicofCirceertDS elthett the prepttratoryt or1 latet' pllaaea' Dfs of 

a auelearlwar.waProplrlyeequippedpttnd .otivated31o*iitv&B8nt•e&n•thiath1s 

countrync~eivablya~buldoattaclttatrategtcetorceobaaeeu~enrooteoute 

weapoa,!lyata .. 0 eparhapahdaattoylagy&~sofothis,~eA.autcaaafuleiut-sur­

priap.attac1ttoC<thiataortscooldodetractrfroafatracastcctorcioava1l~1l­

abili!!yl befol:af tha fira£1 nocleerl•rhaado~alq)lode4•~•d. 9 

7 Siatiltt.he al!sr•~•orscaa chooeloothe threat reo: ralae;~ibe, ..O..lotobed b~ 
beat!>aarvaclrbfuchllo&lngson" llhichhhiil i>ppoaeotnc:aoaotnr .. poadpwllwell 
to. tBaweverivhe, ehouldc·not chooaeoOD& inowhicla':&ciiOderaceraacalatibation 
couldorUeraao the adnatageoar.for li:u.,la>rthe threatrof: llllviq·,SSIN!IS BN" 
in cloaelmightibetaet hftao~oaveactor,lcettaclttthatt81Dkattbaa>h•!hiaihis 
wouldobejveryvcoatly;tOytha &81Jraaaor-0saacl •t beyvaryvh&Jdr.todraapoad?ond 
to v1fihlla~:,aignif1caatlyr.eacalatiq:tlut ei>ofltctlict. 

See~lobi~aoar(l979)~7~l.l~. 14. 
9suchSecttoaaiaoaldobeatbbettt.l!diaodtbatcthaytdtd not provlclavide 

atrategtce~rnin&riPifhaP&h~relyrpt,cpdtagdth& arri•alio&lanclaarlear 
weapona~ons. 
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!SCAU.TIDIII'lON 

Aa .tatadaa.o .. ;o~ra4lttOb&loeaalJateyefslttelj<.C.aartoeru.e-usu­

allJ'&eauaaaucbatt~ber~"taeabs.-calatakftpbaa~1eeaiauclaarl~.war. 

Aaal1at8Y aautt:lvat tO' tile pi)ea;l.bU.tttaet bfs *b•w: 'pba .. ·'>-t~lli mea 

juatifJtth1ataaau.ptt~tbfnaOa8oaCJaattbatt~ dia&Se~a.tJdattaaring 

auc:hsa::'pbaeah-lll:>•IAplyotoe:;partpafttbe tbtaloddlaga~caaaM!IIpd~ an 

eveatualt..astftslttaet,aand tbdataaaea ... atrooft.aiat"•attaetteap.~pa­

btlitlut ltoellidee' Mr. aaaea-at;noft tblat'pbaaahue,..lb•e lllove~vUe 

""apoupuaaduta1llllitedi DIIClaar 1 optioftll! (LIOa')~ ·MJ bar eaatsaa111ut1 ns t 

di ffereiltrtatgata~ftoai thDee'>aaleecWo fot tboae:••apoa&P:I.D' al ••atvasive 

attaek •. ctf thi ~r fatliditodeaealatalabova;the taO l~el~vtbe lltta~ra­

tegic" balai>ea>lllialdo bed tiadL too tile telatitat iobtltt:iaat tfs eaehe&ti!est0e tO 

earrJdOGt euc:hsopi:ton-'v.r.leve'rtheleeajeeaalJatil:'ahouliloatt-.tetat to 

aaaeaa•tlle llffeetl thatt 1.-.. orttag~ to3 taOaLidllwb&tehoao tile llftDtllaltual 

executtoat bfnacius1"' ettaett ta< tile ilvanc·:cllett tile IMr dtd eiea·late~ate. 

The ·nlatbet wlaerio.btltcyl bfr aaieta~etacllidtDgi the c&pabUttyli ty 

of aaooppoiUIIltnto•dHtra,cthoaaheaaecaovtthaiatC.forclagcaaealattoa';ita. is 

the bilab;ofs ef feeti>ret LIIOa l.iiild thlietof<· atratagtto eilpabUtty l ililrtqr 1 ng 

eacalat:t.OD.;iola ditentlltlllf'the tillattw:WJ.nerabtlttJ:or:'atly typetofe of 

assetjSthe UJ llaauea>ara:ar(l) the DicesOfoattaetctiMdadetoddeetroytroy 

thattiaalet'i'(2) tlie t¥peta11d a.oeattoatof,,..a.,..uJothattloobl~olliduledi•• i. 

(3) the llffeetfoatothectC&pabtlttteitioad aoaeta,tf•tb&ttaaaet• .. rewere 

desttOJidryf4) the &aagraphlepatettasmtahabtlttjlofytbittaalets(tll its it 

apreadrthroo&bouth~e tbontr,nbrylocatedlladai ... llmtiograpblephic 

area!haaad 45) the tollatU&ledailali•".chettllocaUollideauaadutadaian an 

attaet~9cd~ thi lllaesOfe the eccaett(tn laoaeharehors1Mrhud8~aor) ttl its 

geogrepbleretteatttatt6o &reat0etha lltt&CkteOQldnptovart .. blloh~Bhljghly 

10ra1 ~ttteaUrw! acet aaalJa&ev 1t>01t:. fo~ ~cholie..,Otnt~i aletMettD.• in 
taduittpsoryexcre .. lJ•ertttealieaP.btlttteat1asotlletrat ... rthatteeD ben be 
deatrD111dc·JiiChvf ... ileapcltl&Poa>tha Oppollllllt~l'•llder.Wt bot oatthll at:• at­
teckectaealde•(Or,(at.laaat;atbe aaaesktadkbfdtatgeartataot ae:ccttt•iti­
eel colthe attaekec)·•erllhtlii'•iachsettactanalaJ banhtllteill&eaborthuraterm 
effeeti;cfw parta•of•aafeeon0111nOr.-'ofraay otllerteepablUtjltlllnotnbat be 
bfpa•aadotadtbe loagltatm;oaapectaUjalfvrUatt+al;vwU,tergat"IJII-sys­
teMtere eoaatda"U~rcThuajhtbe llffeetlfta•••"·Df•aafLIO ioiiUldocelldttod to 
be olerelatiYal,veborthdataCion; i&lld alaoatoobll,abfuacttolltC.fnall•op,. op­
poaenll~ar.abtl& t; l to1· racooatttat• t cbe el:tacklld< i:apabtllt:tei•i e s • 
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eaealatet,~orStm11~~1y>rklle lbeakt~t~ t~t~wti~~d"toiltould 

alao>l*ler.dne~t~ l-.ete~l .. tailttO.;ioWor itl.ple<P•evea~pon 

l.au~MdC'frioafaoBurop.a~btttlafl•lillMt ~ ll<ael-1lt6fJtthalltiiM one 

leu~lladcfHalftlle t'ollttMIIta1nUalt~418tite~ten.e Hulat•IJt"fllteJI"ten­

tialtbflt~ lctaektiQUl~*leoaatpe~"~hOU a.tl~tke b9pouwtn,.t-per­

cel Wdl the t>lrle~Hifat i>fe tllit l'ttatk•• liM ell!' i;r'eollll&"l'"lolmldod~owl on 

the l!llograpiiUPIIletthl{olM&btilttyl bfY thit lttaeto.t ..a4 tilt tMlltlorate ral 

damag.:nthe lttaeltu\Jat.t<se 'ina11,11 U.e ilffKti'faU•t"ofs tl\6 l'ttaelttack 

dep...a4ae~~Po,.utn lol>tlltyltb' d .. tfo)tt tli6 tlltg"l.t' ildetj•eb.d tl\(l throturn 

upon'J tho! Uwnlptlollt of"otf.er~ ~tpal>Utdht ~lui !II" ftnf thl aewt~"'ruc­

tionti>fntllls~'&eet~set. 

llhilehahetllllotlltr-llll•eht.eenbt~~~lle"""f'-' tllitsahH-1att9oet wlnftaM uo.tli­

Uea) l tile loitthodsi'Jtirploydotno tbaoehaeteUIIelltB" lib" DOt provtili!'lodto64~ood 

basf111 for lio!&sllr1118r tllll b&laileit•Ofo LRO Ciipabllltlei> lelJiaHtiiM!IItt'-'nts 

te11dtnot totconstderlell ofltlle hsuelstepoictantttll'LIIOa'-liild 11ri are 

oftenf iooreo·qli4lltttlve: thantqllantttlltlvel H" · P~rther; htberehtlt' 111>" no 

obvioiaaiwy to·; cbolbinotl>V.rilloll taeueestll"al aillgle~"-ahet-nt"-ot' tor to 

expreaar tile trade of h'•uona-·taau6e<u•: llldeed·je .icll"-<lfi' til~ iiffeeHn•l ve­

lless"ofc all: LR0 attacltt would"depetiiL 'On'' aa" ..,polll!llt~ anperceptio!lt Ofn boW ho;; 

11UCII"e8eal&t10nt ltnrepreaentl!il"alld lllil lleeiliiOD' Oa"vllltllert tor repl)'·.ply 

ill klnd'-br:lto'eileal.ee~"'l" ahort';olt, tetni>t aurpttllil!•tlllltt•at a 

balsllee-•llfe ctpabllli:leiiLlots tills t 'lhe1e telaloldelllltnel.Sdaii.Jitl'i attateaneglc 

capablll ~t 18Ue&IMII t~j nell& II' tllougl\"tbla t klad: :j,(d clpabUl ttl ioqllti blat be 

cructalc l:oltlle 61itc01Mc~ aofwetenlllllr. ~• r • 

LNOsLWQa1doa1t~'affeetftfte e'trate&lee~apablll~ie8tbysc~naiaa•tng 

the a~llttli>fYtll. f~rc6otoecttrf•b[t ltll etllertM!IalOIIIIontll pett~art, 

tbia tIff eC! t f lllllaldOtoed llti ta:l I lf d LROaL liit luaduOI\tyowa ,.,..,. attatkt a ck 

targetloahd tftd wa8pbitl?811181184;todthla' tn~millat•e•lott&eittlsnJl•ns. 

llllhlh!h the b&eil:!3 llpprott!IO to'> aillell8ll\tS attaei t Uf eet { .,iiflblne s s 
terldt• tcl•;~>eoqU.ntitaU~I t (II'; s' r •lullll.nl118nal\5iaput/DIItpUt t till> lea fOot for 
LNOaLiigliu&i l118ultty) ~ r.tflarenuou.balll'"GOY111Y tOY ~tetallli"' the the 
precllec .ffeet f Oft de at toyUISY •oM" lift t Ita 1 i i18$et s tleealiae> tiiO .. 1\yna 0 >. 
leadertbtp•elloteesln.tn·oon"bypall•tnas tllll lil•slors cll4,.glll!lotllll &ill of• of 
the reaidudcl!llpab11l~jP tfhuaji'at. leaate•oioe•qlldltAtlVel jud81illtlt8"n'" 
~a~atmMtmilde>"lllld ondeotlleytllrl! llltriH!ued·lctlia iii'.l!ertatntyl ii\f the the 
actual t Oillci!Mc llel!oillleoiOs lltgit·'AI" tll•dilfyd'lillllltltll t l Yo& t bteUtiilllh" n t • 
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RovelN't';vu, ail!rla11i1 s Urtpll~~tlQehU;,i" leellr''~bollllit" Weioy.o lor 

and ~"lltt'atilll~"hlpCI!ItPtiibtl 11\lvehtoe biiO ~at~eteir. te turtlieiljht&e the 

deal toes tfiC lllllf.llb.lin iiDt t~oruo iifS colliteril e IWoail&>ta.riM&'r'lzUIIIO* t•nos t 

eecaunr,tojit1&11\ajotrutt~I&ttani!ii''bl•cb%tt'ilUrtot the ilotl'Oll:of!l of 

aaxlldliftkz~otliteral•aa&ai*~~allata~•attaek••c~ ~eiult~"~e.rven 

1f vJ. ~tiee.&o Wl!ta"'illilled! uo tl\it ••• ti~get i3 f'ot bothbUti teal ad and 

aaaliln5 littadtaJ<ltl\air'•iia ,Olntsl llh0u1ii"W offaetf teitant'ott!et: itar-tar­

gat,.glh' MilaUI!S at!:adtii'itlil &ioiyano..t otllert HrgetliSt&• lielUlJ!atJ. at­

tack&'l ~~; · .H a\teilult~~eachow'apO'ft'l!Uunel\UolJ.~1 ai'l.itill!ai att:oelt'toolill! .u ld 

be 1Mebdei!1 I to 1 call siP leila! iliilal~"'thilnt \l,o;U;JOtU ia'llle5 oY- ao tOIIpitilbli' b l e 

veapoit1 il'il"ailllatet'te• ilttaek>U<. 13 

It tstat&oa~tstbtelthatt'aa;rottie~ed:\t~i&ailtUalearl~r atgh!ight 

leue11s the I!Wntlllll t 'tllpaMlitJl ofY o'il~ lillie' i:l)c ehgagi!Sill''r,i iubaeq\ielltuen t 

maaah'e"illlclell'tletthangi.~ng'llaclearlnpl0Uo11iiieoulll'd8etroy'f:Oiilllriiili"'-'0 1-

cat10!\c itilkei ot> degradoF them' tO"aueh'iiil':exteiltttl\&t'the enc:lltiotl'of" c t 

part1ciilar' Optloilii l beeaiaectemporiit1lt r Liaposait>lilii blOtller= l:olimin<Pai\d ·' nd 

contorolt illoets ,,dght'allio' be''d'tmtileheiHiurtngr &,r:eaealatoryt ru1od,l4.1, 
14 

making' stepwlBe" eaealaUOtlt i.tterea81ngly"di.fffeiili:0 al:r hlghe~~'leve ts-·c.£s or 

confltctl 'cKanY::of:: theeehprobte..Slate almllati l:or ths ptoblem ltnetC!eni:dent 

to abilorb11\fi~'a"1i811a'ltes fitet l iiti"ike)l meptt that t atlt eilealiito}tt <pb&senasc 

conci!l<Wblyc• eoiild'•liuttlfOi: iiayed ot> 81teno lil!ektl'j "aM it~ vOilJ.do~dvetyve ry 
cl1f fti:uii:cti>t mUnU11\t ebtimallif~al\d eoilttol r CilpaMUHUt at" peiltP'=fft"'f f 1-

c1end~iFbvero~uch'i10\lretrittedop~'floll~J:id . 1 ~ 

12Nat~ra11y111t,aey ~ tie'p6ial,leltbeo¥ttetiitll~ ite pOlntsiof" of 
varhi!ililfl•trls this t faahion';J ili!d thereforef ii&ile" elhoptoiiliiPiioat be-' reac:llelli hed, 
auchs llllh atai ilk11Cit te~i:Iyc IllY tile tatget > ge thta11dndki.fd cbiaprbiill i~~Oillll0" l d 
degrtider thll petfoH&i!ci!"ofe bGth"LRoaLai!a iiulat.eollttadr.' optioiia~ons • 

IJlf' c;ftiy 0~tyVfjj;; O'f"v@fyV lloiilll"'Lilbala\'e i!UC:Uti!IJ'j t th1alieiieell'"" 0 n-
1ng bfgdimaiem;ol~thtlJI!t tlti11~1\tftt!Ail!:co,.er111'1P 1 tf the liiilll:ealattaek~•cks 
bec.U.ec·latg&tl' gthe liiilai•a•attaek 'euteG.eiPwolildo~daffeHedc !ttlmelittat·•ha t 
morelc•re. , 

14Fo~ "tiimple~·P lotrbOHil!ocBimiillf"118iltilo~i\ tltily5 ili'b0r61;<> fot Oilly00 1Y 
ao lllilsloioi aainteblineti•fatl~tee"vtll"'•eeumulittiliJUrifti'an~eaeatatorytory 
phasi!llase1 

lST4e5petfotmailei!"iif•p@bpleOPfor eiim~le~Ptendi•t&5 degrsdir~de~nder 
atre.So• 58houlCJOIIttac!Ji.i" eaealate! tf>e thi! ;,i,ssives ilttlkl! r le9el'i "the the 
execQti61\tofOf0fC.I'i:\OdldOthentijellW~[•ragged~~~d !haoapli!ti!letc. 
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PRo~'jji!l WAR . ' . ·. 

