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PREFACE .

This Note reviews current methods of .assessing .strategic force<u
capabllities and evaluates the streagths -and weaknegses of different nr
procedures. - The material is organized 1into sections associated ‘with i
spimilar kinds of procedures in ‘order to provide an eagily referenced '
summary of the issues fn each area. -The work reported here was’'.s
sponsored by the Director of Net Assessment, 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 meagsurements 'then ..

get factored into assessments of the strategic balance. °-
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SUMMARY .7

Thé 'purpose of this Mote .15 to assess the natvre-snd validity -of uf
the iwarious procedures used in assessing strategic force capabili=i-
ties. >-That process .should .illuminate the problems andAtheflin;tdtlogans
of Buch procedures and indicate, in at lesst some cases;’ how more!.
appropriate ‘procedures can be usad. ;.The review also suggests ithe =
complexity ‘involved ‘in making such assesemente and the difficulties of o°
arriving:at epecific ‘conclusions about force capabilities. " Finally, -.
the assessment should expose readers :to the . limitations of .some-of -the =2

proceduras -from which policy decisions may stem. -

There are three 'ways to evaluate strategic .force capabilities: ::
The most basic 18 to determine the percentage of targets of any given
type that could be damzsged by & 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 capabilities by substituting for target damage a wmore ’
meaningful measure of the implications of that damage. The third
procedure .18 to evaluaste the gross damage potential of strategic '
forces using aggregate measures. - While .considerably simpler, this'
third procedure often -captures dasmage potential only in very -vague -
termg..=-

Each ‘of ‘these procedures -for assessing strategic force capabili- -~
ties ‘has substantial limitations ‘that prevent 'the development of pre=~:-
cise estimates. ” Even when there is agreemsent va the natuve’ of the -~
capabilities to be ‘meagured, it 1ie not possible to model most 'of their 't
aspects ‘in sufficient detafl ‘to BuppOrt 'an accurste assessment’ of 0!
thead = Among the ‘many procedures for comparing :capabilities, each can:n
lead to ‘a different.estimate with ‘no single choice clearly prefer= -
able.' ' In particular,: when aggregate ‘measured are used, thd proceduree -
employed are: at ‘best ‘approximations and are 'in eome instauces com= "~
pletely misleading.:' Finally,! few assessments -of capabilities ‘congideri s+
uncertainty, and when they do the uncertainty usually. overvhelms the -
estimate. °.
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This ‘analysts e ‘organired wader ‘ix wajor beadings::s Thé firse s e -
section develops' the general background and ‘bases' of procedures:for ' ; ‘
assessing ‘strategic -force capabilitiea. -Sections II end ‘III treet'i: i‘ . '.

those procedurss ‘snd the -spscific -types of ‘capability ‘that they at<'- SR N
tempt’ to ‘assess.’’-The fou.th section addresses ‘the ‘roles ‘and uses of -f I -
‘aggregate ‘measures,’ hnd the ‘tifth ‘the implicatiocns ‘of ‘Considering "t : S )
nonstandard -scenarios. © -That discussion focuses on how such scenarics <S Voo e _f_

affect ‘the procedures developed ‘in the ‘earlier sections ‘and the dif-'- ) -'
ferent -types of capabilities that must be ‘considered.:- The final::l : ‘
section presents 'a sampla analysis of Soviet capabilities {n the mid- " ) : R
1980a and -considers 'some of -the difficulties of trying -to apply -the o ..:‘_ 5‘
nethodologies deoqr:l.bed in the previous sections, - ) * \‘ "’
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I, BASES FOR EVALUATINKG STRATEGIC FORCES

There 18 today no generally accepted methodnlogy for asuessiug
the capabilities of strateg’c nuclear forces. The wide varisty of o
measures and metrics that attempt to evaluate some aspect of .aese . 'd

capabilities suffer from two types of problems. Some measures do not i

measure specific capabllities in any meaningful way. C(thers are of
linited utility because they usually cor .nder only one of the many
dimensions that should be inciuded in a general assessment. Both of

precision of the assessments.
This sectlon describes th. general bases for assessing strategic

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

these problems are ags «vatcd by the uncerrainty that degrades the _ i ﬁfj
tegic forces and the capabilties gecnerally associated with them. It i
also addresses flexibility and endwvrance in the strategic forces. H
Finally, it considers how to deal with uncertainties in estimating i
strateglc capabilities. In the subsequent sections, specific pro- '

cedures will be develuped for addressing each capability discussed

aa O SIS S,

herein.

THE PURPOSE OF STRATEGIC FORCES

The fundamental purpose of strateglic nuclear forces 1s dair-

rence. The relatiouvnship between this purpose and the requisite capa-

bilities of strategic forces is described on pp. 5-6 of the Fiscal Year
1981 Defense Department Report (hereafter 198! Defense Report):

We have recognized for years that our strategi!c nuclear capa-~
bilities could derter only a small number of contingencies. But
thei: can be no doubt that these capabilities still provide the
foundation on which our security rests. Withcat *hem, the Soviet
Union could threaten the extinction of the United States and its
allice. With them, our other forces ber~ome meaningful instru-
ments of military and political power. With the growth of Soviet
stratogic capabilities, we have concluded that cradible deter-
rence depends on our ability (1) to maintain the second-ctrike
forces necessary to attack a comprehensive set of targets,
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including targets of political and military as well das of eco-
nomic value, (2) to withhold retaliation against selected tar-
gete, (3) to cover at all times a eizable percentage of the
Soviet economic base, so that these targets could be destroyed,
if necessary, snd (&) 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. The
1981 Defense Report also refers to maintaining flexibility and endur-
ance in the strategic forces. While these specific requirements may
vary from time rv time, two basic concerns remain the same: (1) What
classes of targets nust strategic forces be able to destroy to "guar=
antee” deterreuce, 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 polftical 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
1881 Defenss Raport. '

Despite the clear definition of target classes in the 1981 De-
fensa Report, there is still no consensus in the United States on the
appropriate objectives for strategic targeting. This lack of consen-
sus contributes to the generation of a variety of very different as-
segaments of strateglic cuapabilities. While analytic techaiques have
often been blpomed for the resulting differences, those differences
more often derive from the assumptions made in applying the analytic
techniques or the selection of techniques that reflect particular
policy bilases. It is therefore important to identify the general
schools of thought on strategic targeting.

Ly
Sy
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Pergspectives on Countervalue Capability Si

Countervalue ntincka seek to destroy the “value™ assets of an
opponent. Those assets are normally considered to be his industry and

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

_ and population is intended to cripple his economy, cancel his ability

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

There are, however, two schools of thought on-.countervalue at-
tacks. One school holds that countervalue attacks fulfi{ll an "assured
destructionf objective in deterring "a deliberate nuclear attack upon
the United States or its allies hy maintainipng 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 galn control 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. Stmilarl, 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 fnappropriate.
Finally, this school believes that if deterrence should fail and both

11a che past this type of attack has often made the civilian
population the specific object of attack. Although such attacks
appear to be in violation of international law, the a’.lity to kill
civilians is almost universally included in assessments of strategic
force,_capabllities and will therefore not be fgnored here.

