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PREFACE ' '

This Note reviews current methods of -asseseing .etrategic ‘force v
capabilities and evaluates the streagths -and weaknesses of different nr
procedures. - The material is organized 1into ‘sections associated ‘with i
similar kinds of 'procedures in ‘order to provide an easily referenced ':
summary .of the issues fn each area. .The work reported here was’'.s
sponsored by the Director of Net Asgessment, Office of the Secretary
of Defensa. :-

This 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 strateglc balance. -
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SUMMARY ::1
1 ."';
Thé 'purpose of ‘this Hote is to ‘assess the nature and validity ‘of uf o f;:
the ivarious proceduras used in ‘assessing strategic. force capabili-i- L o
ties. > That process should 1illuminate the probless acd :the limitations™s - f ‘.‘;j

of such procedures and indicate,- in at least .some cases,: how more '« Lo

appropriate ‘procedures-can be usad. !-The review also ‘suggests {the :°

complexity ‘involved -in making such assessments ‘and the difficulties of °° , “t éj

arriving at epecific iconclusions about force capabilities.  -Finally, :. A f ':4'%

the sssessment should expose readers 'to the limitatfons of -some-of -the "= SOl -
~ '.’:\ -

procedures .from which policy decisions may etem. :: >
There are 'three ways to evaluate strategic .force capabilities: +:
The most basic is to ‘determine the percentage of targets of any given

type that could be damsged by a particular force. The second and more’
difficult approach is to assess the residual capability of a target

type after an attack. Such an approach improves the assessment of !
strategic force capabtlities by substituting for target damage a more
meaningful measure of the implications of that damage. The third "
procedure 18 to evaluste the gross damage potential of strategle -

forces using aggregate mecsures. - While .considerably simpler, this '

third procedure often captures damage potential only in very vague '-
terms,.s-

Each ‘of ‘these procedures -for assessing strategic force -capabili- '~

S

ties has substantial limitations that prevent 'the development -of -pre~ -
cise estimates.  Evén 'when there is ‘agreement on the nature’ of the -~
capabilities ro be ‘mesgured, it ie not poseidle to model’ most of their ‘!
aspects ‘in sufficient ‘detail 'to ‘support ‘an accurate agsessment’ of ¢
thea, ™~ Among the ‘many procedutes'for-conparing:capabtllcléd;*each'éaudﬂ
lead -to 'a different estimate with no ‘single cholce clearly prefer= <~
able. - In particula¥,: when aggregate measured are used, -thé procedures -=
employed -are at ‘best approximations and are 'in aome "instauces com= i~
plately misleading.* Pinally,' few assesgments of capabilities ‘consider::™
uncertainty; and when they do the uncertainty usually. overwhelms the' -

estimate. .
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This ‘analysis ie ‘organized -under ‘gix 'major hesdinge.:s-The firae  :

section develops’thd general background and ‘dases: of procedured:for ¥ ! =

assessing ‘strateglc -force capabilities. ~-Sectioas II and ‘IIL treat i- i‘ . ‘.

those procedures ‘snd the -spscific -types of ‘capability ‘that theéy ‘at-!" : .

tempt: to ‘assess. s The fou.th ‘section addresses ‘the roles ‘and uses of =1 R

‘aggregate ‘measured,’ hnd the ‘fifth ‘the implicaticns ‘of ‘Considering "t : P _‘f,v

nonstandard -scenarios. ° ‘That discussion focuses on how such scenarios <5 A -":

affect ‘the procedures developed ‘in the ‘earlier sections ‘and the dif- - : N :.
ferent types of capabilities that must be considered.: ' The final::i -

section presents 'a sampla analysis of Soviet capabilities in the mid- -~ EE R

19808 ‘and -'eon-ude'ra"aome of ‘the difficulties of trying to apply -the v ' ¥ :_

methodologien deoqr:l.bed in the previous sections, 5 ) » '.'«
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I. BASES FOR EVALUATING STRATEGIC FORCES

There 1s today no generally accepted methodnlogy for asuessiug

the capabilities of strateg’c nuclear forces. The wide variety of ! N

measures and metrics that attempt to evaluate sume aspect of .aese
capabllities suffer from two types of problems. Some measures do not
measure specific capabilities in any meaningful way. C(thers are of
linited utility because they usually cor .ider only one of the many
dimensions that should be inciuded in a general assessment. Both of
these problems are agp svated by the uncerrsinty that degrades the . {
precision of the assessments.

This section describes th. general bases for assessing strategic

force capabilities. It outlines tha purpose and oﬁjectives of stra-

tegic forces and the capabilties gecnerally associated with them. It
also addresses flexibility and endvrance in the strategic forces.

Finally, it considers how to deal with uncertalnties in estimating

-m.-.ﬂ..dLmdM-wﬁm .

strateplc capabiliries. In the subsequent sections, specific pro-

cedures will be develuped for addressing each capability discussed

e el e 8 At S van s 1o

herein.

THE PURPOSE OF STRATEGIC FORCES

The fundamental purpose of strateglc nuclear forces 1s det:r~

rence. The relatiuvnship between this purpose and the requisite capa-
bilities. of strategic forces is described on pp. 5-6 of the Fiecal Year
1981 Defense Department Report (hereafter 1981 Defense Report):

We have recognized for years that our strategic nuclear capa-
bilities could deter only a small number of contingencles. But
their can be no doubt that these capabilities still provide the
foundation on which our security rests. Withcat rhem, the Soviet
Union could threaten the extinction of the United Siates and its
allics. With them, ocur other forces beroms meaningful irstru-
ments of military and political power. With the growth of Soviet
stratugic capabilities, we have concluded that crodible deter-
rence depends on our ability (1) to maintain the second-ctrike
forces necessary to attack a comprehensive set of targets,

PRIV AP N W = T S v L —pap ¥ = Prme——— g
-




o —————— ——— — VT

—2-

including targets of political and military as well as of eco-
novic value, (2) to withhold retaliation against selected tar-
getes, (3) to cover at all times a sizable percentage of the
Soviet economic base, so that these targets could be destroyed,
1f necessary, and (4) to hold the elements of a reserve force for
a substantial period after a strategic exchange.

Clearly, the "capabilities” of the strategic forces are tied to
their ability to de ~roy several categories of Soviet assets. [he
1981 Defense Report aleo refers to maintaining flexibility and endur-
ance in the airn:egic forces. While these specific requirements may
vary from time ru time, two basic concerns remain the same: (1) What
classes of targets oust strategic forces be able to destroy to “guar-
antee” deterreunce, and (2) how flexible must those forces be in

threatening that ‘destruction?

OBJECTIVES FOR STRATEGIC FORCES

Military, political, and economic target classes have been asso-

ciated historically with two targeting objective = countervalue and
countermilitary. Countervalue targets normally are located in urban
areas. Countermilitary targets are primarily the military forces of
an opponent but can also include the industry that supports the mili-
tary and the political léadership 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 Defense Report. '

Despite the clear definition of target classes in the 1981 De-
femse Report, there is still no consensus in the United States on the
appropriate objectives for strateglc targeting. This lack of consen~-
Bus contributes to the generation of a variety of very different as-
sesaments of strategic capabilities. While analytic techniques have
often been blamed for the resulting differences, those differences
nore 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.




Perspectives on Countervalue Capability Sin

Countetrvalue attacks seek to destroy the “value” assets of an
opponent. Those assets are normally considered to be his industry and
populatiou.l Destruction of a large part of the opponent's industry

~ and population 18 intended to cripple his economy, cancel his ability
to support modern warfare, and destroy the viability of his soclety.

There are, however, two schools of thought on.countervalue at-
tackas. One school holds that countervalue attacks fulfill an “assured
destruction” objective in deterring "a deliberate nuclear attack upon
the United étatea or its allies by 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 . . . that the ability
to destroy in retaliation 20 to 25 percent of the Soviet population
and 50 percent of its industrial capacity was sufficient.“z In this
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 contrel of an undam

aged Western Europe, the loss of half of Soviet industry might not
offset eventual Soviet gains, and a higher level of damage would
therefore have to be threatened. Similarl: Sovi . limited nuclear
attacks should be deterred by U.S. responses in kind, as the use of an
assured destruction attack in such a context would be inappropriate.
Finally, this school believes that if deterrence should fail and both

o 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 at _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 .levala of damege .o
would be an important determinant of the poatwar: . relatiomships.::.

These two schools of thought view countervalue .capahilities from-:
very different perspectives. To the first,.a countervalue .capability :y
exigts if strategic forces can deliver an assured destruction attack. :.
Therefore, the advocates of this school focus on the size .of the stra—:-
tegic forces relative to assured destruction requirements.. : .The ‘second ..
school views countervalue capabilities in a relative sense, focusing: .
on asymmetries in the levels or types of damage that either.side .could. '
cause. The importance of those differences will be discussed below....

Perspectives on Countermilitary Capability -

Broadly defined, & countermilitary attack seeks to destroy the ..
military capabilities of an opponent. In both classical militarwr ..
strategy and in more recent strategic thought,. such attacks are.said ‘.
to have two basic purposes. First, the attacker uiaheanto-deatrdy-
some of the opposing military capability to prevent its being used -
against his “"value” (nonmilitary) assets. Since at least the early
19605, the literature on strategic war has referred to that goal as
“damage-liniting.”

The second purpose-is to destroy the opposing military forces or ::
reduce them to a level at which they acknowledge defeat or withdraw v
from the war, This purpose more closely approaches .the notion .of :f
“war-fighting,” which is focused on fn the contemporary::literature.on un
strategic war.

Among a wide variety of opinions on countermilitary: attacks: 'and:.
their purposes, two are prominent. Statad simply,!the first holds s
that damage-limiting is essentfally impossible while. U.S..:and. Soviet et
strategic forces remain at their present high levels of .destructive ..
capability. (“What 1s the difference between 150 million and -120 9
million fataiitiea?')3 Further, since nuclear war.would:be ‘the:lend :d

of the world™ (as we know it), the outcome of miclear war.becomes -

3Hany who hold this view also believe that arms control-:should. ::
be used to reduce nuclear weapon arsenals to very low levela where, :,
according to their logilc, damage-limiting -could again: becoms:a .
relevant capability.
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irralavant..and.narefighting .makes..no .sense.:c In short,” proponents:of !
that. view believe: that.counternilitary: capabilitias are unneceangry,y,
wasteful; andi:potentially. dangerous;: -and that.neithar. che United :d
States nor.the !'Soviet Unibni shoild: ldevalu;i.\thenaﬁ: .In this: Niew, A
sessing the 'counterwmilitary:-capability of -either.side .is worthwhile e
only: to :verify. that, the iopponent-.could: not,> indeed, limit: danngn 1LEO O
himself: by ‘destroying the ‘opposing fories,:s.

The ‘oppasing point. of view .(espoused -by the Soviet Unfon) acknowl='1-

edgas that:miclear war.would be extremely destructive but maiotains ns
that:many. vould survive the war.and insists. on trying to dmprove: the !
lot .of the isurvivors.::.In this view, the 'question of who wine the: war.:r
fs ‘crucial,: for the ‘purpose. of the war:in the .first place:is to pre= .-
vent :gubservience: to ‘the ‘opponent.:” Further,  while the war would be i

highly. destructive,. each .side should seek .to minimize dampge to ‘iteelf p

in order -to improve the gquality of what might otherwise be a truly::.
meaninglegs: postwar existence. . In shurt, this view gives importance --
to both the damage~limiting and war~fishting purposes of countermili- ‘-
tary. attacks,. thus requiring a detailed assessment of the relative .-
countermilitary capabilities. .

These .two points.of view lead their proponents to assess strate-—. -
glc force capabilities in wery different ways. . Those who hold the o
first position :often ignore .countermilitary:c: —ibllities, assessing r
only: countervalue..capabilities. s Those: who hold ¢b the second. view ov
tend::to fochs won countermilitary: capahilities,4dn part. becausa::they:.-
ara: notugreatly. interested.in the.fate.nf assets notudirectly related od

to the:wllitary: outcomes:-of & wariir.

STRATEGIG: PORCE: CAPABILITIES AND. TARGET DESTRUCTION 0%
Many:analysts: assume:that) the damage: £o an :asset: 48 proportiomal::i
to the imumber .of asset-related .targets that: have: been:-destroyedy:d That:at

I’Cd’hntem-l.ithry! capabilities are potentially. dangeroun: in that,:t,
if oneswere:.to develop. x) damage~limiting capability, it would:lead to to
instability by encouraging a, preemptive-strike whenever:-one party i

feared- that: kid: - deterrent - capability might be 'eroded’:by his:opponent’s.’s

damage~limiting .capability.:v.

e s, R A i PR L TP Sy LR L LT W V7 VLT N POl 1, 0P Spr ey e s & Sty e WL TV T TV YLt PRy

8%
kv
|

4

s

e @ T s e g b




i emimmmeiem | S R e C i fe eaaore St ek o b o et g Yy ik S = ALY St - - - e - - —— gp————— —r

= fi—

is,  if five of ten ateel mills are:destroyed, 50 percent:rof the icapa« a- 3
bility to make ‘Bteel is assumed- to be 'lost.:! Even{f all tem steasl:’ '
mills. wwmre ‘exactly. the 'same:size, this conclusion does. not:immediately:lv ' .
follow.sw.The iphysical assets of 'a" steel 'mill constituta only. one: fac+c- :
tor. in the ‘production of steel; in ithis: case," the potentially better.r
ava:llabiiity‘ 'of ‘other: resources (such: as ‘labor) might: 'well - allow steel-cl !
production .to recover .to 60 ‘or :70 percent: of the original level. ! The Lic -
more appropriate ‘criterion for measuring strategic force capabilities .s
is, .therefore, the ‘extent- to which :-they:can degrade: the capabilities ==
of an opponent (such:as steel-making). .-

There are: thrae types of .relationships between the destruction of .!
targets and the ‘degradation of épabllities.. ;In the first,-1f a capa= '~ :
bility 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 - i
of a communication system before communication between any two points - .
is impaired. 'The second type of relationship involves capabilities
that. degrade much faster -than the rate at which targets ‘are destroyed. '.
A power grid is a good example: . The failure of one of several units . [
in the grid will cause the. entire area to lose power. : Between !
these extremes there are capabilities that degrade more nearly accord- .-
ing to the level of damage. :Thus the loss of vehicles in a' transpor=-:- i
tation :gystem running at full: capacity will degrade the ability to .-

-—

deliver- goods in roughly a proportional manmer. v It 1s ‘also -possible.l-

for an asset--tc have. combinations of these relationshipg.i- For exame= -
ple, the effectiveness of a military unit:initially will degrade:at a .
rate. roughly: proportional . to the rate at which assets are being de-i--

B i it P

stroyed. - When fatalities reach some break-~point: (usually less  than. 50 )

percent damage),  the worale and cohesion -of :the unit.disintegrate. and. .

its ‘effectivenass falls nearly to zero. ..

While it 1s usually possible to estimate how many: targets of a -
particular..type will be 'destroyed in a.epecified -attack, it is wmuch.:n
more. difficult: to determine .the. effect of .that. atteck on -capabilities.:s.
That. effect -depends on the specific aim points,. and analysis of ‘that:.:’
effect: requires relatively detailed models: of the functions: of each..'h
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target. typewse Thid difficulty s further complicated whed measuring nr
countaranilitary capahilitids.. s Thie: measuremant: ‘becomes Teqursive:ic:
"My capability :to destroy hisi capability Lo destroy oy capability. &y o o -
To “avoid: these difficulties, wost:assesenents: of stratagio; force capa-tva-
bilities concentrata: on -target;damage, of ter dgnoring rthe.ipoasibility.cy
that:there: might:not:be & direct:zonnection between target: danhge:and.nd
the degradation wf Oppoging assets:.: .This: Note ‘focusas - .on ¢he.'destruc~ic~
tion. of ‘targete but @lsol attempts to identify gomeof the issues:in-in-
volved in determining how: an ‘oppasing capability degradesi-as -it 1s is
damaged.-: Some ‘simple models' for .evaluating :some -of those. degradationa: s

are ‘displayed.:d.

STRATEGIC' FORCE PLEKIBILITY 77

Relatively little. analysis. has gone into 'assessuent :of strateglc:i
capabilities ia other:than.a: few standard. gcenariog. = Standard: sce= ¢~
narios..usually start with a. countermilitary..attack,: followed almoset' 't
{mmediately by & countermilitary/countervalue. exchange: that. ends the.li”
war. - But at least three circumstances not routinely considered could:i:
change' conventional.'strategic force capabilities: - an extended crisis i
or .a period -of ‘conventional.conflict that. preceded the use:of muclear T
weapons; .an initial resort:to ilimited nuclear. options; or .protracted .
nuclear:iconflicti:: Wheéther:or not.strategic. forces: would: have the.c
flex1bility and. endurance to carry out-their: assigned mission throughih
such:"of f-design™: écenarios is,i'as earlier. remarked,:bne. measure. of of
their: capabllities. s Procedures for measuring. etratagic:capabllitieses

in ithese: .of f~design Bcenarios. are examinediin Seci:V. V.

UNCERTAINTY' IN ASSESSING 'STRATEGIC FORCE 'CAPABILITIES 3

Every factor considered in avsessments of strateglc: force capa™?~
bilities 48 uncertain. = Unfortunately,! theltypical approschis Lo Lo
igoore: these uncertainties and:to assign & asi-gle point estimate: to -0
each:parameter.cy The lresulting estimate 'is of ten veferred tb as &n i

"expected’: ot "bedt’s estimate,' based: upon the "most  1ikely ior Sbest™t”
values of ¢theparameters used tb ‘calculate:tit.it However;’ theae estisi-

@ates are: usually! neither: "best™ vor:"expected™ and: therefore:can .t
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seriously: wislead thdee who'ube thedv A bettdrt Wpprodch:cis ‘to leccment , A}’ l
explicitly for these: ‘uncertalnties (td 'the extetit: ;posatbld )y ) To o co ' & e "
80,5 ‘analyste migt: Both undaerstand 'the ‘aaturie ¢f the 'uncartalintide @nd: "¢ . .
includa'thed: 4n ‘assesombntd::s- - - -
Tablé'k: 11sts ‘some-of ‘the 'ncertalaties cthat daw uf fecr: dapada- ’ )
PLILty ‘dssasamentss s They. vary: frow phystleal Unkiowns or fapreclee 5 . g
estimated: to 'tnherent:nknowns about’ the lactudl Conditicng (of & mu~u- e
cleat war.? . ‘%e'c‘gua&thddc factors ere incertainyl tne regults-'of apy oy ‘
capability ‘assesement:‘that ‘employe them'will ‘alsc be 'uncartain. - Many 7y c e
analyets: 'suggest that:thieé uncertainty in results 'ls neither:'important =’ ‘ e
nor-significant, since a major. nuclear war would involve ‘the use:of vi ey
thougande: 'bf (large weapons’ and ‘thus: the ‘uncertainties should:™waph -h 'é

outy!. Yet:'the-'variance:'in estimates -of ‘strategic force ‘capabilities o= Lt

8o ‘plentiful’ in ‘the ‘literature: today: strongly suggests: that: the un=r"-
certainties may not>wash ‘outy!l-

Some:'of ‘theee parameters-—weapon dccuracy, for example—cani'be !¢
very' uncertain..’ Figurel' shows the results of simulated ‘flight' tests .-
of ‘a missile with a- 900 ft CEP. {¢ircular probable: error) and 'eero T
syatematic blas (the distance ‘between the 'turget and the mean point of -

e e ——p o Sp—

impact.-‘in the t=sts)..’ Based -on the assumed CEP,. random numbers: are:(:

used ‘to ‘generate!'the impact: pointe. - During ‘the first’iten or 50 50
tests;l the estimates of both systematic: blas ‘and CPP. are: very dif+ - I
ferent: From their: true ‘values. %A 90 ‘percent confidence ‘{interval fs :-
shown "around: the ‘estimated CEP; 'durlng :the. firetr:20 of wo tests, 'thid:is
is &lsol very brosdii< Indeed;: even-after 50 tests,t 1t e ‘still hbour'20 -
percent;" 'm}cirig‘-t'cbunteraird- capabdbilities’ uncertalm to withid dbout>40 &0 N
percent S e wost: long~range ballistic wmigsile systems areltegted vd
more: ‘that 50 timew during ‘their lifetime®,” many of these: tests neces=~s-
sarilyi concern hardwake: dr ‘oftuare changen -intendeditd ‘correct Flaws:ws .
in ithe. migsiles. S Any'changes in configuration ‘make::the tests:ts |

5 Un}i'artafnty'- in these factors results from limlted test:programa)™s, L
imperfect:dntelligencd, inabilicy To predict the lelrcumstances of & 2 TR
nuclegr“-ttjar-,ﬁ ‘and. sther ‘such -problems. - . o

Counterailo capability,' as developed-in the next section,cls !s _ e
proportional>to ‘the ilnveree 'of 'CEP- squared.:d. ) Lo
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Uncertairn Weapon® Performance << L .
Deployment/Availability-'Y Hefight ‘of Burst''‘ s
Warhead Loadings == Reliability ' .
Yield . ® Range’:= o r
Acouracy-©7 o Footprint aE ”
-=Dispersion (CEP)-*' Launch Rate °% L
—Systematic Bias <~ Reprogrammsing @~ e, ‘.'-'
Uncertain Force Employment Parameters ™~ Cowovd
. . } N . TR N
Prelaunch Survivability -7 Time-on-Target Control - E ""
Command and -Control Connectivity . Fusing/Burst Helght " - .
Penetration Probability - Warhead Allocation - - ‘ IR
T . y
Uncertain Target Parameters - - ) . "
Location and "Altitude ‘- HBardness and Shielding "~ i
Mobility - Value '
Size and Shape ' Climatic Conditions ~~
Uncertain Scenario Conditions - ' A;
Warning -~ Attack Timing -
Attack Objectives ¥ Scale of Attack -+
Modsling Uncertainties ' .- X
Prompt Effects .= Fallout Radiation Level
Fratricide - Fallout -Distribution -~
~_ Protracted War Uncertainties «5 L
Interactions with Tactical Enduring Si~vival
Nuclear/Conventional Forces ©*  Enduring ‘Availability->"
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heterogenecus” dnd Bhly homogencous' tests 'carff Yeally be ‘covnrted o= 0"
gether Tn Stapistically’ estinating our conffdence’In CEP.’ Therefore,
the ‘amount- of uncertainty shown in CEP here ‘for ‘50 tests may: not ‘be ¢
unusual ‘for ‘many ‘missile systems,” and the ‘accuracy ‘of rélatively’ nev =
and ‘untested ‘systems’ ﬁilf'bb‘fafaiési'certE{nUz“f

The ‘othier"factors’Iisted 1n Table 1 are: associated ‘with uncer= <"
tainties that® vary ‘in scope’ and nature from those that concérn weapon®"
accuracy.’” Both ‘systematic bias and ‘fratricide ‘are’ ‘extremely uncertain'i®
because’ they ‘cannot be tested'directly.8 - On the other hand), ‘missile' !’
range' 18 known'grite accurately. ~Any uncertainties that the United
States ‘faces 'fn 1its own parameter values are ‘enlarged when efforts are’ ™
madé”io’estiﬁate”comparéblé Soviet parameters. 'Therefore, there 1g '
little basis for the conventional confidence in assessmerts of Etra— '~
tegic: force capabilities. By not accounting for these uncertainties, >
analysts could severely misestimate strategic force capabilities. -

it {s uorihwhile to distinguish between two types of uncertain- -~
ties in strategic analysis. First, there are variations in the pa~''~
rageters around their mean value. *For example, the yield of any given
warhead might vary from the mean of the yleld of that warhead type
because of variations In the critical parameters of the warhead around ©
its design specifications. ~Second, there {s uncertainty in the mean :’
value ‘1tself. ' For example, the 'yleld of ‘2 warhead type may be estimated -~
as 200 kilotons (Kt), though that estimate- is uncertain because' of
limited testing and impresise measurement techniques.”"In large at=''~
tacks, variations tend ¢2 wash ‘out énd“méan”vhiﬁe\uncéitafnfiéé'ténﬂ”’d
to persist. ! Since the basic ‘attacks here considered are: large at='t~
tacks, variations 'need be discussed only’ occaslionally, attention being °°
focused 'on ‘the-incetrtainty 'in the 'mogn:Value' of 'a parameter. T

7Stnce-a’ 90 percent confidence' Interval is used here,” the ‘range '
of "CEP values considered 15 much narrower- than if a higher confidence
interval were ‘chosen.’ Also, ‘the systes 'In the example has-a known -
CEP; ‘In reallty, the CEP will no: be ¥nown and thus could be anywhere =
withig the confidence interval.’* ) .

Fratricide ‘can be tested only by examinlng unltiple bursts’ 1n B

the atmosphc%e, a test prohibited by the test ban.,' The source 'of -
systematic bias is 1nherent1y unknown; It can be tested only' on our

test ranges and not- over ‘operational trajectories, as would be
neceasary ‘to correctly quantify this' blas.”
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Given ‘the lincE¥eainty' 'th ‘the ‘mean value of parameters, ‘there ‘are'”
five 'types of parameter values that can bé used ‘In assessments’ of "
strategl 'forde 'capabllities.’> They are shown in Pig. 2, which takes '
as “in Eiaﬁbié’ihé)brdﬁéﬁlliﬁj'disitlbﬁtioﬁ’bf the warhead yleld of a

Soviet ‘wedpon ‘Systen.” The '#ost’ common ptocédure'for‘dealing with the
uncé?ﬁﬁiﬂfj“ﬁhféhﬁiﬁhtlﬁé'thié‘yiéldvis to essentially ignore it by
usiﬁ§’the}hbdt“ﬁroﬁaﬁlé’5ﬁ1ﬁé:(1)~ha a "best estimate.™ - Alternatively,
oné® might: wish to 'account for the biodal nature of this particular
distributicn,” by noting that there are two possible warhead technologies
-gnd* acknowledging ‘uncertainty about which is being used. In that case,
one i ght' ¢hoose™ & "best estimate” and an "alternative estimate” (2) in
the ‘analysis or,”’a "worst case” criterion (3) could be used in selecting
paraﬁétef”i&lﬁehr”;Thé“uo;st"case value represents the highest possible
yield*-ifréspectiﬁe”of the probability of 1ts being.realized--on the 7
basis that high confidence' in U.S. strategic capablilities requires the
ability to offset the worat possible threat. A fourth (and rare) method
fof‘délecftnﬁ parameter values i{s to use boiLh the highest and lowest
values of the distribution to determine the range (4) of possible
values. " The final procedure uses values drawn by "Monte Carlo sampl-
1ng“93(5)haﬁroés”the'distribution to estimate both the range and the
ghape' of the ‘distribution. " This method is not often used,10 but in some

caseg it ‘tan ‘improve standard capabflity assessments.