Ill thi ;l!ilrli",Uit.l'!lifoKfwouiP~+ lfl r .O.t•l1!J.ryt*D!&Ir'bi'l4held 

. thatt the B~'ltn~ljof" fir~ii:}P~~ 't101il\t0 'elij.bii't'iii Oftai\"0 ifl\t flid ei<'- ex­

tr...el;"1>fleft!eit .... 'liO'j:,nO(Ibil~th% ai\illflit1iit iilia"i"tit bit 
at rat &ial n iii! a tmweli tl!~t il&illjiti.Y tollaY' Wo"l.i111\,..1 tllltt 1r' fut..t<etu re 
Duclea'rl Wr il&iilCP,.~ .~ ri!iili.lf"'bi-lefi 1 'llivoi lil IIAV a"quici"~6f" of 

Duclearl~cha~~S~gelot,Bigaift~'tftattiaBb!lil~~ fliltft' eiiei8 B!ftde~~eed, 

the Bav1it~lltt.sn~~ ~iPeefDiCfutu~~t~lea'rl~r ~rb0°a~pi8i?iielaaTl••r 

war;''ill!iCh"'iif0 tlt!;trhl\isCUiirlforc~0poitll~tti•aearid'Eo.loard"~ii4uH~r1ng 

capa~llitylJ6y.i~ pk~tleiila~;lt~e Gfitc~cij!"a0pret~ieti!0~t Wll~-tll 
ulld~bte~t1yeat~e~acii~ the aiie5 ana eoipe~eaee•iiteth8 •~tatekle"lorceirces 
of ei~h"Ude~lilletrhi!.Uti!Fti>Y taenHf~taf.a n+tiert.rgeti~"idlll iieheach 
aide• $deoheallreW.ili'J•• s • 

folli>liit.g' a"iilaila'f'te9 a'ftaei i a forc~'llr ftlr toUOiillril:'iiUateiic< oper"P• r­

at1oi'lil eoiili1°eo!l.ecfr~f tl\teeh poislbli i ebure~·-~ce P1ratl r ..... "'" tllb the 

1n1tiiii t Strategit0 force\lrlidghl!l bvehbeen' heldl\'iftd nief'n~ rvkcoili!~Ond • 
some•&!• tli~ bl;mbli'tib!hl8ht llii!t rl!eovHei!17 ei~~ ntohitUu~l.lW ind ioMsome 
mtss'!le' Utoiilo 0 iidghti blet eXplbitl.al t ethtr4'i t new prt~~~iied~>n' t.r-• p~Odiiet"uct 
conve~iltoii0 eoil.li1°~dui~d·'eo · cH!ate0 1ithte!ie" forci,a'c"All 6£1 theeehese 
aoure~ar a\\il tl\~ ~lii!tiU i.i.~t ~flit t 'iiilppo'ttrt~emt \ot;iilif0 'bl.d p~lml!r utgetii!'Df8 of 

the t.~aes~~ethere!oH!(0 El\e a~taEe§ie•torc~\lrin5 e$eh'arija•it.Oul~"~a op 
able" to• ali~vfvev&d flllichsn> loPnrtlier\ht~esehiYitWtliifih!-'eo~ fM!t be 
uaed"f~r ~ekw•st•manttii"t.~•e~en•l~t~&iii4 tliirer~t~f~~~y'i6lu1B'~d be 
able" to0 ma!nt:al.nt teildlileill.n'fcr 'oloilgljlei1Bi!r ofd tH.e~ime • 

No matt~rthbi ii~maerateiie•iratimii•iurvt~&laf~etf~tie ~cntl&~tion 

of pr~pliii.S~ans~t18ni~ 0tfieytQsijli!O'bl.do!•lttti~tliai Qtile¥ili0ie5 iiini"808 

of tll&nHf9lft&YaSa UftUfiiktllrgetiBflete"'li'tei&jii4~PeRanyl'IO!l't~ atlln'"tan­

darddaodre~~r&f5titgetrl\\teilli~l.ei0ia8 tHi f~ttitEl.~$t!sr ptaciiat&a•1ng 

auch9lnfo~el&ntai~ fti~eh&Minb!~itrbye8;Yiiktftikltge$ie~tlalt~ol to 

1Jentifyt~~3 eRP181tli&rvfVIMiv&ieeti~etthe leid6~&!p•~th~b&~l~rlear 

161t1 ~h~ SoYi~t¥1~repir~a•ts~ p~ot~ie~eacii~fWrefi&! t~i Gattijaited 
Statir.aau liot,ne~e Sbvt~tslllf>bldotlb~iili~i.y0 tiAte"iii"advailt8jiti11Maould 
thtst~~Pef•!•waff~r&foeeu~~cur. 

f1aombe~ibiiv tieYre~ov@r~aelfdtb~yt8~nst ~ee£iiea~•eiec6ftil~tion 
.aasiie~a8f•af£,,rrthey'aecompltafilthij1r"~rlmirrwa£aeloaitaaa retu~t~on to 

. thetr0hbieli~!!and. 
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releae~0 autho'ti.tyr -8t'•l8o1 be0 identified' and ~veia'· 'ai:cesi{ to' intel.;;.tc l­

ligeoC:e';nev~loation';; and option'· ileveiopmj,Dto'' '·Finally; 'e011111Blni~ation81 ons 

1aJSt"'bec elitablilihed 'Vi tli"i:he otraiegii: forcei' iu .. i procedures 'set for : 0 r 

con®ediiji'eontiniitng''nuclear' operations'''"In abort;' the i:'olllllli.nd aiici ;,od 

control' of1strategiC:' forces·1n'' a; protracted' W..t ...,Old undoubtedly· be'' b" 

an ad'Me, hbOot 0litrap· operai:ioili '·quite 'different. fri>m' peacetiu'· plan;.:.an­

ningn and liiple..entadini' procedures;,., i:t ie~ therefore, very difficuli:0 " l c 

to evaluat~"t!ui effectiveness of; strategic. forces. in .• ~h 'a ''worlil;r::!. 

Other'asiiets'and capabilities· ;..,uld alao'eontribUte i:o-~he bUt-0"'­

Ct"ttll!c Of! & 0 protracted nuelear; war •. : 111 particular;: conventional' adli-' [;­

tary' forcl!s :·may h8ve a. major' role 'tn 'reestablishing nationaFcontrol', '" 1 
• 

as ..eu···a& 1 iti'' projecting. pO....r ·beyond national 'border&.-· 'Over·: time·,· •· · · 

agricu1tural 'and industrial production··;..,ul4 also be··. important; affect·:.·c '­

ing i:he surviVal' potential of. the populAtiOn and the econOmiC re- : .·­

sources' available to. ~he nation'· Some of these assets will probably. 0 ::: 

have''b<.en'· damaged in-the massive exchaliges of a nuclear war and damage'-·':'' 

may 'i:<>ntinue' during· its protraction.- ·n.~refore; an advantage· would ':.: 

accrue to the nation best able to reconstitute these capabilities in· ·" 

the shortest' period of'time and to protect them thereafter. Many 

faetOta·-wDuld 'Cor\trtbute- to· successful re~onstitution· of these. assets~·::..:.' 

incli.ding''nlitional wtil;' cohesiveness,- self-sacrifice,· self-control,· · : · 
., '··· •. ',,· ' . . , - ;.-' - ''(lrc, subsdtntion· possibilities,· and extern&l aid. ·Jiecause ·the~_ ·factors· · 

and th~tr'·effecta' are almost'' impossible' di measure, '·their exclusion';; ··n 

fromf eonsiderlu:lon" i.it 'stanil&rd 'capability' assessments '1s'·h4rdly': 8~r-· ur­

pristii&~ing. 
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VI. ASSESSING CAPABILITIES: All ElAMPLE 

Tbia a c"ion provides a general assessment o! hypothetical Soviet 

strategic force capabilities in order to give form to the methodolog­

ical discussions of earlier aections. The purpose here is to display 

some of the difficulties of applyiua available methode of analysis and 

to show bow some of them can be applied in particular situations. 

That process supports the assembly of some conclusions which, while 

not comprehensive, provide valua~le insights into strategic force 

capabilities. 

In this eKBmple, the hypothetical Soviet strategic force posture 

is first presented.and the capabilities of the different weapon sys­

tem~ are discussed in a general way. Aggregate measures are then used 

to asseos the overall capabilities of the postulated Soviet forces. 

Next, the dynamic aspects of a nuclear exchange are developed, focus­

iDS on e massive Soviet attack. Finally, the potential of Soviet 

capabilities in off-design scenarios is assessed. 

1985 STRATEGIC FORCES 

Table 2 introduced some hypothetical strategic force parameter• 

for u.s. and Soviet ICBMs. Table 6 extends that liat by addiua Soviet 

SLBM and bomber forces. These force levels were designed to be con­

sistent with the arms limits propoaed for SALt II. Table 6 also in­

cludes some aggre,ate measures of strategic capabilities, calculated 

for each delivery vehicle. Thus, ap SS-A missile has an EHT of s.a, • 
CMF of 401, and an ECKP of 256. 1 

While aggregate measures of strategic force capabilitiea gener­

ally are not very accurate, they do provide a basia for comparing 

individual weapons. The Soviet ICBM forces are particularly iapres­

sive. Not only do they carry large amcunta of EHT for destruction of 

a-rea targets, but. they also have very high values of CMP and ECKP, 

1This ECKP calculation assumes an 80 percent probability of 
arrival and a 2000 pai targ~t. 

'· 
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Table 6 

BYI'OTII.ETICAL SOVIET FORCES 

Warheads Warhead Warhead Aggregate Measure per Vehicle 
Weapon Delivery per Yield CEP 
Syste:o Vehicles Vehicle (HT) (n mi) EHT DIP Ea!P 

ICBM-A 820 7 .75 .12 5.8 401 256 
ICBH-C 400 1 12.00 .12 5.2 364 58 
SLBH-A 380 7 .25 .36 2.8 21 17 
SLBH-!1 500 1 3.00 .36 2.1 16 12 
Bomber 100 4 3.00 .24 8.3 144 102 

making thea effective in hard targ•t attacks, aa suggested in Sec. II, 

above. By comparison, the SLBKs have low values o! CHP or ECHP, and 

thus negligible hard target capabilities. Their EHTs are less than 

half those of Soviet ICBKs. Indeed, if aggregate measures are' con­

sidered, it is difficult to understand why the Soviets would choose to 

build SLBKs rather than ICBHs. The relative importance of SLBKs be­

comes clear only when one considers. their relatively short flight 

times when positioned properly off an opponent's coastline and their 

relative in~lnerability to attack, giving them a significant capa­

bility for enduranc~. 

Soviet bombers have more EHT than other Soviet systems, making 

them good weapons for destroying very large area targets. Although 

they have fairly high CHP and ECHP values, bombers take auch longer to 

reach their targets than do missiles, and thus generally cannot be 

used aga:~st relativsly time-urgent targets, which make up a poten­

tially high percentage of all hard targets.2 Alternatively, if ba-h­

era can perform armed reconnaiaance, they can be quite effective 

against a variety of mobile targets that could not otherwise be 

struck, and against any hard targets (such sa withheld ICBKs) that 

escaped damage in en initial attack. 

2soviet (and American) bombers would require perhaps ten hours to 
reach their targets in another hemisphere, giving the opposing aide 
time to disperse or shelter some assets. 
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AN AGGREot.TE MEASURES ASaESSMENT 

Moat analysts ignore aggresate Eaaures in diseuss1ng the ldncla 

of systems tradeoffs related &Jove, proceeding directly to a ea.pari­

aon either of segments of the ~lad or of total strategic forces. 

Table 7 makes su<h a comparison for six aggregate EBaurea diaeuaaed 

in See. IV. 

Table 7 

AGGREGATE HEt.SURES OF HYPOTHETICAL SOVIET FORCES 

System 

ICBM-A 
ICBH-C 

Total ICBM 

SLBH-A 
SLBH-B 

Total SLBH 

Bomber 

SNDVs 

820 
400 

1220 

380 
500 
880 

100 

Total force 2200 

Warheads 

5740 
400 

6140 

2660 
500 

3160 

400 

9700 

Total 
EHT 

4756 
2080 
6836 

1064 
1050 
2114 

830 

9780 

CMP 
( 100s) 

3288 
1456 
4744 

8o 
8o 

160 

144 

5048 

ECMP 
(100s) 

2099 
232 

2331 

65 
60 

125 

102 

2558 

In examining these aggregate meosurea, it is important to remem­

ber the problems introduced in Sec. IV. In particular, the specific 

measures tend to be only loosely correlateJ with a strategic f~ree 

capability, and Jome tend to be misleading even then. More caution 

still is required in interpreting data like those shown in Table 7, in 

that the tendency is to make direct comparisons of the forces on the 

basis of these measures. The limitations of aggregate Easurea sug­

gest that in comparisons, small differences (of 10 to 20 percent) are 

probably not very significant. Only gross differences ean be depended 

on to reflect po;entially greater capability. Even then, such con­

elusions should be verified, where possible, by more detailed anal­

ysis. 