ZEnthoven and Smith (1971), pp. 174-175.
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sides deliver full countervalue attacks, the relative .levals of damage ..
would be an important determinant of the poatwar.relationships.:.

These two gchools of thought view countervalue capabilities from -
very different perspectives. To the first, a countervalue .capability :y
extgts if strateglec forces can deliver an assurad destruction attack. ..
Therefore, the advocates of this school focus on the isize .of the 'stra~.a-
tegic forces relative to assured destruction requirements.. : .The second .:
school views countervalue capabilities in a relative aense, focusing .-
on asymmetries in the levels or types of damage that either.side .could. '
cause. The importance of those differences will be discuesed below....

Perspectives on Countermilitary Capabilfty -

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

The second purpose-is to destroy the opposing military. forces or -:
reduce them to a level at which they acknowledge defeat or withdraw..
from the war., This purpose more closely approaches .the notion of :f

"war-fighting,"” which 18 focused on in the contemporary:literature.onon
strategic war.

Among a wide varlety of opinions on countermilitary:attacks: and:.:i
thelr purposes, two are prominent. Stated simply,lthe first holds .=
that damage-limiting is essentially imposaible while U,S..:and. Soviet =t
strategic forces remain at their present high levels of .deatructive ..
capability. ("what i{s the difference between 150 million and--120 29
million fal:aiitiea?')3 Further, since nuclear war.would:be 'the’end d

of the world™ (as we know i{t), the outcoma of niclear war.becomes::

3Hany who hold this view also believe that arms- control-:should.::
be used to reduce nuclear weapon arsenals to very low levels where, :,
according to their logic, damage-limiting could again becoms:a a
relevant capability.
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irralavant: and. war~fighting .makes. no .sense.:c.In short,” proponents of o
that. vies believe - that.icounternilitary: capabilities are wnneceansry, v,
wasateful; andupotentially. dangerous,: -and: that.neither. the iintted od
Staten nor: the Soviet Union should: develop themy:. In This view, asws-
sessing the 'countermilitary -capability of elther-sidei.is morthwhile ie
ouly: to wverify. that. the \opponant .could: not,> indeed, Llimit . damage:.to to
himseif: by ‘destroying .the. 'opposing :forcens:s. )

The opposing point. of view (espoused by the Soviet Union).-acknowl= 1-
edges that:miclear war.would be extremaly destructive but maintainsg ns
that: many. would survive the war.and insists. on .trying to dmprove:thel:
lot..of (theisurvivors.::.In this. view, .the ‘question of vho-wine the wsr.:r
is ‘cxrucial,; for the ‘purpose. of tha war:in the .first place:is to pre= .-
vent :subservience: to 'the ‘opponent.:” Further, while the war - would be .
highly. degtructive,  each -side should seek to minimize damage to ‘itself if
in order to improve the gquality of what might otherwise be a truly:.,
meaninglega postwar existence. . In shsrt, this view gives - importance --
to ‘both the damage-limiting and war~fighting 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 wvery different :ways. :Those who hold the -
first position often ignore: countermilitary.c:mbilities, assessing rn:

only: countervalue..capabilities.:s Those who hold tb the second. view vv

Fn
-t o

Many:analysts: assume:that) the damage: to an :asset: i8 proporticmali:i

tend:'to fochs won countermilitary:capahilities,~dn part. because::they:.v :
ara: notugreatly. interested in the fatae.of mssets notudirectly: related «d 7{
to the:mllitary: outcomes.of & war.r. . 3
¥
STRATEGIC: FORCE'CAPABILITIES -AND. TARGET DESTRUCTION o _ -9 :

to ‘the number .of asset-related thrgets thatihave: been: -destroyeds:d That:at

‘Cdﬁntemﬂ.tthry! capabilities -are- potentially’ dangercus: in that,:t,
if one>were:to develop. a) demage~limiting capability, it would:lead te t»
instability. by encouraging a, preemptivel strike whensver.-one party i
feared- that tdd: deterrent capability might be ®roded:by his:opponent’s ’s
damager-iimiting .capablility.:v.
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is,  if five of ten ateel mills ‘are:destroyed, 50 percent:of .the icapa= a-
bility. to wmake ‘steel  is asaumed to ‘be 'lost.:: Bven:if alliten .steel:’
mills wwere exactly the 'samersize, ' this conclusion does. not:immediately:1v
follow. w.The physical assets'of :a steel mill constituta only one: fac~c-
tor in the 'production of steel; in ithis: case, the potentially detter .r
availability 'of other: resources {such: as labor) might 'well allow steel-cl
production to recover .to 60 or :70 percent of the original leveli: ! .The L:c
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 c‘apabllities.. In the firet, '1f a capa=- '~
bility 1s redundant the damage to that capability will not be propor= -
tional to the damage inflicted on the targets that make it up.:: For ~: .
example, it may be necessary to sever 50 percent or more of the nodes
of a communication system before communication between any two points - .
is impaired. 'The second type of relationship involves capabilities
that. degrade ruch faster -than the rate at which targets are destroyed. .
A power grid ies 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 & transpor=-:-
tation .gystem running at full:capacity will degrade the ability to t:
deliver: goods.in roughly:a proportional manmer:. rIt 1s ‘also possible.lc
for -an asset. tc have combinations of these relationships.’- For axam- .-
ple,’ the effectiveness of a military unit:initfally will degrade:at & .
rate.'roughly: proportional . to the rate at which assets are being de—--
stroyed. - When fatalities reach some break-point (usually less than 50 )
percent damage), the morale and cohesion of 'the unit.disintegrate. and.
fits effectivenass falls nearly to zero. ..

While ‘it is usually possible to estimate how many: targete of a -
particular..type will be 'destroyed in a. specified attack, 1t is much.::
more difficult: to determine .the.'effect of that. atteck on capabilities.::.
That. effect -depends on the gpecific aim points,. and analysis of that::-
effect requires relatively detailed models of the. functions. of each..h
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target.typewe Thig difficuley 148 furtheri complicatad whed mwessuring n»
countarnilitary capahilities.2s.This: measuremont: ‘becomns wecursive:c:

“My capabiIity to destroy his capability ito destrox oy «apabllity.ty « o~ -
To “avoid:these:difficulties, wost :assesements: of @trataglo; force -capa-va-
bilities concentrata: on .target.damage, «ftern dgnoring 'the. ipoasibility ty
that: there: might:not be 5 direct:onnsotion between target: damhge: and:nd
the .degradaticn wf oppoging assets.. : This: Note focuses..on ¢he 'destruc~ic~
tion. of «targets: bur:glso atrempts: to identify gomeof the ilasues: dn-in-
volvedin determining :how: an -oppoaing :capability 'degradesi as it is is
damaged. - Some -simpler wodels for :avaluating some of .those-.degradationa s
are displayedq:d.