.. ?}d;ailyh¥hn31yhié”of:Etrdtégic'forEe‘capabilities would like to *°
be ‘able to develop''analytic eéxpressions that would integrate the dam—
age’ functions ‘across the various uncertainty distributions, yielding
a simple distribution of results. Unfortunately, the mathematical
techniques’ for ‘integrating these functions do not exist. 1In their -
absence’ analyéts’ turn to Monte Carlo simulations in which a series 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. 7

_!IOEGEﬁ“lf Srﬁtdﬁédh¥é"éxiaigd for combining uncertainty distribu-
tions with damage functions, 1t would still suffer from the !ack of
knowledge dbout the distribution functions of the various parameters.
However,' analysts usually are willing to choose a "best estimate™ -ven
though''chey cannot determine how close that estirate is to the "real”
value,'“While the distributions themselves are uncertain, making some
estimate' 'of ‘them''ls undoubtedly better than ignoring them.
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" II. ESTIMATING COUNTERMILITARY CAPABILITIES

This section considers some of the procedures used to estimate ) y -T. e
the damage that strategic forces can cause to military targets. Many ' .
analysts define countermilitary targeting as that aimed at destructiom

of the opponent's strategic forces (counterforce attacks). Some de-

fine countermilitary attacks even more narrowly to include only at- ]
tacks on the opposing land-based intercontinental ballistic aissile e

.y
(ICBM) force. While this section focuses on counterfoir.c attac’.s, it ﬁf".'
also includes attacks on other military forcee. Different methodol- _ o :j*
ogles are used to assess the effectiveness of attacks againet ICBMS, . 1Z)J ‘qﬁ
bombere, submarine-launched ballistic aissfles (SLEMs), the strategic ” s

command and control system, acrd other military targets. For each type
of target, the nature of potential attacks and their critical elements
are examined, aud some of the methods for assesaing attack effective-~ i f
ness are introduced. The potential importance of uncertsinty in all - L]

of these calculations 1s also presented.

Ry

INTERCONTINENTAL BALLISTIC MISSILES

Attacke on ICBMs must focus on delivering warheads very close to
the target. The critical factors are (1) the wvulnerability of the
target.l {2) the destructiveness of the warhead, aad (3) the accuracy .
with which the warhead is dslivered. Attack assessments must also Lnl. .

consider (4) the effects of multiple warheads (including fratricide), iﬁf;;ﬁi:
and (5) the delivery probability of the warheads. In essence, then, :f't;f.

these facturs cover all aspects of the traditional hard targer de- F-Eiff.E{
struction problem. - . :;;ET ;

Initially, the hard target desttuction prohlen was analyzed using
a relatively simple formulation, which assumed that targecr vulnerability

T

lA variety of weapon effects may contribute to the destruction
or diegabling of a hard target, as described In Appendix A. However,
most of those effects are poorly understood. Therefore, wulnerabil-
ity is oormally represented as susceptibility to blast effects, which Lo :
are relatively well understood. o - 2
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could be measured by the lethal radius (LR)2 at vhich a 1 Kt weapon
could kill the target, that the destructiveness of the warhead was
proportional t; its yield (Y) taken to the one-third power, and that
warhead impacts were circular vormally distributed around the rarget
with half of the warheads falling within the CEP. Given these agsump-
tions, the survival probability (PS) of the target can be formulated

as;

1/3 2
PS = _5(1..3 Y ' °/CEP)
This formulation assumes what is commonly 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-

3

heads (n), this damage simply compounds,” ylelding a survival prob-

ability (PSn) of:
s o g0 (Revcen)?

n
To account for delivery probability in this relationship, many
analysts simply deflate the number of warheads by the delivery proba-
bility. Thus, a warhead with a lethal radivs of 120 ft, a yield of
1000 Kt, and a CEP of 600 ft would have a i of 0.0625. For two war-
heads deflated by an 80 percent delivery probability (n = © 6), the
compound survivel probability would be 0.0118,

Several factors complicate this relationship. FPirst, the lethal
radius is a function of yield: A higher warhead yleld increases the

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

2See Appendix B for details of the lethal radius formulation.
amage "compounds” when the damage caused by each warhead is

"{ndependent” of the damage caused by every other warhead, and thus
the survival probabilities can be multiplied together to determine
the multiple shot survival probability. Damage would not be indcpen-
dent if (for example) the first detonating warhead failed to kill the
target, but "softened” 1it, making destruction easier by subsequent
warheads.
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increass in pulse duraticn may make the target wvulnerable to lower
overpressures, thus enlarging the effective lethal radius of the war—
hesd. But tha effect of pulse duration varies across target types,
making it impossible to include this effect in the yield tem of PS.
Iactead, a modified system of measuring target vulnerability has been
developed that explicitly includes sensitivity to pulse duration in
the vulnerability assessment. It is called the vulnerability mumber
aystem.6 ‘

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
5 Rather, the probability of damage falls below 100
percent well within the lethal radius and does rot reach zero until

cookie-cutter.

well outside the lethal radius. A log normal damage function is com-
monly uséd to capture this kind of variation in target damage, with a
“damage sigma”™ measuring the slope of the damage function. Use of this
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 forms around a
“"mean point of impact” that is some distance from the targer..6 The
distance between the target and the mean point of impact is referred
to as gystematic bias, or gross miss. Thus systematic blas measures
true inaccuracy, whereas the CEP measures thé dispersion of potential
impact points. Systematic bias invalidates the simple formula for PS
shown above and makes any simple, analytic assessment of PS impos—
sible. However, approximations have been developed that make calecu=-
lation of PS possible while accounting for systematic blas. Depending

upon its magnitude, systematic bias can siguificantly increase PS.7

85ee DIA (1974). .,
-'ﬁfheae reasons include varfability in target hardness, in warhead

effecg:. and in the hardness of different target parts.

arhead impacts may also fall in elliptical or other more com-
plicated patterns, but such variations are extremely difficult to
model, are normally not eignificaat in effect, and are therefore usually
ignoryd. See Bennett (1980a) and (1980, especially Appendix C).

Foster (1978), pp. 34-38.
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The fourth-compllciting factor is the proper representation 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 exawple given
above, the survival probability for two warheads having an B0 percent
arrival probability was 0.01!8. However, for two warheads with an 80
percent arrival probability, no warhead would arrive at 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 probabllity for the target when it is attacked by a single

warhead muist first be found. For the asbove example, it is 0.25.B For
two warheads, then, the true compound survival probabilicy 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
nuclear 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 uave.9 .

A variety of other factors also might affect the eimple 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 errors, other
nuclear effects (especially ground shock), and attack timing. Uncer-
tainty also plays a elignificant role in a proper formulation.

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

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

BThe probability of survival equals the probability the warhead
does not arrive (20 percent) plus the probability the target survives
1f the warhead does arrive (0.625 times 80 percent, which equals five
perceBt.)

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

A more complete description of the procedures for estimating
damage to ICBMs is8 given in Bennett (1980a and 1%80b).
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fourth and fifth factors fairly easily.:. Thar:is,iarrival praobatdlity cy
(PA) can be introduced by modifying the survival-probability! toito:

173,552 0 n
PS = [1 - PA + PA . 0.5{LR-X - T/CERY

In turn, fratricide can be partially accounted .for’ by limiting: -the he
value of n to 2. This formulation allows us to at :least.estimate:the nhe
potential countersilo capability of strategic forces.::.

Table 2 displays some sample ICEM parameter_ values:to be used if in
an exemplary analysis. For simplicity, it is assumed.that:the IICEM i
siloe are all protected to 2000 pounds per- equare.:inch: (psi): over—er-
pressure and that the arrival probability of :the warheads :in a: f:lral:rs‘:‘-
strike is 80 |:u=r<:en|:.ll Thus, although several of these systems can-ar
destroy opposing ICBM silos if the warheads arrive,-the 80 percent -t
arrival probability dilutes their effectiveness.:. It will also’ -be‘ e
assumed for the purposes of this example that no more than two-war- -
heads can detonate on any given target because of fratricide: con— -
strainte.

The data in Table 2 presuppose that a Soviet: countersilo strike - .
on U.S. ICBMs would probably employ S5-C or S5-A wissiles' rather.than :u
§S-Bg, which have a lower kill probability.-- Because: the 'S5-C. warhead. :d
is so large, they presumably would not be numerous enough. for:a: sig-i;-
nificant countersilo attack (such a missile: would: be more:likely:to be be
used against less numerous command and control-assets).c)If two:8S-A:-:
warheads were allocated tuv each U.S.. silo,l the: forégoing -formula:ls
indicates that roughly 87 percent of the U.S5..silos!would:bé de=-ie-
stroyed. Such an attack, although not a “disarming blow,’:would:ld

The k111 probabilities caleulated equal:one:minusthe:single c
shot survival probability ehown above using a cookie-cutter. damage :¢
function (so as to allow readers to reproduce the calculations). ; TheThe
lethal radius is calculated assuming a groundburstss:I1f airbursta wvere:-e
used, the kill probabilities would be somewbhat higher;:if a log-normal-al
darage function were used, they would be somewhat: lower.-rSince.both-Lh
differences are small and would tend to cancel each. other;: they are:r:
ignored for simplicity here. ) .
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Table:>2: 2.

SAMPLE ICBM FPORCES'ES

o . 20000 padnsi

) Warhead:ad KilliProbabilityity
Yield:1§ CEPIER Plarrival): Equals 1

Systesten (MT?)Y) (n mi)~i) 100897  BOg.0f

United. States.cs

US=AS-A

0.20.20 Q.10.70  0.613i%  0.490:90

US-B:-%: 1.00.20  0.20.:0 0.500.:2  0.400.00

US-C3-C 5.00.0C 0.60.50  0,202°02 0.16161
Soviet Uniomicn

SS-Ki-A  0.75.75  0.12.72  0.796.50  0.63737

SS-B:-8 3.00.00  0.36.75  0.359:3%  Q.287°07

38-C-C 12,0000 0.12.°7  1.000 " 0.800 0

SMegatons. .

affect the cwnte.rmilitarywcapabilities of the U,S.. ICBM force by -
redueing its: delivery probability’ (without.retargeting) to about 10 :
percent. {assuming a: force reliability. of B0 percent)..iWith ‘this.is
residual -of perhaps:100 ICBMs -(and:ignoring. other:assets),- the United. -
States:would be able-to do only:m limited amcunt.of damage:to either:r
Sovietimilitary:or walue. targets;: and:even: less: without retargeting to :c
alloir the !residual:misailesi to optimally! cover-opposing targets..s.

STRATEGIC® BOMBERS RS
Attacks 'on strategic boobers: are. essent{ally. time-urgent: at—it-
tacks. s If bombere: have:adeqbate:tactical- warning,r they:can .take.off::
from: their. bases.and.avoid: destruction..n Further;:since:the: bonbers r
can: be recalled,:the decision’'to launchithent doad: not: have: the. 'serions..is
impliciations-zssociated withi Jauhching: ICBMg:ion wmroing. z Neverthe=ic—
lesn,;s great: careiwould: have.to be wmxerciced 4h tecalling the bochers :s
to avoid meking them wvulnerablesafter they:landedic-Still,! 1t will be be
assunedrhére: that the: bonbers: are: laubched: upon: tactical sarning,~and:::l .
\
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therefors> that:the 'success of ah attacki on ‘Thet:will' be erfrically!ly
depéndent:on ‘1t Timng 2 _

Boubers: will survive uf they . can outruw the nuclsar: effects: of of
. Weapons: detonated oh or nearthelir baseg.cs Their ability. to do thiwis
depends: on severalrifactoru:rs (1) the smount: of timeimesded! to preparsire
forl takeof £," {2) ‘the flybut:curve for the aircrafe: {relating distancece
to itime! during rtakesff: and: scceleration);” and:(3) the time ‘delay: be=re-
tweoan planes . trying. to use: the. sames rumvay.: ¥ Aleo,s since) bombers : and.nd
tankers must: concurrently escape' from some airfields,  the numbirs: of ..
each: that: survive! depend-on the ‘priority. given to each'in the. takeoff:if
Queue.i: The' ‘smount::of time! bombers have to Teach & safe: distance from ou
their: bases is raughly equal: to the 'amount: of time' Tequired for the ic
attacking migsile! to reach the bomber: .base after. its launch: has been i1
detected..la-:?lhe safe distance frow the base is a: fdni:t:lon -0f (1) the h<
vulnerability of the. aircraft,” (2) the destructiveness of the attack~: -
ing warheads;: (3) the number of watheads allocated to the base, and -+
(4) -the pattern by which these warheads: are allocated and the paths. by '
‘which ‘the. bombers attempt:to escape.’:.

In the 19508 and early- 1960s, ' SAC officiale: were initizlly wore -~
ried about:-attacke on 1.S.. bozber bases by Soviet bombers. - Later,. T,
Soviet. ICBMs were of concern. :In each: case,- the lack of a relfable-'-
tactical-wvarning’ system wag the. prime. reason for’ concern about>thoge -
threats.. s Todsy's systems: should: generally provide. at .least 30 minutes .-
of warning agalustrattacks: by eftheriof ‘these types of strategic:ic

uA‘ctuauy‘,l ‘in hormal peacerime circumstances there- are: two: com~1—
ponents:to the: bomber- force: The first g the alert: force;-which s s
prepared for launch:on warning..;Attacks: against. this: force are.timei:.
sengitive, :The second 1s the nonalert: Torce,: vhich normally’ requires s
hours:to be wade:ready:for. launching: and: could: therefore'be attacked. -
at a-more deliberate: pace, as could: other. bacically. {tmmobile tar—.i-
gets.” - But”it must also be recognized that:with Teasonable strategic:ic
warning &’ much:larger . shave of the total: bomber force: tould: temporar=~:r-
11y. bfaplacad. on alert,r with obvioue. consequences,-s.

It 1s bormally! assumed' that. the: first detected launch:of ab 2n
enewy-miesile! initigtes. the lauaching: of .the. entire: bomber forpe,:-.
Thie procedure:increases: the. time available for: escape: by allowing v
nany - aireraft-to take: off before the miesiles fired at their bases °s
have. been:either launched or detected.::.
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weapons."s Buti:ithe: 'flight: time s .0f Soviet SLBMs}'!:especially: those 5o
locat:ed diréctly of £ the 'U.S.. Toast,s could:be ‘on ‘the lorderiof five to Lo
twenty:mimutes,” posing @ definlta. threat to bombaro survivalsy 38 14
Therefore;r only: the Soviet SLEM.threat: to bomber survival'is examined:ed
1315

A simple axample:ts used: here:to 1llustrate: bombar” survivalial
calculationsii s The' '‘four>bomber bases- shown>in Table:3- ate:to be at=_-
tacked: by a Soviet Yackee submarine 'located wbout:800.n'mi off the'he
Atlantic coaptiine.:cThe bombers: and: tankers: shown-are: on 'day-to~day!"y

B For"-simplic'ity',i;it is assumed.that.the. submarine can place:at &

here.”

alert.-
most> one warhead on each' of these: bases.>sTable &4 suxmarizes -some. i

nominal:values: for' miasile: flight times-and:alrcraft: escape:itimes;: -,

showing potential airci'aft-0urviva1-’-l"evéla.15- i The :f1ight ‘time 'of ‘the hiv
SLBM.1is calculated assuming the use:of 'a moderataly depressed trajec=—c-
tory as an extreme form of threat. " Bombers and. tankers perform equiv-.‘-
'~ The bomber reaction timeiis for duy-to—day aleri;  the bomber::

escape tinme 1s calculated assuming that 8 1 MT warhead is detonated !

alently.

over- the.center.-of the runway and that the airecraft 1s protected to i

17

about*l.5 psi.”’. Subtracting the. bomber reactfon and.escape:times -

1I'SI.BM‘ flight time depends on (1) the distance between the.gub='-
warine and. the- bomber bases, and (2) the trajectory of the missile :v
(ra'ngf -and-angle’ of depression).-!.

The. nonalert: bomber force, although: not:a- time-sensitivel target <
set, 1s of potentially. very high value.::Therefore, 4t 18 assumed that::l
some combination..of SLBMs, ICBMs,and:bombers  will attack the bomber:r
bases: after. the attack on the alert- bombers:to ensure:the. deatruction. on
of l:h&nonalert forceicu.

For thie:example;. most:of thei 'parancter: values: come from ca
Quanbeck- and: Wood (1976)," pp.: $4=50:7 Quanbeck: and: Wood ~1ndicate:That it
a depressed trajectory SLBM.could: fly: 1100. n'mi in 530 sec; or 2.075'/5
n mi per:second:": Insemuch as the.ranges in the ‘example are: frowm 820.1U
to 1180 n:mi, this.speed will be used to calculate: SLBM.flight timew.:s.
The ‘time: between SLBY .launches is from Winnefeld and: Builder. (1971},
p. 21.)1 For'the 'sakeiof simplicity,t:l5 sec-'is Bssumed as thei{nterval/:l
betweig alreraft: takeoffs. =.

Quanbeck and Wood-indicate: that® bonbers  are hardened  to QJl:o 2: 2
pslisilUsing the. optimigtic: assumption that the boaber could climb.™
above: the muclear: mach stem,” the.distince:at which: damags would:be *‘(-'
done:depends:on the free air:overpressure:r - {The mach stew. {s the he
shock front formed- by the merging of the.'incident and reflected shock -k
wave.y:- The lethaliradii:of a: 1:MT -burst at 1: atnd 2! pei overpressures s
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TatleF 3
EXEMPLARY: BOMBER BASESS AND' DEPLOYMERTS!TS

_ |  NoJiof of HoJiof of
Basé: e Latitude:d Longitude:C Bombers:~ Tankers:!s

Griffiss.ss 43,23.2°  75,40.5% 5 5 § 4
Rickenbackerier  39.82.82 82.93.%3 00 5 5
SeyooursJotmaon'on 35.33-37  77.95.5° & § 4
Wurtamith:th 44 45. 45 83,4050 5 5 5 5

Table 4: &

SLBH -FLIGHT" TIMES ‘AHD" BOMBER' ESCAPE' TIMES TS
(In mimutes) s

SLBM -! Bomber ~T Bomber " Net :© Pogsible -
Plight'~ Reaction ~Escape " Escape "Aircraft ' 't

Base . Time:s> Time Time © . Time ' - Surviving nE -
Gr‘iffibaj-"'f 6.62 P2 5050 o 2'30 o - ] 2
Rickenbacker - 9.26-- 5.50 T 2.30 " 1,46.%> 6 °
Seymour-Johnson " 7.85.-" 5,50 2.30- - .05 v 1!
Wurtsuith - 9.46°° 5.50.7" 2.30 "V 1.66 % T 7

from the 'SLBX flight ‘time gives the net’' escape’ time: fori'ell' of the i:¢
aircraft:at the base;sone aircraft: can take: of £ every:'l5 secioc Thus;:s,
with Wurtewith's: 1566 win net!escape time,” the f1ret” bomber can take'--
of f- @t ‘time earo: folloved by ¢ix more aircraft:at 15 bec intervalels:
however,- Bubsequent: alrcraft: taking aff ican not: dscape’ the: weapon o7
effecte.ts Depending’ upon'the: orderiof bombers: and:tinkers in the:he
takeoff Qqueue;:eome mixture:of each can survive: st Wurtsmithiisince:ce
bombers: would: probably-be placed earlier if the queue:thau tackers:ion o0
the 'averageo; a few worsy’ bombers than tankers would:prodably survive. e-

are:abcut>23,0007and: 37,000 fe,{ respectivelyii /A 5. n°oml average: dlp=ic-
tance:was thus:chosen for the:lethal:effects..” Further,” it was assumed::¢
that'aireraft: start their takeoff'lin ml :frow ‘the: center- of the: ronway iy
andi:thus wust: fly.- 6 n'mtl to escape the. nuclear effects. Gee Glasetome i
and. Dolan:-(1977)," pp.-108-109.5Y.
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The ‘et cocape’ itimed glveik dn Table ¥ ste éalculated wosimlty ns. T ‘ 4

that cach' base!is hit:with ‘the 'Firet’ SLBM-ifroe ‘the' ‘submarine.ne §1ateice ] 1,..\ o
SLBMs ‘are'fired one’ st & time, with 'Foughly ¥ IS wec deliy betweene:. SR .
firings,” the: ‘attacker wmuat choose ithe rderi4n Which! he 'targets thehe J [
bages.>SIn thie' cage;’ the-attacker caws kK111 hone of the:lalreraft? ot At ER -
Rickenbacker (aince'only' Eive! ate based ‘there: and 'alx could Eacapeyi); ¥ S
therefore he wmight’ not' targetithat: btiase: at ‘alliilAleo,” the 'attackerker 1 :
can’-destroy” all' of ‘the alreraftiat Criffiss as long as he ‘does notiot ' " "__
delay-the missile launch' by 1.18 min'or more.’* On ‘the-‘other: hand,"1f Lt U
the ‘first SLBM is targeted on Wurtemith,! one more aircraft: can survive e “"Ea:_‘ g
at Seymour-Johnson (the 15 sec:‘delay--in hitting Seymour~Johneom allows' s 1‘ ol
one’ more’ takeoff),” and vice verss. 3In thie: particular. case,: the 'seven’=?2 Ci <5
aircraft’ that can escape from Wurtsmith may be all of ‘the” boubers, &o 50
that:the' marginal aircraft-at Wurtsmith is probably's tanker;:'; T
alternatively, the second aircraft’ taking off from Seymour=Johnson' is !=
probably a’ bomber. - Assuming' that’the attacker prefers to destroy '~ -
bombers,” he might place his first weapon on Seymour-Johnson, hig:ls
second on Wurtemith, hisg: third on Griffies, snd his: fourth on ! o -
Rickenbacker (1f:he places any:on Rickenbacker at all).:) Thus,: the ¢
surviving aircraft might bYe the- five' tankers’ at Rickenbacker, one: ¢ _
bomber  from” Seymour-Johnson,” and- five! bombers  and ‘three: ‘tankers from @ '_' ]
P T

In real attacks 'on the bomber forced,”two''other factors st be b¢
consideredicC First, " not'all:of the 'weapons’ 'fired at the ‘boaber bases -5
willl detonate on ‘target;-‘as they -are:less than 100 ‘parceiit: relfableilc.
Assuxing ‘that the- SLEMs" in our®exampls’ are’ B0 pércent reliable;’ thenm; "
the  ‘expected survival frow the Four warhead attack: Increages: Efrom six'x

3

bombers: and: eight’ tankers to aboul’ eight boabers’ and: ten' tankers.'s: B ;'_ -
Second,” the ‘attacker:‘can reduce aurvival by targeting wore' than bhednt Uy o
warhedd per- base.* The' extra® varheads-can’ offeet reliability’ pioblems: s i~
and-algo’ can: expand: thel area’ covered by wiclear effects,: Qecreasing: "8 5 v
the’ bomber"‘eacape' time."° The Soviets probably would: use duch'a' pro= 0~ Ju .
cedure|  referred to as a pattern attack,”'glven the: relatively mmallrll & ‘_i‘-‘j N
number’ of U.S.: bomber bases-and the relatively: large number: of Soviet -t 4 \
submarines available to mttack:them.'=- gé,fL Y
A 38
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Boube® Survivatility Cad bd 'ssoesied By W varittye G thefriter et
prograiis.is Thase propraks’ vary 1n Complexity row ExtremeTy bicple'le
approxinations-to very detalled Gimmiattons®'of ‘the Lnteract oo Weils-
cusaed abovei' cHowever,® bven 4n the 'Very Batalled ¥ioulatibns,  the he
allocation of Veapons’ for pattera’ atthcks el be FopTified ty '& 2
nunbei: of Wasunptlons because the tining and ‘positibning of pattery: o
attacks 'can be 'exttene 1y complicated,? making '8’ truly: vptinaF Weapoh on
allocatlon lnfeasible. ” St111, most’ of the deraflad Wimulations hro= o
vidé @llocations” that' are' very close tb ‘optimal -and' thus''prodiste: e
reaonably” sccurate! results. 8. | Hoveved,” the ‘allocativns are’ Ulmostos"
always‘caleulated ‘assuming that' each @ide’ has perfect Information "
about”'the-'sctions’ and: systens’ performance of ‘the otheri®Without persr-
fect dnformation, s suboptimal® allocation 'of weapons’ s prodadle:lc-

BALLISTIC MISSILE SUBMARINES ™%
Like most other naval asscts,- S5BNs must be treated ‘as mobile' ' "

targets.-- Therefore; attacks against them progress” through two

stages. ©In the first (localization),”the attacker- attempts’ to deter~ "~

mine the- SSEN location within &' small area.”"In the second {engage-"""
ment); the attacker employs weapons in &a attempt-'to destroy’‘the- v
SSEN.:'With'a nuclear weapon,- the ‘protability’ of destroying the SSBN::~
10 the 'engagement:'ts fairly high.l?." Therefore, 'localization'{s the '
key: step'in sttacking SSBNs.