The postulated Soviet forces sh~ significant differences between 

the various force elements. Their ICBM force completely dominates, 

' 
\ 
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containi.ng •.ere than half the value of each aggreJI&te aeasuce and 

ranging ar. high as 94 percent in CMP. The Sov.r ~ bomber for ·•, on the 

other hand, appears to be quite illBignifica~t b7 any ot the aeaaurea, 

and if the measures are accurate, could indicate the lack of a centrnl 

role for bombers in the Soviet concept of nuclear ~r. ~e Soviet 

SLBM forces are well equipped with SNDVs a!'.d ><Srheads, anJ even !Kl' in 

an absolute sense, but lack nn~ significant hard target capability. 

Interestingly, each leg of the So vie•. Triad has 110re than twice the 

amount of EMT requi~ed by 'dvocates of assured dostruction. 3 

MLst compar~ 'll8 of aggregate measures are made ag3i_.t toLal 

strategic inventories, as is d~ne in Ta~le 7. · However, it ia aoa< 

unlikely that the Sovi~t Union wou!d ever be able to use its entirn 

strategic weapons inventory in an attack, particularly if atar:ing 

from an environment where day-by-day alert le~els are delibera:ely 

held well below 100 percent for both ~bers ~nd SLBKe. Further, soae 

strategic weapon systems would never arrive on target, though aggre­

gate mea~res normally ~o not reflect these losses (except for ECKP in 

Tdble 7~. The potential importance of thece losses is illustrated in 

Table 8, where the measures have been adjusted to reflect a d!y-to-da} 

alert FOSture of 50 percent ~vailab!lity in the Soviet SLBK and bomber 

force and an 80 pet~ent r~liability in all weapo1 systems. 

A day-to-day alert posture further increases the advantage of the 

Soviet ICBM forces. Soviet ICBHs on day-to-day alert make up 70 to 97 

percent of their aggrugate force. By comparison, the Soviet bclllbe>' 

force n~ appears miniscule and thei~ SLBKs appear to be relatively 

inconsequential. 

MEASURING SOVIET CAPABILITIES: TilE STANDARD S~ti/,RIO 

While aggregate measures give a rough estimate o( the Soviets' 

gros~ destructive potential, a more important m&La~re ie their Ability 

to perform against potential U.S. targe~s. I~ this subsection, Soviet 

3tt is important to reuem!>er tlu.t thea.: ll1T estiooates i~onor .. 
arrival probability; if arrival probability ia 80 percen<, then each 
Trhd leg has at least 600 deliverable !:lrr, still well abc.ve the 
nominal assured destructlon requiremont of 20G to 400 deliverable EKT. 

J 
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Table 8 

\ 

'"· \ 

· AGGRIGlTE II!ASUiES OF DELIVERABLE DAY-TO-DAY FDllCES 

a4P J!Q1P 

Syatea SIIDVa Warheads BMr ( 10011) ( 100s) 

ICBM-A 656 11592 3805 2630 2099 
ICBH-C 320 320 1664 1165 2..W 

Tohl ~CBH 976 4912 5ll69 3795 2331 

SLBH-·A 152 1064 1126 32 32 
SLBli-B 200 200 420 32 30 

Total SLBH 352 1264 846 64 62 

Bomber 110 160 332 58 51 

Total toroe 1368 6336 6647 3917 2444 

'. 

capabilities are estimated in a standard scenario involving a maaa1ve 

Soviet attack on the United States, The nature of possible J,S, tar­

getd is first developPd, including their numbers, vulnerability, and 

time urgency. Then potential Soviet weapon allocations are addressed, 

showing some of the tradeoffa po•1ible. Finally, the possible effec­

tiveness of a Soviet attack is assessed as a direct meaaure of Soviet 

capabilities. 

U.S. Targets 

Sections II and Ill developed uethodologies for aaseasing ~ge 

to ailitary and urban-industrial targeta and diaeuaaed the nature of 

aoDS of these targets. Specifically, the ldlitary targets were 

divided into atrategic fore~, ca..and and control, and "other" a111-

tary targeta. Urban-industrial targeta were elasaified as induatrial­

econoaic or population. A general description of each of these target 

typea within the United Statal will now be developed, 

Several aoureea deaeribe tha .. jor ailitary inatallatione within 

the United Statea according to both branch of aervice and general 

.... 1-. -~· ,. ... ·:.: 
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funet1on.4 Table 9 provide• •~ 
nuaber of·inatallatioaa b7 typa. 

rough 

While 

aatimates of the aggregate 

the fuaetioaa indicated are 

soaevhat arbitrary aad do vary b7 aerviee (with "Other Baees" iaelud­

iag air stations for the Navy, Karina Corps, and Coset Guard), they 

provide a geaeral notion of the t.portanee of eaeh type of iDBtallation. 

Table 9 

MAJOR U.S. Kl~ITARY INSTALLATIONS 

Main Other Supply/ 
Service Bases Bases Support Other Total 

Air Force 90 20 0 10 120 
Army -5 20 30 ~ 135 
Navy 10 30 25 30 95 
Marine Corps 5 10 5 5 25 
Coast Guard 20 5 0 0 25 

Tot..l 170 85 60 85 ~00 

Many of the installations in Table 9 ere not slagle targ~ts or 

aim points. For example, Whiteman Air Foree Base is carried as a 

single Air Foree installation in Table 9, even though it includes 

almost 200 Kinute38n silos and LCFo, an airfield, and other aetivi­

tieo, moot of wbieh should be treated aa separate targets. As the 

atrategie forees (especially the ICBKs) are th~ main souree of eom­

plieation, Table 10 separately lists the primary atrategie foree tar­

gets. This table does not include commend and control asset& other 

than the Minuteman LCCa, aa they tend to be aueh aore highly eoneen­

trated with the main facilities at the iaatallatioaa in Table ~. 

To categorize targets, tvo c:haracteriatic:a ma:. ··e cn ..... idered • 

. The first io the target's size and vulnerability, Whieb determine 

whether or not a single delivered weapon will be auffieient to destroy 

it. The aeeond ia the time urgency of the target. Ca.mand and con­

trol assets and bomber bases can be very time-urgent targets in the 

aenae that they auat be destroyed within minutes of taetieal warning 

~ (1976) and Rand McNally (1980), PP• 34-35. 

.• l 
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Table 10 

U.S. STRATEGIC FORCE TARGETS 

Force Element 

ICBMs 
Hinu teman LCCs 
Bomber bases 
SLBH ports 

Approximate No. 
of'. Targets 

1050 
100 
35 
5 

to prevent them from performing their functions. Since SLBMs can 

arrive on target within 10 to 15 min, whereas ICBMs require about 30 

min to arrive, the most time-urgent targets in the United States aust 

be struck by Soviet SSBNs close to the U.S. coast; these targeto are 

shown in Table 11, in~luding the number of SLBH warheads tbst ~uld be 

required to destroy each in a time-urgent attack. ·Included in these 

targets are the ma .n operating bases of the bomber force, which would 

probably be struck with a pattern attack of two to four weapons to 

destroy both bombers on the ground and some of those tbst bad become 

airborne aa well. Other weapons may be placed on the Air National 

Guard and Air Force Reserve tanker bases to stop the launching of 

tankers to support the bomber forces. The SSBN ports are not quite as 

time urgent, as SSBNs take somewhat longer to sortie from port, and 

yet they would probably also be struck by SSBN weapons just to guaran­

tee tbst none escaped before Soviet ICBM warheads arrived. Alao in­

cluded in this list are an arbitrarily chosen, saall number of politi­

cal and military cocaand and control assets, the destruction of which 

would stop or slow the execution of a u.s. counter strike. 

Targets tbst are cot quite so time urgent, or that are too nu­

merous to be stuck effectively by SLBMs alone can be attacked ~ a 

combination of Soviet ICBM& and SLBMs. Included in this group are the 

u.s. ICBKs and LCCs ani the other u.s. military targets. It 1a likely 

that Soviet lCBHs would also be allocated to the targets described in 

Table 11, to ensure their destruction. Thus, apart from the ICBM 

silos and LCCs, each of the roughly 400 targets in Table 4 would 
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Target Type 

Bomber bases: 
Main bases 
Other basesa 

SSBN ports 

Comand/Control 

Total 

-101-

Table 11 

TIME-URGENT U.S. TAaGET TYPES 

\ 
' 

. ;" 

-\ 
\ 

HinimwD Allocation HaximwD Alloostion 

Warheads/ Total 
No. Targets Target Warheads 

25 
10 

5 

20 

2 
0 

1 

1 

50 
0 

5 

20 

75 

Warheads/ Total 
Target Warheads 

" 2 

3 

2 

100 
20 

15 

110 

175 

aAir Force Reserve/Air National Guard tanker bases. 

receive weapons as part of an ICB;~ or SLBH attack on "other llilitary. 

targets." Since many of these targets are too large (in area) to be 

destroyed by a single weapon, and others are so hard that they would 

be likely to survive hits by alngle vuheads, these targets would 

receive from two to four Soviet warheads, on the overage. 

Soviet doctrine relating to urban-industrial target• emphasizes· 

the destruction of industry, focusing particularly on war-aupporting 

industry. Apparently, population is not a deliberate target for tbe 

Soviets, though there ia no reason to believe that they would attempt 

to minimize population casualties in attacking their targeta. Thua, 

Soviet capabilities against urban-industrial areas .. , beat be ausaa­

rized by the curve in Fig. 4, which ahova how .uch HVA the Soviet& can 

destrny for a given allocation of warheads, Table 12 repeat• these 

data for •?ecific damsge levels of intereat, ahoving the nuaber of 1 

MT warheads (with an 80 percent arrival probability) required to 

achieve the given daaage level. While it ia difficult to anticipate 

how aach damage the Soviets ad.ght want to cauae, lt 1a aot unreason­

able to aaaume that they would attempt to deatrny at leaat 50 percent, 

but probably not more than 75 percent, of u.s. industry. 

\ 
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TabllaUe 12 

SOVliiVlE!IT 1IIDIIIIAIIIIEIIIQUUIID IRED 
TO D!BnOJTBOS. ll)l!i.\ MV A 

VarhWadaeads MYA MVA 
Requ!~irDeatee,ado{~) (JJ 

30 30 10 10 
90 90 20 20 

190 190 30 30 
340 340 110 40 
550 550 50 50 
690 690 55 55 
870 870 60 60 

11001100 65 65 
14401440 70 70 
20702070 75 75 

Tabliallesulimarilouitbe UwS. ~tllrgetraylte,at&DII tbol approlllM"""'te 

num bar<:~ of rvarheacla c· requtrf!d! to<ieover oaac:ho a c!be liypotillt1tlali8d1iov i e t 

totaloforcea rare aorel'ltban tllaff1c>ic!11titotslt1efJ! tli' llllti-iMqUtlo("i re­

ment;etbe clay-to~day-oll,rtlforcear(o£ l9Z07j&thaadera63366o£0vb1ekh•re are 

deli'Oietable) Ociali alaoatc..aat1sfy ith requtr<!Uat<ent. 

TabliaUe 13 

APPRDXDUII!IiliO'IIlii\'IWDIJWli!BIQUUD!BftllENTS 

TarglbrtfPeTypHlniMWD!~~imum 

ICBHaCBHs 20002000 40004000 
. LCCsLCCs 200 200 400 400 
Time+t~reentgent 75 75 175 175 
Othe~·~tl~jtary800 800 16001600 
Indui~stry 550 550 20702070 

Totaiotal 36253625 8249B249 

' I' ~ ' 

Hovei*>II~V11b,tllll~tbbe IGv14iOv .. we halae t!&btil!&e •• oype tpO.,.f-war­

. beacla•Uol llbolt'bllrttbeytila!dotcbi.dvt.llW&ltogespe..t.-dllllayi:88Jhacladlla in 

that tiiiiUlnall-.C r..be tc!MulioteU4etad.aDOmdetatiha 11. 
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SoviievRithWadhAlloeattooaions 

To dicea.t~tha a!fectteaoieenofspoteaclaltSo+iievactaataaoascbl the 

UnitWdi&tatia~to~ aoetmcooatdlwicba o&Jawtas~ekhtba ab~acaicOildould 

alloc&tac&blitha6cleacl .. ,pen•PonlhatT~I4ulc•aiaOiesQDdecaiaa4lQ8dOes of 

genetalelotiicvfoteeoaaplo,.eolmdoctetnarind tnditt~ldweapeaacepaeapa­

bilibiiit1eSav1icv4octetGir•oaa••t••cblttantaccaatteoaldobedcacrtadr1ed 

out aaataa&ithl tacgltl~oG&lluaatabdva~oaaplOJtiaYtbl t8ti.e.1auabec~bor 
of Vllipeae~ovller•hpoulblat blo, eUectteal;vdieu1o, tli~S. u.,uu:u;rary 

eapebUtt1Ut 1eBowelia•ptlle SbnitsiecoldowadtwcothOldheoliesueapeaaptas in 

reaerve~rand otliertiltcaeas•ce!MapcmaPIIlSh~betaUooatedatodtblatecater 
targau~ets. 