STRATEGIC' FORCE: FLEXIBILITY 7%

Relatively little. analysis has .gone into 'assessment .of ‘strategic:i:
cepabilities :in other:than. a: few standard- scenariog.:: Standard: sce— -
narios.-usually start with a countermilitary..attack,: followed almost:-t
fomedistely- by & countermilitary/countervalue. exchange: that. ends the lir
wars::  But at least three circumstances. not routinely considered could:i:
change conventional 'strategic force .capabllities: : an .extended. crisis i~
ot -a’ period -of -conventional..conflict that. preceded the use:of nuclear v
weapons;:an initial resort'to ilimited ‘nuclear options;.or -protracted =~
nuclear:iconflict.o Whether: or not.strategic. forces would: have the.iic

flexibility: and. endurance: to carry outrtheir assigned mission -throughi:h

such.of f-déslgn?:mdéenariosi,~1g,i ‘as earlier..remarked,::bne. measure:.of of ::
their: capabilities. s Procedurés for measuring etratagic:capabllities ¢s : j
in ithese: of f~design .scenarios. are: axaninediin Seci-V. V. ,.‘.s -

| S LSS
UNCERTAINTY: IN ASSESSING 'STRATEGIC' FORCE ‘CAPABILITIES ! : \ .

At

Every factor considered in aveessments of strateglc: force «capa=?-
bilities ds uncertaind = Unfortunately,! theityplcal .approsch s to Lu
igoote: these uncertainties and:'td asgign & si-gle point estimatei'to to
eachiparsmoter.: Thélresulting estimate 'is often referred tb as Bn in
“expected’:pr “besr’; astimate, bised:upon-the i"most likely™ior Sbest™t”
valuesof the parameters used td calculate rit.it However; these estis.i-
mates are: usuallyl neither"best”- nor:wexpacted” and: therefore:can .in
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sericiisly wislead thdde who'ube thede A bettdd awppradchicois to lwecmme nt , ‘}_’_‘- J
explicitly for these: ‘uncertalinties (td 'the extett: iposaibld)w") To do Lo - S ':-"-
80, ‘analyste gt ‘toth undarstand 'the ‘naturie:6f the ‘uncervelntids @nd:nd - .
include thed:dn ‘gusessmmrds. - e -
Tabld: !} I1ste ‘some of (the Wncertalnties cchat - ican WELect: Capaa- ’
bility ‘assesgments..  .They vary  froo phydical unkoowns “or fmprecles +¢. *:‘ .
estimated ‘to 'tnharent:inknowns about vhe luctudliconditidng fof ‘& nu-+u- -
clear vari™ . ieéguse:fchddo‘ ‘factors ere ncertalin,! tne iresults-lof ‘apy X
capability ‘assesement: ‘that employe them'will also-be ‘uncurtaln.it Mary' "y e e
analysts 'suggest that:this:uncertainty 'in results' is neither:'important "' RO
nor:-significant, 'since a major. nuclear war would involve 'the ‘use:'of vi ey
thousande:'bf (large weapons’ and :thus' the ‘uncertainties should:™wash -h 'é

outy™ . Yet!'the 'varlancei'in estimates of ‘strategic ‘force ‘capabiifties o= oLt

80 ‘plentiful’ Ln ‘the literature today: strongly suggests That:the un="-
certainties ‘may not wash ‘out::t-

Some.of ‘these parameters——weapon dccutacy, for -example——can:‘be !
very' uncertain..: Figure!l shows the results of ‘simulated flight' tests -
of ‘a m{ssile with a. 900 ft CEP’ (¢ircular probable: error) and 'eero ™"
systematic blas (the distance ‘between the 'target and the mean point of *

e e ——p o Sp—

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

used to ‘generate!'the fmpact: pointe. - During ‘the f{rstiten or so 50
tests;l'the. estimates of both systematic: blas ‘and CEP. are very: dif=<"- I
ferent: from their: true ‘values. %A 90 percent confidence interval fg i-
showni ‘arcund: the ‘estimated 'CEP; 'durlng 'the firet’:20 or o tests, ‘thid:is
is @isol very broadii< Indeed;: even-after 50 tests,t 1t s ‘still Wbour 20 -V
percent ',*‘—'m!tiﬁg’-it'ountersil’d- capabilities uncerteln to within dbout 40 “° i
percent S e wost: lTong~range ballietic wmigsile systems are!'tegted.¢d
more: 'thar 50 Timew' during their l1fetimew,” many '0f these: Tests neces=c-
sarily’ concern: hardwake: dr ‘Hoftware changen -intendeditd correct Flaweiws
in ithe. ‘missiles. S Any:charges in configuratlion ‘make: the testes:s

5 Un'.E'ertafnty'- in theee factors results from iinlted ‘test:programs)™s, e
imperfect:dntelligence,"tnability To predict the letrcubstancesof & 2 A
nuclegr: war,: and. sther 'such problems.”s . : AT

Counterailo capability,' as developed in the next section,cis is _ e

proportional:to ‘the inverse 'of ‘CEP. squared.:d. . e - 2
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MAJOR UNCEBRTAINTIES ‘IN ASSESSING STRATEGIC CAPABILITIES EF

Uncertain Weapon' Performance ¢

Deployment/Availability:ly
Warhead Loadings &
Yield - :
Acouraoy-<7
--Dispersicn {CEP)-’
--Systematic Bias <~

Height ‘of Burst''t
Reliability !
Raﬁgé‘if
Footprint *
Launch Rate :*
Reprogramming '~

Unceértain Force Employment Parameters -~

Prelaunch Survivaebility "¥
Command ‘and -Control Connectivity -~
Penetration- Probability

Time-on-Target Control~:
Fusing/Burst Height -
Warhead Allocation -

Uncertain Target Parameters .

Location and ‘Altitude -
Mobility -
Size and Shape

Hardaess and Shielding "~
Value
Climatic Conditions ~

Uncertain Scenario Conditions

Warning =~
Attack Objectives'

Attack Timing
Scale of ‘Attack -

Modsling Uncertalinties

Prompt Effects .©
Fratricide - -

Fallout Radiation Level'::
Fallout Distribution -~

_ Protracted War Uncertainties 5

Interactions ‘with Tactical::
Nuclear/Conventional Forces ="

Enduring Sit~vival i

Enduring ‘Availability-Lv
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hetérogeneous  dnd bnly homogencous” tests 'cart Feally be 'covnted o0
gether Ta sStapistically wetimating our confidence in CEP.  Therefore, 2’
the ‘aount 'of tncertainty ‘shown’ fn CEP here ‘for 50 tests may:mot 'be '¢
unusual-for ‘wany ‘midsile systems,” and the ‘accuracy of rélatively’ new o+
and ‘untested ‘systems’ Will be 'far less certain.”-’