"The''first™Is to monitor-or
SSBN- porta” and’' repalr! facilities.-5The 'second’ Is to trail' SSBNe®as o5
they'‘leave: porti'! The''third 1s to mearch For SSBNs with any'df &

variety of systems.s And the Fourth procedure:is ¥o walt: for ab S5BN B
to give away'Ste position’ by ’Iaunchlnst"ai migsile),! ‘surfacing,"Lr -F

There: are: four- vays' to locate: an SSBN. ™

wﬂowever. Binple” bomber Burvival models, ‘suchi'as ‘the one’used 1
by Quanbeck and Weod (1976)," produce ‘survival levels' that cam bé of £ 1
by ‘up ‘to SO percent; " since they ‘Tail’ to allocate: weapons cptimny Ly
and’'often- migestimate’ the- danage’ caused to escapihg: aircraft.’”
should' engure' that ‘simple’ models™ are: somehow: validated sgainst:the-
actua} gdynnuics' of bomber’survivaliil:

A barrage’attack could be performed with- ICBM warheads ) ‘or the" *f

attackericould -bse'n variety’ of nuclear- torpedos and’ depth bombs with't
sophisticated homing devices. s

Analysu‘: Ls

~»~‘\- s oM Ai‘!-,g q.

, - 223 TNEE 4 o i
* = .,;."1‘- '}--:’ # e B }?% Y‘i % i 5. C’-‘.. o s R D) X -._4 ‘c‘-‘;’ '..._._:__,_-:‘ .
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carelessly’ tranmul tt'ing Hiessagen. © These procedures may b used Th why'nY .
conbinatiod,” though' the! mathod 'of ‘dtrack! resulting ‘From each'1s womes'e~ T
what'di £ferent."" That s,  ‘since’ some SSBNs are’ alvayd in portel SSBE -:3‘.';:" L
ports” VAIl! maturally' b @' targetset ‘for any nuclear dterackich: SSENaNS '
can best be trailed ‘anly' by Gther subiarines and are’ lkely o W& b¢ g
attacked Yy those’ submarines.’* Submarines detected during- seatch oi ©F '
after ‘exposing themsélves’ can: be uttac.ked--by the 'detecting ‘sub‘mrihe‘“e’
surface' ship,'or ‘aircraft,” perbaps with an area’ ‘barrage’of nuclear “f ;
weapone.'®- - ey

Much’of ‘the’ preuent-day’ effort in antisubmarine warfare-is ex=""
pended in dev-loping' search’ techniques: £or ‘localization.’' Two basie’lc [y +E
approaches are used in such' searches.”’ The ‘£irst '{s acoustic search.-b- v
While' sonar and similar' devices have' been used for years for thig'is
purpose,’scoustic search is a difficult snd uncertain: procedure:’~
because  sea water 1{s an imperfect carrier of sound. Acoustic- search "
can be performed by area” sensors {(like SOSUS),ZO- point  sensors (sono~ "~
budys);"br sweeping sensors (mounted on naval craft, especially sub='>"
marines). " Area sensors provide continual surveillance of certain'i'
areas as long as ocean conditions are appropriate; point sensors’:®
search a circular area around the ‘sensor, and sweeping ‘sensors search ©©
a path defined by the range of ‘the' sensors {the path: width)  and” the *
speed of ‘the' vessel’ (the path'length.in mny given period of time),:
The ‘area’ searched,” when divided by the ‘area’'available’ for. SSENW de<it-
ploymerit;” gives ‘the probabdility' 'of 'a’ randon encounter with'a’ eingle: Lt
ssBi. 4L Thus; ‘that probability’ increases with the-'area” that can be b¢
searched {n any given amount 'of time' and decreages’ with' the amount’'of <%
area'in which''the” S5BN tan be deployed.”-

Nonacoustie search™ s thef'Sther means' 6f SSBN detection. " Amonig’ts

B LT
FEEL S
f

-
Ted,
—_

oA Teaa it
Yur ¥ T e 8

the ‘techniques’ suggested for nonacoustic smearch’ are- vcean’ plertihg ™o
lasers; wakei'detection,® and mgnetic snomaly' detection.”” Such’ Forms of “:
peareh ould #lso'employ: area,” olnt),’ or sweep techniques:’s:

20'l'he 0.5, 50SUS - { sound’ snrveﬂlance syatem) ‘consi’ts of 2 seriea L2s
of Gensots’ for' submar!.ne detection wounted-‘on the” ocesn” bottmn. “See "
Aldridge’ (1978). pp.i 34-36."

21SSB!“: ‘2180’ Have  ‘Bouhd’ detecrion ‘systems’ which' (ar.\ tines) allow ©
ther'td detect an ‘attacker and evade or attack’ first.:t

S R S RN I R —
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Attacks on Ssnnu*hordiliy do not"f1t’ Tnro most ‘ssseagments of
strategic’ dapabilities,"1n part’ becauss many analysts treat SSBNs as °
inwilnerable;! 'or Vilnerable” only: in the ‘long ‘tera, given the lengths
of time that i ght' Ve required to find and destroy them, Another '
reason for 1gnoring attacks ‘on SSBNs is that strategic weapon systems - °
would' have s’ shall Yole’ {a such attacks, and ‘thus exchange ratios ~°
would' not' be meaningful.z2 However, these attacks could affect stra- ~

23

tegic’ capabilitieﬂ'in Bome ‘scenarios® and Bhould therefore be con=

sidered.’d

COMMAND' AND ‘CONTROL * =
The woltierability of ‘command and control systems is essentially a

network ' problems” 'That'{s,’ such systems are usually desigmed with -

redundadcy,” which requires that an attack must cut many nodes or |
comnections 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 :
levels of the network 'might require relatively little effort, a

prudent“ﬁlanﬁer‘would'probably attempt to damage several levels,

1nc1uding'the'more dispersed operational level. !
Whilé the  public' literature is relatively ricn in detail on the ! g
vulnerability of h%rategic forces, the same literature has largely '
1gnored 'detailed treatment of command and control vulnersbility. )
Though éingié'bcint‘bplnefabilify'can be fairly well approximated om . |_“1~:}51f
{ncomplete information,”1it is much more difficult to construct a - L_‘£Jﬁdf
e AR

zzciﬁeral"bbrﬁbde‘forbeh could also be used to destroy strategic RN R
systems other’than SSENs. For example, B=528 could be destroyed by LA e
hand~held surface~to-air misailes (SAMa) as they toock off, and ICBM T
silos* could be subject to paramilitary attack with conventional ex-
plosives. " However, ICBMs and bombers are generally considered more
sugceptible Lo mttack by strategic forces, whereas $5BNe are more
susceptible’ to attack by general purpose forces. Thus bomber and ICBM
prelaunch’survival must be considered in assessing etrategic force o
caphbilitiesi“uhereaa SSBN prelaunch survival is not as obvicusly ° e
relevgg

Such seenarios’ w ght begin vith a phase of protracted conven- HESRTEE RN
tional wvar, during which SSBNs might be destroyed, or might {include a |
strategic- exchange that continued over some pericd.

e R
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network model without a good understanding of each node and connec~

*ion, since the survival of but a single 1link may make the postulated
attack unsucceseful. This type of problem is shown in the following g :
sinple example. . :'- ) J
Bach U.S. Minuteman squadron controle the launch of 50 missiles . -
in that squadron. At this level, the command and control elements are o ﬂ*
referred to as launch control centers (LCCB)-za Each squadron has C

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

wished to neutralize the migsiles in any given squadron by attacking

to launch the squadron's missiles; however, with outside help a single ,% L
: : g

LCC sometimes can launch the missiles. Therefore, an attacker who o “;
v ‘,.?4

command and control sites would have to destroy at least four, and
perhaps all five LCCs, in that squadron. The probability of LCC sur~
vival can be calculated using a binomial equation based 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 15 a 95 perzent probability that no LCC would survive and
roughly a 5 percent probability that only one would. There is almost

B o A S A A

no chance that two or more LCCs would survive. l
The results shown in Table 5 are typical of many network prob-
lems. Very high kill probabilities are needed against each node in a _
network to completely cut all links. Thus, in the LCC network, a kill

P

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

re
PR SN

percent probability of disabling the entire network. Alternatively,
1f this network requires at least two links to stay cpen, the effec~-

oy
.
A

tiveness of an attack against the ertire network can exceed the kill
probability against any individual node in the network (Lf the LCC

survival probability is less than 0.131). Thus, while requiring two
LCCs to launch a squadron's miesiles reduces the probability of-un-

]
4

DI T POt .. 1)

authorized launch, it could also gubstantially reduce the probability
of effective command and control survival.

YT 94

e operation of the LCCs is described in "Targeting Flex{bil- L
ity Eophasized by SAC" (1976). o
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Table 5

MINUTEMAN SQUADRON COMMAND AND CONTROL
NETWORK SURVIVABILITY

Individual
LCC Survival | Probability of the Survival of:
Probability
2 or
(%) ~ No LCCs 1 LCC More LCCs
1.0 95.1 4.8 0.1
2.0 90.4 9.2 0.4
5-0 77.“ 20-“ 2.2
10.0 59.0 32.8 8.2
13.1 49.6 37.3 13.1
20.0 32.8 51.0 26.2
20.0 16.8 36.0 47.2
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 immobile military bases that can bé 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 obvious difficulties. If the
military capabilities themselves are either mobile or capable of dis-
persing on warning, destruction of the fixed facilities assoclated
with a milirary capability may have very little effect on the capa-
bility itself (at least in the short run). Further, many military
facilities are quite large and more than a single warhead night.be
required to cover the entire target. If these 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 . .aC at least

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

other that more than one can be destroyed by a single warhead.
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In summary, then, damage to other utlitary targets is difficult
to evaluata. Even for fixed military facilities, analysta must use
detailed we;pon allocatfon procedures and must know the actual loca-
tion, size, and vulnerability of these facilities and the arrival
probability of the attackicay weapons. Damage to mobile or dispersable
military units cannot readily be assessed without considerably more
information. These difficulties cause many analysts to ignore other
military targets in assessments of coﬁnteruilitary capabilities, even
though in some gcenarios they may be the most important targets.

UNCERTAINTY IN COUNTERMILITARY CAPABILITIES

Like all other aspects of nuclear war, countermilitary attacks
involve large uncertainties. While {r is difficult to precisely rank
the types of military targets by the amount of uncertainty associated
with attacks against them, it seems likely that the ranking today
would be (from highest uncertainty to lowest): command and control,
other military targets, bombers, IC3Ms, and SSBNs.

Attacks on command and control should be treated as having the
moat uncertain effects for a variety of reascns. An opponent can
never be entirely confident that he knows the precise nature of the
command and control retwork. The network also can change rapidly, and
is likely to do eo {f an attack is not quick enough to catch airborne
commind elements before they escape their airfields. Alsn, the reli-
ability of the various communication procedures, especially in a nu-
clear environment, is extremely uncertain. Finally, both sides know
that once nuclear war has begun, lower level commandetrs may be able to
continue attacks regardless of the condition of large command and
control networks.

Uncertainty exists in att~cks on other military targets because
the attacker can feel confident only of destroying the fixed installa=~
tions aseociated with those targets. In a surprise attack, he may
also catch many units still at their bases, though he {s unlikely to
know their exact locations. Even if units are damaged their effec~
tiveness thereafter remains uncertain; partial attrition may destroy a
unit's cohesion or motivate it to fight harder. Finally, no attacker
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can be certain of the short- or long-term effects of having destroyed .f?};
the fixed inataliations associated with particular military units.2? . Vo ;
With attacks on bombers, the primary uncertainty is timing. Will SRR
there be enough warning? Will the atrcrews and aircraft respond ;" k
quickly? How quickly will the opponent's SLBMs reach their targets? N P::
The defender can not accurately anticipate SSEN targeting plans, acd
the attacker will not assuredly know where the bombers are based. )
Last, the destructivenecss of the warheads and the vulnerability of the T - ,{

-
aircraft are imperfectly known. E }f.’w
The uncertainty associated with countersilo attacks has been :_x;ﬂf fi
widely studied.2® Perhaps the primary sources of uncertainty in thoae ? j;J":Wi‘
attacks are accuracy, fratricide, and weapon effects. Some of these !'f N

uncertainties can have large consequences, as will be demonstrated. ]
Most analysts feel that SSBN survival probabilities are very high

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

‘that U.S., SSBNa are almoat certainly invulnerable and will be safe for

years to come. lndeed, almost all discuseions of SSEN survivability ‘ ' f

suggest that only a major technological breakthrough in S$SBN localiza=-

tion would make them vulnerable, and that breakthrough must certainly

be less probable, 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 o

Soviet attack as discussed above (using the data from Table 2). Im t;_};}{

thie attack, it {s assumed that two SS~A warheads arrive at each of

1000 U.S. siles (and therefore arrival probability is not a

2591¢h airfields, for example, the fixed installations tend to be bres '"'}'
the aircraft repair facilities and the stores of petroleum, oil; and ° g

lubricants Without these assets, aircraft sorties may be limited to v
only one or two per aircraft. If, however, similar facilities exist Sy
at an undamaged airfield close by, aircraft sorties may be limited "_”ﬁ
only when extr-nely complicated or specialized maintenance problems Yat 8
arisez ' LT TN
GThis subject is developed in considerable detail in Bennett _'Hfﬁ:“
(198Ca and 1980b}. ot
. . . o stttn = = .. =
TR N
4 . ’
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problen)-27 The multiple-warhead PS formula given earlier is used to
calculate survi;abllity, 0 that the only varisbles are the target
hardness, the warhead yield, and the CEP.28 The results of this cal-
culation are di-played in Fig. 3, where the number of surviving U.S.
ICBMs is plotted against the cumulative probability that as many or

fewer gurvive. Thus, there is only a 25 percent chance that 20 or

fewer U.S. ICEMs survive, acd a 50 percent chance that 47 or more

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

oters is 42 U.,5. ICBMs—1less than the wedian level of survlval.zg
Even with the limited uncertainties considered here, and assuming that
two warheads detonate on every target, this curve shows that the
nunber of U.S5. ICBMs surviving could range from essentially zerc to
over 400, making impossible any precice mumerical estimates of atra-
tegic force capabilities uifhout also specifying a confidence inter-

val. Purther, as stated above, ICEM survivability can probably be

egtimated with greater confidence than the survivability of amy other

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

of countermilitary capabilities can be establighed, a point estimate
of those capabilities is very hard to justify.

271f arrival probabilit- were actually considered, the expected
value for survival should inturease (unless a large number of warheads
are used to guarantee arrival), and the uncertainty would be enhariced
(ainc&aarrival probability is itself uncertain).

Thus fratricide and systematic bias, two of the major deter-
minants of uncertaint{es in ICBM survival, are not included in thie
calculation, deecreasing the overall survival estimates, and reducing
the uncertainty shown ia survival, In doing this calculation, yield
is assumed to have a standard deviation of 10 percent (75 Kt),
hardnese a standard deviation of 250 pal, and the CEP is assumed to be
determined from 25 tests. It is further assumed that the yield and
CEP are determined by 10 tests each, and that the lethal radius cal-
culated for blast effects has a standard deviation of 5 percent.
Student's t distributions are used for each of the variables except
the CE , which is determined from a chi-square distribution.

In most cases where the “expected” survival is quite lov, the
median or the average survival {(accounting for uncertainties) tends to
be higher than the “expected” survival because a slight degradation in
any of the factors tends to increase survival more than a slight ia-
provement in the factors decreases survival (the mathematician's prod-
lem of averaging across a concave surface).
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IITLT I ESTIYATING COUNTERVALUE. CAPABILITTES' £5

The:'purpossrof countervalue attacke:'is isuallyl stated as thecte
deotruction! of the: opponsnt’s: Industry: or society..yThig-section dis=is~
cusses: the:natare: of xich: sttacks 'and:soms: methods . forfevaluating. g
them,cfirst-Yy diffetentiating’ the: 'vulnarability of industry and:the le
popularionicthen:by considering procedares: for: attacking collocated:-cd
area: targets and. how . countervalue: attacks.could:affect industrialial
capabilitiesidn the:postwar period.:]Falloit: damage:1is also. assessed,::,
as is the. potentiali 1hflusnce:of civil-defense,swhich is designed:to to
offzet:such damigs. > Finally)i this section’ considers: how wvarious. w=-un-
certainties. can:affect countervalue assegsgsments.:s.

THE VULNERABILITY OF POPULATIOR AND INDUSTRY ¥
Ruclear: weapons: affect industry: and population in varicus ways.- ..
(It .is not:U.S..policy. to attack:population.) .. As with wmilitary:tar—.r-

gets,: the weapon effect most often.used to assess damage to both:-of : -
these types:of assets-is overpressure or "blast.”:.An averpressure of ..
between 5:and 10 psi is normally. fatal to either:industry or popula~’. -
tion. ~Within:the. 5.psi:distance frca a-nuclear explesion,. fire: may..:-
destroy-meny of theLatructures: that survive! blasheffects;-.lsz.!ror“a: a
groundburet: 1t MT weapon,.the.5:psi:lethal radius is about:2.5.nmi =
(15,000 #t):: 1t 1s about:3:85n:ndi for:an optimal-airburstsst TheTcom=or-

e}

parable.distances. for: 10 psi;are. {.7iand 2.4 n.mi, ;respectively.?y. -

IDamage - criteria- for both:blast and-fire: sffects:are:given. in o
ACDA-(AGT8) .2 ppocTr9s-0.

27he letbal radii:are:calculated from-Glasstons: and Dolan :n
(1977)5: pp.c132-115.1. The details of these nuclear weapon:effects:are:.rc
discussed :in AppendixiA: *It is important- to note that the optimal-:.
beight -of burat-for’ 10 psi.and.for'5-psi- differ significantly.. Thus, =,
at the: optimal-height of durst-for:5-psi (about 10,000 It for: $~MT),7},
tha:10 pai-lethal radiusiis only:about-1.3'n mi becauvse the weapon-is is
detonatad above. the: 10 psi .mach. stem region.-:At the-optimal-height -t
of burst-for. 10 psi-{about:7,000 ft); the 5:pai lethal radius:is :s
reduced. only:about 10 percent.n..
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P?pﬁ_lltimi 4is ilso!sensitivelto vadistioni effects.is Probpt: gam:etcia
and: neutron: fadiatluni is emitted. by a-nuclear weapon:when: 1t ex=—u:-
plodesics Pors 1r MI ok larger weapons; the lethal:radiusi for- prompt:pt
radiaticn. is amallet: than. that' for: comparable blast:effects;and 3o so
blast:is the effect: from which fatalities. should be calculated..iFor or
weapons : smaller] than:l.:MT, 'the:prompt :radiation lethal-radiueiis the: Y
larger and.thus-is the determinant:of fatantlen.aa.'l'he'rhnl'- radiation. on
can:also. be lethal: for those:in line of sight: of the. exploglon..nUsu=-u-
ally .only people who are outdoors at the time of an explosion would::
ordinarily: be so exposed, but for them thermal radiation.could.be the :.c
mosr.:-lethul’ﬁli"inally;.,falloutvpro_duced by muclear. weapons spreads.i:

downwind from the 'eiploslon.--..People_-‘dounwina' would .receive radiation:.n

dosages as long-as they _remained unsheltered in contaminated areas;:s:
accumilation of a sufficient radiation dosage can be fatal‘.sa-"
I:_adu.atrial activities can also be damaged by other nuclear.ef-:i'-
f‘ecta." . @'lmost"all kinds of modern electronics are.vulnerable to ‘- '
e'lect.‘l‘-om;gnetic.wlse {EMP) effects, which may elther temporarily iy
disable or permanently. destroy electronic circuitry. : Also, 'if falle :-
out.covers. industrial establishments, access to them may be denied.:

for: weeks or months after a nuclear explosion.:: .

3There is an intermediate.region between about: 100 Kt and.1.MT :7
in which both effects. are significant and cause a net lethal radius .o
larger than the: lethal radius of either effect by itself. i This is
relationship.exists because blast.effects:scale.with yield o the.re
one-third .power, whereas radiation effects scale.with yleld:raised to 0
somewhat' lower powers (e.g., around..15)..).

YThe effect of prompt ‘radiatien is greatest-against people-who n>
are:outdoors.and :unprotected,- . However, prompt radistioniis probadly..v
less lethal than. thermal radiation to pecple cutdoors, except from ..
very low. warhead ‘ylelds (below: about: 10 to 20 Kt)..:-

SIn""det.ermining the.total radiation dosage received; promptic:
radiation.dosages must.be added 'to fallout radiation dosages. . Howe_-i-
ever,-the protection against.radiation.afforded. by structures -is not oL
the: same .for both...In general, structures provide less protection..n
against: prompt.radiation. than fallout.radistion..-See -Appendix. A foriur
more.information.on these.effects. ..
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ATTACKING! TARCET: CONCERTRATIONG NS

A lethal radiubdi foripropt nucleni~eoffebis ban be sptinatad:cd
againatoanyatypyf thriget;ot Attabks againat’ 1nolatad: phinti tarketa:ts
willi destroy theltarfet dT theiweapon arrives  ahd: detonated g 1f if
the' Hetonation: cooure: Within: thet Juthal radius! froh- thet targetib: .o
However - both:populatioh: anda1hdustry:- tend:td be lochted: 1h highly:lyv
concentrated. urban>areas;: collocatedi withi otherhindustry: and- urbanan
pomlation‘;?n iiso;S'my'aimuxtnimi are-acttally ared targets. sAtt-
tacks: againat industry or pomlati'onai‘ uust account . for these: fac: "~
torsir:While' a: variety-of approximations-are avajilable for’assessing: ~+
damage’to these area targets; the real-diffitulty' in foreulating: such:ch
attatks 'is in determining:where’weapons should 'bé plated and: the he
priorities: between locationsin:A solution’ to these problems-is known '
as asweapon allo&:at:ic»m;'1:ar<>c:e<!|.ﬂ-e;.9 9

To establish: an allocatfon procedure, most snalyats employ'a .
value!system: for urban®and:industrial targets.: Such a value' system <
facilitates: the: comparison- of targets of different types;- allowing: the'
analysat-to decide, for: example, where to target a weapon in an area -
containing: both-a steel-milli and.an ¢4l refinery. " Theivalue!'of each: ®
populated: area'is related:to the number:of people who.live within that" -
areai::The. valueiof each:.industriali plant:can. be the: manufacturing' o
valueiadded’ (HVA‘)«“-’) ot some -simtlar: neasute: -Assigning u* valuaito o

5A1’umr.1vh1y;1 Tor e normal-damage functiohi {not a‘ "eookie ic
cutter®);" the probability: that' the"target-1s destroyed-by an arriving <
and:detonating: weapon:is caloulated by integrating: tae. damage ¢
function: with-the:-warhead:{mpaot distribution.”" -

Teyrban®:afeas- ares citiss: of 25,000 population: or more; as =5
defindd=tn ACDAT{A978)7p. 3. 3.

sltﬁbks”'agamstr:pow lation are:diséusses. herein: becauss: of cf
their I'requent mention: in the' strategio literature--especislly:in :n
connection: with. gssured: déstruction--despits. the distaate of the.n:
author':for.-a”strategy -that! would:allow' such attasks.:s.