Uain8stblalhaanecatoauldc11da•1aod codatderida<tbe Cbap&tatt•ative 

advaodsseaaofsto41ttd~ldfotceoalementa~nao.allooaitoot•cheaahf~ for 

Sovilit viol:t~ PCIII bar<devilildt sail, ahownhtnnT&bli~ 114~ 1 !he illooattooe ions 

in thtatt&blaaata for SoViicvforcearoos~y-to~day-alertl"••·thlatalarelcrt 
levele raflacta<>atlelo .. tun+ilallt1lulliiVI111blli tj lofYSriieC vfotcia rand and 

yet tara!poatorettncwhtchhtbe Soe18calpreau61bly"voH!dobicteble•c~• to 

coveroall otlttcall.U;~S, UtirgUI~c tlt iiitaaaUIIadahet'.e he bat tthl liltit•ti re 

Soviic ·.bQa*:nforce otaehdd ht!ldreserea~ rsbca iit erijlrlllftuea tamell= 11 

fracttontofnall so·Uet·:forceocapebiUtUi; icOf tlie SOViicvSLBKSaillleca~ets, 

the Sllllll""ibi1118otle ciiepaetiaU;Pa¢cltlmicc.4 tiSAleat! ctM-t,iraenc gcatalct¥•t •, 

becabaaateeeea banbi'ougllcutntcloaaltoeu:;s. lialierai!Pren.e illaalatqning 

aubma~b~a.,lawtdlladcatiat,lla i.&ca o'OIIIltN4 t todtbaace~aurau•~· t!he The 

HlRVMdRKLJK~BiaAu .. dueodeove~o..allaal!othectharlicatjt&arg•aagald and 

aomeso~etbt thduic~talrtaigaea~ebac .. oymaaehsatla~llei&ra ataoaic)dheld 

in r•ae~~r•Of t66 so.teevlCJKi~Bthe lAcgeatC~Bt.Cu&eduaa&iaaeinst 

LCCs ~Gd oelie~:> tili:Ucat; taaraaaa.-•Uoolllcadaetd.hwfOI.Ict oc-OIIi!Wtld and 
contcol:;rotke IC~BtBAp&ettatl;aeo.mtece4tto~ta. lte&~lte<c•eer.e~rve, 

aod paet~alljatoyotbe~:>tatlitat;tcllrglll~ettke i8 .. 1Wdeindfrtb6 ICBM~iBM-A 

Srha 5Sbeleea!mdatmbl~hrnaobemeaecatDid<abduebholdtn8dlr.largearge 
atraea~tcer4aerteerhilntttnt~l Dhttijd!Scatil~tstveal~ Ababl~~fr of 
hoatUc tllilgltbOcilbelley t!ilee fa11d tiMi pOCell!liall;•fiOatt.latf<Wert·•ofsaof a 
post ,.oeelear-1-wc-vorldo r lPreallubly-ji b!luo:h rrof htht SOetie "file n.~lldoul d 
be ebllacitot&dutcdmflCJKlii4 otliePtralo•dar•chouSboche SOViic~! .. ul~Puld 
undoubtecll1eli0ld 11.0• sofetblit h!ftttllll :foietl <111 >r&Mr.l <>CIICUD t 1 • 
reloadiOSdtocldobidanuN4ured. 
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table• ~4e 14 

Otbeilther 
Timei~AeHts~lli~apj~ary Tbeatapater 

SystemstfCBHiCEtccsLCCsTargetsgetsTargetssetlnduat~ystrlrgetsgeRese~terve 

ICBHltiBfi-A? 7 0 0 0 0 700 700 1 7 0 0 8oO ~00 
ICBHlCBM-CQ 0200 .200 0 0 200 200 0 0 0 0 0 0 
SL~ABM-AQ 0 0 0 0 0 700 700 330 330 0 0 300 300 
SLBH-"11 81-:-ll() 0 0 0 175 175 0 0 0 0 75 75 0 0 
Bombermbero 0 0 0 0 ~ 0 0 0 0 0 0 200 200 

forciols•a•ail«&leat&r tal IAA1ft&t10oS.UICBM8CiQ4 lftdu6ettslrtarg61i••t•, 

as 1ft41taC64•1AdTA&lea~4~ 14. 

Wh11Wht.lble"l4•p&rttA1ir~hl ~rfnelpal1Ba+ieev~Ap~IPAlloeatl6ftijons, 

it dtesdftot de~cttberthe tradeGftsot~•olvedlradcoamtttlft*t~ipmRAPtfts to 

one typet~:~tetafgecrratMrtthlinLliMthl!tth•Table•t4edllesdilt>t lh6v•llpe-spe­
clf1c iAlloe.lHIIni tors ICBH..;Ahiitilsrlu l tG•lCBH liiii<l lndulierulrtilf:geU~et s, 

vherl!hs611e setear ltflld61iftd oiiifsto-1 •Thesehttadeoftsoafe lliownhlri"FiA. t'i g • 

16,6 !Wia~r..-htM 42~04lei1HJ.Acliathe·!lll&<ftcit speclftdll)l•c!cialmitti!<ltiud in 

Table•t4carl! 61edufncvlirilicll le1111bitll!Honi1tglilnlt i tlliisehfiro tiltgee rgc t 

setsoetTfte lMeh$4•ltrieliftdiiat6satft4tLbA~auceastsM•.I.lliarhea48eafi are 
alloe.ltadacocttadu6crralrtargetl~•lboucb25tpetctuc<oftUr$.Uiniu6crystry 

vouldob&ctdeatro)ledorhdrebyrd~ncrfnnefiCBHlijj~hea&i-.@tewalatiArlyarly 

commlc~tlecta~yondYthittPoincrithe abcaelet<larfttefcoec5Gosioftia his 

allooat~oA~ioDf, f6r i.ampte~~.viahe~stocmati•tl6o&Ke 4kaate~•b6thboth 

targ.oraiCe~ei@,~ltoalfoe.lta<t6$gK11&2$002~~eaaeeegatft8t1tft6 U~~.u.S. 

ICBHi~Bb~ta~I!An4B&uob90<peiceacccaaa8ora~ilehA1loeallftAttosgftl1&hly 

l7SOl .. ~~a8eagaift&aiO~S.Uiidutcf1~trlieli!A•tftB i6du6crtalra..s;emage 

6tht~Tritut6g~ltsucfta IHT ieisua~A Keetr~ao~fvsuaf•Ffi.'4¥· 4, 
assu611"fhattth6 v~s.uxcaH&Ci~ ft4rd~d~decoctZOOO"p8i,Paai al8oaalju8jlu~es 
that tho,_ "tllan tt:.HJ toirheA&icdlicoriatanoaeeaeh e~tto s(l!ll~*h<>tllfty"WWre more 
couldob&dait81gli6clgt<JdgiilrMJit.,ntft4t tllatleAsiea...s lt'r1fU) ved). 

7TbatTt•f U.tli6 stBK.;.I.hiia:rheatlilelltire"o'Cillidl1atarlletiCel81111uetnst 
the lltAhillichv•lu!i"OiiS. Uiliiuoit-tt-al r&dgeU~•they tiihoulc1<·)16dableai:6e to 
destrOl' tlJYpei'cHf<or.ru;s. li!IVA. t!Vtf, {ttot<iUI-ecllesei•thliUil•lltira •Jere 
plac ... aoftdle.sl•e:luable:atiduoiorte:lrtleece~•tlieyt~rurllll1"voMl!oc6uoeau>e 
leeslcJian t2lJnpetc.acc~~aMS.mte:ftd <clnls Lt!M 4hbe'astt1ie lf.ti•Fil• Fl8). I'). 
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level•lolDiarl1•71Yp6tcii£>•"lodeeB~•t&. t~ldAofll0,f•rti.Ftl·at8 to• so 
cleatlta~ctiettet~tdheodtiig!we&iB& Bbttit~1t&oo8iftl•a8Jtft!M&h~& but 
tb1atMfteailtfoe4tt68~1ost1li~1lt.t6iytitM~i·~tfmlfiltri~d8it~att£B1 the 
u.s.UifiJKif~i?reBayte8Hlao.tH!eti18Kirt1aill~·~~cii£CII&ailmtttal•vel 

aga1a•t1ttf t~oua8o•l#ntfleAitlt"l~a~&ffil"atla~faaua!~ilrii&a,iWB8•• 
Io aetuilly•&ittft8kalloeatt6ailOt~aaehkt8dii&l•tiide6ff80"itmtlt be 

coaal8et68•f6~ All ea~getrtt;ei¥Pt~··ttwfile•t4•aLiplym,OMtilit~e·Wft8cwhat 
allo~tt&diie&till".eeut<itfh~£ha~geW8lftltiB&tt8o91atvalloiett6ii1ons 

woul~Ota&ee8df6il&ils~S~tt@tftS,fns. 8 . 

Io aifu!tfu&enetaeea•f6fceopo8titefu£Be sBttit~1i&alao~losop"tijP to 
taoot~~h~al8•aaate~dfti1oeat~&6aihatlo~t88•tadtaBle•t4•ea8 esQ!aould 
1ocr6Bifi•tft8 ailajemiete1svaeB1et@ae~dtfii &it-e~aat-!o~ceirceJot But 
day-fo~4i9-le~clsrQipewe6tettng:aajt~U~S,Ut4rgefi&6f51ft(er&i!Tia8 and 
modelt<ltnereiliU''lll•cW!agemute18viiOul1follt.~ ii@eeiiitllt<1M!!'rll'ii£rtBii the 
alloeat16il tof 0df IAOO !Jlaiittio.IU OQ&rhe&ali•ed•tliii iaae•iita•llf 9 t8f-tar­

gets~etrurt6e~fhBficaase•ofCthe O~ra!fofti10afffi~ftieet!ftV01~8ltftd in 
changl:rtg f.OUoeat~odi lofsweapo'iiil Plilfei~"ivailallie~ bfo@ •is t lliely kftliit that 
some•of•tli& liiOOl"ti'l!w"r.warhell4ileiiOdl<fOseduaild"ffldaiijlp11!iiHtmtlle iia al­
locat1odeiofSTa&leai4r bdt tbittaaay~WoUllfOseccOmmlffedl£8dt&e etfa&tra­
teg1e•2eilefve~r"'l'huaJhgo1Dio(i.'Omfaa}'-f!6;taiy-l!oYalfu!lyUteilei!af@a<U@rt!lert 

prfmatilyr.Oa1aoraer~ae•tlie sa~it•l•ifrafeile•f6ierie•illl &~@ate•ate a 

largefrll@4gB•iifi1ilit1aoee~fi!ntleifYes. 9 

AttailtBffee£!telie~8ness 

The iith~ahalioe&ef&ai1jijt8ewc&a•lsdtaBle•P4•1&1ateadvifrVB!jbh1&h 
leve1sva~•effaCit8ffe~£{~6e•o~•sPor iiiaflirPi~ i~loe4tfoiltof"leOol600 

varb~ali•·a;&tiiit16f&eftMnf8f;te&~geeiS8&eu!lloteed ·t&daliooterillrall 

dau&;!lllli9e 1 "{{f lalihut 1:99 t~icHf"4l' lao8fei'o rS1111i4f11t r.WwelllfUo t Jon 7 0 
perc18£<6ftur!.~A eodlaol6dd~8tf~ao¥&8 9Qdpj~ci8£<11tt.atemer•ttie the 

Buov~~rviome•8ifeift•ef•tHesihtlloe4it68i1~iic~•¥ihtB@ &if tif• of 
sLBKsa~a~h~aa§e~~·ttla~~tifge8tgeee••ife IIIoitiDfequ£fi&1tifdoP*rMPera­
t1ooi1 °1!8~l«fltat!!odif oau flllis tli'H6uM0 11ot! Bitvte~w~;a•iiMdaruetit7 r• ry • 

9xf t~ S8tte~1eliasehea•coscenet8eereli8tfh!CBK~i"~orcelros•tHB the 
u.s.uiCBMiafroflliitbertellintBitaaetat<t!li ih«nf~ilro•aaa ea6o~ter­
valu~·•~raeli~c~fieottfil ekfrjXfofc~jTg8fn&aiti1~fi«Vto&atfuflyully 
geoeilf84•ir8releeol4otafgelfS"Yattoeeila•t8du>9.u1~duaff!alr&eeeet~•ts • 
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ICBM1 !a~eb!0eAltht.lgil0t~ae\1iiOagtl""leveis "lii-6 1ifib hliih u~•&f• tfi8 the 
expeHill c (Mt <liiieei.'t:af ii)" />etcentage Cijf'' targetli zaeiitioyea~ Yi:lle iipo~?O r­

tant t ~!lesU6ii t liPthil el!feiitt t8 'vble!ih 1.&~!1 s lie lloYi;i! ·· i.ttaet tilii~llf'J~:i de­

gradi~u~s.ueipa6llifte·~ies. 

EvenEiililln"'"eipecfel1"t!!&je''1eveiil"liJ.re'•qli:f.ti"hlih~1 t:li.e &at..attual 
damaje~1t¥ei•il~hf 1fidtq~tte"&Dcer~&tii;•tror ixampl~~Psee. 5tt· 11 

eonai8er•a•£tii &rtcei.'taint11iUve.ttmatiaB'th& pijreentagetbl0 th~ "u;s.u.s. 
tcBM1 !aree 0£t1t~a 1 b¥laa, alv~a 1soYi~i!'•ttact~•cfbe soV1it~~Eoat8"dbd do 
two t'tii,glr1 t:o5 lesa~ii5 tllils e \mcert!iiliiH~ar' 0 Picot! rtbey taould0 1Jl.provoi'0 "e 
ODe itfdbiife \ne 8 °ftAp0U 0 S 0p~tf0rmBQCe·1aB 0 8'1iledg~ 'against 1Wicertafiity 

0 

n t y 
in utRel.'tJiHrfli.i£~~- teror eump1e;'Ptii• thii icJIH.lC~~!the SCivi~tii 11i4ve 1•tii"- in­

ereaiiei!"tli~ warheaa1>yi'.Eilif toe,aiicb"iili!'eit€eiit" tliAt 'imeert&iiity! fii~·.e:;; ac­

c:uraC)Irilllj ·llclYlorlgei'"l>e r of·'!JipoHaticeintlie i~t!ul1 tt:ii.Uiia"tii' ao"greaF"at 

that taa1ooo 2B~i' tataet "nil•&! 1d~stt-o:1ed'·<a~ inna 1iis 't&e arhea<i"••d 
arrN<ii i&nd Cle~oriates) 'e'i~n'"if"aeeuriiey ,. !ii .. clegr~ded by 'sir· ~rc:ent~"". · 
Sec:orld~"ttle Sbvi~t~·lcolild"f.ncr~ase' the size 'of'" the &~tad:: agairiiit: iitiy any 

giveli1 tlirgei!' tyjie '·to 0 eiiiiure··i:Jiat 'enO..gli ·:·..arheadti-· do ilideed 'athve · tci' :o 

perfor.lif the desired: function; (eve~··i:t"the arrival 1probilbtiti:Y 'to 're- r.,­
dueed) ;"add to 0iiu:reasecthe probability' of • getting' two reinfoti:ing0 : n:, 

detoilaHcma! iiitain&i!: iiii:Y given' target 'in '·lieu \'>f''one. ''".U the s~\iiet'' "r 

forceij 'and diocatllins 'tiidi~ate~"tliey ·-'liciuld iM!''able' i:o make1'mBny"iiUeh''"c h 
adjuiiE.ieiifs;nbiit tl!ey '~oiild''ri6t ci:implet'eij'li~dg~ 'iipinet1 Uiteertiiliity;llty. 
For ~iampfe~Ptftey '!lave ''too few fcl!Hli: ~Gdss1l<!ii 1 to 'use lijiliniii: 1a1i ofl of 

the fi~S.uiCBH~~Rlls. 