The other"factors'‘1isted in Table 1 are: assoclated ‘with uncer=:~
taintfes that’ vary ‘{n scope’ and nature from those that concern weapon’o"
accuracy.”” Both systematic bias and fratricide ‘are ‘extremely uncertafnis
because’ they 'tannot Be'tedted'directly.s -'On the other hand, ‘missile’ l'
range’' is known’grite accurately. ~ Any uncértainties that the United '
States ‘faces 'In its ‘own parameter values are ‘enlarged when effoffs”are’fé
madé”io:estiﬁate”comparéblé Soviet parameters.” 'Therefore, ‘there 1s '*©
little basis for the conventional confidence in asgessments of stra= '~
tegic force capabilities. By not accounting for these uncertdintieh;”ﬂ
analysts could severely misestimate strategic force capabilities:

it is worihwhile to distinguish between two types of uncertain- -~
ties 'in strategic analysis. First, there are variations in the pa~ '~
radeters 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 ftself. ' For example,’ the 'yleld of ‘a’ warhead type may be ‘estimated - ©
as 200 kilotons (Kt), though that estimate- 18 uncertain because: of '
limitéd testing and {mprecise measurement techniques. S In large at="""
tacks, variations tend '¢s wash ‘out &nd”méén”ﬁhiﬁeﬁuncéktafnfié&'tédd”‘d
to persist.”! Since the basic attacks here considered are large at—'t~
tacke, variations need be discussed only' occasionally, attention being -
focused 'on ‘the incettainty 'th the 'mean:value''df 'a parameter. T

7ancé”h‘90 percent confidence interval is used heré;rthé’kangé'?“
of 'CEP values considered 18 much narrower than if a higher donfidence
interval were chosen. Also, ‘the" system 'in the example has-a’ known
CEP; in reallty, the CEP wil} not be ¥nown and thus could be anywhere *
withlg the confidence interval.’* )

Fratricide can be tested only by examining' multiple bursts’ 1n -
the atmospheke, a test prohibited by the test ban.’ The source 'of -
systematic blas $s inherently unknown; ‘It can be tested only' on out
test ranges ‘and not- over ‘operational trajectories, as would be "
necessary ‘to correctly quantify this bias.’
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Given ‘theé iince¥ealnty th ‘the ‘mean value of ' parametersd, ‘there dre'” ,_‘.,' .

£ive ‘types of paraneter 'values that can bé ‘used in assessments of ' o
strategld 'forde ‘Capabilities.'“ They are shown in Pig. 2, which takes -
as %n Exanmple’ the 'probability distribution of the warhead yteld of a

Soviet ‘wedpor ‘System. The 'iost’ common procedure’ for 'dealing with the
uncertainty’ in cetimating this yleld is to essentially ignore it by ek ]
uslng the most probable’value (1) as a “best estimate.™ Alternatively, - B
oné’‘might:wish to 'sccount' for the biiodal nature of this particular L e
distribution,” by noting that there are two possible warhead technologies T
‘and’ acknowledging ‘uncertdainty about which is being used. In that case, ° 1 mf§--
one 'might' choose s’ "best estimate” and an "alternative estimate” (2) in Ej

the ‘analysis' or,”a “worst case” criterfon (3)'cou1d be used in selecting b -;i
paraﬁétei”b&lbeb?“;Théfuopst"case value represents the highest possible ' |

yleld~—irrespective of the probability of its being realized--on the ) !

e as e e

basls ‘that high confidence tn U.S.' strategic capabilities requires the
ability to offset the worst possible threat, A fourth (and rare) method
for ‘selecting parameter values is to use boih the highest and lowest
values of the distribution to determine the range (4) of possible l _ . -
values. " The final procedure uses values drawn by "Monte Carlo sampl-
“93(5)haétoés‘tbe‘distribution to estimate both the range and the
shape ‘of the ‘distribution. " This method 1s not often used, 10 but in some

casesg’ it tan'improve standard capability assesoments. - Do. .

9Ideally. ‘analysts of strategic force capabilities would ke to
be 'able to develop“analytic expressions that would integrate the dam— ~ ~
age’ functions ‘across the various uncertainty distributions, yielding O
a simple distribution of results. Unfortunately, the mathematical
techniques’ for ‘integrating these functions do not exist. In their %
absende‘énalyhtb”turn to Monte Carlo simulations in which a series of
estimates are drawn from each distribution and a result calculated for

T r——— e
E—
w

each' of the- various estimates, - These results then serve to param-
eterize the uncertainty distribution of the sutcome of the calcula-
tion.” ) .
loEven Af a procedure ‘existed for combining ‘uncertainty distribu- et -
tions uith ‘damage’ functions, 1t would still suffer from the Yack of e
knowledge dbout ‘the distribution functions of the various parameters. A
However," hnalysta usually are willing to choose a "best estimate”™ -ven e
though''chey cannot determine how close that estirate is to the “real” b o
value.'“While the distributions themselves are uncertain, making some - ST
estimate' 'of ‘them'{s undoubtedly better than ignoring them. ' L A
ANy
‘uf:- :: o
“ dhen

D ————— e T e e T R N S
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" I1I. ESTIMATING COUNTERMILITARY CAPABILITIES

This section considers some of the procedures used to eatimate
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 couatermilitary attacks even more narrowly to include only at-
tacks on the opposing land-based intercontinental ballistic missile
(ICBM) force. While this section focuses on counterfoi.c attac’.s, it
also i{ncludes attacks on other military forces. Different methodol-
ogles are used to assess the effectiveness of attacks against ICBMS,
bombers, submarine-~launched ballistic mimsiles (SLEMa), the strategic
command and control system, ard other military targets. For each type
of target, the nature of potential attacks and their critical elements
are examined, and some of the methods for assesaing attack effective-
ness are introduced. The potential importance of uncertainty in all

of these calculations is also presented.

INTERCONTINENTAL BALLISTIC MISSILES

Attacke on ICBMs must focus on delivering warheads very close to
the target. The critical factors are (1)} the vulnerability of the
target.l {2) the destructiveness of the warhead, and (3) the accuracy
with which the warhead is dslivered. Attack assessments must also
consider (4) the effects of multiple warheads (including fratricide),
and (5) the delivery probability of the warheads. In essence, then,
these facturs cover all aspects of the traditional hard target de-

struction problem.
Initially, the hard target desttuction problen was analyzed using
a relatively simple formulation, which assumed that target vulnerability

lA variety of weapon effects may contribute to the destruction
or disabling of a hard target, as described in Appendix A. However,
nost of those effects are poorly understood. Therefore, wulnerabil-
ity is normally represented as suscaptibility to blast effects, which
are relatively well understood.
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could be measured by the lethal radfus (LR)2 at vhich a 1 Kt weapon
could kill the target, that the destructiveness of the varhesd vas
proportional t; its yield (YY) taken to the one-third power, and that
warhead impacts were circular oormally distributed around the target
with half of the warheads falling within the CEP. Given these assump-
tions, the survival probability (PS) of the target can be formulated

as;:

1/3 2
PS = _S(ITR Y ' °/CEP)
This formulation assumes what is communly called a "cookie-cutter”
damage function: If the warhead lands at or within the lethal radius,
the target is completely destroyed; if the warhead lands outside the
lethal radius, the target is completely undamaged. For multiple war-

3

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

ability (PS.) of:
B5_ - .5 (Lrev?3cen)?

To account for delivery probability in this relationship, many
analysts simply deflate the number of warheads by the deliverv proba-
bility. Thus, a warhead with a lethal radius of 120 ft, a yield of
1000 Kt, and a CEP of 600 ft would have a 5 of 0.0625. For two war-
heads deflated by an B0 percent delivery probability (n = > 6), the
compound survival probability would be 0,0118.