% %éapm“allobatiml procedure: can 0over-a varisty:of targets:is
besides: "value™:assets; dut. in essential’ to formulating a meaningful: i
countervalue attaok.cx. )

1CMvA s the:differénce betwsen the.values:of the' cutputs:andand
inputs:of e firs; d.e., its. net . increase.: .
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each' target provides:a basis: for allocating a' glven mmmber'of weapons'™<

to maximiea: the: damago:they do.}l. "’
T\ basio’ procedures oan:be used- in allocating weapons- against::t

urban and:industrial- assets.'?. "The- Tiret and: simpler procedure:exam-:":-

ines all possible locaticns--for placing- the. first weapon, and-alle- -
cates. 1t where 1t can destroy. the-gmt.oat'nlue.u The procedure e
_then - allocates-weapons- sequentially to the-locations where:the next:xl
greatest value. can-be destroyed. :This procedure allows the analyst 5%

- to determine’ a roughly optimal laydowm for any number of weapons, and 7

to draw a-tradeoff curve between value destroyed: and weapons used. -
The 'second procedure-begins with a specific number of weapons i

that must-be allocated to a given target set, "It then finds a "fea- -

asible” allocation for: those weapons, often in the sequential manner -~
of the Tirst procedure.” Finally, it attempts to wodify the various .-
aim points to increase the amount of damage done. For example, if '
only two {ndustrial facilities are being attacked, sand 1if they are ‘-
separated by somewhat more than one weapon radiuva but sonewhat less -
than two weapon radii, then the firet weapon and the second weapon '

might be aimed sc as to impact between the two. 'If this-allocation - :

M1n performing such weapon allocations, only the value of ob- i -

jective targets is conaidered. -If some type of industry 1a not to be © -

attacked {(e¢.g., clothing manufacture), its value is not included. ::

Alsc,’ some assets can be specifically avoided by negatively weighting "~

their value. - Similarly, though the units of population and MVA are '
different, "optimal™:attacks against both {to simultaneously accom---
plish the dual-goals of assured destruction, for example) can be - -
produced by appropriately weighting the values of each. -

125" third procedure ellocates a single warhead to each objective -

target, and -then searches for overlaps in weapon coverage, removing '
a3 many overlapping weapons as possible while leaving every target
covered, :The locations chosen become the aim points of the attack, --
and weapons are then allocated to these locations elther uniformly
(one or two per alm point) or by maximizing the parginal damage
done. This procedure is not usually employed because the exclusion '
is generally done by hand ‘and is thus very alow. --

V37he procedure for finding the optimal location can be - '
complicated, because the value surface for destruction of targets -
often has a“vuriety of local optimums, some of which do not occur -~
directly over sny target. Some allocation procedures search the - -

entire. space: for the global optimum, whereas others consider only the -

damage thatcould.be done by directly attacking any given- target. -




=37:37- -

doed not completely deotroy” elther target,c their the' Einal'step of thishis
procédurd: il ght Well: move the” weapon’ e each:target,- guarenteeling iz
their: déstrbotion' {11! both  weapons- arrive: und: detonate)is) In shoity
the ssquentiali procedure tan-actually! yield:a” suboptimal-allocationion
for! more than the' first weapon 1n any: given- area,cand thib seconda:nd
proceduré’ Beeks: to improve  the. allocation: to an optimum!d. '

Figure: 8 displays:a product:of the-first’ p'ro'cedureé"s- 1"In thimis
figire, 1. MT warheads‘with an 80 percent’arrival’probabllity! were "=
assigned to U.S.. fimustry’.=‘.5- “Tm"d;w one hundred warheads: tould:dée~2-
stroy” slightly more than 20 percent:of U.S, MVA, whereas nearly 900"
varheads would bé required’ té destroy”about’ 60 percent of U.S.- MVAL' ' As &5
shown;-the  data’base employed’ (for 1977)7 contains only 79.26- percent""
of all*U.Si MVA, and:thus 'the’ destruction’ of MVA approaches that it
value gs & limit}.©-

THE EFFECT OF INDUSTRIAL DAMAGE |-

The quantity of MVA destroyed does not necessarily meéasure-the! "’

damage dome to industry-by & nuclear attack. “For a varfety of rea- '~
sons,  the surviving industrial- facilicvies may -produce at elither higher -7
or lower levels” than before-the attack. <Also,-the composition of the- -
surviving industry: determines the’ viability and-usefulness of the i
econowy. "Many-analysts,’ concerned about the ‘capacity of theindustry: 'Y
to recover-its' prewar capabilities, measureindustrial’ damage’ by thig:ls
recovery timein--

Production: at surviving industrial plants after’a nuclear attack-c™
could :¢iffer’ from preattack production-primarily:bétause:the inputs. ™S

Wyhive: the' second procedurs destroys ' more value! than':'the: first "
for’ any given 'numter of weapons mllocated,' it involves potentiallyi:”
changing everything: about - the -allocation: including aim points:at °t
different levels of attack. «:

157nis allocation assumes that warheads’ean be aimed only at the "
center of each target-dataarea..:The target data are'specified as ==
MVA clusters renging in radius from a’few- tenths of a nautical mile i”
to about 7in'mi. - Target hardness is assumed to be 10 pafisi.

lsnﬁzh!forfthib‘énalysin are projected from the National Military: ™

Command : System Support Center: (1973). '
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to %he”$toﬂﬁéiibhtbro&ibd‘hﬂy~welleEhangeel7' 1£,7 for’ examwple; ! some e
{apottant Inphts vere’ in Very short supply; produdtion’ dght be great=t~
ly curtalledio¢1f,! however)" some inpute-could be increat >4l thel pro=~"""

ductton' Would aiso' incrédde;"" In this'latter- evenit," soné Hnalyste s SR
argue;'4: larget Work force’ could- probably’be obilized dfter' ah de~':" i e
tack;-'thus “incteasing! the’ labor”inphts to production.'® " However;" mchich i
of ‘this added labor would likely be unskilled, and'therefore 'its mar—"" o]
ginal’ prodictivity might not''be very high.“!On 'the"other hand; it ts *

reasonable to assume’that' mamy lmportant inputs'such -as steel and™' o ’;{

energy would have received higher levels of damage than the manufac— <"~
turing firms’ that depended'on then, and therefore would indeed be in " -8

shoft‘BhpplyT(ésbecially:giveh’the‘expected‘1ntérkubtion§'bf the ¢

A
Co ot

trahbpbrtatioh'nbtwork)h'-Furthéf}’aome”indusirihl’piobésses”tesémbleiC i
the- power ‘sector, -in vhich' even a slight degradation' {n productive - '
capacity- could 'cause a complete failure of that process i{n a‘given
area. -Thus, it seems more likely that the destruction of MVA would ' i l_
underestimate the loss in short-term industrial capability. -

While most analyses do not identify the MVA destroyed in terms ]
of the industry affected, industrial damage by sectors is a eritical *-
determinant of industrial viability and usefulness. Thus, though the *
civilian population would greatly suffer 1f all of the MVA destroyed © -
produced finished civilian products,’ the effect of an attack ¢ould ‘be -
much -greater if similar levels of destruction (in terms of MVA)'*'

- o O — N

171ndustrial plants may be only partially damaged, leaving: some ™°
parts of their productive z2ctivitis~s still intact.  If the bulldings %
that house-a facility are destroyed while many of the machine’ tools ‘"
within those buildings survive undamaged, extra“ labor -will have to ‘“
be drawn away from other productive activities- to umcover the™
_ surviving cquipment.

1B1; the assured destruction concept onsidered above,”the-goal*::
is to destroy 50 percent of industry and 25 percent of the popula= ‘-
tion. “ Thus, many analysts immediately assume that relatively more '
labor will be available after the attack. ‘However, half of the Soviet '~ ?
pcpulation is urban; eonstituting the majority of both the labor forece '~ N
and the fatalities. About 50 percent of the present Soviet industrial !
labor force would probably be killed; thus increases in labor would ' - ;
primarily come from either the rural population or the urban popula=""" x5
tion that was not-in the labor force, both groups consisting mainly of o | .-
untrained labor. -’ . o
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affected the' eheray or heavy industry sectors.’ ‘Por a country emgagéd P
in a"wilitary Conflict, perhaps the most important:issue would be the ' S
amount' of hif*éhbpufting:1nduatry'that survived, though even this - .;?}-
element tould’be partly or wholly useless 1f, for example, surviving - N
pettoleun “product 'storage and refining capacity could mot support the ’ f
surviving industry. ¥

-

Concern abont” the composition of industrial assets that survive - J

an attack has led some analysts to look for "bottle-neck” sectors ) ! )
wh!cﬁifif h;aﬁily'hamaged, could disrupt the entire industrial econo~ '§ -Qﬁ <
my.”~ Petroleum, ‘steel, and electrical power are traditional candi- ;
dates.” Howevet, it 1s difficult to disrupt an entire economy because lzf‘ .
substitutes for the products of any given sector can usually be found, '
alth}hgh‘theyﬁmay not perfectly replace the original products.l? It I
ts 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 urcertain.

Over the past several years, many analysts have measured indus-

trial damage by the time required for industrial or economic

. v '
SUIITUUIRGUI. W 1 S o

recovery. 'Such estimates tend to ignore the composition 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 prewar gross national product (cNP)20 o MVA, assum-

—— i
[P P R

ing that all postuar production relationships are like prewar

21.-

cases. These analyses also ignore the tradeoffs between initial

19Thus, aluminum or other metals might replace steel, and

petroleum or steel could potentially be obtained from areas
captured during the war,

2OGNP’is essentially the ec~nomic value of all goods and ser-
vices" produced - by ‘an economy. It is much greater than MVA, since it

includes ‘service, commercial, agricultural, and other nonindustrial
sectors" of the economy. :

21That is, no substitution s allowed, and all factors are
assumed ‘to retain thetr prewar productivity. Often the prewar
production relationships are captured in an "input/output®™ table,
which gives the relationships between inputs required and outputs
produced ‘in the’ peacetime economy.
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postwar industrial capabilities and longer-tem recovery.zz Thus,
even if industrial or economic recovery time 1s a useful measure of
industrial damage, the procedures presently being used to calculete
this time cannot be relied on because they oversiaplify a complicated
phenomenon.
In summary, then, industrial damage is normally equated to MVA
destroyed. However, MVA may not be a good measure of industrial ca-
‘ pability because it fails to capture the dynamics of exonomic pro-
cesses and also ignores the composition of the surviving industry and
the recovery potential of that industry. Yet because it is difficult
to accurately account for each of these factor323 many analysts

return to the simple MVA metric.

FALLOUT PATTERNS
Fallout was one of the first weapon effects recognized during

the development of nuclear weapons. Since that time, probably more
renearch has gone into modeling fallout than any other nuclear weapon
effect., Despite this effort, no model available today can reliably
reproduce the fallout patterns observed at nuclear tests. In part,
this is due to the difficulty in modeling the atmospheriec transport
of fallout particles,zu and in pari to other atmospherlc and geo-
graphic factors that cause variations in the size and composition of
fallout clouds. Even when these factors are held constant, the most

22Accordingly, a U.S. attack on Soviet heavy industry might
maximize the amount of time "required" for Soviet industrial re-
covery, though it may not significantly affect essential production
of war-supporting industries in the short term, producticn that could
help ggtermine 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 perfornance after the severe changes wrought by
nuclegﬁ war.

Once a fallout cloud is formed, it 1s carried by the winds
until the individual particles fall from the cloud. While very de-
tafled wind models are used in some fallout calculations, 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 conatderably in their predic-
tions of fallout pattern and 1ntensity.25

DeapitE these difficulties, several aspects of fallout are well
understood. First, warheads tha: detonate at ground level produce
substantial fallout near the point of detonation, whereas airbursts,
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 aitbursts.27
Second, groundbucets produce extensive fallout of varying intensities
over large areas. The radicactivity {n 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 cercain.za 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 narticles of dirt and debris (thus

the importance of atmospheric traneport). Fourth, fallout decays

29

fairly rapldly but exponentially, so that some areas would still be

significantly radioactive for weeks and even months after a nuclear

attack. This residual radicactivity would be especilally intense where

251nis problem is described in Berinett (1977}, pp. 6-8.

26Un1ess the nuclear fireball touches the ground, no real crater
is formed, and thus few "heavy" particles are ralsed into the fallout
cloud. Then, the radicactive material does not "fall," but circles
the earth at high altitudes until most of the radicactivity decays.
Analysts disagree on the minimum height required for negligible fall-
out, though for a 1 MI burst above about 1800 ft, close-in fallout
almost certainly will be negligible (this height scales with yield to
the os;-third power}.

Airbursts have larger lethal radii against industry and popu-
lation and thus would tend to be used against those targets.

28, dosage of one rem, a thousand times the millirem dosage of
concern in industrial accidents, could cover tens of thousands of
square miles for a single 1 MT ground burst. However, the mean le-
thal dosage of 450 rem (integrated over time) would cover an area
measussd in hundreds of square miles.

Fallout is usually measured by the dosage that would be deliv~
ered one hour after a nuclear explosion (referred to as the he! hour
dosage). Thereafter, fallout decays with time (in hours) to the -1.2
power, s0 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 patterns from several nuclear weapons overlap. Fifth, the
prevailing winds tend to blow from west to east, though the average
wind direction depends on location and season and the specific wind
can differ considerabdly from the average. Finally, almost any kind of.
structure 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, moet of the fallout damage would
ocﬁur in thin straads 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 its toll in areas iraiediately
surrounding the cities {areas that are often densely populated). Most
of the fallout damage from warheads detonated away from cities would
affect the rural population downwind of the burst.

Many analysts have noted that fallout is potentially much more
damaging 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 fatalities by placing fallout patterns fairly
accurately over populated areas.30 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 gubjected to fallout;3l of course, thias would

require accurate prediction of the precise wind conditions. To give

30See. for example, Boeing (1977), pp. 48-58.

3‘Boeing {1977). This report suggests placing the detonations
along a line perpendicular to the wind direction to increase lethal
fallout area (with overlapping dosages that are, by themsaelves, sub-
lethal) by 35 percent. The results of our experiment described in
the footnote below suggest that the lethal fallout area could be
increased by perhaps as much as 100 percent if the overlaps were
appropriately arranged. The resulting areas would also be much wider
than that from a single detonation.
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an idea of the lethal area produced, Figs. 5 and 6 show the percentage
of a presumed lethal area that would actually be covered (based on a
30 kn wind), assuming errors in the prediction of either wind direc-
tion or epaed.32 While the actual wind direction tends not to reduce
the lethal area very mich, it determines wvhether 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 weapons waere used to produce a very wide pattern.33 Alterna-
tively, errors in the wind speed could drametically reduce the lethal
area becauee of a loss in optimal pattern overlap, leaving the lethal
patterns either much shorter or with many sublethal “holes™ within
them. Thus, while it is remotely conceivable that fallout patterns
would be used {n attacks on populations, the technique has limited
real-world utility because it depends on detai{led local weather data
that would be very difficult to acquire and evaluate in time to be

useful.

CIVIL DEFENSE AND OTHER POSTURE VARIATIONS

Calculetions like those shown in Fi.g4. U are made assuming that
the attacker knows where the opposing urban-industrial assets are and

how vulnerable they are, 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

32Tnese results were obtained by placing five 1 MT warheads, at
eight mile intervals, along a line perpendicular to the direction of
the wir: {to produce the maximum total lethal area). The WSEG
fallout model, the most widely used model in the defense community,
was used to simulate the fallout patterns (see the description of
this model in Bennett (1977)). The basic lethal dosage of U50 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
iine), this procedure can make the total pattern less effective for
some direction errors.

33Even with the five warhead pattern used in this experizent, the
lethal area is at most 40 n mi wide, though it 1s up to 154 n mi
long. With large errors in predicting wind direction, the
rectangular nature of this pattern could cause it to miss targets
some distances from the detonations.
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can-be lessensdiccThe term ®pivil-defense®: réafers-to thelpurposefulful
actions taken glong either. of these lines to reduce .urban-industrializ)
damage potentialial.

Reducing population: vulnerability: usually: involves: some:formof ~°
sheltering.:-While: special  shelters-can-be buili: to protect-people.ic
from miclear -weapon:effecta, almost any.structure,; and.espeoially!thetie
basemsnt.of any.structure,: tends to provide: soms shelter..rln pape.r-
ticular, most structures offer. some protection against: radiation,n,
especially. fellout. rediation, and purposeful shelters can markedlyily
increase that protection. : Most structures offer slight protection. .n
against blast effects,  though:specially designed shelters can proteot -t
againat tens to hundreds of psi of overpreasure. : Blast shelters may .-
actually.provide complete protection against blast effects fn urban
attacks, as those attacks would tend to use optimal airbursts against -

unproteoted ‘assets, detonating so high that the maximum overpressure:: -
generated ‘on the ground may be 40 psi or 1ess.3u.

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 thése locations when a war :r
started, time differences and .the locations of the two.countries oppo~:.:.-
slté.each other on the globe mean-that. both countries would .not be im in
such -a'.condition:at the.same time. :=-Some people in both countries.c:
would:be at work,:and thus .probably more.susceptible to attack . because ..«
industrial asites are more likely to be targeted than residential::!

34a¢ theioptimal height of burst for 10 pai (7000. ft for a 1.MT 7
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 overpressure hitting the ground 1is about 15 psi..:.
Thus,  people protected to at least thess levels would not be fn-.~-
jured.. HMany analysts ssume that 1if the Soviets wera to shelter thelr-ir
people, 'U.S. warheads could be groundburst; but to de eo would require.:-
a retargeting capability. (since the trajectory would have to be dif~i:-
ferent to hit the: ground at the same place), and would significantly. '
reduce damage .to unprotected targets (since groundbursts reduce the: ..
lethal radius)..:.
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neighborboods.dsOn ‘the:other!. hand,;nif Bufficfeat-warning!of theiattackick
were. received;cthe.populationi could.will: evacuate ptobable:target.cl
areaa;ngrentlyélncraasinguchancea-of survivals:l.

In evacuating: the.urban>populationica.civil-defenss progragp 0
faces:several- tradeoffs. sPerhaps: the.most: iaportant .decision: thatoat
must:be made:is where:to put: the:evacuees.c:Provisions:pust:be made:de
to feed: and support them and to provide. some shelter against: bothoth
fallout.and:the weather.:-One.of the. easiest solutions is to make::c
each.rural-resident responsible for 'a"'small.set of urban:evacuees.:s.
The ' ratio of evacuees to rural-residents'is referred-to as the hoste: -
ing ratio;:a;hosting retic of two.to one-is normally. considered. dif<:.:-
ficult but .feasible. to maintain.:~While.hosting may .ease problems of of
shelter-and -food distribution,~it could:increass.the population denw-:-
sity in some:alresdy heavily: populated areas,  thus making evacuees <
targets for a-population attack.:.To avoid ‘this,: they:.could be sent.to >>
sparsely populated areas, hui such reglons generally lack shelter.and -
food distribution capahilities.35. Also, by evacuating.the population, -,
the civil. defenee program moves urban resldents away. from the. majority -
of the good shelters, ‘thus trading distance from weapon effects for
the level of protection provided. - Finally,.during.an evacuation, ',
evacuees would be extremely vulnerable to attack. .An effective.civil
defense program would:have .to minimize this extra vulmerability while. '
completing. the.evacuation. as quickly:.as posaible:!.In short, an evac» ..~
uationiplan:is éxtremely complicated.and 1its.effectiveness. in raducing.~-
fatalities would. bé highly dependent:on the:choices plannera.made .in '=
deciding how to proceed with.it.:i:.

Industry.18 neither’ as mobile nor-as easily.protected as -~
people. . The fraction: of 1nduatzy:(especiallylhnslc~1ndustry);thasuw

35geveral other tradeoffs would: extet: . First, moving.avacuees .
into -relatively unpopulated areas would probably take longer, because -
those areas have inferior transportation facilities..- Second, because ::-
people will be concerned about their. welfare {a such areas, .authori- i-
ties may have difficulty.in persuading. them to evacuate.. Third, the...-
difficulties in providing. food and shelter 1a such areas would un= -
doubtedly .lead to some fatalitiee. over time froa exposure,. digease, or .7
other..related problems.
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couldube dispersediod varning!is blnllagp-3§heieforbgranalyotnﬁtocuicus
on the:pountb}iltlcatbt protecting’ industriali equipment -1 place:ra-ri-
ther:¢chan: trying to -ovudtt.§?-j§arlou.'procedurcarhavh?bean:da-ie-
ﬁelopodntdrfluchupkotection;valmnit~all-bf then‘oaiontlullyiinvblvilve
burying: the: machinary:: ¥ Such:procedures: provide: good: protection, butiut
machineiy.-so prorectediwould be out'of survice: for weeka-aven-1f the'hv
orderito unearth it were given-es soon as the.burial was-c¢ompleted.c:.
TheTrt;ulttngalosiftu production.would: be substantial, 8o such :proce~ -~
durés would ndt be lightly-undertaken. “Also, -such:of fndustry s not:oi
susceptible to “burial”. (e.g., blast furnaces) and:could not be sig~ .-
nificantly: protected. ‘In short, while some protection: ¢ould probably .
be provided for industry,:thie protection: would be far from comprehen— -
sive and 'would .be extramely:coatly.! -

UNCERTAINTY IN COUNTERVALUE CAPABILITIES
Many analysts believe that there ts vary little uncertainty about '

the. damage that ¢ould be inflicted by countervalue.attacks. Thus,:
1ittle has been done to aesess that uncertainty. Part.of the reason

t{p that countervalue targets tend to be large and soft, leading many -
analysts to belfeve that the uncertainties of a massive. attack would .-~
"wash.out” because -so many weapons are involved. If no more were
involved. in countervalue attacks than random varfutions about the' .
mean ‘values .of parameters, the uncertainties might, indeed, be insig- -
nificant.: . But even' eountervalue attacks include a substantial number ° -

36Néw*1nduatry'cou1d‘be built'in dispersad areas.- While this~ "~
tactic: would reduce the vulnerabflity of industry, there would usually: i:
be strong economic incentives.not to do eo.  That 1s, dispersed indus~ .-~
try has higher transportation costs and fairly high: “start-up” costs, -.
incurred. in woving trained labor to the facility. and training other -7
new labor. 'Thus, economic incentives tend to push the construction of
new*fgsll;ties-into:the?same ateas where old facilities are located., -

Even 1f the industrial machinary could be protected in place,<-,

industrial buildinga could not. :They would eventually have to be
replaced after an attack.  In places with bad weather, they mmy have -t
to be replaced before producction could be resused.- -
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of parameters- whose Eean values are uninown;- theredy contributing:t:
significantly: to the uncertainty in such sttacke:39.7*

Four-uncertain paraweters condition the lamedimte damage caused -
by countervalue attacks.- First, warhead destructiveness (especially. iy
yield)-ia uncertsin withih oertaih dounds, especially for the de-"':-
fender in a countervalus attack.3?. Second, the arrival probabllity tv - |:
is uncertauin even in a first strike becsuse limited testing prevents .i: ' '
the attacker from precisely determining the' reliability of his weap=:':~

ons, though arrival probability is considerably more uncertain for the -
side attacked in a first strike. ' Third, the vulnerability of industry : -
and:population 1s uncertain, even though blast damage falls genarally - ;”
in the range of 3 toe 10 pei (as distussed above). "'Fourth, the modals :
csed to predict prompt weapon effecte generate uncertain findings
because they are based on a limited number of tests with varfable
outcomes.40. - ’ ;
The potential influence of these uncertainties has been eati- : i
mated by calculating the uncertainty aassoclated with & Soviet assured '
destruction attack againat U.S, lidustry, uasing the data from Fig. &
and assuming that uncertalinty in these factors could b3 captured by
modifications to the lethal area.’!

- The results of this analyais
Jerhis subsection considers uncertainty in the damage estimates X

but ignores the inherently much greater uncertainty in the viasbility . f
of industry or the population after a nuclear attack, - ’ . :j

39The determination of an opponent's warhead yield usually begins ; J
by estimating the weight of that warhead and then guessing the warhead : :
technology employed. Because this technology can vary greatly, esti- i ]a
mates of yield also vary greatly. For example, estimates of some Soviet - T
ICBM warhead yields were rvecently cut about in half. See Pincus (1979). , 1

4

‘oThe influence of civil defense, which could completely over-
whele any of the uncertaintfes shown here, 1s also ignored.

Al[n'this example, the following assumptiona were made: the war~ -

head yield was 1 MT with 8 10 percent standard deviation, the hardnesa ; i
was 7.5 psi with a 1 pai atandard deviation, the relfability was 80 '
percent with uncertainty based on 25 tests, and a 5 percent uncertainty
was assumed in the weapon effects. In each case, a lethal area was !
calculated using the Monte Carlo values of yield, hardness, and weapons

effects, and the ratio of this lethal area to the 10 psi lethal area was
used as a multiplier times the number of warheads to obtain 1 MT, 10 psi
equivalent warheads, oL .1

_,_..._
.
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are:shownin Figi 7, in the! sane: fraieworik-usedsto express:counter. -
force attack:uncertainty in Fig.-3, ‘Basie-target.hardness 1s assuned e
to be 7.57pal; as opposed ‘té the 10 pai~in Fig. N, “The use:-of 550°7) !
MT Warheads 1in the "basic,® first=strike attack gensrates's 90 percent:i'
probability: that"at least:50 percent: of MVA would be destroyed.>d.In TN
turn, the assurptiochiof S0 percent attrition:of the Soviet' forces by Y
a U.Si-first strike: s associated with: the premise. that the Soviets“ts
would -double” their atteck size to 1100 warheads:in a’second strike.<®:
In both oases, an optimal laydown is assumed-in the caleulations™5
given here. The second-strike curve does not overlap- the basic at-1l-
tack  ourve because pome uno;rtaintyiuns'asaunod in the amount of °F
attrition suffered by the' Soviets in the U.S.- first strike, therefore ¢
increasing the uncertainty in their countervalueattack.’2.

The cholce of the attack size.{550 warhesds 'in the basic attack) )
was predicated on the desire to generate high confidence of reaching ‘-
the 50 percent damage level required by assured destruction. As a- -
result, the nominal daxzage level (based upon post llkely estimates of
the parameters) is about 56 percent. Even so, there ia s 10 percent '~
probability that this level of attack would not meet the assured
destruction requirement; to increase to 99 percent. the-confidence ‘of o
obtafining 50 percent damage, over 700 warheads would be required (and- <
even. then a one parcent chance of failure {n assured destruction would:ld
exist).: ‘Thesa 700 warheads are considerably more than the number':’
required to obtain a noainal danage:level ‘of 30 percgnt'(about-AOO'UU
warhéads {n the noainal case), ‘showing: the: considerable effect ‘of only iy
thess baaic” uncertainties:in countervalue capabilfty.’r-

In a 'second strike, even though an optimal laydown s assumed,= .
the added uncertainty in warhead survivability decreases to 80 percent 't
the confidence of lchiuvlng'lnuuredfdasttuctloni“'Puriher,'th0110u3fw
side of the distribution is now very:low, falling to about 30 perceat "t
damage. “Merely to overcoms the uncertainty in survivability and 1a--:~
cresss ‘the confidence fn assured destruction to %0 percent,  the' i

"ZSOVIet attrition was assumed to be 50 percent ‘with a atandard:
deviation of 10 percent. -- .
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f attarloiduld hive  th to 1noredadd®td 13007 wirheids; and’ eveh’ then"the'!!®
' Lower-bound  would  3t1111be Wall below k0 peroant damage:” In shoit3 ™
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Iv.'” AGGREGATE MEASURES ' -

As shown“1u the previous two sections, estimating counter— '~
military and countervalue capabilttiel for either the United States
or the-Soviet Union can be a fairly complicated process. " Further,

since such capabilities vary across weapon systems, there is general- :

1y no Eleai'ptoceduré for combining these capabilities into a sirgle
measure. “To deal with this, so-called aggregate measures were devel-
oped.‘jfhese neasures simplify the detailed calculations of force
capabilities and provide a way to aggregate capabilities across an
entire’ strategic force. However, some widely used aggregate aeasures
conpletely‘ﬁlseltima:e strategic force cnpabilitlen; and most others
d¢ not accurately represent the capabilities they. are supposed to
meagure, - Therefore, in ruviewing the aggregate measures, this sec-
tion e;plotea both their rationale and limitations. To make these
presentations meaningful, the aggregate measures are grouped by the
capabiliiieu they are supposed to measure: countermilitary, counter=

value, and cowbinations of both.