The 20o 1Bi!H.::c1'1ililsiie&: a11ocat~d''aga1nai! 1 tc!M ;Li:ca~liiiO..fC'fO~d be 

eble•fc!Caclltrill' a'1£ill kpt~bao111l:'Y '~gainiit ;tlie il:Ca L(jj 'eli~t ''98 '~i-pcr­
eent\'lQ t ·A~ sUggestea S{;i dTalile·15;"adeh "a'ktil "~t6b&1it:i:i eyl~ii1Ci0:t.~J·oa ve 

rouglityst6Yof "2Cr 'Hiriut~iliili ''liqiiadi'Orl~ '"Wifhoat h&I!Y tees' •~a toJrf~·qw.ct::·•ad­
rona r llfth w.;&ty 0dne. 00Sdc:h 3iHioYi~r'at:£acli: 'jjji~lii''ci~ariy'~tr~de 'U~S. u.s. 
eapa6fffftJ~ ttli 880°p~reetiFoE 'tile id:iiut~mait' sqaadrori~ rliiid voihii 0pai-''" r­

tta1iY•clearide r tlioee huP..biH ?tea' ill" tlill otliei" aq.ladron~;ons • 
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The damage to t~-urgent tergeta aDd to the U.S. ICBMs cauaed by 

a Soviet a~tack would depend largely on th~ action the United Statea 

took upon receipt of tactical warDiDg of the attack. If tbe United 

States chose to laUD~h some or all of ita ICBKa on varDiDg, the Soviet 

attack might do little in the short term to degrade the U.S. capabili­

ties, though it would lessen the ability of the United States .to re­

tain a reserve ICBM force. Attacks on the U.S. bomber base• end SSBH 

porta would destroy the maintenance and support capabilities of those 

facilities (unless they had previously been diaperoed), and might also 

destroy some of the bombers or SSBNs. However, .uch of the U.S. SSBN 

force is at sea at all times, and thus the damage to the U.S. SSBN 

force (in a short war) might not be great. On the other hand, the 

alert force of the u.s. bombers is prepared to oortie on varniDg, aDd 

thus it, too, should be able to survive most Soviet attacks. There­

fore, while the Soviets could certainly reduce the number and endur­

ance of strategic forces available to the United States, it is not at 

all clear that they could prevent U.S. forces ·from performing aany of 

their preplanned missions. 

The projected damage to U.S. industry from such a hypothetical 

Soviet attack iR as high as 70 to 75 percent of U.S. HVA. Because a 

modern economy is fragile in many respects, some surviving assets 

would probably fail as a consequence of massive damage to u.s. indus­

try. But the MVA destruction so postulated would include only the 

capital assets; labor and other inputs required in an industry might 

be little damaged (especially if an effective civil defense program 

were implemented). If surviving. labor and other inputs could be sub­

stituted for some of the lost capital, production levels might exceed 

the residual 25 to 30 percent of KVA suggested bY the limple damage 

figures. They would decline if relatively more skilled workers 

were killed or disabled. Further, some types of substitution aaoDg 

capital stock and inputs (including energy sources) might be possible 

after an attack. Thus, without a detailed aodel of an industrialized 

economy (including consideration of productf.on technologies and their 

alternatives), it is extremely difficult to predict bow much damage 

might be done. However, the chaos of nuclear war would almost surely 
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prevent any concerted eeona.ie activity for a lona period; gradual 

reorganization and growth would presumably follow in time. 

In auaaary, the Soviet attack hypotheaired hare could eauae a 

hiah level of damage, auaaeatina e1anif1eant S•v1et eapabilitiea to 

carry out all aos~~~~ed missions. However, the damage levels are Ullcer­

tain, &Ven thouah the postulated Soviet force posture allove the USSR 

to partially offset those uncertainties in some area&, increaaina 

Soviet confidence of achievina specific damage levels. Further, it ia 

difficult to determine if the damage levels indicated here would de­

grade U.S, capabilities and aaaeta to the aame extent that targets 

were destroyed. Thus, the uncertainties in target damage are signif­

icantly compounded b1 the uncertainties in asset viability. Neverthe­

less, the postulated Soviet forces would be likely to destroy signif­

icant portions of U.S. capabilities. 

OFF-DESIGN SCENARIOS 

The Soviet attack described above assumes a single, massive first 

strike. However, no nuclear war is likely to be as uncomplicated aa 

such a simple attack model suggests. Each of the three phaaea of a 

war examined in See. V could significantly alter the assessments made 

above. 

Even if a nuclear war were spasmodic, actions preceding the apaam 

could significantly affect the outcomes of the war. For exa~le, if 

the Soviets could senerate forces larger than those .. intained at day­

to-day alert levels, they would be able to increase the level& of 

damage that would result from the allocations of table 14, or (alter­

natively) to increase their strategic reserve forces. An inereaae in 

their strategic reserves would allow the. to aend additional warhead& 

against preselected targets 

reducing the uncertainty of 

of damage. 11 Damage levela 

ities reduced, by virtue of 

that so~~~ehow survived the apan, thua 

outcome and raiaing the reaulting leVf.lla 

could also be increased, and U.S. capabil-

effective actions by Soviet ~enta or 

11Thia assumes, of course, that the Soviets could learn which of 
their initially launched warheads had not completed their aaaignaenta. 
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conventional forces before the nuclear attack. However, 1f 8UCh 

actiona led to conventional conflict, the Soviets could stand to lose 

more than they gained, especially if the United States began an anti­

submarine ~rfare (ASW) campaign. Given the saall nuaber of Soviet 

SSBNs programmed to strike t~-urgent U.S. targets in tbe postulated 

allocations, U.S. ASW could overcome th~ Soviet capability to elia1-

nate these targets, allowing at least &0118 U.S. booaber bases and c.,... 

.and and control nodes to survive until Soviet ICBI~ arrived. Even if 

only balf of the Soviet SSBNa assigned to these targets were destroyed, 

U.S. command and control wuld probably reaain intact until the Soviet 

ICBHa arrived later. Tbe United States would thus improve ita oppor­

tunUy to respond effectively to tbe Soviet attack. Given Soviet sen­

sitivities about command and control effectiveness, it is likely that 

the Soviets would do all that they could to avoid the initiation of 

U.S. ASW. 

If nuclear war developed through escalation, many of the aaaaiva 

attack capabilities discussed above would become irrelevant. That is, 

the essence of an escalatory phase would be limited attacks designed 

to achieve limited objectives in a way that clearly signaled thoae 

objectives to the opponent. While the specific objective at first 

~ght be no more than to demonstrate resolve (which could be done with 

a high altitude hurst of almost any weapon), the general objectives 

would more likely extend to the sy•teaatic elimination of high-value 

opposing capabilities represented ~ a small number of targets. To 

carry out such attacks, weapons with very high effectiveness (to limit 

the numbers required to performed the selected task) would be 

required. They should cauae little collateral or indiacrimlnate 

damage, which could confuse the opponent as to the objective or enrage 

him. Optimally, such weapons would have high accuracies, low yields, 

and high probabilities of arrival. While a fev aeaaurea have been 

proposed to evaluate weapons using these parameters, it is not clear 

how aaaningful such evaluations would be without a specific knowledge 

of potential target seta and surrounding aaaeta. 

On the other hand, a preliminary escalatory phase could wall 

modify the effectiveness of a massive attack; If targets related to 
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... be capabilltlea of atrateate forcaa ill a IIIICle&r wr. 'ftwa, wbile 

eoll.,.lltioul aeuurea uaf.&ll very blah eapab111t1ea to the hypotb­

eaiaed Bonet atrategie forcaa, M1ther the Ullited Stat .. DOr the 

Sonet Ullioll e&ll have blah coofldeue ill auch uaea-llta• 
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the atrategic forees or their caaa.ed aDd eoetrol wera da8£ged ie the 

eaealatory phaae, they .tght be 1eeapable of performing their aaaigeed 

roles at &01118 later tiM. Givee the value aed roelative iaolatLDD 

(from other aaaeta) of aueh targets, it ia likely that aoae would be 

atruck ie ar. esealatory phase, especially 1f ltalting colL>teral daa­

age were considered tmportaet. 

In a protracted .. r, C01II8 potentially large o'Ortioe of thi tra­

tegie forces must be withheld !n order to pr~aerve an intrawar deter­

renee eapability. 0.... who has kept a atrat.,gie reseoe could be in a 

position to dictate surrender terms to an opponent who baa not. Bold­

ing back preassigned forcea baa the disadvantage of allowing those 

forces to be subject to enemy attack while they are withheld, thus 

reducing their arrival probability and their effeet.iveneas. To use 

such systems most effectively, a retargeting eapability ia essential-­

in part to offset attrition, and in part to take advaetage of late 

ieformation about the surviving assets and capabili~iea of the oppo­

nent. Such a retargeting eapability is also ceelrol to the effective 

use of forces committed to a general strategic reserve (including 

reloads and forces r.ecovered or reconat1t.uted). These forces are 

worthless unless specific targets can bo ideetified for them. ~ua, 

Soviet for1.e capabilities in a protracLed war would depend aa .. ch o.. 

retargeting and recon.~itution capabilit!~• as on the raw d ... ge pv­

tentlal of individual weapons. Unfortunetely, these capabilities are 

.not easily taken into account using exlstina methods for assessing 

strategic force capabilities. 

SlJHHAltY 

The hypothesized Soviet forces would give the Soviet Union suffi­

cient strategic eapability, even on day-to-day alert, to cause high 

levels of damage to al80at all probable of u.s. targets. However, 

eatiiDIItea of the probable levela of daiDIIge contain a large element of 

uncertainty, sa do as~eaaments of how much such damage would degrade 

U.S. assets and capabilitiea. Moreover, given the broad range of 

nuclear war scenarios, it is unlikely that aaseaamenta concerned 

aole\y with massive attack capabilitiea would approrrlately reflect 
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Appendix A 

NUCLEAR WEAPON EFFECTS1 

SOURCES OF NUCLEAJI. IIEAPON EFFECTS 

The cleto11ation of a IIUClear veapon is accompsllied by a vide vari­

ety of "weapon effecta," or destructive .achani•••· Theae effects 

vary with weapon type, aize, and place of detonation. liMn a nuclear 

weapon detonates, it rel~aea energy in different foras. These foraa 

of energy can themselves bee~ the weapon effects, or they can be 

tranaforaed into weapon effects by interacting with the environment. 

The destructiveness of a nuclear weapon ia usually .aasured in 

terms of the total energy produced by the weapon (the yield). Nor­

mally, the yield is measured in teras of the amount of TNT that would 

cause the same energy release. Since nuclear explosions are generally 

much larger than conventional explosions, their yield is measured in 

kilotons (thousands of tons of TNT equivalent) or aegatona (millions 

of tons of TNT equivalent). 

Nuclear explosions derive their energy froa two types of nuclear 

reactions. One, fission, involves the ~plitting of one large atoa 

into several smaller atoms and particles of a lower total weight. The 

other, fusion, involves the combi11ation of two saell atOD8 into one 

larger atoa and some other particles of a lower COIDbined weight. In 

either case, the lost weight ia transformed into energy according to 

Einstein's well-known formula: E • a•c2, where E is the energy pro­

duced, • is the mass lost, and c is a coaatant representing the speed 

of light. Host strategic nuclear weapona todey eaploy aoae coabina­

tlon·· of these two types of reactions, as the two tend to be synergia­

tic in effect. 2 

1The effect• of nuclear weapon• are explained in .. ch more detail 
in Gl!sstone and Dolan (1977). 

Specifically, a fission explosion is usually required to aet off 
e fusion explosion, and in turn a fusion explosion produces neutrona 
of higher energy, which causes fission to increase ita efficiency and 
also can lead relatively stable isotopea of uranina to fission. This 
latter effect is referred to aa the "booster" principle. See York 
(1976), PP• 22-23. 
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While the energy releaaed 111 a auelaar esploaioa •Y have ita 

fom changed.eeveral tt..ea, about 85 percent 1a carried aa air bleat 

or ahock, themal radiation, aad heat. Tha ~iacler ia releaaed aa 

either "praapt" or fallout radiation. Tha aiztura of prompt aAd 

fallout radiatioa variea draaatically between tba too typea of auclear 

raactioas: Fission proclucaa about oae-third pro_,t aAd tvo-tbircla 

fallout radiation, vhila fuaion produces a~at all pr~t ancl alaoat 

no fallout radiatioa.3 Koat amallar atrateaic nuclear veapoaa are 

nearly pure fissioa in their reactioas, vharaaa larger (.agaton range) 

weapoaa tend to be about half fisaioa aad half fusion. Tbua, these 

weapoas releaae energy as aoae coabination of proapt and fallout radi­

atioa. Siace moat of the aaergy asaociated with fallout radiatioa is 

not released uatil after the esplosion, it ia usually aot included in 

standard eatimatea of warhead yield. Bather, warhead yield nor.ally 

oaly iacludes the "esplosive energy" of a auclear weapoa, or the 

energy released withia the first miaute or so after the detonation. 

Given the fission/fusion ratio for strategic weapons, this esplosive 

yield should be about five to ten percent less than the total eaergy 

released by the weapon. 4 This convention is followed herein in dis­

cussing weapon yields. 

Many factors determine the 811ount of energy that goes into each 

weapon effect. For typical nuclear bursts above the grOW>d but below 

about 40,000 ft altitude, about SO percent of the total yield goes 

into air blast effecta. Thus, a 200 Itt weapon would produce an air 

blast roughly equivalent to 100 Itt nf TilT. In thia .- range, about 

35 percent of the total energy ia eadtted aa thermal radiation and 

beat. For detonations at higher altitudes, the leaa denae ae.osphere 

reduces the air blast effects and proportionately increaaea the ther­

mal radiation effecta.s The weapon type can alao change the distri­

bution of energy. In particular, "enhanced radiation" weapona (neu­

tr~n bombs) increase the percentage of anergy that goea into prompt 

radiation at the ~zpense of bleat effecte.6 

lclasstone and Dolan (1977), pp. 7-8. 
~Glasstone and Dolan (1977), PP• 7-8. 