Several factors complicate this relationship. Pirst, the lethal
radius 18 a function of yield: A higher warhead yield 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

"independent” of the damage caused by every other warhead, and thus
the survival probabilities can be multiplied together to determiue
the multiple ghot survival probability. Damage would not be indepen-
dent if (for example) the first detonating warhead failed to kill the
target, but “softened™ {t, making destruction easier by subsequent
warheads.
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increass in pulse duration may make the target wvulnerable to lower
overpressures, thus enlarging the effective lethal radius of the war—
head. But the effect of pulse duration varies across target types,
making it impossible to include this effect in the yield tem of PS.
Inctead, 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 number
uystqn-a ‘

The second complicating factor is the nature of the damage func-
tion. For & 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 not reach zero until

cookie-cutter.

well outside the lethal radius. A log normal damage functiocn 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 arcund a
“mean point of impact” that is some distance from the targer..6 The
distance between the target and the mean point of {mpact is referred
to as systematic bias, or gross miss. Thus systematic blas measures
true ipaccuracy, wvhereas the CEP measures thé dispersion of potential
impact points. Systematic bias invalidates the simple formula for PS
shown above and makes auny simple, analytic assessment of PS impos~
sible. However, approximations have been developed that make caleu-
lation of PS possible while accounting for syatematic bias. Depending

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

45ee DIA (1974). .
-‘FThcae reagsons include variability in target hardoess, in warhead
effecg:. and in the hardness of different target parts.
arhead impacts may slso fall in elliptical or other more com=
plicated patterns, but such variations are extremely difficult to
model, are normally not significaat in effect, and are therefore usually
1gnor9d- See Bennett (1980a) and (1980b, especially Appendix C).
Foster (1978), pp. 34-38.
i
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The foutth-compliciting factor is the proper representation of
the probability of warhead arrival. While many analysts offset war-
head arrivel uncertainties by deflaring the number of arriving war-
heads, that technique is clearly improper. In the exawmple given
above, the survival probability for two warheads having an 80 percent
arrival probability was 0.0118. However, for two warheads with an 80
percent arrival probability, no warhead would arrive 2t 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 mist first be found. For the above 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
nuclaar detonation in the same arca. Because of fratricide, warheads
that would otherwise reliably detonate on target could be lost. Un-
fortunately, there is no consensus as to the potentisl 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 i{s posaible to account for the

8The probability of survival equals the probability the warhead
does not arrive (20 percent) plus the probability the target survives
if the warhead does arrive (0.625 times B0 percent, which equals ffve
perceBt.)

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

A more complete description of the procedures for estimating
damage to ICBMs i{s given in Bennett (1%80a and 1980b).
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fourth and fifth factors fairly easily.i: That:is,i arriwal probatidlizy. cy
(PA) can be introduced by modifying the survival-probabilityitoito:

/3,050,202 n
S = [1 - PA + PA &0 5{LB-Y--T/CERYT,

In turn, fratricide can be partially accounted for':by HMmiting -the he
value of n to 2. This formulation allows us -to at :least:estimite: the hic

potential countersilo capability of strateglic.forces.::.

Table 2 displays some sample ICBM parameter.valuea:to be used if in
an exenplary analyais. For simplicity, it is assuwned. that:the [ICEM ©M
silos are all protected to 2000 pounds: per- equare.:inch: {(psi): over—r-
pressure and that the arrival probability of :the warheads :in a: first-s:
strike is 80 percenl:-u Thus, although several of these systems un-:n..
destroy opposing ICBM silos 1f the warheada. arrive, -the 80 percent ~:

arrival probability dilutes their effectiveness.:. It will also'be r-

e ek i ——

assumed for the purposes of this example that no more than two-war- -
heads can detonate on any given target because of fratricidei con— -

straints.

The data in Table 2 presuppose that a SovieL: countersile strike - .
on U.S5. ICBMs would probably employ 5S-C or S55-A wissiles' rather.than :n
§5-Bg, which have a lower kill probabliiity. - Because: the 'SS-C. warhead :d
is 80 large, they presumadbly would not be numerous -enough. for a eig— . -
nificant countersilo attack (esuch a ndssile: would: be mors:likely: to be -o
used against less numerous command and control-apsets).c)If thwo:S8S-A:-:
warheads were allocated tu each U.S.. silo,l the forégolog formula:li:
indicates that roughly 87 percent of the U.S..silos!would:bé de-ie-
stroyed. Such an attack, although not a "disarmingi blow,.’:would:ld

———— e ——— -

“The kill probabilities calculated equal:ohe:minus: the:'single @c
shot survival probability shown above using a cookie-cutter. damage o
function {80 as to allow readers to reprodunce the calculations). ) TheThe
lethal radius is calculated assuming a groundburetss:If airbursta were:-c
used, the kill probabilities would be somewhat higher;:if a log-normal-:l
damage function were used, they would be somewhat) lower.-:rSince.beth - h
differences are small and would tend to cancel each.other;: they are:r:
ignored for simplicity here. : -
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Tabler2: 2.

SAMPLE ICBM FORCESES

o : 20000 bt st
H;i‘h;amad KilliProbabilityity

eld:1d CEPCEP  Plarrival):Equalsls

Syatesmten (MT2)) (n imi)=s) 100871  BOg. oI

United. States.cs

US=AS-A

0.20.20 Q.10.33 0.613°12  0.4%0190
US-B:-% 1.00.20  0.20.:0 0.500.:0  0.400.G0
US=L5-C  5.00.57 0.60.50  0.20277 0,16161

Soviet: tnionicn

SS-K3-4  0.75.75  0.12.12  0.796.90  0.63737
SS-Bi-B 3.00.00  0.36.°° 0.359:°0  0.28717
88-C«-C .12.00.00 0.12.7> 1.000 > 0,800 0

Syegatons. <.

affect the counte‘militawrmpabilitiea of the U.S. TCBM force by -
reducing its: delivery probability’ (without.retargeting) to about 10 :
percent {(assuming a force reliability of 80 percent}..iWith thie.is
residual.of perhaps:100 ICBMs (and:ignoring. other:assets);:the United.-:
States: would be able-to do only:n linited amount:of damage: to either: r
Sovietimilitary.or walue: targets;: and:even-less: without retargeting: to ‘¢
allow: .the ‘residualimissiles! to optimally! cover wopposing targets..s.

STRATEGIC® BOMBERS RS

Attecks. cn strateglic; bonbars: are.essentially. tipe=urgent: at—it-
tacks,:s1f bonbare: have:adeqbiate:tactical: varning, they:can take.off:
from:their. bases.and.avoid: destruction. n Further;: since:the: bombere =
can:be recanlled,:the decision' 4o launchithed doed:not:have: the. ‘serioos.. s
implichtions 2ssociated adth lauhehing ICBMs:ion smraing.nz Neverthe—=c—
less;s great: careiwould:have:to be ‘mxerciged.4in recalling the. boobers s
to avoid making them wvalnerable’after: they:landedic: St1ll,. 1t will be be
assumed--here: thaththe: bonbers: are: launched: upon: tactical -sarning,~and.:l .