AGGCRECATE MPASURES OP COUNTERMILITARY CAPABILITIES

Aggregate measures of countermilitary cepabilities ate intended
to provide s eimple metric of those capabilities by capturing some
aspect of a countermilitary attack.’ 1deally, the measure itself
should ‘scale'directly with countermilitary capability. However,
analyafa have not been successful in simplifying the dynamics of
bomber, SSBN, or command and control survivability; therefore, no
aggregate measures exist that allow analysts to evaluate attacks on

such® targets.- For countersilo capabilities, a wealth of measures
have ‘been developed, the most widely used of which will be described
hereaftér. ' For attecks on other military targets, the one aggregate
seasure ‘that has been widely used will be discussed here as well,
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Hard Target Kills
Over the years, countersilo capability has often been measured

by the number of hard targets that a given force could kill. For
aimplicity, though, it has usually been assumed that each attacking
warhead is aseigned to a single target and that all targete have the

same hardnegs. Because of this second assumption, this matric has
most recently been referred to as 2500 psi kills, because 2500 psl
probably represents an extreme of deep underiround super~hardened
targets.l Since it 1 assum ! that each war’3s. is placed on an
fndividual target ideantical to all others, this measure is calculated
by determining the kill probability against that target for each type
of warhead and summing it acroes the entire etrategic force.

Clear.s, this measure does not adequately reflect countersilo
capabilities. For this procedure to provide reasonable estimaten of
actual capabilities, it must be assumed that the number of hard tar-
gets on the opposing side is equal to or greater than the number of
wveapons available.2 that the hardness of all targeta is approximately
2500 psi, and that all weapons are uged in countersilo attocks, If
there are fewer targets than weapous, oI if target hardnesses are
greater than 2500 psi, this measure will eystematically overestimate
hard target kill capabllities. 1f target harduess is less ttan 2500
psi, the opposite blas occurs. More specifically, if the hardness of
U.S. and Soviet silos is different, this metric will ba biased
against the side that has the harder silos.

lThe name of this measure has been variously known over time as
“1000 pei kills,”™ “2000 psi kills,” and "2500 psi kills.”

210 overcome this limitation, this index has occasionally been
modified to (1) limit the number of warheads used, and (2) allocate
more than one warhead per target. YAt present, both the United States
and Soviet Union have at least five times as many weapons as such
targets). Thus a recent variant, which is not widely used, placed two
warheads each on at most the number of opposing silos (choosing the
highest value warheads first). Thic type of modification approaches
the methodology outlined in Sec. II in both accuracy and complexity.
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Throwweight ' ‘ ﬂ
Ritza (1976) has suggested that missile and bomber throwweight ' :
be employed as a measure of countersilo capebilities. (Throwweight -

is the weight of the payload that can be delivered to targets by
either missiles or boabers.) Most payload weight is made up of war-
heads, and thus, for a single missile, throwweight establishes the
nunber of warheads of any given size or the size of warheads that can

be employed. Larger warheads have a higher countersilo capability
and also serve to hedge againat uncertsinty in some of the other ¢ ‘.
sarameters i{nvolved In silo desr.rucl::lon.3 Within limits, wmore war- '
heads allow efther more sflos to be attacked or more warheads to be

targeted against each sllo.b

-

Today, throwweight is not a particularly significant measure of
countersilo capabilities because the primary determinant of such
capabilities is accuracy, and throwweight has very little effect on ’

(SO N W SR SR LI S -

accuracy. Further, throwweight normally includes bomber payload and
as such really does not measure simply the potential for bigger or

more uarheads.5 Thus, while throwweight may indeed indicate some- : ‘
thing about the number and size of warheads available for countersilo ; A

attacks, there is no direct relationship between throwweight and

countersilo capability.

Countermilitary Potential

The most widely used aggregate measure of countersilo capabili- S
ties 18 countermilitary potential (CHMP).. CMP is widely used because }
it i{s simple to calculate and seems to relate directly to the ability 1

|

L VAT 7

zSee, for example, Foster (1978).

At some poini, very little extre damage can be inflicted largely
because of fratricide, which limits tho number of warheads detonating
at eagh target to about two.

For example, when bomber payload includes a ghort-raage attack
missile (SRAM) or an air-launched cruise missile (ALCM), it includes a '
lot of weight beeides warhead weight (e.g., missile motor, fuel, and
guidance). Nitze factors that weight out in calculating the weight of
a comparable ICBM warhead payload; nevertheless, that extra weight '
could be used instead to carry more bombs, but for gocd reaeons, such e
a cholce was not made.

|
|
i
:
|
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to kill s hard target. Recalling :he formula for silo PS, CMP is

simply part of the exponential term:®

2I3/CEP2

CMP = Y

Thus, CMP includes both the warhead yield (Y) and part of its accu~
racy (the CEP). To aggregate CMP across the strategic forces, the
CMP of all weapons is simply added together, reflecting the procedure
used in calculating the multiple shot survival probability (Psn)
above.’

Unfortunately, CMP can be biased in several respecta. Firat, in
aggregating the CMP of the total strategic force, weapons are in—
clua.d that are far too inaccurate or too. ssall to be effective
agalnst very hard targets. On the other hand, as CMP values become
relatively large (especially as'accuracy increases), s point is
reached where edditions to CMP do not significantly incresse the kill
probability of a warhead; including CMP values beyoﬁd that poirt
results in an overestimation of aggregate countersilo capabilities.
In other words, CMP does not scale linearly with hard targst kill
probability, but rather shows decreasing marginal returns because it
relates to hard target survivability thwough the exponent of the PS
formula. As a result, doubliﬁs the CMP value of a weapon less than
doubles its countersilo capability againet 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. In both cases, CMP values beyond about 120 add little or no

benefit as the kill probability for that CMP value is virtually 100

6Por CMP, yield (Y) is measured in megatons and CEP in nautical

miles. The accuracy of CMP ae an aggregate measure depends upon the
accuracy of the assumptions in the PS formulation: a “cookie~cutter”
damage function, no systematic bias, a circular normal impact distri~
butioy. etc.

See Tables 6 to 8 below for sample CMP calculations.

aturally, a force with double the CMP should be able to achieve
the same kill probability as a basic force does if it is used against
twice as many targets, but this is really only true if the CMP is
equally divisible among all targets.
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Fig. 8—Relationship between CMP and hard target destruction

[P v SRR PTTERR S e el .

N /
B
- .
.t .
[ e

' ...-.-u-...........—.-.—-.---.--.-....-hlh—--“-.‘-s— f‘: .



. =39-

percent. This obsarvation suggests two central probleas with tha CMP
asasure! As iuthegd CEP becomes very small, CMP values: become much
larger than are really ni;ﬁinéfulig and relatively suall CMP values
can be associsted with kill probabilities approaching 100 perceunt
though the arrival probability of the weapon may be much less than
100 percent. For example, it is imposaible for a weapon system to
have a kill probability that is higher than ite probabilicy of

arriving at the target, but CMP ignores that constraint.

Effective Countermilitary Potential
The author has developed a formulation that corrects CHP for

arrival ,robabdility and, thereby, removes a major scurce of blas in
that measure. The resulting measure is called effective counteraili-
tary potential, or ECHP.lo While many anaiysts have atteupted to
correct CMP by simply multiplying it by the arrival probability (r),
that forpulation does not properly account for arrival probabil-
1ty.11 The difference between the results of that procedure and of
ECMP ia-il}uatfated in Fig. 9.12 For relatively poor missile ac-
curaciea..the two procedures produce about the same effect. But for
migsile CEPs better than ebout .15 n mi, the two proce@urea diverge
dramatically, with ECHMP at best equal to the (MP value that has a
kill probability equal to warhead arrival probability. Because many
new weapons are likely to have CEPe of .15 n =f or leas, the use of

CMP or some multiple thereof could be very misleading.

9Thia is especially true since CMP ignores systematic bias, the
other component of accuracy; therefore, even if the CEP were to ap—
proach zero, a non-zetro systematic bias would keep the kill protabil-
ity bibrow 100 percent for smaller yield warheads. :
he formulation for ECMP is given in Appendix C. Note that
this formulation requires that the target hardness be included, and
thus Y is not as general a measure as CMP. *
Multiplying CMP by reliasbility ie like multiplying the number
of warheads assigned to a target by the reliability to get the sur-
vival probability. The problems with this procedure are discussed in
the sfasactlon on ICBM wlnerability above. - . .
'“In this figure, a 1 MT warhead with an 85 percent arrival prob-
ability is targeted against a target hardened to 2000 pei.
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Theuheopsazvatlons]hsvaJsonoJpotantlsllyli;pot:antJSnplicattont~wa
for: the strategic debate.:. For:-exanmple,.CMP. has been a favorite: mea=..-
sure:of those who.oppose programs..for. improving.U.S..counterforce::c
capabilitiesi::They :argue.that! CMP shows.the:United:.States.to have a- 3
very-lnrga:and-rapidly.srowingzcouncarforcarcnpahllltyiboth.1n‘lbsoe;u-
lute.:terms:and 'in comparison to the.Sovtat.Union.lg.:Thay attribute
to U.S..strateglc :forces CEPs .50 small.that they .encounter. the CHP. ..V
bias- problem.. .Also,:8cwe ;include bomber. CHP.in their.aggregate:eeci-1i-
mates.--Though .bombers -carry . many -large. yield, .accurate “warheads, P
bonbers must.penetrate Soviet.air defenses, .thus aaking.thelr arrival -1

probabilities. lower than those of elther.ICBMs or SLBMs. 14, ‘Since QWP . ‘¥

does- not account for this extra warhead attritionm, it wmakes the.:u
bomber force appear to be very effective against silos. - However,..,
when arrival probability is properly taken intc account, the bombers

do not appear to be so effective. For example, assuming that a B=52
carries four bombs with CEPs of 1000 ft,.sud four SRAMs with CEPe of -
1500 ft, ond that the B~52 arrival probability is 60 percent, the CMP" .~
value (170) is more than twice as large as the ECMP value (83) for

each B-52. (The calculation r times CMP gives a value of 102.) .:

Warheads

Many other military .targets include at least soms component ..
which ia relatively "goft™.and small, aod thus can .be destroyed by a
single .warhead...This has induced scme analysts to use the number of -:

warheade as an aggregate measure.of the.capability to destroy other .-

13A1ﬁart1cular1y-|trong-advocate:of this -poaition is Kosta -© .
Tsipis.. See, for example, .Tsipis .(1975). . This .argument has also been
raised in the Congressional debate, with Congreesman Leggett a strong
advocige.' See Leggett (1975}, -:.

Because ‘of the ABM Treaty which was part of SALT I, ABM de-' -

atruction of ICBMs during penetration can be virtually ignored in most :

aggregate analyses..  The same can-not be said of bomber defenses in
the Soviet Union. 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 oo opposing ICBMs essentially...

worthless. .-..
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lllttaryatnrs.ttalg.}iacaul-:lonlvulrhoadssullllnbtnarrlvazon cargat;:t,

nnalyltl;usuillyldntlntoﬁthe:hunhar?ot varheads by their:arrival-al
probabllity;:yeferring . to this' msasure:as *deliverabls. warheads.2:.”
Delivirsble warhsads :is, itherefore; a measure-of the maximum:oumber>:r
of targate:liableto be hit.it.

Por-arvaristy of rcasons-discussed above, ‘vaither:arcount jof of
warheads nor-a‘ count ‘of deliverable warheads .precisely. mmasures. tha:ci:c
capability to deatroy other wilitary targets.: <Whils:delivérable:.c
wvarhaads-tend ‘to overestimate the number of othar-military targets-:ts
destroyed, collocation of many targets may balance out much.of this i
bias, -at least for. fixed installations.:-The net.sffect.of the:he
various. flaws in this measure is not clear, though:the measure:is '~
probably. a fair-indicator of s capability to destroy fixed installa=-:a-
tions.  ".

AGCREGATE MEASURES OF COURTERVALUE CAPABILITIES ~'.

Over time, a nunbar of aggregate msasures of urban-industrial -
dansge potential have developed. Analysts have tended to enploy them -
indiseriminately in genaral assassmsnte of relative U.S. and Boviet:

T

capadilities. However, each of the principal measures used today '~
attempts to specify the offects of ouclear attacks in terms of w9cpu= -
letion fatalities.or damage to fadustrisl assets. Nitse (1976-77).::
has argued that' aggregate msasures of countervalue capabilities:.:
should be iaterprated in the. following manner:-: (1) megstonnage is ::
the best indicator.of fallout effecte-(and, therefore, of populstion:c:
fatalicies from tlllont),;(Z)'cdulvalaut magatons (EMT) is the.bast -t
indicstor.of blast damags effects _(and, therefore, of proupt damage.::
to tndustrial facilities and urban population), saud (3) throwweight :.
is "the best oversll measure of the countervalus potentisl of & =

o

15gafore MIRV warheads. wers introduced, the mumber of missiles .
was a measurs of target coverage, and before that, when bombers car--"-
ried.only a single nuclear weapon, the mumber of boabers was also a
measure of target coverage. Today, the nunber of delivery vahicles. -
(miesiles and bombers) cannot serve such a function, and thus this . .
number 18 uselass as & measure of strategic force capsbility despite --
ite use in setting SALT. force linmite. -.

’
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-:ratigxea!otéoxtu-nitictnuéltcgortnattoniptovtdnt?aﬁuno!ulf-tartlng!nz
point.forfassessing! these AgRIERALE 1 BRASUTEN.CH:

~Rffeéts ts

The megatonnage'of a'strategic:force:is calculated by siaply-ly

1ge 8 Massure- of Fallout '
!
susaingitbe:yiald-of asch:warhesd.: Nitie’s.use-of BegAtonnsge s aa A1 |‘~‘.t "4
|
i

indax-:of !illoo:—of:oé:-:hn-hao-vhnthdlttatcnt:1-p1tcnttons;19,i:—rc-
flecting:in part-h&-?eoncara-lbout:thelpotonttalioffcetlv.ﬁlllﬁo! 2t
Soviet civil- defense-~sspecially.city:evacuations—in-1tmiting’edvilv!l-
ian fatalities.- Therafors,: he telates megatonnage to the total geo= -~
graphic .ares subject:to Io:hnl:lnllodt:cl!octo;Ltha‘ctanfhotng-!a én
index:of the portion.of the. (svacuatsd) populstioniat ttnk;ll-iwithéth'
out-questioning the.plausibility:-of mejor civil dafenss evacuation " v

P
I ‘t!:_n_..

prograss, -a.number of questions are raised by this use of megatonnage ':-

as an index of potential civilian fatalities.' -- }
In addition: to the.yield of a warhead, at lsast six factors:<:

determine the atesa covarad by and the radiation.intenaity.of the "= é

fallout: patterst - (1) .the:fissicn fracticn of the warhead ,1.14318.1" ;

(2) wind. speed, dispereion, and direction; (3) the warhead haight of :

buret; (4) the discritution of the population; (5) the degres.of --

lenany authors -fncorrectly attsapt to squate-explosive yield with:t:
blast effects,-in turn. comparing tha-megstonnage ia today's arssuals ;-
with.the dsnage.csused by conventionsl beabs .in ¥orld War II,‘er .- . .
dividing megatonnage by the sarth'’s population to show an “overkill®il” - - A
of about 10 tons of TNT per person., -As will bs shown balow, the sres. oo .
danaged by blast ‘effecte s & linesar function:of tho.yteld of a weapon -0 b
taken .to the two-thirds.power; thus, Brown has estimsted.that at leaast :: : p
5001 MT boabs would. be raquited.to create the esms. amount of ares- . <.
danage'as conventional bombs 'dropped on Germany -im World War IL.:-- L
Further, - calculations are msaningless.unless they take account of i J
accuracy considerattons. -Browa also notes that the United States':* '
alone made snough rifle and machine gun carteidges during World Har II
to kill.the eatire world's.populstion.five to ten times over.::See . v
Broun~$l977).r}.

171044 assumption:follows. from. the Boelng work on civil defenss, °.

-
A

io which. 4t is assumed that all major urban.areas are avacuated fa & ° -
way  that spreads the urban and rursl ‘population:uniforwly over- the rural i :
aren-turroundtnane1:£.'.~ See Boeing (1977), gp. 35-72.. - . ]

The . fission fraction of a warhead is the percentsge of the: - {

warhead yfeld contributed by fissios ss opposad to fusion nuclear re-"-~
actions. :See the discussion of nuclest weapon affects- in Appendix A. -
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population:sheltering sad:(6)(the' locattion'ol the varhost exploatioasd v .
relative-to ‘populated atean. ' 'Even-if W igrore- tha: lsswss: of populp= s~

tion distridetion:and vulnsrability,: ss Mitze does, the warbead yield-ld b
1s only one 'of four factors-affecting the magnituda.-of felloutiuf=:t"
fects:'  The lethal'fallout ares’ scalas directly with: warhesd yleld '
only 'if all weapons ‘ate:grouadburst snd have & relacively:constant:i:
fission fraction, and'if the wind' direction, ‘dispersion, -and ‘spesd -ave i«
constant.t?. ' ' ‘

Thess factors can meke:a siguificaat differents in the-avea ¢ '
coversd by a fallout pattern.: "In Figs: 3 and 6; we showsd the effect -* ' ' i
of variations 1n vind speed and dirsction on the ares coversd by fiveive P .l
fallout clouds 1n a row: -Figurs 10 shows the sffect of varfatioas im :? v
wind spesd on a single fallout pattera for'two different lethal dos= - L
sgen.zo—'lt any dsgres of shalter cac be oltalnad.Zl tha 1000y fa~- -
tality criterion 1s prodably closer to being correct) thus, the pre= i
vious figures may have underestimsted the effect of variations in the |
wind, su the change in wind spesd from 10 to 60 kn changes the pettarn in
size only dy over a factor of ten for 1000r dossge over tha saae in-
terval., Similarly, changing the fission fractiom fros 30 parceat to

lgzvan this assuaption depends upon the fallout wodel chosen.: At
lesst ons modal troats this sssuaption explicitly, finding that the
lethal ares (A, in equare siles) and tha warhoad yield (Y, in mega~ -~
tons) of groundbucsts (for a 15 kn wind) are related byr- -

0. 5VAIY .

vhars T 1{é the intansity of the radiation at Wl houts, and ‘£ 1¢ the’ -
fil.lﬂﬂ*!:netton of the warhead. See Thomas, (1976), pp. A~ to A=d, -
he sssusptions used sbove in evalusting thae five overlapping "+

fallout patterns are repeated hars for a single pettern. : In particu=
lar, 5 is assesocment is basad upon the WSEG fallout model. '

Terrain roughness alone reduces the deposi' ed dosags by about '
25 percent, in reality making 600r the msan lothal dosaga that mmst be "+
deposited on the grouad. Rouses have protectioa factors of 1.5¢t0 3, . '
increasing the mean lethal dossge that would have to be depoaited to ¢ 1
900r to 1800r. - -

I ='6000 « £ 10
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100fbﬁtceitzzli&cieases“tbeiaosége*téceived*bi a'factortof two)wO, ol ;
roughly'the dtfferance between the 450r dosage and tha”1000r -dosageise- A
Pinally)!¢f an airburst’ia abed’in the'place’of &' groundburst]®essed~:"" Y
tially ‘no srea' vecéfves'lethal'falioutsutIn short; while!the®lethalnal ‘“";
faliout-area may'be Foughly proportional to the aggregate-iwmrhead:2d ’ Rra
megatonnage ‘employed; “there {s tértainly né close‘or consistent”ie-r¢~ N

lationship between:thess factorsi - A

For a'variety of reasons, it is also'true that'no atmple’rela~'a-
tionship fnterconnects-lethal faliout area and fallout fatalities.:S-
That would occur only if the -population’were uniformly spread-across-thetii
affected area: The rural population’{s, !aftér:all; not'spread unf<"i~ b,
foraly, 'and ‘evacuated urbsn population will most "likely-be hosted-{a N é -3
thosé areas.’ Some’ extremely high dendfty’iural population’locations s P 4

- s m e e e

will'exigt even if an attempt is made to spread the evacuating popula=-3~

o

tion more evenly, and the density of evacuees-around the very large’ ¢ : i
cities would undoubtedly be higher than that around much smaller
cities, -If a uniform densfty could be obtained, the fallout patterns” -~
would probably not effectively cover these areas because -of thefr::~

PR

size, shape, and uncertainty in placement. '‘Thus, megstonnage is not a- <
good measure-of potential fallout fatalities.- -

If all of these other problems could be solved, megatonnage would:-d
adequately measure eivilian fatalities only if fallout were their -~
major .cause. However, unless urban:aieas were evacuated,’ proept-=- A
weapon effects would probably'cause most of the 'civillan’fatalieies’in 7 'é'A} .
a countervalue attack. “Indeed, fallout effects may be insignifféant:nt ;
because airbursts would 'be used to maximire-damage’to industrial’ear=-'~
gete:‘Even'{f the-cities were-evacuated, prompt effects would still 1l
be the major cause of fatalities; ‘depending upon the-vulnerability’and '
locatfon of the'evacuees.  Thus,-civilian: fatalities are ‘better esti=-i~

mated in terms of prompt effects damage.:¢-

22y0rmally; ‘a-weapon in the 1 MI Tapgé has'a fission fraéfion of °:
roughly %0 percent, whereas much smaller weapons (about 100 Kt or -
less) are essentially pure fiesion. ' Thus, the contribution of yield !¢
to fallout depends on the weapon- size.’ 'For mors information on the
aix of fiesion and fusion, see Appendix-A. -




U enyr . - Y.y
T o ! ey ik : " -

~67=57-

i ium ——p————— e

l Bquivilent Megatonaous : gk
' Equiviient-mbgitona (EMT) '1s used as a nméasuré'df urbin~indae~'*" g
trial’danagé because 1t is proportional to the‘amount ‘of ared’that dantan

be destroyéd by blant effecta Prom’a given strategiec- force’and ‘because’ ¢ R
urban-{ndustrial - targets are’'constdited to be area’targets.' Natu='-" L

rally,’ this formulition adsumes that''the' resdlting’ lethal'area'of a' 2

weapor matches  (4a'alzéd and 'shape)’ potenttal‘target ‘sreas, 'or elsa“*e ' :
"excess” lethal area’would-be Inciuded 'tn A"direct’ calcuilation of ©f 4

t

EMT." A1l target areas'afe ‘also'assimed to L& of essentially’equal !
value; othervise,: EHT uould not' directly measure ‘the damage ‘to indus="""
try of populution.z3 Neither ‘aseumption holds'fn reality) dnd thus Vs ‘ '
EMT is actually a‘bilased measure'of countérvalue!damage’ potential.- ! _ »
EMT -{s dormally'formulated' as the warhead yield {in’ megatons) *’ '
taken to the'2/3 power (¥2/3). 'This formulatioh reflects the fact ™

that the lethal radius of a weapon is proportional to itas yfeld to the’
1/3 power, and also that the lethal area is proportional to the square' * ; |
of the lethal radius.  The aggregate EMT is calculated by summing the-'
EMT of each warhead. -However, many analysts have recognized that the
lethal radius of larger warheads exceeds the radius of some target
areas, and thus- some -change the EMT formulation, expressing EMT as

yield to theione~half power for-ylelds above 1 MT. A related problem, \
though one not as easily 'solved; is that moot target areas are not -
perfect circles, and ‘thus, in attempting to cover them, fuch of the'™" “
lethal effects would be "wasted.” -Similarlyicomplete coverage of °-. o ";
target ‘areas’ requiring moré than one warhead could be bbtalned’only’ﬁy b ;
°Vef1‘PP1ns the lethal areas to eome extent, 'also-creating’ some -

“waste,"”

o anle At s
-

These“target coverage ‘problems’can be addressed by modifying'the''”
EMT formulation. ' Normally, ‘this is done by using éxponentisl terms’ ™ ;
othet' than2/3 to calculate ‘EMT. - For example, 'Downey (1976) has' » '

zarhat is, 'warheads will’ normally beé allocated to the most valu- T
able’ targete first, and thus analysts will find decreasing marginal -1 [
returns for further EMT allocations. For example, {f 200 EMT could R
destroy 30 percent of MVA, 400 EMT would not destroy 60 petrcent of ° -
MVA, but rather some intermediate value; -
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sugiested that "EMT should be adjusted to reflect the size’ of U.S. and 1j-
Soviet ' industrial targets, employing an exponent of .4 for Soviet - e
veapons-and .3 for U.S. weapous. Simple reformulations of this kind -

{mprove“the'accuracy of EMT but still do not correct the basic bias,’
sinde the' power ‘of yleld required to make equivalent megatons varies
with' both the warhead yield and the level of damage to be done. This
poiuti1s fllustrated {n Figs. 1l und 12.2% The curves in these fig-

ures auggest that the 2/3 exponent {s almost always too large, and
thattthe'larger the warhead, the smaller the size of the exponent that

should be used.’ Also, as an increasing percentage of MVA 1s destroyed,
ever smaller industrial facilities remain undamaged, and attacks
again-- hese “"waste” more lethal effects, causing the appropriate
exponent to continually decrease. Thus, a single, simple formulation
of EMT fa'ls to produce squivalent megatons, though using an exponent {

-
U, SV Jr- S oy adiandk.

of perhaps .5 or less would certainly be more appropriate than the
present EMT formulation that uses the 2/3 exponent.