6
Glasatone and Dolan (1977), pp. 9-10. 
Snow (1979), PP• 3-S. 
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BLAST I!FF!CTS 

The expkaion of a nuclear ...,apon near aea level produces a fire­

ball in which the lll&ld- tuperature is tens of ~lliona of de­

grees. Thia intense heat raiaea the surroundins air to eztre88ly bish 

pressures, and in .turn the e1r expande outward into lowr preaaure 

areaa. 7 This expansion is so rapid as to create a ahock or blast 

wave, which destroys targets in two ways. Firat, the 5ir preaaure 

within the shock front can literally crush objects because it 1a auch 

higher than the air pressure within the object (14.7 pal at standard 

sea level condi tiona). This excess pressure 1a referred to aa over­

pressure; the maximum overpreaaure aaaociated vith the shock wave at 

any given distance is called the peak overpressure. Second, the vind 

velocity and air density of the shock wave cause a "alappins" ~r!ect 

against structures. This slapping effect is referred to aa dynamic 

pressure. The principal source of blast dalll&ge is determined by 

whether an object is dalll&ged more by the crushing effect of overprea­

·aure or the slapping effect of dynamic pressure. 8 

The distance at which a target of fixed vulnerability vill be 

damaged by the blalt wave depends on several factors: (1) target 

vulnerability, (2) warhead yield, (3) height of burst, (4) duration of 

the overpressure pulse, and (5) atmospheric an~ terrain conditions. 

Target vulnerability is measured by either the overpressure or dynamic 

pressure required to d&~~~&ge it. The relationahip between target 

"hardness" and the distance from the explosion at which that over­

pressure vill be delivered is captured in fairly well defined curves 

available in a variety of aourcea. 9 The lethal radius of a weapon 

7The increased teaperature affects the air pressure through tbe 
perfect-gas equation derived from Boyles' Law: PV-nRT, where P ia the 
pressure, V the volume, n the amount of air, R a constant, and T the 
temperature. Thus the increased temperature first increases the 
pressure and then causes the volume to increase (and the pressure to 
correupondingly decrease) ea well. 

However, many analysts ignore dynamic pressure, evaluatins the 
vulnerability of structures susceptible to it in teras of the over­
preaaure that would occur at the same distance as the lethal dynamic 
pressure. As a result, the analyst then need only evaluate one lethal 
radtug function (for overpressure). 

See, for example, Glaastone and Dolan (1977), pp. 108-119. 
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1ncrua .. awtsbwtll8 .ub••tl1Ji.UcJiU!deaakontu oile-dd:HilfMl'o"'e'ftoe T>le 

letlull:t....U~d&llaoaJuore-aUstU llilzMdhbddatolirtaoia)lllt Jai&hhigh 

enouslla.l!Ovebthe stoulldoeachsllbat tU.. 'lllut>lauwlftellaotea-awtchwita ita 

reflecUaatOU tlii &t:OIQiip....,.atqsa,...ehliSce.s:ta!IIII!UdrhtW. ltilc _..ver­

pres-sad ~caJda-scn bend>-.shliS8hdaabl!MIAIJd..\£ao•~ the 

largoiJHc:ile wiWl•d~eelliq lbcgenc:be abocllo--1.1llntolansa~ li!Ye.~'Pree­

&llr&f ut~a ti.'llera-da'llpoil.i'•U<JaeatU.n't icaii -*•aaecaesu;sdA&StaasiCg 1 t 

at a alO'IJeJ!.~lueadf,cei>tbd t:Owrp<ea ... eeSCI1'e4,.ull'll.,..._lluitinail:HllY, 

the tMti&lt&tt de.mlt!t7ts('llnatleftlle UplatooHoclle terU.rali~~r-chund­
icg U... UplosiOD~ !&col amial!ieqief}'OtlieJ>tflactciu ten ceJmfotaoon:e or 

degr~rtlie 'lllut>Wfectli cddi*Udetodaa,> stJe• idtete!rle«i>nce. 

VithJ.ii ttlla lat l<leUclecodeao0 a ""'diu.icl fa ;pit• ~naees=t.se ring 

blast> 11Nlnnllbtl1ltjlllat' loeeolile c:qait11 ~~~"1ah iii te&lildllllMi 'flU- vu 1-

nerabUtqt lJ1tsalbeZ!"*""•~ tel$ eipr-asblasl>l11111neftld:Hqt liiiYtlla the 

form f ~YIITIC'I';;r;mq ra·htlle YS t:ie'Nii.lol!ll tk)lde hfUIICC:ils t~ntW Ul:h&l t hal 

pre&80ttepu'l't~ !ll'"all sicdiC&dOD tOf.ro'ftir~ s(o!I!"J .. ~. )dJ11aC$capeaa,.res­

aure o(o'Q"X "auscepUbtl:it;J.!&~~cl ~'II !i."a illeaallftlsofc,.Uaaudouetaa t ion 

aendti'Wit)l" l tl'bis 1il;attiJ stand8acr'tbect iJa Jchica t:l t:tlllaeW!rahnurc.a•U s • 11 

Blast !effects etaDcl tto<lbe oolle of•etbli piwdqllbiaut ra«~re.a rof.sdADiapmage 

to allloatt.aliY' cype •fl>etargau e..Uaoidbbut>:ta tp<irbapshtbe Mat taacle.,..der­

atood tofJdaLl DLldlear lai\fedli<'c t'lheriferej oabaod.<rell taigu ['(lllu..,..ner­

abiliqt lfayg1""1llHnterms ocsrsbl&at>l4allapl''~ al:lloAcalil .UU.pmage 

assea-mpNCcphR:eoi"'-'li CCD5bl:at>l<ladapmecetha cloel~~nalli all 

other> tbaalcms: leU'eetlieH s • 12 

1~vJi(raesroul!llluJs't>oreeena. r-~mfnlll felle U... re­
flecC:ectdsl.d!at>~a..,a\llbua'llhe Utluil:t:tacliua~ea'lfroudbanit>ut.tlargerger 
than tthe d<rreapu""""'*~ t:t.diua~sa o'f1101Ui' fa1~t~'I'SII!Uclwh1a:'a is " 
d ls t-eta ewllich>rcll* 1Jlaat> ~ '*1:1 *"!&,.. rp ""'~' •PC>ca6 tpr>lia~JUN sure 
throurr·~"¥1lfcmt ramo~ ere. . 

Se,~!;fce; U.mplajorfllA (lW4)ll74). 
12u 6Cller>tjorampc-ceffectli.-,. beyl~fr.ialy-l,..ayllue t:dleitheir 

clamap~nhJt1riDC~stlle .n.r~stbattWoGJ.ct~J><dlrtiW U.same 
dl s t.aicll """-rl>'ltha Ottoer> t«ffec:U fta tl et.hli.l-" hr.a..fot~; ..;ner> the r 
veapoe..U..cdfaabJ,.,Gt> llltlll•udth "*ttl....t~6Usictlla ....., ~ tbet that 
blaa t> l4oas Jlrdll!lra&n./ ottlia qn!oc.Wn dis eaJipr"S''at:II!!U •lieU .be fttlla t lios t 
damap-a.-rrproeedoatiJtdla•"Cak...WU.l!i&U6111i~p~N~te1y 
fromfblaatoJ.~JIIrti<ioaU.CafoaUOWilpatt-.n. wny-.ttffunc~from 
promptrcaffecU edaap "JJ''IUomtU r rHowe'iln>l' -ti!IU<Nii laffec:Cii -~ 'l'II<IPleP pl e , 
and -dblaat>U:a !uliad tke,.'lllll.IIM>CiudalEp~ lion n«ber>tt:agU 11::P'l"e..,P•• • 
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A DU01~18UJ>Mladno•ut041ado•lldftncJN eat-fotetiN UftJiarth 

creatC.a£eOrat..,.,tethe illltl-ltUeUllbjiUdorHupntPOfttlN dhn:"a"r by 

Mlthljttlle ~lsmld NdtroMaciSlllldtbC taunhjt~Ne--een£~1als 

1nto1t1W Ucl-Jc&au,Uollllul 98ponN4ipafttotd'c:6-c.taJ11'aaol1dM;dtfy 

ae tlla Ullpa~atara.usdoc .. ~oaold talllfliMJtbaokttw Uftll ... th's 

eurf-f~J:l)a~ F<tt~af!ua felle oiotgi>UtleNt",&e rbr alai! last 

aleoa&dde addsttw •ta soltetiN atct"a"rl:keiali:1••J.a:•tiqt.wcy "'IIYtlld the 

groudpuea\&atq B<lallr~ bcoSWotko*larte~~e~ 1CIIe dtlt. a!Othef tlio4aj<wee.ate­

r1ala41U...tOCIN Upl..U.saN INCit6dc:OpdbJ!Pt .. ~~YtN the 

air lllJietla!\lll 6!ltllfa tMllr~h~WnNalil,aUtJja!Wdt tukt"- Uftlll'rcfle the 

heav:bnv;uc.-etalUIIII lf.agotnaN\l.toclW ahn:nl- tesbaliOt l,llllte~ound 

burst.rptodollf•da:M tarzuc-bCUtna tweam•clley 4Nll~ .lelia 8ioouc40CI0d to 

the 8NatC.CttUeliliU!Wild llliAtlatfeetl~ctlleeplluMe~olloJI'eC.rsts 

prod«e_.,eeMtn~UrnJi doibi!(lhl-4trboltd•t•Wrwm.rut~a~rC!l"atn•ter 
if ao.le spart rottth* ftft1iliUbeo.lc116•ctlla gtoua4J>~d. 14 

The Ierluil: tetfeet.i t"CIIat tjlr<ldollf• .:Cha er.tar aupor'tH rc)ceblo. b&tiii'Y•"•Y 

almoel!r:'ltft)1th1ug hlocau.tat11dtlle lit.. •llW etate'rdtoftr&lle IOchefl~usets 

beyot\4)1:~ Up dfi>tlW er.t""'" dna!H•b:rdtlie' iilpadt~rottdetrl!abfiooafrom 

the crateT aclorC" to tall<luebcwtcot~tlle CnrtSTata.l1.rejlitllougl'i<-"t rrof tt!N the 

largaaptac.-~·sde·tr&bfall fU:Irl,14to'a•le>oetlleo 4m«!Jiet{p.l1The The 

eratuatad1~Bdfr4111 f4"ol> Ill" lgta"uiiii!JinWt-l.tob<lda~e~ WOeti.S f:ftll its 

max1-14eptWea15buc ~ f.e~ flfote 1<1\at ttt!h tiiUL.r•dUscwUIINljJ:1a b ly 

811Bllialfltan ttM ~tr.111BdfCIII 6wlle2GC02pjil •:w&C>lafteftii'Cdlld and 

thus ~fil&>i"CIIat«l'lla ~ ..,.)'& b~~ ~ted/ etli' ,vU1'4Wn.ll~ llat be 

the cliw &»ed<U:e~lw lfttuil>ttad1.r•ddcepcap1-ialreall:1~fl'lper­

hard...-.<anigote.-get s. 

CROUADOSRDC~HOCK 

When wet·aurt! tttle f.lnll&n bri.lthliJ &laC>~ ..._lk!IJclllw ffttlli' rio, 1 t 

eauautW ..t.oc:l61w1Pe wtwetllel gt.uQ4.Purtftlta ~~1-,Apa-s-..s.n dow 

llroJ.ily:tat.W~lQI'leaortoteat• Jlll"rf<IM• roMp t:loM.se~OUUboUC hou t 
erat-r!"& !1klb'Vftt1101'tdf<rsUea;-ielle> 'i:lloGJ~b6ftl>e re. 

A Jr'acullllin "41® ,_ ftTCIIl fc"ob Ill" J.,.·~n&Nl'41R'olllrt61ta.&li<W•bove 
abouebliOO IU)LJ ft. 
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and oodorn4wfrda fme Mlfl•elaflHtO!t,iHYaHJ1r4MiaiblsU.. ....... uund 

faciltcW to1p•tovt•~• h&utal'ata4J.J;aaw;.y afHafO. 411fl~U i,_oua.ouod 

abodlhoAaafua•....W.adMcleuuttaf~OOIUirl~~aw an41llp~ace­

-•tll'e rtDaua;t'lwll4epttioaof OOII~ohleatll I Hill# IJioillaiPillr-.fl4 aa~••i IQH4 are 

"-SAa111 db6t"*otll&oH rbfao 1M4b eocllel!t:MrtiKo idle MJ:J.e'aiolrr..cqding 

tbell~he&leol'>~tacaillU tN..MalWdol~eafuo aoutfcmifrldiCM~i- ~hock 

•'1 Cl'llVatafdt•b Sill rsO. saHBorcua tOCIIeHI'•UUd118•Ancbaal!iwtr•I)Cari feet 

alont let~« .OU04ft1doO'..fteru:ta iel\.tt 41oil4~Uailro!le.c.i•(Uta ~lfef) pes) 

aot otllefl1Ji.'Hv.s-;.4a111dtlllf 6tllel'tiuu .. oo~twllecill'cts. 

Altho.itltcat -far...Uw.t•waai!B r..u 111rtUt4a.t clllia ~~tftoucted 
frOilfli:tRt>~ft.C'I'oirc&J'ou!ll~rcail MMiowciMt~Hl'Jt'•lla paf1-par­

t1cul&rl'~n atlaett~saaaooWCIHatillb"'thiOJMiaUo,ikol~dtM rlit#-mis­

aile •6114 IIII'Cbl'IIDI:Yl'-• t • ...,. tfiftl':jl rai.xnew4 "'114 ~ otlO dd814 void 

grOUII4<wlldcle~;..,agif tlUatt•"DOt< tot\e~oa-a4~~ Me<>Mce1111 the 

deteNiaantroflttM l•tluittr..i111'0C011sao,ia~hq61MOildfetll6~•-d or 

otbertbdrie4rtatg6ea~ets. 