: \




i ——r T

-20-20-

therefors that:the 'sucoess of ‘ah attack!'on theti:will be ‘eriticallylly
depbndent oo -its. tlﬁlh\g’dnlaz L ;

Boobers: will survive if they.can ontruwm the muclsar effects: vf of
~ weapons detorated  oh or mear:their bases.cs Their ability' to do thiw:is
depinds: on severalfactoruwirs{1) the ‘amount:0of Timeimeeded! to preparaire
for/ .takeof £, {2) the flyout:.curve for. the aircrafe {relating distaucece
to time! during. takeoff: and. scceleration);  and:(3) the:'time' delay: be=1o-
twean planes . trying to uvee: the. sams runwey.: Also,S since) bombers: and nd
tankers must:concurrently escape from scae airfields,  the mumbirs: of £
each: that:survive depend oh the. ‘priority given to each:in the. takeoff:if
queueii: The' ‘amognt:of time! bombers have:to reach a. safe:distance from ow
their bases 18 roughly equal: to the 'smount: of tioe’ required for the ic
attacking missile' to reach the bomber: base after its launch: has. been :n
decected..l -""’I‘he safe distance from the base is i: fﬁn&:tion of (1) the h<
vulnerabilicy of the atircraft,” (2) the destructiveness of the attack—:-
ing.warheads;: (3) the number of warheads 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 1950s and early 19608, SAC' offfciale were fnitially wor~ --
ried about-attacks on U.S5.. boober bases .ty Soviet bombers. -later,:T,
Soviet ICBMe were of concern.” 'In each case,- the lack:of a relifable’':
tactical - varning. systes was the prime: reason for concern about:those -
threats.. s Todey's syeteams:should:generally provide. at least' 30 minutes - <:
of waraing againstiattacks:by eitheriof these types of strategicic

uﬂ’ctuauy‘.l ‘in normal peacerime!circumstances there are.two: Com=m-
ponents:to the- bomber: force. - The first ie the slert:force,"which is Is
prepared for launch:on warning. ;Attacks: agaiost. thig: force are. timei:.:
sensitive. " The second ' is the nonalart Torce,: which normally’ requires S
hours:'to be made:ready.-for. launching: and: could  therefore' de attacked: -
at a. more. deliderate’ pacs,-as could:other. basically. {fmmobile: tar—.v-
gets. - But” it tusti also be recognized that:with Teascomable strategic:ic
warning' &’ much:larget share' of the total boaber force-tould: temporar=~:r-
ily. bhplaud. on &lert,rwith obvioue consequences,- s.

It i normally' kssumed' that.the.firet detected launch:of ah =0
enewy- miasile! initiates. 'the lsunching: of the eatire: domber -force,:c.
Thie. procedure:increases: the. time available for: escape: by allowing s
many gircraft.to take: off before the wissiles 'fired at their bases °s
have: been:either daunched or detected.::.
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weapons. s But’:the: 'flight itimes-of Soviet' SLBMs) especially: those se
located. -diréctly. off: the.'U.S.. toasr,s could:be ‘on the orderiof £ive to L0
twe‘ntj‘- winutes, posing &: definltel threar to Toubar> survivali o, L
Therefore;r only: the Soviet SLEM.threat: to bomber -survival is examined:ed
hefaafl—s- =

A simple:axample:is used: here:to 1llustrate: bombar: survivalial
calculationsiis The' ‘four>bomber bases  shown>in Table 'l ate:to be at= .-
tacked. by ‘a Soviet Yavckee submarine located about:800.n'ml off: thethc
Atlantic coastline.:c The' bombers: and:tankers: shown- are:on ‘day=-to~dayi:y
alert. - l-‘or"-simplic'ity',t_‘it is assumed.that.the submarine. :can place:at 4t
moat> one: warhead on each' of ‘thege: bases. s Table  4: summarizes: -gome v
nominal:values for missile: flight times:and:alrcraft: escape:itines;:*,
ghowing potential -aitc'raft-Burvlval-‘-lév’ela.ls- j The flight time of the hiv
SLBM.is calculated assuming 'the use:of ‘a woderately depressed trajec— <~
tory as an extreme form of threat. " Bombera and. tankers perform equiv--
alently.: The bomber reaction timei is for duy-to—day aleri;’ the bomber::r
escape time 18 calculated.assuming that a 1 MT warhead {s detonated !
over the. center -of the runway and that the aircraft 1s protected to 1o

17

about*1.5 psi. 7. Subtracting the. bomber reaction and.escape:times "

1I'SI.BM- flight time depends on (1) the distance’ between -the. gub—'5"
marine’ and. the. bomber bases, and (2) the trajectory of the missile iv
(ra'ngf' and angle’ of depression).:!).

3The. nonalert: bomber force, although: not:a- time-sengitivel target .:t

set, 18 of potentially: very high value.: :Therefore,rit ia assumed that:.:t
some ‘combination.-of SLEMs, "ICBMa, and:bombers:will. attack the bomber:::
bases: after. the attack on the. alert- bombers: to ensure:the. destruction' v
of thf"‘nonalart:-' forceicu.

For this'example;. most:of the'parameter: values: come from co
Quanbeck  and: Wood (1976), pp.: 44=50.1{ Quanbeck: and: Wood 1ndicate that it
a depressed trajectory SLBM.ctuld: fly: 1100- n'mi {n 530 sec, or 2.075%/5
n of per:second. s Inssmuch as the.Tanges: in the ‘example are: from 820 2U
to 1180 n'mi, this speed will be used to calculate: SLBM. flight times.:s.
The 'time: between SLBM .launches is from Winnefeld and: Builder. (1971),1),
p. 21.2! For'the 'sakeiof simplicity,::15 sec-is sasumed as the:interval/:l
bet'ueﬂ--_alrcraft« takeoffs. =.

Quanbeck. and Wood:-indicate: that® bombers are:hardened:to i5to 20 2
psiisiUsing the. optimistic. assumption that the bomber could:climb b
above: the moclear: mach stem,” the. distonce:at which: damags’ would:be ho
donedepends:on the free air:overpresgure.r:{The mach stew 18 the b
ghock «front:formed by the werging of the 'incident and reflected shock -k
waves):. The lethaliradii-of a: 1:MT burst at :l- and 2! pei>overpressures vs

+
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Tatle F 3
EXEMPLARY: BOMBER - BASES™ AND: DEPLOYMERTS!TS

_ .  HoJ'of of BoJiof of
Basé:oe Latitude:: Longitude:C Bosbera:r Tankers:'s

Griffias.ss 43.23.22  75.K%0.90 5 5 y 4
Rickenbackes:cr  39,82.82 82,93.%3 00 5 5
Seyoour«Jotmseonion 35,33.31  T77.95.95 g U g 4
Wurtamith:th 44525 83.40.50 § 5 g 5

Table b: &

SLBM FLIGHT: TIMES “AKD: BOMBER ESCAPE: TIMES'TS
(In minutes)'s)