A related problem for EMT is that not all warheads would srrive : i
and detonate on target. fo compensate for arrival probability,
analyste often employ "delivered” EAT, which 18 simply tne product of
arrival probability times the EMT of each warhead, this value bcing
summed across the entire strategic forecz, However, it is implicit in
the concept of delfvered EMT that all warheads do indeed arrive on the
optimal targets, with no inefficiencies cuused by varhead failures. j
In reality, some valuable targets could be left uncovered when the -

warheads aseigned to them fail to arrive, and thus delivered EMI

zarhese curves depict weapon laydowns against the MVA data buse i
described esarl.er and against a U.S. populatior census data base. i
Because some of the target repreaentations of both MVA 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 procedure used here assumes that
the target value is circular normally Alstributed across the target
atea, and that a’ter one warhead is detonated on any target, the value
destroyed is removed, but the value dietribution is still circular
normal. ' Naturally, reassuming a normal distribution after each war-
head overestimates the damage that subsequent warheads can do; as a
tesult, ‘some anomalous resulte do occur.
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8.7

) 20 48 68 83
* LS. MVA destroyed (percent)
Fig. 1ll--Exponent of yield required to produce true

"equivalent megatons" for various Soviet yields
used to attack U.S. industry
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Pig. 12--Exponent of yield required to produce true
“"equivalent megatons" for various Soviet yields
used to aztack U.S. population
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overestimates the amount of damage done.25 This overestimate tends to
be small {f the arrival probability is high (i.e., only reliability is '
included in arrival probability), and large if the arrival probability ' R
is quite low (i.e., ia a second strike with heavy damage). Unfortu- "
nately, the ext:nt of the blas introduced by simply deflating EMT in S
this way can be determined only by detailed calculations of weapon

LA

A

laydowns on the target data base of interest; since such an sxercise
would complicate the use of EMI, this bias is almost never corrected

o

or even acknowledged in strategic enalysis.
The usefulness of EMT {s reduced by these blases and because all

industrial areas are not of the same value. Figure 13 shows the re-
26 widely used by ana-

-

LRI . N

-

sults of a pormal, “delivered EMT™ formuiation
lysts today to define force requirements for assured destiuction. !

This formulat{on is blased in a ~umber of ways. First, the curves are i

U T

apparently baged upon allocations of 1 MT warheads, althuugh tha
United States has relatively few warheads of chat yield. Second, the

curves are based on the assumption that delfvered warheads will be

i m— ot

optimally allocated. Third, the fiat:ening of the MVA curve just

—— mats -

above 75 percent destruction suggests that the data base employed
contained only that much Soviet MVA (just as the U.S. MVA curve in
Fig. 4 flattened in the -am_ region). Finally, the data used in de-

L mah e

riving these curves are at least ten to fifteen years old and taus

fail to reflect recent changes in Soviet cities.

-,

Fortunately, some of these blases offset each oth:r. The use of

1 MI' warheads instead of the wmore numercus smaller warheads causes an

§
R A S VNP

overestimation of the EMT required t. do any given level of damage
unless EMT is calculated with an exponent less thaa 2/3. Similarly,

when some of the Soviet economic data are excluded, the amount of |

damage done at any given level of attack is underestimat.d. Omn the

sthus two 1 MT warheads with a 50 percent arrival probability,
while nominally equal to one deliverod EMT, do not have the same ef -
fact as one 1 Ml warkead with a 100 percent arrival probability. This
bias i{e increased if incorrect wachead arrival probabilities are used,
which 1is normally the case, since most analyses usé a 100 percent
arrivig probability to estimate the damage cuused Ly delivezed EMT.
See Enthoven and Smith (1971).
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other hand,- use of an optimal laydown overestimates the damage done by
a given level of attack. Finally, the consequences of using old data
are unclear, though (in particular) they will probably cause popula-
tion fataiities to be underestimated, since the relative proportion of
the urban population has been growing in the Soviet Union over the
last decade or so. The net effect of all of these biases ig, of
course, somevhat difficult to assess without performing a.very de~
tailed analysis of potential weapon laydowns,

Even 1if all of these biases were to offset each other, EMT would
still be a biased metric of urban-industrial damage. As fs clear from
Fig. 13, EMT does not relate linearly to MVA destroyed. Rather, any
percentage increase in EMT employed produces a smaller percentage in-
creage in the damage done. 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 bfas. In short, ratics of EMT do not measure relative
countervalue capabilities directly; analysts would be better advised
to use ratios of MVA damage potential or some similar metric.

Throwwelght as a Measure of Cov- .ervalue Potential

Throwweight relates lesgs directly to specific countervalue capa-
bilicies than does either megatonnage or EMT. However, throwweight is
roughly correlated with both megatonnage and EMT and therefore should
be able to measure, more or less, the same attributes. Further,
throwweight is more easily measured. Warhead yleld 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 yleld using assumptions on the yleld-to-weight ratio.

In the 1960s, throwweight was adopted as a measure of strategic
capabilities primarily because of its correlation with the EMT of a
nissile, 2’ However, that correlation appears to be valid only for
single warhead missiles. Available data suggest that there {8 indeed
a linear correlation between throwweight and the EMT of a single

2TppRaE (1964), pp. 193-195.
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warhead miseile, at least for a fixed warhead technology.;g.ndd ai
somevhat lower correlation between throwweight and megatonnage. ...
However, such a simple relationship does not exist. with multiple;.c
wvarhead missiles. The difficulty {s that the addition of extra war—:.-
heads requires the addition of other weight as well, ‘such as fuel to -,
propel each warhead on the.proper trajectory, thereby reducing the.i.
weight avallable for fndividual nuclear packages within. a fixed total::!
throwweight. The available data suggest that the addition of each .
warhead reduces the total megatonnage of a missile by 10 to 25 per— :-
cent; therefore throwweight will not correlate well Jith megatonnage
1€ various multiple and single warhead miseiles are included in an
assessment. Figure 14 shows the correlation between EMT. (using the: .
2/3 exponent) and throwweight for two exemplary throwveigh:s.zg. In
general, the EMT tends to be greater for two warheads per misaile than
for a single warhead. However, as fractionation of the warheads pro-
ceeds, a peak value of EMT is quickly reached and further fractiona-
tion can dramatically decrease the EMT carried by the missile. Thus,
the EMT and throwweight of MIRVed missiles are not linearly related
both because EMT is not constant at each value of throwweight and
because the ratioc of EMT values at each warhead level 18 not constant.
For throwweight to be a good measure of countervalue poteatial,
two conditions would have to hold: (1) It would have to correlate .

linearly with EMT and megatonnage, and (2) EMT and megatonnage would
have to be good measures of couatervalue potential, . Clearly, throw—. .-
welight does not correlate well with either megatoonage or EMT for .-

" today's forces of MIRVed missiles. Further, many analysts include ...
bember payload or bomb weight f{n throwweight; in such instances, the

correlation between these measures will be tenuous. Finally, neither

28See the formulation developed in Appendix D, which describes
exactly such a relationship., The warhead technology (the warhead
yield-to-weight ratio possible at aany given weight) is unfortunately
not very uniform even today. Thus, the Minuteman III Mk-12 varhead
will soon be replaced by a Mk~l2a warhead of roughly the same weight
but t!§°° the yield. See Pincus (1579).

Yield estimates used in this figure are derived according to -

the methodology of Appendix D,
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EHTindrfilgﬂponnage‘ic a good measure.of countervalua’'potential.:l.
Therefore, the'value of throwweight as a measure.of couctervalus po-;>-
tential:iis questionable. i-Rather, the.throuuaight_ég an iodividual.. ¥
missile.telle 'us a:great dsal-about.thetpotcntial'far.HIRV1ng.tha:3dt
missile, ‘and it is in this context that throwweight has: value for:cr
strategic analysis.:-. ' '

AGGREGATE MEASURES OF COMBINED OR MASSIVE ATTACK CAPABILITIES '°

Aggregate measures of massive attack capabilities are iatended to U0
counbine the assessment of countermilitary and countervalue capabili-_ .-
ties ‘into eimple indices. Because such a combination {8 aot an easy -y
task, only two aggregate measures are used today for this purpose: .
equivalﬁnt weapons and relative force size.30. However, to compensate -~
for this general lack, many analysts display a wide variety of other -
measures in a single table or figure, suggesting that if a single
pattern emerges, it i8 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 Payme (1977). Because of its pur— .0~
potted generality, though, it has already begun to receive fairly wide..:
usage. Unfortunately, EW is misleading, biased, and inconsistent. .'In :u
particular, it tends to systematically underestimate all capabilities,:,
particularly those of a specialized or mixed force.: .

EW 18 formulated as:

Fi = 1 -—
a2 _,.b L. c
anf »be PK

3oThe Arns Control and Disarsament Agency has also developed g’ °
new strategic forces measure as yet uanamed and not videly known.
This measure evaluates damage to a fixed set of 5000 soft (10 psi)
point targets and 1500 hard (2000 psi) targets on each side. It thus
ignores the area nature of urban targets and assumes a (nonexistent)
eyametry in the.target systeas of each side. See ACDA (1978b).
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vheraca; b, aud ¢ are:theipercentages: of the: opponent’s: soft-poimt,nrt,

soft area; snd-hard point:ta.gets, and PK 2K, and Plc-ire:theik1111l3
- : 3 !

probabilitiesiagainast: each of these classes-of targets, respectively.”.
Thus' EW 18 assused to proceed from a weighted harmonic average kill'li
probability, with the:weights being the parcentages of each target vt

type; i Indeed, Payne describes EW as, ™, ... the'capability of a weapon i

to kill with equal probability each type-of tnrget';*.o.-.’sz"““

Howaver, IW is not a weighted average kill probability. By bv

assumption, Payne sets the kill probability against soft area targets "5

equal to the EMT of that warhead. Clearly, EMT is not & kfll proba- '~
bility but rather a meagsure of lethal blast area frrespactive of the '

fmpact point of the warhead. 'Aleo, EMT can ba greater than one (when

the warhead is larger than 1 MT), and thus BW iteelf can also be '
greatar than one, which cannot be true of kill probabilitias.

More important problems with EW ariee from the implied weapon
alloccation scheme in the BW forwmulation. In this formulatfon, each
warhead type sust be allocated against esach target type so that the
percentage of total target kills associated with each target category -
is the same as the preattack percentage of total targets in each
category. ' Payne suggests that these target percentages might be: 45
percent soft point targets {a=.45), 45 percent soft area targets
(b=.45), and 10 percent hard point targets (c=.l).  As a result, a
weapon type intended to kill 100 total cargets would have to kill 4S
soft point targets, 45 soft area targets, and 10 hard polint tar~.r-
gets. Thus, a cruise missile with a small yield but good accuracy: -
would be used primarily against soft area targets rather than hard - '
point -targets, and a Titan II with a high yfeld but poor accuracy
would be used primarily agafast hard point targets rather than eoft

31Payne epecifies the kill probabliity against eoft point targets :
as 100 percent and against soft area targets as the EMT of the war~
head. He also specifies a formula, but not a hardness, for the hard
point kill probability. A hardness of 2000 psif is assumed herein to
retain consistency with the above calculations. These formulas all
ignore arrival probability, which Payne factors in aL a later point iIn
develgging & force EW measure.

Payne (1977), p. 109,
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arcl'tlr;ttl-’s-fin other words; 'the use of B encourages allocating "~
-pectullsod‘;-apona to targets they are least suited.-to. Payne':
argues ‘that this approsch fs rationsl because wa can never be sure of !
the survivability and penstration of any wespon, sud thus each weapon '
should be assigned essentially the sane role in & wmassive attack. rde
ignores-the cortelation batween the survivability and penstration of !
some very different weapons (e.g.; Titan 1T snd Minuteman III Mk- -
12a), since within correlated groups specislized taske could still bde '
performed by forces that do them well, ensuring the success of a
comprehensive massive stteck.

Payne also upes the parcentages of targets as if each target '
class hed an tnfinite (or very larga) number of targets, and thus
each target would receive only one warhead. Under that assusption,
the EVW aeasure avoids the problem of multiple warheads being assigned
to the same targst, changing the kill probability for each warhead
after the first. Unfortunately, nothing in ZIN prevents the alloca-
tion of wore warheads to & target type than there are targets. '
Indeed, with hard targets, the forced allocations would undoubtedly
cause many more warheads to bs allocated than there are targets, and
thus the measure falls to record actual-target kill capabilities.

The cholce of the target ratio {(soft point, soft area, snd hard - -
point) can also affect EW. In particular, few weapons are effective -
against hard targets, and so sasll changes in the presttack percent=
ages of weapons allocated to these targets could cause large changes
in the value of EW. Unfortunstely, there is no easy way to set the
appropriate percentages. For exasple, which are soft point targets .o
and which are soft ares targets? How are the mmber of 1 MT wsoft -
area targets determined? Are all possible targets considered, or

only those ahove some minfmua value?

33por example, take the 5 MT yleld and .4 n mi CEP of the US-C
warhesd {n Table 2. To kil} 100 targets, 45 US—C warheads would bde
assigned by B4 to sofi polnt targets, 15 to soft area targets, and 50
to hard point targets. These assignments destroy 45, 45, and 10 tar~
gets of aach type, respectively.
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Perhapi¥ the most importaat aspect of EW is that ft is blased in 7
favor of rélstively uniform weapon systems, even {f these systems ="
have only modest capsbilities againet sooe target.typaa;f‘1h1.~is'15
demonstrated tn Pig. 15, where 1000 targets divided into the above -~
percentages are attscked by two different forces, e;ch‘havlng 1000 -
uarheadl.a‘- One force contains only 1000 US-A warheads, as defined -
in Table 2, whereas the other consiste of 900 large, inmaccurate war< o
heads and 100 sasll, sccurate warheads. The pure US-A force has only: '~
a modest capability against either soft area or hard point targets,
giving 1t an EW rating of 518 (.518 per warhead). Alternatively, the-
large, inaccurate warheads do well against either type of soft target
but very poorly against hard targets; in turnm, the small, accurate
warheads do very poorly against soft area targets but very well -
against hard point targets. Still, EW evaluates the mixed force as
less than half as capable as the pure US-A force. In reality, the
pure force could destroy about 665 targets if optimally sps=t,
whereas the mixed force could destroy all 1000 targets. In other
words, the mixed force, when used on the targets it is designed to
cover, is the much better force despite the-fact that EW rates it as
only half as good. Since EW can be so misleading and biased a mea-
sure, it is of linited use ic strategic analyeis.

Relative Force Size

Over the past several years, the Secretary of Defense has used a- !
measure of massive attack capabilities called "relative force
ltze.“35 The formulation of this measure has never been published.
Howaver, it apparently allocates forces to both industrial and mili-
tary targets, assuming some bastc level of damage against each. The
procedure atops once this level {s reached, and then calculates the
size of the total force as a percentage of the force required to '
obtain the basic damage levels. Thus, a relative force size of two -

3‘The numbers of these weapons come from Table 2, except those
for the cruise missile, which are simply provided to make the point in
the tegt.

sgSee. for exaaple, 1960 Defense Annual Report, pp. 114-116.
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tmpiteathat the Poréé*id twice'ss lirgé ss 18 necessaty'fé obtala>!"
the ‘basic damage levels: is- .

This neasure-has' several interésting dspects: ““First]’atrategleic
forées targets are ‘apparently not'courted among the ‘military targets ;S
as the measure'is always applied both before -and after'a’counterforce’ e
exchange to show how ‘that exchange degrades ‘the ability’tc demage the'"C
basic milftary-industyial target set.’ Tais éxclusion fmplies that “*
relative force size determines 'damage only against other military '
targets, ‘and undcubtedly only ‘against their flxed facilit{es, as %
discussed above. Second, it does not reflect the actual targeting of "*
the strategic Eorcau;‘raiéing questiona about fts validity in the - .
first place. 'Purther, relative force size may not include a large ™"
number of important targets, ‘or may include some hnimportnnt targete;~"*;
by varying the number of targets included and the damage levels re- "~
quired, relative force size can be changed dramatically. Third, it °°
i@ not clear how an analyst should determine the force required to -
obtain a fixed level of damage: 1Is the aggregate measure used in the
diviaion (to obtain relative force size) EMT, warheads, throwweight, = -
or some other metric? Depending upon the procedure used, a varlety
of outcomes could be obtained. Fourth, relative force size has been
calculated for both the United States ;nd the Soviet Union using the -
same target buse, rather than the target base that each faceu,ss-
1gnoring the often significant differences in targets that character="'~
ize the two countries. - i :

While ‘many of these difficulties’can be redressed, ‘the basie'-C
concept of relative force size is so inappropriste that efforts to °
improve that measure are not likely to be worthwhile. - That fis, ‘rela=''"
tive force size is & theorstical indicator of the capacity of strate- "~
glc forces to destroy a sat of targets; however, values in excess of
one have generally been interpreted as an indicator of “overk{ll” in + 9
the strategic forces. Defense planners have always included excess

forces in the overall stratogic force as & hedge sgainst uncertainties "’

36epeiative force size {s a measure of capabtlity to destroy a
given set of military and economic targete.” 1980 Defense Annual
Report, pe 15. -
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in force perforsance. Since such a hedge is the resl justification’

for ‘maintaining forces appreciably larger than mission assigmments o
require; ‘relative force size should be replaced by a measure of the .
confidence with which a set of targets could be celtroyed.37' Relative
i force aize is not and cannor be that messure becasse it in no way - W

accounts for the unce tainties in the performance of strategic forces.

Time Trends of Various Measure Comparigons -

Becently, strategic for:e capabilities lLave often been assessed ' 2
in terms of the time trends of various aggregate neasures.38 Often,
these measures are evaluated in a relstive sense, showing the ratio of i =

U.S. 0 Snviet capabilities. These measures are assumed to reflect

the balence of massive attack capabilicies because measures of both
countermilitary and countervalue capabilitiee are included, and . . :
because the inclusion of a variety ol mearures should help to compen- N

sate for biases in any single measure. Even skeptics will argue that 5 ;
the combined trends {n aggregate measures are at least useful for
shcwing trends in strateglc capabilitien, if aot the absolute capa- :
bilities, since the trends in all of these measures tend ti be corre- ‘ \
lated. ' : :
This type of capability assegsment can only be as valid as the 3

IR

meagures used in it. Since the measures used in it tend to be those '

critiqued above, analysts should not expert a strong correlation be-

tween relative capabilities and the ratios of these aggregate mea- |

sures.  On the other hand, the direction of change in borl the aggre- i
1
!

LS S

gate measures and in force capabilities will exhibit a much higher
correlation; thus sssessment of trend data in the ratios of eggregate
measures should at least t+ll us vhich way the balance is moving,
though the pace o* that movement or the actusl value of the balance at
any given time is much less reliably obtained tlLrough this process.

[P,

‘ 1
37For exanp.e, from Fig. 7 we could determine the probabllity of
successfully accomplishing an assured dzstruction mission, and from
Pig. 3 we could determine the probability of a successful counrersilo . i
attacss(ance »gucceasful” is defined as a epecific damsge requirement).
See, for example, Rumsfeld (1977), pp. 20, 61, and Nitze - i
{1976"?7)’ PP 201”203. ) : j
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Naturally, aven in reaching this conclusion, we must assume that other
parameters relevant to capabilities, but not captured by the aggregate A
sessures, do not changs. For exanple, during the late 1960s, improve- . i
ments in U.S. ICEM accuracy and the beginning of MIRVing may have

suggested that countersilo capabilities were shifting in favor of the
United States (judging by CMP ratios); however, the proliferstion and
hardening of Soviet ICBMs during that period msy have invalidated that
preaise. Such changes in the target data cannot be captured by CMP [
ratios alons becsuse they do not take account of target data, and .
therefore the trend in CMP alone would not necessarily reflect the

trend in countersilo capabilities. ‘
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V. ASSESSING STRATECIC FORCE CAPABILITIES IN OFP-DESLCN SCENARIOS

Almost all assensments of the strategic balance focus on the
capabiiities of the strategic forces in a few, standard scenarios.
These scenarios ianvolve very large counterforce or countervalue at-
tacks, with escalation to the highest level of conflict occurring
famediately at the nuclear threshold. After thesé sttacks, the out=-
come of the war is assessed according to dawmage caused (or assets
surviving) and forces remaining, assuming that any major form of
hostilities ends at that point.l
two force postures from which the war could be initiuted: day-to-day

These scenci.cs also crasider only -

alert (corresponding to a surprise attack) and fully generated alert
{(after several days of force generation in a crisis). While there
are no “rules” of strategic analysis prohibiting the use of other
scenarios, these scenarios are employed because they deascribe rela-
tively simple "wars,” the nature ol which is fairly easy to paraom—
eterize,

In the last seveial years, many anaslysts have come to recognize
that these standard scenarios are fairly unlikely contexts for nucle-"
ar war. In particular, the Soviets are believed to view nuclear war

as a likely prospect in a very prolonged crisis, or cs an escalation

from conventional leveis of conflict. These analysts also perceive a

Soviet interest in winning (or at least in not losiag) the tar, and
therefore doubt that it will end cleanly after one or two muclear '
exchanges. Finally, in a desire to control escalation but also to
provide a hedge against conventional force inferiority 4in any given
theater, these analysts have examined a variety of 1imited nuclear
options which would precede, if not veplace, the very large muclear

exchanges.

lSome analysts will argue that the assessment of remaining forres

serves as a proxy for the outcome of the war after sore point in

time. However, a varlety of factors other than simply the residual
force levels will influence the nature of conflict thereafter requir-
ins a somewhat more systematic analysis of wiut could, indeed, happen.
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Since most of this work has yet to be seriously evaluated in a
strategic balarnce context, the conditions considered have been re-=
ferred to as "off-design sceunarios.” In this section, ve exanine
these scenarios and attempt to evaluate their effects oo the balance
frameworks established above (vhich correspond more closely to the
traditional scenario approach). Specificallr, we examine three
phases of nuclear war in which variations could be expected from
traditioaal scenarios: (1) preparation, (2) escalation, and ()
protracted wa. after s massive attack. In each of these phases, we
discuse the scenario counditions that could alter the present pro-
cedures for evaluating the strategic balance.

PREPARATION

i1n past nssessménts of the strategic balance, very little atten=
tion has been paid to %he preparatory phase of nuclear war. This has
been primarily due to a traditionsl focus on purprise nuclear war,
for which neither side iz suitably prepared.2 Over tiwme, analyets
have come to view surprise nuclear wur improbable, mecognizing that
its outcome would be so devastating for both sides that no rational
national leader would be likely to adopt such a strategy as an ele~
ment of premeditated military aggression.3 Rather, ouclear war is
perceived as being move likely to resnlt from a prolonged crisfs that
1»d one side to view that option as the least undesirabie cholce,
somevhat as the -apanese viewved the iniriation of war against the
United States in 194l. In 8 crisis of such magnitude, both sldes
would presumably mobilize their military assets well before +he con-
€lict began; at the initiation of the conflict, the fully generated

s retegle forces of each eide would confront one other. Many

2That 18, the defender is surprised axd thus makes no preparation
other than tuat vhich tactical wariing (about 20 minutes) allows him,
while the attacker canrot extensivelr prepare for fear of signaling
his lgtentions and losing the advantage of strategic purprisc.

The attacker must feel that he has much to gain and little to
lose; otherwiee, he can afford to avold conflict, or to pursue his
inte..lons through crisis actions. With nuclear wcr, it i eatremely
unlikely that any attacker would perceive that he had little to lose.
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analysts have.recognized that war could occur during mobilization,
when strategic force levels were moving from a status of day-to—day

alert to fully generated alert levels. Thus these are commonly
treated as the extremes of the range of forces that could be em—
ployed.