THEIIJIAL!!l(AD' ITION :!J!I 

The mal· •Yadinr<)d t:l•re lec:t"ioe4ga6CU"tUilllilOG t(.ilt a..lwt.-tl' let , 

vlsib'l&/ iliad 1af.rar6il) rpT<ld...a&<lulJ1dtl\;l fi.t"eMn bof.la viu<!lMr ~IIJle>"Plo­

slon~! dl\lla TrulacWft t4a• 1»ta \.wktn ~ tgodiicnU~IiJ. ren.e..-:trn.li.-.adia­

tion tfi'CIIII f:t&TStil' r:u«l_., :.U~ -HuatlllaMd~Ul,ltiA,Iui1 ~pHpW ople 

outaW.s6JileiaJ{tcS1'1'1galJ.rcauaSlllfs~U41 .. ~ i11jull1'4ior~ p..puow.tt.l.ook-

1ag clkaAl1rUYtlla ltt'eUl'J;)>iilia.t iWrM:tt'N4U:~~dese lllljuHjure 

peopkoe!Wlur.U •"fdodJut_,_ I'M'CerUtaJ.a llf llll4b saUlHNtaft are 

aot r.£-tep•ut;rO'ouA1tl'udia~t midi.-~ t4Horuufftlel i&Vt tWt;c, tnc the 

atruCC'IIM6Uft4 eiW ~1Woriet!Yio&h-atl'H6bsf.ltei~II'C111rU.j'r&e• 
bu1l~to.ornst6>rforel«ewa.rfllhNe<lftljllplftdNlJ.fuAa fHa4<w.i.>ebw1th 

conv•ll1)1'0111l1 OIIG!ib~uft:ie611-otn11it t1lolrla'cv.ial n rta I in 

Dreakll~<\ta~411iii 'Mdyojlkf'Sn f4aw _.,_rs ntuafKlloU 1:4_. M>4 de­

atr01' t:M'I'e nNeil'llt;Ut tllaa ~ «!!el'tiHMb lwlteriJ'ect. 

PllOMPliCW~IU&Ilkl'nJI6TlON 

0aa 6fletlli !S~*uolsaud'lewr~~ i1'f&p~O!NIS1tiftlfa41"'ad1-

at1ollf i~l~~<n18fac!MltNM[<W'u l:f'cot~UtflCiid •1fba lpha 
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partfeieaflea.ca&t~•tietabiaa ~~1J§rtreieaciste~fJvi~r~hfiaaeins•• 

(qui6~tjcta«eraet£nst~gb•~if)r1fHayt§~ 86@ iOtifDfi£Cl~tCi6&reiU0fe of 

pr011jifOfii41~ff!61i tclolfa~i'&•G.....&otij's rail'! dHtt'OIIit 'liiift hal~ '"!oligefnger 

rangei~ eiW eafiae"MlfnfliC&~eceiiualffe&tali4 ~~"eleert66ieon1c 
equijii!Wi1!f1Pent • 

Whill!htlW!roi&'I rriclt.rffoli te&Ji tie nbt&t.!.fcl;,fdaay ftlillitfiii8pat'ftf rent 

mateffa!f1pro~OWUele~r1~a41iff<llitia:"not i6'esit!1s&ioc~afkcfu 8~sen­
eralfr4fft,re~~rtf6eiYat~ef!ale1olfetE4fft'~~rraesr~•rer•pf6tae~tec­

tion 'bf"a liiiodtfti['IIOOie 5 jil:"Daql'f"ti41iff0d,' i§ml flifa t§'6sor#f6ii tffiEreaaes•••• 

vi th •tfili tld:elt.i.li& "<<f •t!itl iioi:t'ef!Ur 1 •II Yen Ea:u aile" oM 080. "jir&.P'fCmp t 

radiU!ilri} ~Alia t!iUa ttlie diilia~seu qeted'•f6daaf &!'i'eli 1foeatf6d ttlrjjetluends 

cin tliil 41-.rea\iee •frtim ftlU!' &etori&tr6ii ~ana ~ ai.'t' a.!lisrey 5 tlii'o$"111itcfthich 

the f.d1if1oriterilveiaY•1a.t ~feffataleJeb 5aihseee!f 0~erifeiei6d and 

eartli aifiti·o~"jitlimpt" 0fi4t.rt!oli t*rre "effectivelY :repl:'ovf:dil\'&da nrat'r fair 

amounf'ttif. taw.!UerJ t 'To e.ilaa·reutne pfoteet'i6ti toffer.!.f •ag;liaal! 1jit6mp"'fompt 

radU:t!.id tb;'nvanoua ieype&Yat 'stiueturei~ rs 'tra!uiliU'91oli Sfaet&t' 0 lllr is 

88till&fM~ teror ele&mpfepr.l <'Uiinalifjjfori Sf§ett)t'Co\f r • ~findi~ateii "fl!lit that 

only o!UIIf hof ftbi! plo<impt"c~diatfoli tcloea~"outsfd•Ptifcth<! .riiilt~rlUr is 

traneliifttoid ttl\toui(ll''th<!: whU""<)f 5 tlie SbClter).tc-gach LttPe C(jfCaJieltet l tcr 

usuallf'•Mii a1"diff~tent: 'tt'anlitii's·eioli ''flietot'Cf6r gaiia"i'iidiafi'<ili taa4 and 

neutt'Oiiaf<;lnd mirf h"live !· .. "'41ffe~nt' rerantllidk!Oti sfaet&rcfar dtff6U~t! rent 
type&Yot•sam..a:"radiit'!ou '.!II'We'rtr·• 11. 

To ch!ter\rl Mmf.Jie tUiiase "'ilidiat'i'dli tcl6ea df6 •po!Opr<f ;>P.I ctot'a1 Offfia-ad ia ·· 

tion tdo.a~'liililit "ffialiN 'dke~lfi ~ daJJ ffieln 'tli"fs 'M.ra«e''iiWit '111<! t be 

adjuatlea SdCI!In>illt'4 "1!6 daC€odll"t'Uf6f lii8 5t6logl't!U ireeoverf vjiOII'sn>H J. b le. 
Radilifi'-Oti td8iate'i''\lfe liitial'I;'"'*llisil~ Uftidr~f~~), \{tld ete dH- dos­

age &ilie'orbett rilfda ~efaOft: tf§'llll!iadt'e4 U£1idr.l4s ,r•d!xpoiuri•t:O"ofte> one 
roenf~ l:.sf'"'l...ama.:otwy. '.Uoial'It•-te.iurt'• ufft sae "al!hrpff'Oii'of'"all6ut! bpu t I 

rad 0 raeut fOW t&onge'j 3jjfe 1i0rlzui1J'lf3~d lfli nra4a r dril'y ,pn lj; • do.ra~SfO e in 

rada rfie!Sirl 't.lm ~liveffl'4 tf~dat\ "effee'lfte 'lt1"616ti'Ca'£14"01ta~f•!hm"'rem • 

( roe.\tsew ~fteei!f& tUali) f"liY•apPl:fiifg Ya nfact&r"irial'I;'''<lios& leli•o~ one 

for ali1ilaa;3tll)>s,r "Sftd a I .to "<!I6a& ltl!i "oM far .le\lt t'6'il8 rneept' Cf~ ... 9 orne 

1Soro 1deteft.t,.;emtlii t6t·aroradur£<)fltcloaa~f8flie t!Ha~srol! tm&.tilout 
effedof ~ '1111!' 'ad4ect'ltb'<ltlie' prompl!""t'Uiat'i'citt t.!<>nle';;•m.e flilloue lour 
effeeil cate deal<:t'i1ie'd ii;elo.if low· 
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bio111~1efledie(1ih~ f~of~ fil"a~~hf&nfellrtiB)~en). 

i1Mfifi':;lf~Of'iaJ.i~t18~f"fN ai!i~ei&dqftci!/cftllt tl'fti the 
bodybJiill ~t!Hi!Ifa,\,!Ytflit t!&erieofffl'ver. · ... 

· · oaceoetif 6~lliif~~dffll ~H.J''IIli. !iilftby~:ta:. aH-dam­

ap t!&et!i flia:t.4fl4.id~ tii'\Siee~!0eior i8iafii"'l~ 9t11Pl(t6 ~.rem, 

radiit!~tif~H"DDhifif"ddia "B&t! Beeuf~ C"foaaRif"'lf"HI~ t!!Q l6"'2&6 200 

. r- e~&ieidt'ac!ii~t·fauf.!§ireNt .ft!atdetahtJtbi:+S!*Jr~rob-

. abldblhomFzoo t~ f&~lf6 f~, rfl\oofe"\i!l IJfitfM ~ifilc!at~iliilifNb1ta 

. radiie~iltef&~reaad lii&y'W)' lrfi, ~ipe!tiltfat,lYttli ~~~sage 

rangii!'SeRlmoH"'iierfO'&rYBi'fedlfc§mfoJBn§e'I"NMfft"600 f~ iR fOdolOOO 

·rea,r6file~l&ffe~8tKirapfrfiY~dfi!~tjt~lfilt1ef.eaE~iD;hen, 

recup&flrtf.Oil tii"prolin~!'8"6eat~"-f8 'ai.ioii meehffi tm d8ia§e'i aaMvi bove 
1000 lfl~. rem •. 

Pr.,.,Pl"f''i!ia~ttali ea&afi"tr&ifiilf ii.'Ra!i~ ~fteEUe6& 8elic.elec­

tron£ei0fTIEBlR!&r i8ort!Yl'r~11~hi fi!iitrJiitffieifs~fttiaifeut1ent 
( occ:Ji'Htii r.tffb!a tit,& f bB!ie li!\YuU "lil e• o-&.etl€-lif lfipl.m6RH oaie .;fie e f-

f ecti "Ci-ft tii "t~HffrMYp~!'er>fempc!t'fl'j'"'''ln T&eiel!!f"cY.Iaeius e s 

f alae "'f§Ulel0 ed 5 blf '1.fi«u~u61i 0..fiefHe te{fcutflil' 1 tfenuf&erif "faR TREE 

cause&' tlj6-Jlie se'fiWn~"f&"c6i i fie f-t.sn-fc "'"'*fef'fAl'ii~s ]-Vifte~ r1 ng 

tbeirheli.rraeWt'f8t'£.!i.!' 10fhe ~!iO.!.l t!ifeefih~t~feet f~1,;·; '1iffb "'t6i the 

type tof"ef~c~cintnfoHi!W t!fli ~Ofi41iff..hltd8ia§e'i"i6toriJ.l!!fbed. 

F ALLO!It!iislf x,illlfi!ll TION 

All &1¢1ewr Jeiplm6Ri ~e>dt'ac!ioi8!£W'~IW.It'i'~e6it tiih em1 t 

radii~ t1&ilg lffeetfa"ftuc!lMlfipl&lfc!1l11"'ftten WHjll&lf.l.ii~<oriroi'n or 

near"ffii e!T'tN"StfUrtiei! "t'foe.f~CQ('ie~ '1 tiaftlfj1ety 

of dftri'-lbpHti'I!!UcJfMrt'M'o~~lft'flnOu4t0"irte.U£fii ei-&ualoud 

ford fraie d.!'SrflbpAt'ti'I!!U~.\>~Dfal'l fs.ldt be&"tl2e> ~rt;' rebrffif&Y 1 ng 

vitb wetilh ~ "'6'PtfM ri41Ut!tf'ff~l'wdfi'l' 0 "fttb '111ifhWto'!'118'1irflbrla 
and rHtoi8!N*tp/iftMiicff'rHeHllrl&dai0c!6aflfd"O~"ei'ilf"l.lncfat]-out • 

beca.W."i't'~a1li afJ"al&iit£-&W&Ii~ii'ft telll't tSiitii~N.e lf8 "c6i if& site 

of tfM ei\116if6R."1<utbePttwdlcfietiW' tplftMii<Hfl fcoJ,di ft!iy "ARb much 

with w,Ulrr£f~rJdll ffll1. ~"nBe iOlOD Sfli&dif'l'i'ifvf~ut'fi~"ral'l fe,ll to 

eartll.i'rt>ftsea~l'elffcf«ittlidtf-ri Mfeft'f~"f.W~tli ~~ato­

epheH'Wrrl f6li1e la6it "\S't~li\{tflW41oi8!Nf# "i0Ydieaf"6Moffrf.rnidi lfo>s to 
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aartli~ r!Bntllgll'Vflat "i:i t~ued 1.1eiayle.t~tafl.iut!-16 t -~ pj/rceit&liBtilf• of 

radi&ittfie~rtfefe.cdePoilfid 1eafly"4Jer,a8e8"4ra.ifteififa~ytlie the 

ba1g6£i&rtbdia?utaereaBa8a(lfD~~i9ef,Vlftt~tttater"ii[f~&~ and 
tbua ~ Vfftth! t.t~iirtl h£*"p.lfleof1tiifo i Ebii' efliud)~"i lf itr 1 ~,oiiait:f air 

bursf"itiOve' Luo..e ~rsoo! tt0ct~feii"Veey Vlfttbi tUrly8 f4il&citt 0 ut. 

... <: 

Fallooctlfa41aetJat{indtff,ttnfrfr&mfpfoaifcia41aet~t{B~&ymany 

vaye:'"YPrompt"radiatfoii;' l.ofiiicii'h{shptOdu'ciid''iiithi'd t~f boa.l &fiut\1 n01 e of 

tba ii.ielear1explliii£cl-il;'1&uaei"tf8 ciA*~e'Tl'vefy v/iUlcil1yfkfil11oatifli41&.::dia­
t1oD tci8ft cJriof Wh ''&!gtO'"fO "ca.J'se8&iiY !l{infff8hit <W.,~"imhl:"tli.l the 

debrf/ibf.llS ''bSCk 0to"eaftli; 1 frOID 'mfiiufei1'i01b0Ura1CH'tet? fttie ii1ir.e;lrS t • 

Rowe~e't';vainca it&J:lout! fnvolviis 1t!ie ra4J.oiieifvii: ae&.f"otY virt&Ja1et.i- e le­

IIII!Dtif"lall.lci~ jradiattJn <J.a· "-ptodUCe~"foi weeJta·e aiid ioO;;thS "after f SQ[ an 

exploii£ou~itJiough0ltli iiltelisttY ··ciec:re'aseii o?er' u:..e.''''Thus?Vith "fall.:'-,_ t­
out, 0t\ie diisa~'"reee{Vtid fD:J~t; !jj,' 's:.m..ed 'OV~r"dme,c j c'rurthe-r;1lifol0'8f.lG oi­

Cal teeoveey''fliist ·;\iEi 'consideied''(ii·!determtnfng ''the ae't e'ffect [oft~ c.o·< 

dosages ''fiieeHed.' veAlso;• :fir'o.,Pi 0racitadon 'causes "claiiasif'tii ''a 'ro~siily ,c.y 
rad181'~ 1Une.J0f'-"81glit; p!itteitii 'ariiuncf"tlie nplciston: 'Whereas 'fall6ut 'iii: Is 

carde.Fl1y"t:be vhid."aiid t~s 'may caU:ae·'very ·l'fi:'tie '.la ... ge s_,;··areas'''"' 
Very Vc:fiiae'1to' &n ''expl08·~~D·;· iwue·' CaUSiftg ;'8reat·C daJUge "tii"arUS Cftey very 

far !way ''{'pot~nt'ia'fiy; !Midfed.t ro'r' "tliousatida' Of:''mtles j ~0 s :· • 

The lO'tai ".ia'.lss~"'dcilie •'bi'radta'd.;a '-t<h•eople 0 e'O.ie8"tr0.. 'tlii &;a , . .,, 
Of bOth 0prOmpt 0anci fafl~ 1rad1art'~a~ 1'11\ C~fcuf~firig • the r••f1AttOU t ion 

dosage'"tfOm it&n.;,i,toi:lie sam.. ''proced.ifli.t"as 5di'8c:,isaea "toi ~fOm-pt~ra~ ra­

dtad'.M t.tf~ ifPpl£e<l.1 1 'fi'oweve'r ;'1'-.i •det'etlii:i.-liina "il'ii Oouiii'0o't ',f~teet'ioti t io~ 
prov£cli<l' 1bf~a.\y tor. 'ot'"a'li.,;lt'ir,l'a r s1ri'giJ ¥.i11~t iiroteeHo'ii 'fact~rcur is 
uaed ucf.;., <&lf tYPeS Yof <ra'cltartori1 1fii~tdli.t 'ot~. 0trinft18'iit~idaet6r~ ' 0 r. 