SLBM-Z*' Bomber ~~ Bomber - Net :° Possidble!=
Plight " Reaction " Escape " Escape “Aircraft [t

Base.:: Time:o¢ Time Time : . Time - Surviving "t
Griffisa " 6,627 5,50 " 2,300 1 em -- o 0
Rickenbacker - 9.26.5° 5.50 " 2.30 ' 1,460 6
Seymoul"-JOhﬂBOh Rt 7-85:‘ _‘ 5.50 2-30 . -05 :‘l“" 1 !
Wurtsuith .o Q.46 "~ 5.50. ' 2.30 2 1.66.1% T 7

frow the 'SLEM . flight :'tlme gives the net’escape: time  fori‘all’ of the i
aircraftiat the basejsone alrtraft: can take: off: every:' 15 seci:c Thus;:s,
with Wurtswith's' 1566 6in net: wscape time,” the firet” bowber:can take:™:
of - at ‘time zero: folloired v 4ix more alrcraft:at 15 bec ‘intervalsylis;
however,- subsequent:aircraft: taking of f>can not escape!the ‘weapon 0"
effecteits Depending’ upon’the' orderiof bonbecs: and:tankers in the he
takeoff Queue;l eome mixture of each can survive! st Wurtsulthiisince:ce
bombars: wuld: ptobably- ba placed earlier 4n the:'queue:than tankers on on
the 'average;.i. few mory’ boubers: than tankers. would:prodably. survive.v:.

are:about>23,0007and: 37,000 ft,  respectively.i/ A 5. n'ml average: dle=i -
tance:uas thus:chosen for  the lethal:effects.. = Further,” 1t was assumed-d
that'atreraft: start: thelr takeoff 'l n ml frow the: center of the- ranway iy
andithug wust: fly- 6 n'ml to escape the nuclear effects.-See Glasetone' i
and. Dolan:-(1977), pp.:-108-109,-9 .
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The ‘Het ecape’ itimed glverrdn Table’ ¥ are’ dalculuted Hasimliig NS
that'‘each’ ho"cl;.la hit: Wth the' Firat SLBM-if fou The' 'sublarine.ne 61atleice
SLBMs ‘are'fired one'at & time wdlth ‘Toughly o 15 becs delay betweene:
firinge,” the attacker wust choose the orderi4n whichi he itargets® thethe
bages.®sIn this'case;’ the  attacker tat kK111 hone of The-'alreraft?/dt 2t
Rickenbacker (ainceonly' £ive ate based ‘there: and''six could: Escape¥e/;
therefore he might’ not' target::that’ base at allii!lAlso, the ‘attackerer
can -destroy’ all: of ‘the aircraft:at Griffise as long as he ‘does not'ct
delay-the missile launch by 1.18 min:or wmore.”t On 'the-‘'other hand, Vif |-
the ‘first SLEM is targeted on Wurtemith,' one more alrcraft: can gurvive e
at Seymour-Johnson (the 15 sec:-‘delay' in hitting Seymour~Johnsom allows' s
one more: takeoff),” and vice versa.’3In this: particular’ cage,: the 'seven’ "
aircraft that can escape from” Wortsmith may'be all’ of 'the’ bombers, o °
that:the: marginal aircraft-at Wurtsmith {s probably's tanker;:';
alternatively, the second aircraft’ taking off  from Seymour=Johpson' ia '-
probably a’ bomber. : Assuming' that' the attacker prefers to destroy '~
bombers,” he might place-his first weapon on Seymour=Johnson, his:ls
second on Wurtemith, -his third on Griffies, and his fourth on
Rickenbacker (1f - he places- any on Rickenbacker at all).-) Thus,- the ¢
surviving aircraft might be the- five: tankers at Rickenbacker,:one: ¢
bomber: from Seymour«Johnson,” 'and: five! boubers and ‘three taukers from 7@
Wuttsmith,! h-

In Teal attacks on ‘the bomber forced - two''other factors bnst be D
congidered.cC First,  not''all: of the 'weapons’fired at The 'bomber dases =
willi detonate on ‘target;  ‘as they-are: less than: 100 pércent: reliableilc:
Assuming ‘that' the SLBMs' in our®example are’ 80 pércent reliable;- thew; "
the: ‘expested survival from the four warhead attack: Increages Erow 6ilxs
bombers: and: eight’ tankers’ to aboutl’eight bombers and: ten’ tankers.'s.
Second,  the ‘attacker-‘can reduce survival 1:'y' ‘targeting wore’ than bhe’nc
wvarhead per-base.“* The' extra  warheads can offset teliability- problems s
and also’ can expand: the: ares’ covered by wiclear: effects;t dscreasing' "8
the' ‘bomber ‘escape' time." ¢ The! Soviets probably” would use uchi a’'pro~o-
cedure;’'refetred 'to as a pattern attack,” given the' relstively smallill
number” of U.S.: bomber bases and the Telatively: large number- of Soviet "t
submarines ‘available’'to mttack: ‘them.'™-
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Boutw > Wurvivatility Cad be 'sesesied W W variety Of Qofritarer
Projraiis. s Thase progiais’ vary 1 vodplexity frow extremeTy: bimplele
apprsxiastiony-to ery detatled simnTations'of the'luteruct vnw dlolls-
cussed abovei' C Hovevet,© bven in the Very detatled wlmulativns)  the'he
allocatlon' U Veapors® Forl pattery’ Httacks mel: be WinpTiFied Ty & 2
nuabet of Wesuuptlons’ because the timitg' and' ‘posttibning 6f Pattery Io
attacks ‘can be ‘sxttenely complicated, making ‘e’ tTuly: optlnaFiedpot "
allocation-infeasible. ”5t111,lmost of the- Heratled ¥inulatitne hro- "
vidé Wllotations” that' are!very close tb optizial-and thue'prodine:ce
reasonably’ bccirate resules.}8.  Hovever;: the allocativng’are’ Wlmoat’s:

always-calculated ‘assuming that'each-@ide’ has-perfect Information "
about”'the 'actiong’ and: systens’ performance of ‘the’ otheri® Without per-r-
fect ‘Information, s suboptimal: allocation ‘of weapohs’iis probadle:lc-

BALLISTIC MISSILE SUBMARINES ™%
Like most other naval asscts,- SSBNs most be treated ‘as moblle' i ©

targets.-~ Therefore; attacks against them progress’ through two
stages. °In the first (localization),"the attacker attempts’ to deter~ "~

mine the: SSEN location within a*small area.”"In the sacond (engage-""~

ment); the attacker employs‘weapons in &n attempt 'to destroy‘the-
SSBN.:*With' a nuclear weapon,- the ‘probability of destroying the SSBN-i -~
{n ‘the ‘engagement:'{s fairly tigh.l% ' Therefore, 'localization'ds the '
key: step in sttacking SSBNs.