Deternining the availability of strategic forces 1is a mch. more
complicated probles. Even in a crisis situation, there are many
reasons for not generating strategic forces or for generating only
part of then.& Yet if a crisis is sufficiently grave to make nuclear
war a real possibility, one side or both may attempt teo mobilize by
(1) preparing surplus missiles for f:l.riug,5 (2) placing nuclear
weapons on aircraft other than existing boabers, and (3) producing
more nuclear weapons or their delivery vehicles. (1o a protracted

crisis, weapons production could become a significant congidera-
tion.) Such actions would be designed to increase the availability 1
of strategic forces above even the fully geoerated levels. But some ,' :
actions intended to increase the availability of other aflitary [
forces (e.g., moving troops or supplies into Europe) could actually 1
degrade the capabilities of the strategic forces by drawing resources

from them (e.g., by reassigning tankers from bomber suppert to sup~
port of airlift forces). Also, afier a crieis had continuéed for days
or weeks, the operstional capabilities of wespon systeas could degen-
arate; growing maintenance demands and diainishing c¢rew endurance
would cause force availability to fall below its meximum, If the
crisis continued longsr, further degradation would have to be ac-
cepted to sustain personnel training; some of the mobilized forces
might also have to return to their normel activities. Actions to
that end by one sids would not necessarily be paralleled by

“Force generation could be an escalatory act in a crisis and
would have to be avoided to maintain the crisis at a relatively low
level

sln SALT, only the mmber of missile launchers (s{los) and not
the number of missiles is limited. Therefore, both sides have a
variety of extra missiles available that are (1) obsolete systems, (2)
test systems, and (3) epares and replacements. The Soviets also ap-
parently plan to reload some silos and thus may well have a supply of
axtra missiles available for that purpose.
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comparable actions by the other party -nd'fhna the balance of forces
probably would be altered. .-

Somewhat less thought has gone into the potential defenaive
actions in a crisis period. Strategic defensive forces (air defense,
ABM, and ASW) would undoubtedly be placed on higher levels of alert,
much as their strategic offensive force counterparts. If exotic
systems (lasers and particle beams) or. systems banned by treaty (ex-
cess ABMs) were avalilable, they would probably be deployed. During
an intense crisis, efther side might activate civil defense measures,
dieperse military forces, and take precautions to protect the na-
tional leadership. Once again, the specific timing or sequence of
these activities would undoubtedly be different for each side, and
such choices could have a significant influence on the balance of
cagabilll:lel.6

As a crisis developed and forces were generated, each eide might
begin "testing” the other, posing threats to see what reaction was
elicited. For example, the Soviets could move several SS5BNs toward
the U.S. coastline, increasing the vulnerability of U.S. bombers. If
the United States failed to react, the Scviets would have a eignifi-
cant advantage should war start. Even 1if the United States responded
defensively (e.g., further dispersing its bombers), the threatening
Soviet action would still retain some advantage (e.g., shorter SLBM
flight times to all bomber bases). Purther, the United States aight
degrade its own real capabilities somevhat (e.g., decreasing bomber
range by putting bombers on shorter dispersal airfields, which limit
takeoff fuel loads). Were the United States to respond by taking a
similar threatening action (e.g., roving 55BNs in close to Soviet
shores), the Soviets would still be better off as long as they had

1n general, defensive actions improve the balance of capabili-
tieg from the defender's point of view, though with some actions there
is a transition period during which the opposite may be true. Por
example, in activating civil defense, there would be & period inmedi-
ately after the order to evacuate or shelter people im vhich more
fatalities would occur in an attack because soae people would have
moved outdoors where they were more vulnerable, and few or none would
have yet reached protected locations. .
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chosenose threatreos vbicknthe Unitid: Seaténvas woressuscaptabieillelt 1t ;
the United!StAtasabackedcdodmiothe Sovietsimdghti’win"wthé entirstire
crisisisituation=+theirhgoalzdalthe firstiplacelacdn shortjodependingiing (R
upon:the sctionyreaétiont thoicesjcenchstesting: kxprcisesican alscalsc { '
significantiynthflosfite: capabilititssics. C L
In n:tufflcléh:lynhéatbdatrlsiu;stonvunztonllocohflietltouldpuld ' ) _"]
eventuallyatésultsul Convéntionalocohfliet! tould-begin-eithettherass a -
respoasectocthe fresting”idrimisaorsasran:escalatoty:etepsafterioas one
sidesdécided! iticonld-gain an advantageiacin elthet:case;: even: thoughough
nuclear!weaponsnwere-noe n-ed;scdnventtonnlo-hpouspptobablyahbuldabhd be
used to;attackt thistbpponent!e-niiclear: stockpilesilcThisTwbnld>bad be
particularlyatiuve: ofcacwar inrEurope;>thoughoany noclearlweaponsjons
deattoyedn;nﬁthatthasecuouldﬂptdsunlblyabhythaatbra:elatedxbyi:els;ema.
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However, . should>conventionaslonaval:watfare{develop;ithe destiuction-ion
of SSBNa“would-cettainly!change:strategic:capabilitiessicFurther;her,
with B=52Ds how being:assigned:actheater:rolerih:Europe;omany-ofy of
these\a::a:egicadelivetyvayttnnstcnuldahéidaottoyedeinﬂaiconvonttenllonal
conflict:there' (either:by: attacks on:thair-airfields-or:by:defeasiverive
actiontuhilo1thny:uurewattelpt1u3:penettatton:of:Soviitvaefeﬁ'étnses
vhilahchrryingytonventlonalobanb‘loadi)ags).a

Notwithstanding:ithe pastphistory-ofy vatfare;astrategicoshalystsysts
almost:completely:iynote:the possibilitylefy paranilitaty:atgackaicks '
agningtiatra:eglcegbtcécrdueeithatttbe preparatorytory latet:phases:ofs of )
a nuclearlwar.waPropirly:zeduippadpand motivatedaSoridtvagentgeinsthischis
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count:ynconcetvablyabbuldoattacttotrsteglce:otcéohnsehaotsenronteoute
ueaponapyate;u;eparhnpshdgattoylnsytogesoiethén:hel.suzcosotalsiut-sur-
priup.tttackcofkthisthorcScooldodhtrdctr(ruufltraccglcetbtcianvnilvail-
abilizyideforatthe fltstinnclaa:luurh-adae:$ledaduged.9

751ucéicha aggressorscan chooshothe threatreo:-raise;ihe, whaldobhd be
bestLservedrbyichoosingséne whichhhis bpponent,caonotnzespondpwellvell
to. tHowever;vhe, shouldcnot choocsacons in-vhich:acmoderaterescalatioation
couldoréversecthe advantmgeiagsFor Example;pthe threatrofznoving 'SEBNsS BN~
in closelmightibatmet hytao;onventtorﬁlcattackcthntthlnksitha-;he!hicfhis
wouldobaivaryveostly:toythe aggressor;sand msy ba) veryvhaydr.todreepondpond
to wi hnughaigntt1nnnt1ynea;nlat1ng:thg conflictiict.

9Seejnobtnounr(1979)?7p},1§. 14,

SuchSactionsiwonld>bistbbet timedisodthatctheytdtd do¢ providevide

strategicewdrning; ipsrhapshbacelyrptpcpdingdths arrivalioflaooclear!icar
weaponsycns.
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geographicraiteattisttbo greaticthe attacktecaldrpidvercoebaohighlyshly
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loln‘%iztteular;lnost analystdy 1ook’ for “choke»potnt?imectoestins in
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1tgence.“ivu1uation. and option-development.™’ “P1inally; " ! communications’ °1F
mist™be" established with-the strategic forces and procedures set for ‘°F
3 a\nd

cond%%iiﬁﬁ‘ébﬁclnﬁiﬁk’hﬁél&éi!éperatiénbl”nln short;” the command and
cont%%ltBflsiQaEé&itffbices*iﬁ“aibrdtihétédfhaé wild undoubtedly-be’ OV
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ning"and 1np1enentation procedurea. Tofe 1, theretore, very difficult il
to evaliate'the effectiveness of’ a:rategic forces in- such'a world:’-
Other’ assets’and capabilittes would also’contribute to che but="%"

ccmeCof ‘a’protracted huclear war." ‘In particular; onventionhl“hiii-‘li'
tary U forces’ may have -a’ma jor role in’ teeatablishing ‘national’ control

as well-an' 10" projecting power beyond ‘national ‘borders; “Over’ time,  *

agritultural 'and industrial production- would also be” important; affect="C"

ing the survival’ potential of the population and the economic re~ -~
sources' available to the nation.' Some of these assets will probably
have''been’ damaged in-the massive exchanges of a nuclear war and damage
may:toﬁtinue‘duriﬁg'its protraction. - Therefore, an advantage would et
accrue to the nation best able to reconstitute these capabilities in’

the shortest’ period of time and to protect them thereafter. Many

factors-would ‘contribute to successful reconstitution of these assets, =T
tnclading national will,” cohesiveneas,-aelf-sacrifice, self-control, *'*
substitntion'posaibilities, "and externzl aid. - Because thes’ factors’’
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VI. ASSESSING CAPABILITIES: AR EXAMPLE

This & ccion provides a general assessment of hypothetical Soviet
strategic force capabjlities in order to give form to the methodolog-
ical discuesions of earlier sections. The purpose here is to display
some of the difficulties of applying available methods of analysis and
to show how sowe of them can be applied in particular situatious.

That process supports the assembly of some conclusions which, while

not comprehensive, provide valua%le insights into strategic force
capabilities.

In this example, the hypothetical Soviet strategic force posture

is first presented, and the capabilitiecs of the different weapon sys—
tems are discussed i{n a general way. Aggregate measures are then used
to assers the overall capabilities of the postulated Soviet forces.
Next, the dynamic aspects of a nuclear exchange are developed, focus-
ing on a massive Soviet attack. Finally, the potential of Soviet
capabilities in off-deaipn ecenarios is assessed.

1985 STRATEGIC FORCELS

Table 2 fntroduced some hypothetical strategic force parameters
for U.S. and Soviet ICBMs. Table 6 axtends that list by adding Soviet
SLBM and bomber forces. These force levels were deaigned to be con-
sistent with the arme limits propesed for SALT 1I. Table 6 also in-
cludes some aggresate measures of strategic capabilities, calculated
for each deiivery vehicle. Thus, ar SS-A missile has an EMT of 5.8, a
CMP of 401, and an ECHP of 256.1

While aggregate measures of strategic force capabilitics gener-
ally are not very accurate, they do provide a& basie for comparing
fndividual weapons. The Soviet ICBM forces are particularly impres-
sive. Not only do they carry large amcunts of EMT for destruction of
area targets, but they alsc have very high values of CMP and EQMP,

lThis ECMP calculation assumes an 80 percent probability of
arrival and a 2000 psi target.
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Table 6

HYPOTHETICAL SOVIET PORCES

Warheads Warhead Warhead Aggregate Measure per Vehicle
Weapon Delivery per Yield CEP

Systen Vehicles Vehicle (MT) {n mi) EMT P ECMP
ICBM-A 820 T 15 .12 5.8 4o 256
ICBM-C 400 1 12.00 12 5.2 364 S8
SLBM-A 380 7 «25 +36 2.8 21 17
SLBM-3 500. 1 3.00 .36 2.1 16 12
Bomber 100 4 .00 24 8.3 1y 102

-

making them effective in hard target attacke, as suggested in Sec. 1I,
above. By comparisun; the SLBMs have low values-of CHMP or ECMP, and )
thus negligible hard target capabilities. Their EMTs are less than
half those of Soviet ICBMa. Indeed, if aggregate measures are' con- ' 3
sidered, it is difficult to understand why the Soviets would choose to ;
build SLBMs rather than ICBMs. The relative importance of SLBMs be-
comes clear only when one considers. their relatively short flight
times when positioned properly off an opponent's coastline and their
relative invulnerability to attack, giving them a significant capa-~
bility for endurancsa.

Soviet bombers have more EMT than other Soviet systems, making
them good weapons for destroying very large area targets. Although
they have fairly high CMP and ECMP values, bombers take much longer to
reach their targets than do missiles, and thus generally camnot be
used aga:iist relatively time-urgent targets, which make up a poten-
tially high percentage of all hard targe:a.z Alcernatively, if bomb~
ers can perform armed reconnaisance, they can be quite effective
against a variety of mobile targets that could not otherwise be
struck, and against any hard targets (such as withheld ICBMs) that
escaped damage in ar initial attack. '

PR R U LU S Y

2Sov1et (and American) bombers would require perhaps ten hours to
reach their targets in another hemisphere, giving the opposing side
time to disperse or sheiter some assets.
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AN AGGREGATE MEASURES ASSESSMENT

Most analysts ignore aggregate measures in discussing the kinds
of systems tradeoffs related auvove, proceeding directly to a compari-
son either of segments of the Triad or of total strategic forces.
Table 7 makes surh a comparison for six aggregate measures discussed
in Sec. 1IV. ’

Table 7

. AGGREGATE MEASURES OF HYPOTHETICAL SOVIET FORCES

Total CMP ECMP

Sysatem SNDVs Warheads EMT  (100s) (1003)
ICBM-A 820 5740 4756 3288 2099
ICBM-C 4o0 400 2080 1456 232

Total ICBM 1220 6140 6836 4744 2331
SLBM-A 380 2660 1064 80 65
SLBM-B 500 500 1050 80 60

Total SLEM 880 3160 2114 160 125
Bomber 100 L4oo 830 Wy 102

Total force 2200 9700 9780 50u8 2558

In examining these aggregate messures, it is important to remem-
ber the problems introduced in Sec. IV. In particular, the specific
measures tend to be only loosely correlated with a strategic force
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 measures sug-
gest that in comparisons, small differences (of 10 to 20 percent) are
probably not very significant. Only gross differences can be depended
on to reflect poientially greater capability. Even then, such con-
clusions should be verified, where possible, by more detailed anal-
yais.

The postulated Soviet forces show significant differences between
the various force elements. Their ICEM force completely dominates,
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containing rcre than half the value of each aggregate measure and
ranging ar. high as 94 percent in CMP. The Sov.r: bomber for s, on the
other hand, appears to be quite insignificaat by any of the meaaures,
and if the measures are accutate, could indicate the lack of a central
role for bombers in the Soviet concept of nuclear war. "he Soviet
SLBM forces are well equipped with SNDVs ard warheads, ani even EMT in
an absolute sense, but lack any significant hard target capabdbility.
Interestingly, each leg of the Sovie~ Triad has more than twice the
amount of EMI requivred by idvocates of aseured destruction.3
Mcst compar’ -ns of aggregate measures are made agal..st total

strategic inventories, &s is done in Table 7.  However, it is moac

" unlikely that the Soviet Unfion would ever be able to use its entirn

strategic weapons inventory in an attack, particularly if starting
from an environment where day-by-day alert levels are deliberately
held well below 10G percent for both bosbers nand SLBMs. Further, some
strategic weapon systems would never arrive on target, though aggre-
gate measures normally do not reflect these losses (except for ECHP in
Table 7). The poteatial importance of there lcgses is illustrated in
Table 8, where the measures have been adjusted to reflect a dsy-to—day
alert posture of 50 percent availab{lity in the Soviet SLBM and bomber
force and an 80 petrcent reliability in all weapo) systems.

A day-to-day alert posture further fncreases the advantage of the
Soviet ICBM forces. Soviet ICBMs on day-to-day alert mske up 70 to 97
percent of thelir aggrugate force. By comﬁnrison. the Soviet bembey
force now appears miniscule and their SLBMs appear to be relatively

inconsequential.

MEASURING SOVIET CAPABILITIES: THE STANDARD SCUHARIO

While aggregate measures give a rough estimate of the Soviets’
gross destructive potential, a more important messure is their abilicy

to perform against potentiel U.S. targels. Ia this subsection, Soviet

31: is important to tveuember that thes. THT estimates ignore
arrival probability; if arrival probability is 80 percenc, then each
Triud leg has at least 600 deliveradble EMT, still well above the
nominal assured destruction requiremsnt of 200 to 400 deliverable EMT.
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Table 8

' "AGCREGATE MEASURES OF DELIVERABLE DAY~TO-DAY FORCES

r

. : CMP ECMP
Systenm SNDVa Warheads ENT (100s) (100s)

ICBM-A 656 k592 3805 2630 2099
ICBM-C 320 320 1664 1165 2z
Totsl LCBM 976 912 5469 3795 2In
SLBM- A 152 1064 426 32 32
SLBM-B 200 200 420 32 30
Total SLBM %2 1264 846 6 62
Bomber LT 160 332 58 51

Total forca 1368 6336 6647 3917 2444

capabilities are estimated in a standard scenario involving a massive foo P
Soviet attack on the United States. The nature of possiblc J.5. tar~ S .
gets is first developed, including their numbers, vulnerability, and )
time urgency. Then potential Soviet weapon allocations are addressed, ‘

showing some of the tradeoffs pociible. Finally, the possible effec !
tiveness of a Soviet attack is aseessed as a direct measure of Soviet “ -i
capabilities. ‘.,._»":"‘.j_'_ 2
SR
U.S, Targets A’;,*ﬁ;‘
Sections II and III developed methodologies for assessing damage 75}"'
to ailitary and urban-industrial targets and discussed the nature of ‘,:?,? -
some of these targets. Spegif!cally. the silitary targets were r:“
divided into strategic forc«, command and coatrol, and "other” wili- ,'-f"’__' o
tary targets. Urbsao~industrial targets ware classified as industrial- 'r.r
economic or population. A general description of each of these target Wiy ‘
types within the United States will now be developed. -{,
Saveral sources describe the major l_n:l.r.aty installations within =¥ :3;;7

the United States according to both branch of service and general
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function.‘ Table 9 provides soma rough estimates of the aggregate
number of -installations by type. While the functions indicated are
somewhat arbitrary and do vary by service (with “Other Bages” includ-
ing air stations for the Navy, Marine Corps, and Coast Guard), they
provide a general notion of the importance of each type of installation.

Table 9

MAJOR U,S. MILITARY INSTALLATIONS

Main Other Supply/
Service Bases Bases Support Other Total

Alir Force 90 20 0 10 120
Army 45 20 30 40 135
Navy 10 30 25 30 85
Marina Corps 5 10 5 5 25
Coast Guard 20 5 0 0 25

Totul 170 8s 60 85 400

Many of the installations in Table 9 are not single targets or
aju points. For example, Whiteman Air Force Base ip carried as a
gingle Air Force installation in Table 9, even though it {ncludes
almost 200 Minuteaan silos and LCPs, an airfield, and other activi-
ties, moat of which should be treated as separate targets. As the

strategic forces {(especially the ICBMs) are the main source of coor—
plication, Table 10 separately lists the primary strategic force tar-
gets. This table does not include command ;ﬁd control assets other
than the Minuteman LCCs, as they tend to be much more highly concen-
trated with the main facilities at the installations in Table 9,

To categorirze targete, two characteristics mus: o co..idered.

_ The first is the target's size and vulneradility, which determine
whether or not a single delivered weapon will be sufficient to destroy
it. The second is the time urgency of the target. Coamand and con=
trol assets and bomber bages can be very time-urgent targets in the
sense that they aust be destroyed within mimutes of tactical warning

. “DMA (1976) and Rand McNally (1980), pp. 34-35.

PPV




L e e e Y P LIy TR g T A Y oo R T AL it Ar— T Y (Tt T aditen SEN

~100-

Table 10

U.S. STRATEGIC FORCE TARGETS

Approximate No.
Force Element of Targets

ICBMs 1050
Minuteman LCCs 100
Bomber bases 35
SLBM ports 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 moat time—urgent targets in the United States must
be struck by Soviet SSBNs close to the U.S. coast; these targets are
shown in Table 11, in2luding the mumber of SLBM warheads that would 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 that had become

alrborne as well. Other weapons may be placed on the Air National
Guard and Alr 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 SSEN weapons just to guaran-
tee that none escaped before Soviet ICBM warheads arrived. Also in-
cluded in this list are an arbitrarily chosen, small number of politi-
cal and military command and control assets, the destruction of which
would stop or slow the execution of a U.S. counter strike.

Targets that are not quite so time urgent, or that are téo m=-
merous to be stuck effectively by SLBMs alone can be attacked bv a
combination of Soviet ICBMs and SLBMs. Included in this group are the
U.S. ICBEMs and LCCs and the other U.S. military targeta. It is likely
that Soviet ICBMs would also be allocated to the targets described in
Table 11, to ensure their destruction. Thus, apart from the ICBM
silos and LCCa, each of the roughly 400 targets in Table &4 would
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[ L ' ]

: - TIME-URGENT U.S. TARGET TYPES -’;,;\-;.-

A o e

; KRR

Minimum Allocation | Meximum Allocation g =
e 1
Warheads/ Total Warheads/ Total T %

Target Type No. Targets | Target Warheads Target Warheads ;,ﬁx; :(
Bomber bases: - '_ C o
Main bases o3 2 - 50 L] 100 s _:l_
Other bases® 10 0 o 2 20 g
I B
SSBN ports 5 1 5 3 15 ‘;f‘«‘:{"f .
' i PN
Command/Control 20 1 20 2 50 i S
A

Total 75 175 o~

8rir Force Reserve/Air Katicnal Guard tanker bases.

receive weapons as part of an ICBY or SLBM attack on “other military.
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 eingle warheads, these targets would
receive from two to four Soviet warheads, on the average.

Soviet doctrine relating to urban~industrial targets emphasizes’
the destruction of industry, focusing particularly on war-gsupporting
industry. Apparently, population is not a deliberate target for the
Soviets, though there is no reason to believe that they would attempt
to minimize population casualties in attacking their targets. Thus,
Soviet capabllities against urban~industrial areas may best be summa-
rized by the curve im Fig. &, which shows how much MVA the Soviets can
destroy for a given allocation of warheads. Table 12 repeates these
data for specific damage levels of interest, showing the number of 1
MT warheads (with an 80 percent arrival probability) required to
achieve the given damage level. While it is difficult to anticipate
how much damage thce Soviets might want to cause, 1t 1s not unteason=
able to assume that they would atteapt to destroy at least 50 percent,
but probably not more than 75 percent, of U.S. industry.
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* TablBable 12

. SOVIETVIENT | WARHBABRSERBQUEKREDIRED
TO DESTROSTHOS.UMEA HMVA

’
a2

Warhwadacads MVA MVA

RequirqdirDestpeyedofs) (%) ;;a‘
-
30 30 10 10 _ B e
- 90 90 . 20 20 . P W
190 190 30 30 . L :
340 340 0 40 _
. 550 550 50 50 R S D
690 630 §5 55 R
870 870 60 60 e I
1100 1100 65 65 b, -
1450 1440 70 70 >
20702070 7% 715

Tabl&al3-sudmarivesithe UuS.(tdrgetraystemstand thd appromimatdnate
aumber-of rwarheadacréquireditodcoverceachzacthe E'ypotﬁotiéalisouébviet
totaloforcésrare moremthantbufficientitotsatisfyithe sazimunirequirguire—
ment;-the day-to-day-diertifercésr{of 79207wirheade;a63I6coivhickhare are :
delivetable)vcat almost-satisfyithe taquivemiutient. ; :

Tablgalle 13

APPROXTMATE HSOVI BT \RARHEARHRRQUIRFMERTHENT S

Targ!hr‘bpeTypHinMirHuihimum

ICBM&CBMs 20002000 HOODLO0D 30 g

" LCCsLCCs 200 200 400 400 J{ !
Timesirgentgent 7% 75 175 175
Othef-atlitadytary800 800 1600 1600 !
Indudtrystry 550 550 20702070 L

Totalotal 36253625 82u98249 Ty

-._g_-i

Howetopgvwhethbrtbhe Sbviévvhavehthe rightiglseciad eype tgfewnf-var- "(\‘ L

_headacaznd whdtbbrtthey thﬁldcﬂdwbllmltogexpendpnduuymrhudheﬁa in _
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SovievRarhéaghAllosattongions
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The damage to time—urgent targets and to the U.S. ICBMs caused by
a Soviet attack would depend largely on tha action the United States
took upon receipt of tactical warning of the attack. If the United

I, S
!
.

States chose to laun~h some or all of its ICEMs on warning, the Soviet
attack might do little in the short term to degrade the U.5. capabili-

; ties, though it would lessen the ability of the United States to re~ fﬁr’ y
tain a reserve ICEM force. Attacks on the U.S. bomber bases and SSBN 'g; ]

ports would destroy the maintenance gnd support capabilities of those 1

: facilities (unless they had previously beea dispersed), and might also : ;:
: destroy some of the bombers or SSBNs. However, much of the U.S. SSBN hg!i
force is at sea at all times, and thus the damage to the U.S. SSBN ?:"'i

force (in a short war) might not be great. Om the other hand, the » )
alert force of the U.S. bombers is prepared to sortie on warning, and ?',.71
thue it, too, should be able to survive most Soviet attackes. There- : i
1

fore, while the Soviets could certainly reduce the mmber and endur- 3'
ance of strategic forces available to the United States, it is not at

all clear that they could prevent U.S. forces ‘from performing many of
their preplauned missions.

The projected damage to U.S. industry from euch a hypothetieal
Soviet attack 1s as high as 70 to 75 percent of U.S. MVA. Because a
modern economy 1s fragile in many respects, some surviving assets
would probably fail as a consequence of massive damage to U.S. iandus-
try. But the MVA destruction so postulated would include only the
capital assets; labor and other inputs required in an induatry might
be little damaged (especially if an effective civil defense program
were implemented). If survivingflabor and other imputs could be sub-
stituted for some of the lost capital, productfon lavels might exceed
the residual 25 to 30 perceant of MVA suggested by the simple damage
figures. They would decline if relatively more skilled workers
were killed or dieshbled. Further, some types of substitution among
capital stock and inputs {(including energy aources) might be possible
; after an attack. Thus, without a detailed model of an industrialized
economy (including consideration of production technologies and their
alternatives), it is extremely difficultlto predict how much damage
might be done, However, the chaos of muclear war would almost surely
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prevent anmy concerted econoaic activity for a long period; gradual
reorganization and growth would presumably follow in time.

In sunmsary, the Soviec attack hypothesired hare could cause a
high level of damage, suggesting significant Siviet capabilities to
carry out all assumed miseions. However, the damage levels are uncer-
tain, even though the postulated Soviet force posture allows the USSR
to partially offset those uncertainties in some areas, increasing
Soviet confidence of achieving specific damage levels. Further, it is

grade U.S. capabilities and assets to the same extent that targets

were destroyed. Thus, the uncertainties in target damage are signif-
icantly compounded by the uncertainties in asset viability. Neverthe-
less, the postulated Soviet forces would be likely to destroy signif-
icant portions of U.S. capabilities. '

QFF-DESIGR SCENARIOS

The Sovietr attack described above assumes a single, mapsive first
strike. However, no nuclear war is likely to be as uncomplicated as
such a simple attack model suggests. Each of the three phases of a
war examined in Sec. V could significantly alter the assesswents made
above. ]

Even if a nuclear war were spasmodic, actions preceding the spasm

could significantly affect the outcomes of the war. For example, if
the Soviets could generate forces larger than those maintained at day-
to~day alert levels, they would be able to increase the levels of
damage that would result from the allocations of Table 14, or (alter—
natively) to increase their etrategic reserve forces. An increase in
their strategic reserves would allow them to send additional warheads
against preselected targets that somehow survived the spass, thus
reducing the uncertainty of outcome and raising the resulting leveuls
of dannge.ll Damage levels could also be increased, and U.S. capabil-
ities reduced, by virtue of effective actions by Soviet azeats or

llThia assumes, of course, that the Soviets could leara which of
their intitially launched warheads had not completed their assignments.
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conventional forces before the nuclear attack. However, if such
actions lad to conventional conflict, the Sovietas could stand to loge
more than they gained, especially if the United States began an anti-
submarine warfare (ASW) campaign. Given the small number of Soviet
SSENs programmed to strike time-urgent U.S. targets in the postulated
allocations, U.S. ASW could overcome the Soviet capability to elimi-
nate these targets, allowing at least some U.S. bomber bases and com=
mand and control nodes to survive until Soviet ICBMs arrived. Even if
only half of the Soviet SSBNs assigned to these targeta were destroyed,
U.S. command and control wuld probably remain intact until the Soviet
1CBMs arrived later. The United States would thus iaprove its oppor—
tunity to respond effectively to the Soviet attack. Given Soviet gen-
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.