The JEoteet'fon ttlletJr"ill''tlia 1-i.V..tee'''of"a 0ira1ui'aiJ.asfcln "tactJr<ati.f and 
iDdttat.!.t"i:tli la'ctci'rc6Y'r.,;icll'"eli~' iidt'sJ.l~ "'i~4taet'or1 'cio•a8e'"cu8t "iie t be 
adjutlf.i.t "todcafcufate 1tlie cf~aag\i>"1nli1de'"ttlli eliiilt'ef 1cir rt.lflciing1i ng. 

ThusP'i'f•ttl.! Piliticfiliii 'tli'&Jf"-tllrzs '.~.J t'ilii E.:it?-iif~o'Jf• do&aie'-~3• 

1 6oe~y'eci ''lallcfut 1ean !laVe 1a''9artiit•f OfCefleCtQ~Ctffl the' atmo.i/t"c-
8phefe')1"f& example;'rtf•can aff'ec'i 'the oiicme"''lliyer;-Y'ifdce '1tt"fa11s :io> to 
the sr~nif~"801ae 'of -'the ioliger'"Ht'e !panicles C(euch 'i,;a ''at'roa'iiiim-) '/:au C-lO\ 

a til~ teaua<i"'damage' tlir'ough · radta-tl'ori.' "111ese '·eHects wre · 8\ina-r'ti:ecf 'zed 
(and i'ou'ncl "lArgely- 'ini'ign1f1(iarit 'ln 1c:ciliipai1ocin 'tO "otber affects)' "iii I 10 

Hauli&at''ACade'uiy"of'-'sHetie·ea'{197S)i'' J 
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lOOOr, the doease in the protected loeation ia 40r. 17 ADr liven 

buildiDS JlroYidea better ahelter apioat fallout radbtion thaD apioat 

pra.pt radiation. Thua e typical buildiDS •Y hawe a traoaaiaaion 

factor of 0. 8 for •DY typea of pr011pt radiation, Wile banos a pro­

tection factor of 3.0 for fallout. 

. ' 

OTIIE1l NUCLEAll EFFECTS 

A variety of other ouelear effects acc011paoy mat IIUClear uplo­

eiona. ,The .oat important of theae are radio effect& aDd EMP, Vbich 

can impede communications and destroy electronic equipment. Radio 

effect& occur because the propaption of radio waves ia dependent upon 

the ioD1zation of the at.oaphere, aod a nuclear exploaion ean aiSDif­

ieantly 100d1fy that ionization. Aa a result, cOIIIaiDJ.cations ean be 

"blacked out," aDd the background noise aeaoeiated with eonmn•nieatiooa 

can also be sisoificantly increased, EKP involves the trana.iasion of 

electromagnetic waves froa a nuclear explosion. Theae wavea are re­

ceived by electronic equipment just as are radio waves; however, they 

are much atrooser and c'~ cause currents atroos enough to daaage mat 

types of electronic equipment. 

While other effects do eziat, th~y are lese important than thoae 

de~cribed above. It is hard to predict which of the effects deacribed 

above will become the priasry aourcea of daaage for eoy given ~~eapon 

and target combioation. Indeed, aauy effects aay cause daaage at the 

aaaa time, and aubcritical damage by two or.aore effects ean beca.e 

critical when they are coabinad. Thus nuclear ~~eapooa effecta are 

complicated, and ere aleo very uncertain. 

17If people leave the shelter they forfeit the protection it 
afford& and receive an unshielded dosage at the appropriate rate for 
that period of time. Since fallout does decay, within about one month 
or leao people can normally escape from shelters to uncontaainated 
areaa. 
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LETHAL RADIUS DERIVATIOH 

.... . ., ·~ . '- . . . . • .. ·, 

The lethal radius (Lil, .in thousands o~ teet) or a 1 Itt ...,.bead 

(grounclburat) is releted to tbe target hardness (b, in pai) by. tbe 

equation: 1 

Multiplying through by tbe cube or tbe lethal radius and putting all 

terms on tbe aame side or tbe equality sign yields: 

b • Lll3 - 6.96 • LR312 - 3.3 =· 0 

Solving tbe quadratic equation tor LR312 yields: 

LR3t2 _ 6.96 tv'4s.44 • n.2 • h 
- 2 • h 

Since the lethal radius cannot ba negative, this equation simplities 

to: 

LR3/2 ~ 3.48 + V12.1 + 3.3 • h 
b 

Solving ror tbe let~al radius produces: 

LR = ( M8 + Vi2h1 + 3,3 • h ) 
213 

Cr, ror lethal radius in teet, 

LR = 1000 • (3.48 + V12.~ + 3.3 • h) 
213 

1Bennett (1980b), pp. 11-14. Note that the tootnote on pp. 12-
13 concludes with the statement that tbe initial coetticient or the 
second term should be about 220, not 192; thus, in the fr.rm ur.ed 
here, 6.07 is replaced by 6.96. 
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Table 11-1 abolnl eo• t:ppioal ftluea tor bardlleu aDd letbal Ndiua. 

Table 11-1 

IIL&TICIISRIP BftVBil T&JIOft 
BliiDRBSS AIID LETBlL JW)IIJS 

FOR A 1 Ill' OIIOOIIIlBIIIIST 

Bar dna .. 
(pd) 

2000 
1000 
500 
100 

50 
30 
10 

5 

Lethal 
Radius (ft) 

122 
155 
199 
364 
483 
602 

1013 
1461 
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DIIIVAfiOR OF ICMP 

Countenilltary potaotial 1a for.&latad aa: 
,. . i~. -.. 

l .. . } 

(l) 

·..,) ·. .. .. , '. ·· .. •. '"'·':: .. -. .:.: . ~ 
vith t io Mgatou aDd CEP 1D oautical -.ilea. rroa the text, CliP_ 

·relates to the ~urvival probability (PS) eccord1oz to the for.&la: 

where Lll 1e the lethal radius for 1 MT warheade, or teo tiMe the 

lethal radius for.1 lt warheads developed io Appeodtx B (eioce the 

total lethal radius ecales vith yield to the ooe-tblrd power). 

To accouot for arrival probability, PS .uat be 8Ddified to ao 

adjusted survival probability (PS'): 

PS' • (1 - r) + r • PS (3) 

Io other words, the adjusted survivability equale the ~robability the 

warhead doee oot arrive (1 - r) plue the probability that the target 

aurvivea 1f it .cloee arrive (r • PS). Bovl!var, tbia for.ulatf.oa of 

PS' laclta the aoalytic attractiveoeae that PS baa of rela~iq CliP 

directly to PS through the expooeotial tara. 1 'lhua, we "•f1oa a -
Maaure, effective couotenilitary poteotial, vbich raturoe PS' to 

the eilllpllcity of PS: .' .. 

lTbat ie, vith PS, two warbeada of the UM type han the •­
i~~pact aa a aiogla varhead vith twice aa .uch CKP, aioce the uaa of 
two warheads oo the ••• target as..ply caueee PS to be equared. ..t 
equarioa PS' leads co a very MUy expreadoo, vbich geoeran.y doea 
oot equate the s..pact of two warheade to the i10pact of ooe warhead 
vith twice the CHP. 

.. 

.. ··· 

.i 
) 

.'I 
; l 

· .... i 
• 



-

... 

I 

.. 
• 

"·. \ 
\ . \ 

.. 

. :'-
. , .. __ ... . · __ i; ·_::•':'?·· . 

,-._ ·.: :- ... . ·-':, •' -~-. 

...... 
·.• 

(4) 

81aca 'both lqa. (3) u4 (4) .u.c produce tu ._ ftlue of rs•, w 

coacl..U tut: 
.... :. 

(l - r) + r • 

. . . .. ' . . . .. '. '-:: .. 
CIIP•LI.2 ..I!CIIP•LI.2 .5 •• ,-- (S) 

'l'aUq tu utanl lopritla of ucla 81da pYu: 
·.. ~ 

z 
· LD(l - r + r • .saw•I.a ) 

.. . .. . . : . ~ 
• ICIIP • 1.11(.5) • 1.1.

2 (6) 

. Sobiq tUD for ICIIP &bu: 

. Q!P.L~) 
BCMP • Ln(1 - r • r • .5 

Lll( .5) • L~ 
(7) 

Rota tut, fr.,. AppeDdix 1, the h .. ie lethd radild 1& a fuDCt10D of 

taraet bardu•• (h). We caD therefore defiDe a funet1oD of hard••••= 

IIUCh that ICMP ~a: 

BCMP 

f(h) • 1.11(.5) • L~2 

• .lt.Lnll:(ult...::-.Jr~+:.,t.r,.:•::...Jie"-r(_h_>_·_at>_.) 
t(h) 

(8) 

(9) 

Ill abort; ICMP will vary with the urduaa of tu taraet, ODd thua 1a 

llOt && &aDOral (iD thia &eaee) U CliP iao 
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Appellll1xD 

A KIRV PAYLOAD HODEL 
'· 

.. •.', 

•, '. ': .. '·.- .. 
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: .· 

To eatillat~ the. ~c:t of KIRVin& on .warhead . yield for the S~ 

18, Bennett (1980.)1 baa uaed the equation: . 

· .,- n • 25 • (,9)r1 

where TY 111 the total yield (megatonn~ge) c:arried by the ss-18, and • 

111 the n\lnber of warheads deployed. 'Diis equation indic:atea that the 

addition of a warhead dec:reaaes total yield by 10 perc:ent, preauaably 

by inc:reaain& the required weight in the warhead bua, in fuel to 

deploy the warheads, and in fuzes and other eaaentials aasoc:iated 

with eac:h warhead. More generally, thia equation c:an be expreaaed 

as: 

TY • TY • bm-1 
1 

where TY1 is the warhead yield for one warhead, and b is the percent­

age of retained weight on the margin. Tp develop a relationship 

between throwweight and MIRV wacbead yield, then, it is only nec:ea­

aary to estimate n 1 and b in terms of throvveight. 

While there is relati~ly little information available to help 

make suc:h an estimate, Fu&ter (1978) does c:ontain two relatively 

complete MIRV tradeoff c:urvea, including the throwweight of eac:h 

.tsaile. 'lbese data are first used to estimate n 1 and then b. ·With 

only two points it ia impossible to deteraine the beat functional 

f.om for TY 1 in terms of throwweight. &wever, aa indicated in the 

text, there is evidence that EKT and throwweight (TW, in thousand• of 

iFootnote, p. 69. 'lbia equation was derived by noting that in 
the 1980a an S5-18 with 1 warhea.i would have a 25 Hr yieH, whereas 
an S5-18 with 8 warheada of 1.5 Kr eac:h would have only a ~2 Hr total 
yield. 
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KiliUTBifAII SQUADIIOII CCIIIIARD AND COIITKOL 
IIB'lWOU SIII.VIV ABILITY 

IDI1ivid~al 
LCC Survival Probability ot the Surviwal 
Probability 

2 or 

ot: 

(I) RoLCCa lLCC More LCCa 

1.0 95.1 11.8 0.1 
2.0 9().11 9.2 0.11 
5.0 n.11 20.11 2.2 

10.0 59.0 32.8 8.2 
13.1 119.6 37·3 13.1 
20.0 32.8 111.0 26.2 
30.0 16.8 36.0 117.2 
50.0 3.1 15.6 81.3 

OTHER MILITARY TARGETS 

. · .. 

There are various other military targets, the vulnerability of 

which depends on their size, mobility, and "hardness.· In general, 

many of these targets are associated with "soft," relatively small, 

and ii!IDOblle 111l1tary bases that can ba destroyed by a alngle nuclear 

warhead. Damage to these targets is deter111ned by tha nuaber of war­

heads that can be delivered against thea. 

:This type of fomulatlon baa ..- obv1oua d1ff1eult1ea. If the 

allita:y capabilities themeelvea are aither .obile or capable of dis­

persing on warning, destruction of the fized facilities associated 

with a military capability uy have very little affect on the capa­

bility itself (at loest in the abort run). ~rtber, .. ny .tlitary 

facilities are quite large end .ore than a aingle warhead a1&ht be 

required to cover the entire target. If theae facilities are hardened, 

damage auat be asaeaaed aa for ICBM ailoa, above. Alao, because the 

attacker will 110t luloor which •rbeada will arrive, be uy ba forced to 

assign more than one warhead to each taraet to enaura that at leaat 

ona arrives. Sa.e other military·targeta BlY be .o close to each 

other that aore than one can be destroyed by a ainale warhead. 
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Table D-1 1lluetretea these veluee for the tvo thrOONei&hta given in 

roster. 

Table D-1 

EXEHPLA&Y RELATIONSHIP OP WARHEAD YIELD TO 
HIRV LEVEL AND THROWWEIGIIT 

TW • 2500 lb TW • 7000 lb 

!lumber Warhead Warhead 
of MlRVs TY Yield (MT) TY Yield (MT) 

l 2.0 2.0 9.3 9.3 
2 1.52 • 76 8.1 4.0 
3 1.17 • 39 7.1 2.4 
4 .90 .23 6.2 1.5 
s .69 .14 5.4 1.1 
6 .53 .09 4.7 .78 
7 .41 .06 4.1 .59 
8 .32 .04 3.6 .45 
9 .24 .027 3.1 .35 

10 .19 .019 2.7 .27 

Naturally, the values developed in this model are at best ap­

proximate and reflect the level of warhead technology and other MIRV 

data given in Foster. However, the model does fit those data rela­

tively vell, and could probably be modified somewhat to reflect other 

levela of technology or other factors. 
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