I1f nuclear war developed through escalation, many of the mssive
attack cépabilitiea discussed above would become irrelevant. That is,
the eesence of an eacalatory phase would be limited attacks designed
to achieve limited objectives in a way that clearly signaled those
objectives to the opponent. While the specific objective at first
night be no more than to demonstrate resclve {which could be done with
a high altitude burst of almoset any weapon), the general objectives
would more likely extend to the systematic elimination of high-value
opposing capabilities represented by a gmall mmber of targets. 7To
carry out such attacks, weapons with very high effectiveness (to limit
the nuambers required to performed the selected task) would be
required. They should cause little collateral or indiscrimioate
damage, vhich could confuse the opponent as to the objective or enrage
him. Optimally, such weapons would have high accuracles, low yields,
and high probabilities of arrival. While a few measures have beeu
proposed to evaluate weapons using these parameters, it is not clear
how meaningful such evaluations would be without a specific knowledge
of potential target sete sud surrounding assetse.

On the other hand, a preliminary escalatory phase could well
modify the effectiveness of a massive attack. If targets related to
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.+he capabilities of strategic forces in & nuclear war. Thus, vhile
" conventional nessures assign very high capabilities to the hypoth-

esised Soviat strategic forces, neither the United States mor the
Soviet Union can have high confidence in such assessmants.
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the strategic forces or their command and control were damsged in the
escalat&ry phase, they might be incapable of performing their assigned
roles at some later time. Given the value and ralative isolation
(from other assets) of such targets, it is likely that some would be
struck in an escalatory phase, especially if limiting collateral dam—
age were considered {mportant. ‘

In a protracted war, some potentiaily large portion of th/ tra-
teglc forces must be withheld In order to preserve an intrawar dﬁtet-
rence capability. Oune who has kept a strategic reserve could be in a
position to dictate surrender terms to an opponent who has not. Hold-
ing back preassigned forces has the disadvantage of allowing those
forces to be subject to enemy attack while they are withheld, thus
reducing their arrival probability and their effectiveness. To use
such systems most effectively, a retargeting capability is essential—
in part to offser attrition, and in part to take advantage of late
i{information about the surviving assets and capabilitiea of the oppo-
nent. Such a retargeting capability is also central to the effective
use of forces committed to a general strategic reserve (including
reloads and forces recovered or reconstituted). These forces are
worthless unless specific targets can be identified for them. Thus,
Soviet forie capabilities in a protracted war would depend as much oo
retargeting and recons:itution capabilitfz. as on the raw damage pi-
tentlal of {ndividual weapons. Unfortunately, these capabilities are

‘not easily taken iato account ueing existing methods for assessing
strategic force capabilities.

SUMMARY
The hypothesized Soviet forces would give the Soviet Union suffi-
cient strategic capability, even on day-to-day alert, to cause high
levels of damage to almost all probable of U.S. targets. However,
estimates of the probable levels of damage contain & large element of
uncertainty, as do assessaente of how much such damage would degrade
U.S. assets and capabilities. Moreover, given the broad range of
nuclear war scenarios, it is unlikely Ehnt assesszents concerned

solely with massive attack capabilities would appropriately reflect
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Appendix A
NUCLEAR WEAPON EFFECTS!

SOURCES OF NUCLEAR WEAPON EFFECTS

The detonation of a nuclear weapon iu accompanied by a wide vari-

ety of “weapon effects,” or destructive mechanisme. These efchts
vary with weapon type, size, and place of detonmation. When & ouclear
weapon detonatea, it relcases energy in different forna.‘ Théoe forms
of energy can themselves become the weapon effects, or they can be
traneformed into weapon effects by interacting with the environment.
The destructiveness of a muclear weapon is usually measured in
terms of the total energy produced by the weapon {the yield). Nor-
mally, the yield {s measured in terms of the amount of TNT that would
cause the game energy release. Since nuclear explosions are generally
much larger than conventional explosions, their yileld is measured in
kilotons (thousands of tons of TNT equivalent) or megatons (millions
of tons of TNT equivalent).‘ )
Nuclear explosions derive their energy from two types of miclear

reactions. One, fission, involves the qplitcing of one large atom

into several emaller atoms and particles of a lower total weight. The
other, fusion, involves the combination of two small atome into one
larger atom and some other particles of a lower combined weight. 1In

either case, the lost weight is transformed into energy according to
2

Einstein's well-known formula: E = m*c®, where E is the energy pro-
duced, m is the mass loet, and ¢ is a coastant representing the speed
of light. Most strategic muclear weapons today employ sowe coubina-
tion' of these two types of reactions, as the two tend to be synergis-

tic in effect.? ’

lthe effects of muclear weapons are explained in much more detail
in Glgsntone and Dolan (1977).

Specifically, a fissfon explosion is usually required to set off
a fusion explosion, and in turn a fusion explosion produces neutrons
of higher energy, which causes fission to increase its efficiency and
also can lead relatively stable isotopes of uranium to fission. This
latter effect is referred to as the "booster” principle. See York
(1976): PP- 22-23.
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While the energy released by a nuclear explosion may have its
forn changed.several times, about 85 percent is carried as air blast
or shock, thermal radiation, and heat. The temainder is released as
either "prompt” or fallout radiation. The mixture of proapt and
fallout radiation varies dramatically between the two types of miclear
reactions: Fission produces about ome-third prompt and two-thirds
fallout radiation, while fusion produces almoet all proapt and almost

no fallout rndiatlon.3

Most smaller strategic nuclear weapons are
nearly pure fission in their reactions, vhereas larger (megaton range)
weapons teand to be about half fission and half fusfon. Thus, these
weapous release energy as soma combination of prompt and fallout radi-
ation. Since most of the energy associated with fallout radiation ia
not releaged until after the explosion, it is usually not included in
standard estimates of warhead yield. Rather, warhead yield normally
only includes the "explosive energy” of a puclear weapon, or the
energy released within the first minute or so after the detonation.
Given the fission/fusion ratio for strategic weapons, this explosive
yield should be about five to ten perceat less than the total energy
released by the ueapon.h This convention is followed herein in dis-
cuseing weapon yields.

Many factors determine the amount of energy that goes into each
weapon effect. For typical nuclear bursts above the ground but below
about 40,000 ft altitude, about 50 percent of the total yield goes
into air blast effects. Thus, & 200 Kt weapon would produce an air
blast roughly equivalent to 100 Kt of INT. In this sanme range, about
35 percent of the total energy is emitted as thermal radiatisn and
heat. For detonations at higher altitudes, the less dense atmosphere
reduces the air blast effects and proportionately iucreases the ther-
wal radiation effects.” The woapon type can alsd change the distri-
bution of energy. In particular, “enhanced radiation” weapons (neu-
tron bombs) increase the percentage of energy that goes into prompt

radiation at the cxpense of blast effects.6

iclautone and Dolan (1977), pp. 7-8.
Glasstone and Dolan (1977), pp. 7-8.
Glasstone and Dolan (1977), pp. 9=10.
6snow (1979), pp. 3-5.
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BLAST EFFECIS
The explosion of a nuclear weapon near sea level produces s fire-
ball in which the maxiwum temperature is tens of millions of de- . 1
grees. This intense heat raises the surrounding air to extresely high
pressures, and in turn the air expands outward imto lower pressure
areas.’ This expansion is so rapid as to create a shock or blast
wave, which deattoyﬁ targets in two ways. First, the air pressure
within the shock front can literally crueh objects because it is much
higher than the air pressure within the object (14.7 psi at standard
gea level conditions). Thie excess pressure is referred to as over—
pressure; the maximum overpressure associated with the shock wave at
any given distance is called the peak overpressure. Second, the wind
velocity and air density of the shock wave cause a “slapping”™ eifesct
against structures. This slapping effect 1is referred to as dynamic
pressure. The principal source of blast damage 1s determined by
whether an object is damaged more by the crushing effect of overpres-
.'sure or the slapping effect of dynamic preasure.8
The distance at which a target of fixed vulnerability will be
damaged by the blait wave depends on eeveral factors: (1) target
vulnerability, (2) warhead yield, (3) height of burst, (4) duration of
the overpressure pulse, and (5) atmospheric anc terrain conditions.
Target wvulnerability is measured by either the overpressure or dynamic

pressure required to damage it., The relationship between target
'ﬁardnesn' and the distance from the explosion at which that over-
pressure will be delivered is captured in fairly well defined curves
available in a variety of soutces.9 The lethal radius of a weapon

7The increased temperature affects the air pressure through the
perfect-gas equation derived from Boyles' Law: PV=nRT, whera P {8 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
corregpondingly decrease) as well,

However, many analysts ignore dynamic pressure, evaluating the
vulnerability of structures susceptible to it in teras of the aver-
pressure that would occur at the same distance as the lethal dynamic
pressure. As a result, the analyst then nsed only evaluate one lethal
rndlug function (for overpressure).

See, for example, Glasstone and Dolan (1977), pp. 108-119.
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incriasssowtthwibhbh wicrheadirpidldivikenatonthe che-thirdhpodepoveThe The
lethikchadiunditsoainordasenatfctlid warhendhisdditonistedagadt highhizh
encughosbive bthe ghougd ceuch sthit tthe blestlssve visteisetsawithvits its
reflectiontdfh clié groundpuvesysingsd uehmthmstemwtitc!thb bt owgrever-
prespurssand dyzasiicapiessurescan harabemehmhdubl’odbmd -Aﬂm}lﬂn the

largderthe whrhemd)cthy lbngdrnthe shock make lastdastsang ghyeyiprsspree— .

asutesuthis ttderdessd afpnildoudorationt icaii weakenai:targetyzdapagiageibe it
at azloweromlueadfcetthet tbeerpresgurssoredynasicapissperesurfinaflypalily,
the thttizltdt? ddmatrys{befdbeithe ekplesidn)jocls terraiursirrowadound-
ing the explesidn;isnd srdarievyiefyottiepifiactdes tcas vatnforodogre or
degrddarthie blastlaffectdcdslivietddctodany givenidistadogance.

Withitttlie last lds¢adecarieso; aayodifield [dysteysafmedeveingring
blast lvslnerdbiltity sy becode cqoiteupspulapulakt idtcdbled ithe wil-vul-
nerabtlity iimbencsystegstclt eXpresgessblastblvalnerdbilety linytlie the
form { TVNTKY Tvlierehtire W «didNa {logatithaic hfincCion tdbnthé léthdkthal
pressurasull, 1§ “adcindicariontifrovérpressure s(?P") "¢ Jdynasijvapgesnres-
sures(1Q™ X "sigcepribility liand KT {&"a imessurescfcpulspudurationtion
sensitiwitysitThis Teystemsianddscribed e dddtatl tid lagveral cgourcansits. !
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asaesmtsmpmcqadmuiufmiocnsblnnbldmnpnueth etelustdnsébnabf all
othepthuclear leﬁfeetieus

10p,d 0t cgroundbureburece tvas Lsome sretnfurcdnentrfron fthe the re-
flecfdd chlust lusvewsThus Tkise lLéthdl thadivedf sa groumdborstuds tldrgdnrger
than:tthe téxrespondingdethdl thedius ddfisa olf ped fairburagtyt swhichwdgiais a
distasrice 2o ewhichitine mublmwumurgmum@tpdawnsure
through ca Taum fatmospherehere.
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and sodlastlis twisd tedevaluatd udtmagenfer dost cothenttarganrypesypes.
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A mudlest lesdpensdetodstedasndoprnedy nehe siefaod fofethi sdreekarth
creatssadesraterateThe duclenc forefdllbpiddoredupartrotttnd dbeterabyr by
melttagting ebtlsadd pock Foskndingdthng tésulriug isceeuscautersddgials
intoithe abelesricloudliovthe Vaporised ipartioldd cdeentusbiyaddridpfgdify
as the tampsrsteretaroundothdntboolscsid fall {bddk bpokehe sbrcthtgth’s
surfsos [ (seudLiyaddee cdtetaricsafron fthe shtgtudbiccdteryievitr Blasblast
alsoaddds stdsthe dize sdfethd eheteraderliverdllyblastiagténgy awpythé the
grousdpucsus Loy sdebr £e brd sbé othrovhriavo ithe &1r. aiOvhef thogsd onstemate~
rialsisdoundothd dkplostdasire suckedchpdbyrthw windyisdeospsnyingythg the
air Blasblaskll é21tnfe tddbrisbetentusblysfdllfatdck teskehe dircharthe the
heavbervptaced cfalling lincodrargund othd dbaterateShal fiw Lindergrdonadound
bursterptodude dthe largdstscrdteretbscadssathey thud jecd Xhé ghousdovod to
the gheatasptfitelilltedd bldstleffectdsctDeep Dandergrioundcarstyrste
prodace &uecmcralcgmgé dothighhdihbuteberstitridatnrtomm (e reratdsrater
1€ sdde spart POt ithé LireBdllirddchesctne grouadohbc.ls

The fethdltéffectd cthat tproduceithe chetervaporige rdreblowtdvayavay
almost ramything hlocatsdaindtie dteasthe érateritoversyeOthertissetssets
beyondithd lip 4f ithd drstaradre damagedsbydthe fapadtiroftdelrietffonfron
the ébateradet totaboutbtwicdv-the crateratadiusjithough gkt mofithd the
largd apieced cof sdabrie 4 Il fedirIyp ialoss looethe dhstartseXip. 1iThe The
crateratadiusdfron f6ob MT Igidundberdbuwstldobd daboue 300 fH0add £rd 1its
saximas ideptWesbout 1223 £85 Mote lehat timts thddive Huscdnaiderdblyably
smallenlthan tthe léthdltiediuedfor évan 2000 2540 widsbleffecdfpcand and
thue téhslehdiatsring rhay beya brechdl tbffectfels ,will widinsblyaddy bet be
the 4he tooddéteringring léthdl thedius disceprcagdingt ot rand Yy rdperuper—
hardéned crergdosgets.
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WhenWotther ttha fivetdlPbodlthe Blaedlwste wwodcliowcbhd ddrtikarib, it
causasus eshocls 'wave Vet i@ ghousdourThis Tidound ceticcls hpropagstesadown down

l%oﬁmaﬁam lewsts csre perf orudd rdesp dende rgviouad ouftholit hout

. eratsplag dnsveat ing tdhirgades iinto iths dtwospherehere.
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and oatwardvirdafthe siclest leaplespéng 1severaly raisagingcindergdoragound
faciiscidé tipstovthveds hatatorataditadidy afpomithe éxplosddnsi@rouldound
shock W:uemsdkeeuuim} {gnghorohastementpeaid sndisplicedaces
ment peThus Thusdergriousd cobdecbdcast potaf$ mddnvednisd sadhioabdoard are
damagedaby dbétngthtowds rirvo ledch cocheptbrrintoiche sktlvadleremsdongding
theashealsos lstuceiche ghoussotedotrentaon actnsfond fasaiongivee Shockhock
may Cravelafadtdpsinredde sareasrchdn tthers eEsustag shnghsatiwgréfLest fect
along the Bounderydofymsterssls iciist thosld chidakrobjecteic(1iké Iptpes)pes)
not othervies-damagedaby dthy stieotiround owhdcihatBectdpcts.

Although cmast ceuperhardendd ceatgéos Lot baciédiisd thds-procesvédcted
£rom ¥lasbleflectd csroudd oshdck Fosh Ao geTtBem theveretyiclla pdp-par-
ticuldirylsll tddauscuoauudaiﬁhuihmmIﬁirof»iimlmdgdtu ate—mis-
silecddd machinghyjcmyet tbetfiraly mdunted had asehiondd ovodeaveidvolid
ground cshdck hdaiagenasIs thifstid it dotegogrousd cotisckhost Basode cetie the
deteruinanirofithé li:hdrthdiuadéns:oﬁMMﬂuoimmM‘md or
othertburied réargereiets.
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Therndl iradistidn tisnelectionsgascio tidlavton tivle tavisletplet,
visible;tend lafrared) rproduced bydche fireddIl bef la uiualsar laxplexplo-
sions | CThis Trddiavidn tdaw tairn lekinsadd fgriisert {reé)reThernik rredigadia-
tion tfron LXATEEN (Rudl6ar INespons Pesuses ugabsradtieltin juty Xoypheplecrle
outsdd sefichs{]1dtdgs | nesustagsbarnd knd oné fujutiew c{ed péephe ook ook
ing direcilycadyené firveddridal 1But Eérdl rrediavidstdose dast Dalule Jure
peoplecatielrivdd e¥y dudut revéjaTEET ragtertslsia1Ef edéh cunblodrd tave are
not fitepicets tHoughp Berddl rrediscidntistsss uitred iEnat thest oy tesw the
structursd ugnd chvé peoplectdetlianshdMost eadh spthed Gecupcin ridrgéprae.
builtrdp taveas rorsia ridredrs cunerontuel fte lplenvitell fula téand cwpghvith
conventions] obodbingvisdrdedutiteddoras odaring Herldvdd FRridl In
Dresden; Rambirgpund ToMydpkftue (dat cavedmote cgucafotdd ind ded de—
stroy tusve ibaeci Itcidd Liken hay otterthoud bettecgfect.
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1000r, the dosage in the protected location is 40r. 17 Any given
building provides better shelter against fallout radistion than against
prompt radiation. Thus a typical building may have a transmission
factor of 0.8 for many types of prowpt radiation, while having a pro- '
tection factor of 3.0 for fallout. - : D

OTHER NUCLEAR EFFECTS

A variety of osther suclear effects accompany wost nuclear explo-
sions. ,The most important of these are radio effects and EMP, vhich
can impede communications and destroy electronic equipment. Radio

effecta occur because the propagation of radic waves is dependent upon

the fonization of the atmosphere, and a nuclear explosion can signif-
icantly modify that ionization. As a result, commnications can be
"blacked out,” and the background noise associated with communications
can also be signiffcantly increased. EMP involves the transmission of
electromagnetic waves from a nucleatr explosion. These waves are re-
celved by electronic equipment just as are radio waves; however, they
are much stronger and cen cause currents strong enough to danage most
types of electronic equipment.

While other effects do exist, they are lees important than thoge
described above. It is hard to predict which of the effects described
above will become the primary sources of damage for any given weapon
and target combination. Indeed, many effects may cause damage at the
sane time, and subcritical damage by two or more effects can become
critical when they are combined. Thus nuclear weapons effects sre
couplicated, and are also very uncertain.

‘7If people leave the shelter they forfeit the protection it
affords and receive an unshielded dosage at the appropriate rate for
that period of time. Since fallout does decay, within about one month
or less people can normally escape from shelters to uncontaainated
areas. )
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LETHAL RADIUS DERIVATION

The lethal radius (LR, in thodanndﬁ ot feet) of a 1 Kt wuarhead
(groundburat) is related to ‘the target hardneaa (h, in psi) by the
equation.

h=3.3¢ LR 4 6.96 « LR3/2

Multiplying through by the cube of the lsthal radius and putting all
terms on the same side of the equality aign ylelds:

h-Lrd-6.96 - LB2 _3.3c0

Solving the quadratic equation for LR3’2 ylelda:

Lr3/2 . 6.96 6 +\u8. gu.+h13 .2 * h

Since the lethal redius cannot be negative, this equation simplifies
to:

w32 . 3.48 + V12,1 +3.3 1
b

Solving for the letral radiua produces:

LR = ( 3.48 + \h?.l +« 3.3 h ) 2/3

h

Cr, for lethal radius in feet,

. - 2/3
LR = 1000 - (L“B * V12-'1‘ + 3.3 h)

TBennett (1980b), pp. 11-14. Note that the footnote on pp. 12~
13 concludes with the statement that the initial coefficient of the
second term should be about 220, nmot 192; thus, in the form uned
here, 6.07 is replaced by 6.96.
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Table B-1 shows some typical values for hardness and lethal redius.

R R—— e )

Table B-1 ;
RELATIONSHIP BETWEEN TARGET ' e
L HARDNESS AND LETHAL RADIUS , . | o
A o FOR A 1 KT GROUNDBURST R4
Hardness Lethal Y
(pal) Radi{us (ft) i
: 2000 122 ' N
: 1000 155 -g§ﬁ
’ 500 199 o
100 364 C o
50 483 3.
30 602 : 2
10 1013
5 1461 e
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Countermilitary potential is formulated as:

N Lo~

i . oy -y B '
v cei? a)

b, U T R LA m 0T

vith Y in megatons and CEP in nautical miles. From the text, CMP
- relates to the survival probability (PS) according to the formula:

z .
PS = -5(:1?.“ . R TS T -'..'-'i'.‘..-(z)

wvhere LR is the lethal radius for 1 MT warheads, or ten times the
lethal radius for 1 Kt warheads developed in Appendix B (since the
total lethal radius scales with yield to the one-third power).

To account for arrival probabilicy, PS must be wodified to an
adjusted survival probability (ps*):

PS'-(I-::)+:-PS (3)

In other words, the adjusted survivability equals the probability the
warhead does not arrive (1 = r) plus the probability that the target
survives if it -does arrive (r « P§). However, this formulation of

- P§" lacks the analytic attractiveness that PS has of relating CMP
directly to PS through the exponential tlt‘l—l Thus, we ¢:fine & Dew
measure, effective countermilitary potential, which returas PS' to

the simplicity of PS: . - C

—_—
That is, with PS, two warheads of the same type have the same
impact as s single warhead with twvice as much CHP, since the use of
two warheads on the same target simply causes PS to be squared. But
squaring PS' leads to a very messy expression, vhich gensrally does
not equate the impact of two warheads to the impact of one warhead
with twice the CMP.
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Sinca both Eqs. (3) and (4) wmust produce the same value of I'S', we
conclude that: .

- . ol -'zl.cl ,~--. z:-'-,_._....‘
(1 =1) 41« SOELE SBOWMPLR . (%)
'hld.n; the mtuu.l lopﬂ.tl- o! esach ltdc gtvu.

:.au-r-u-r-.s“"“) - 20 + La(.5) * L&% 6)

’ Solving then for EC¥ givu:i

P oLf)_

Ln(1-l“'l"¢5

)
La(.5) « LK

" Nota thst, from Appendix B, the basic lethal radius is a function of
target hardness (b). We can therefore define a function of hardnass:

FIOERLE ET S (®)

nch that ECMP becomes:

f(h)'ﬂ)

:,m-m(l-r-or-o

) %

In short, ECMP will vary with the hardness of the target, and thus is

not as general {in this sense) as QF is.




where TY is the total yield (megatonnage) carried by the 55-18, and m

"'nisaile. These data are first used to estimate TYI and then b. With

=y O Coabie g T x4 L e TE T = T
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_ Appendix D
A MIRV PAYLOAD MODEL

T . [T

To estimate the :Lq»act of MIRVing on urhead yield fot the SS-
18, Bennett (l980i)l has uled the cquatlon.

TY = 25 ¢ (.9)"1

1s the number of warheads deployed. This equation indicates that the
sddition of a warhead decreases total yield by 10 percent, presumably
by increasing the required weight in the warhead bus, in fuel to
deploy the warheads, and in fuzee and other essentials asgociated
with each warhead. More generally, this equation can be expressed
as;

o1

TW=TY, b

1
where TY; 18 the wathead yield for one warhead, and b 1s the percent-
age of retained weight on the margin. Tp develop a relationship
between throwweight and MIRV wachead yield, then, it ie only neces-
sary to estimate TY; and b ia terms of throwweight.

While there is relatiwely little information available to help
make such an estimate, Foster {(1978) does contain two relatively
complete MIRV tradeoff curves, including the throwweight of each

only two points it is impossible to determine the best functional
fora for TY; in terms of throwweight. However, as indicated in the
text, there is evidence that EMT and throwweight (I¥, in thousands of

—_—
Footnote, p. 69. Thim equation was derived by noting that in

the 1980s an §5~i8 with ] warhead would have a 25 MT yield, vhereas
an §5-18 with 8 warheads of 1.5 MT each would have only & ‘2 MT total
yield.
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MINUTEMAR SQUAD&ON COMMAND AND CONTROL
 NETWORK SURVIVABILITY

" Individual ‘
LCC Survival | Probability of the Surviwal of:
Probability -
2 or
() No LCCa 1 LCC More LCCs
1-0 95.1 ‘.8 0.1
2.0 90.4 9.2 0.4
5.0 TT.4 20.4 2.2
10.0 59.0 32.8 8.2
13.1 9.6 37.3 13.1
20.0 32.8 81.0 26.2
" 30.0 16.8 36.0 a7.2
50.0 3.1 15.6 81.3

OTHER MILITARY TARGETS

There are various other .dlitary targets, the wulnerability 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 mumber of war-
heada that can be delivered against thea. »

This type of formulation has some obvious difficulties. If the
militacy capabilities themselves 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 least fn the short run). Further, many wilitary
facilities are quite large and more than s single warhead might be

required to cover the entire target. 1f these facilities are hardened,

danage must be assessed as for ICEM silos, above. Also, because the
attacker will not know which warheads will arrive, he may be forced to
assign more than one warhead to each target to ensure that at least
one arrives. Soms other military targets may be so close to each
other that more than one can be destroyed by a single warhead.
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Table D-1 1llustrates these values for the twe throwweights given ia

Foater.

Table D-1

EXEMPLARY RELATIONSHIP OF WARHEAD YIELD TO
MIRV LEVEL AND THROWWEIGHT

™ = 2500 1b ™ = 7000 1b
Number Warhead Warhead
of MIRVs TY Yield (MT) TY Yield (MT)
1 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
5 .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 well, and could probably be modified somewhat to reflect other
levels of technology or other factors.
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