There: are: four- vays'to locate ah SSBN. " The''first s to moniter-or
SSEN: porta” and' Tepalr! facilitles'- 5 Theisecond’ Is to traild SSBNs as 95
they leave: porti 't The 'third 1s to search For SSBNs" vith anyvof @ ©

variety of aystems."S And the  FouTth procedure:is to walt: for’ an SSBN PV
to give' away'Ste position’ by 'I.amtc:hl.ﬂsL 'mtgaile’,] ‘surfacing,'ve -*

wﬂwmr. Binple” boaber Burvival models,  ‘such'as ‘the one’used 1
by buanbeck and Weod'{1976)," prodisce ‘sarvival levels' that cam bé of f' 1 KI
by ‘up 'to 50 percent;since they fail’ to allocate weapone bptimlly Ly AR -
and 'often-miigestimate the- denmage’ caused to escaping aircraft.'’ Analystu Ls o
shwld‘murd that "simple” wodels” are' somehow: validated sgainst:the

actual. dynanics: of bomber survivaliii- . 3
97 barrage attack: could be performed “with- ICBM warheads,  or the' "¢ P
attacker-could -use'n variety’ of tuciear torpedos’ and' depth bombs with'th ____,__.L :
sophisticated homing devices, s L B \_
Lty
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carelessly’ tranahitting Hessages. > These procedires may be used Th say'™Y
combination,;” though' the! mathod 'of ‘sttack' resultitig Trom each 1s Fome~e~
what'different; " That'{s,' since’ some- SSBNs are’ alwayiiin ports,t SSBE Y
ports” W11l naturally' be a'target - set ‘for any nuclear dttackich SseNasis
canm best’ be trailed ‘Gnly'ty other:pubiarines and are’ 1ikely to ba be
attacked by thome’ submarined.’" Submatines detected during deareh ot ©F
after ‘exposing themselies can be attacked by the''detecting submaribe,’®:
eurface’ ship;' or aircrafty’ perhaps'with an area ‘barroge’of muclear 4’
weapone.'®-

Much’'of ‘the’ pregent-day’ effort in antisubmarine warfare-is ex=">"
pended’ in dev-Yoping' search techniques: for ‘localization.’' Two- basiesic
approaches are used in such' searches.” The' ‘first ‘is acoustic search.”":
Yhile' sonar and:similar' devices have been used for years for thisis
purpose, acoustic search” ia a difficult and uncertain procedure::®
because sea water 18 an imperfect carrier of sound. Acoustic search "

can be performed by ares” sensors (like S0SuUs),20

point sensors (sono~ "~
bud'y's)}‘br sweeping sensors (mounted on naval craft, especially sub='""
marines). Area sensors provide continual surveillance of certaini®
areas as long as ocean conditions are appropriate; point sensors’-®
search a circular area’ around the ‘sensor, and sweeping ‘sensors searc el
a path defined by the range of ‘the sensors {the- path width)  and: the '
speed of 'the’ vessel’ (the path' Length. in any given’ period: of ‘time).'/:
The ‘area’ searched,” when 'divided by the ‘area’'available’for SSEN de=i¢~
ploymerit ;" glves 'the ‘probability' 'of 'a’ random-eéncounter with &’ gingleflt
ssBN. 2] * Thus;' that probability Tacreases with: the' area’ that” can’ba be
searched In any glven mmount 'of time' and decreases’ with' the  mmount of <!
area’{n which ‘the’ SSBN can be degloyed.’¢

Nonacoustle” search’ s the' 'Gther means' of SSBN detection.”” Among Nt

)
S
R 3

‘-

3

o .“]","‘!‘. '-".

the ‘techniques’ suggested for nonacoustic search' are ocean'pilertihng
lasers;” weke detection,®and magnetic' snomaly' detectioni" Such’ Forms 'of “*
search ‘Could’ xlso’employ atea,  polnt, or sweep techniques:s:

2o'l‘he: v.S.- 505iS " {sound’ surveillance syateﬂ) consivts of & ser!.ea LS
of ‘Gensors’ for' ‘submarine: detection nounted-‘on the- ocesn’ bottrm. 'Sea -
Aldridge’ (1978). pp.i 34-36."

21S‘..%B!Is ‘algd’ have Bouhd’ detection ‘dystens which' Cat‘ times) allow ©
ther'td detect-an attacker and'evade’ or attack first.'t

e K
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Attacks'on SSBNw ‘hormally' do not'fit {nto most assesements of ¢
strategic? vapabilities," 1n part’ becaucs many snalysts treat SSBNs as °
invultie¥able)l'or Vulnerable® only: in the long ‘term, given the lengths
of ‘time' that i ght’'be Tequired to find and destroy them. Another “'
reason Ffor Ignoring attacks ‘on SSBNs ‘is that strategic weapon systems
would have s’ sialY ¥ole {n such attacks, and ‘thus exchange ratios ~°
would' not' be meaningful.zz However, these attacks could affect stra— ~

23

tegic’ capabilitieﬁ‘in Bome “scenarios” and should therefore be con—

sidered.’d

COMMAND" AND 'CONTROL ' -
The' voltierability 'of ‘command and control eystems is essentially a’

network ' pioblems” 'That'{s,’ such systems are usually designed with
redundancy,” 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
recelved 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,
1nc1ud1ng'the'more dispersed operational level.

Whilée the public’ literature is relatively ricn i{n detail on the
vulﬁefabiiii}ibf h%rategic forces, the same literature has largely
ignored ‘'detailed treatment of command and control vulnerability.
Though éingié'bcint‘bplnefabilify'can be fairly well approximated om
{ncomplete information,”it is much more difficult to construct a

2?63ﬁeral“bbrﬁbde‘forheh could also be used to destroy strategic
systems otherthan SSENs. For example, B=528 could be destroyed by
hand~held surface~to-air misailes (SAMs) as they tock off, and ICBM
silos* could be subject to paramilitary attack with conventional ex-
plosives, " However, ICBMs and bombers are generally considered more
susceéptible to mttack by strategic forces, whereas $SBNs are more
susceptible’ to attack by general purpose forces. Thus bomber and ICBM
prelaunch’survival must be considered in assessing strategic force
caphbilitieai“bhereas SSBN prelaunch survival is not as obviously
relevgg ;

Such seenarios’ wight begin vith a phase of protracted conven—

tional™: uar, ‘during which SSENs might be destroyed, or might include a
strategic- exchange that continued over some period.
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petwork model without a good understanding of each node and connec-
*ion, since the survival of but a single 1ink may make the postulated
attack unsuccessful. This type of problem is shown in the following
simple example.

Each U,S. Minuteman squadron controls the launch of 50 miesiles
in that squadron. At this level, the command and control elements are
referred to as launch control centers (LCCs).za Each squadron has
five. WNormally, the crews from at least two LCCs must give the order
to launch the squadron's missiles; however, with outside help_a single
LCC sometimes can launch the missiles. Therefore, an attacker who
wished to neutralize the missiles in any given squadron by attacking
command and control sites would have to destroy at least four, and
perhaps all five LCCs, in that squadron. The probability of LLC 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, i1f each LCC has a survival probability of only ! percent,
there 15 a 95 perzent probability that no LCC would gurvive and
roughly a 5 percent probability that only one would. There is almost
no chance that two or more LCCs would survive,

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

probability against a single LCC of 90 percent results i{n only a 59
percent probability of disabling the entire network. Alternatively,
1f this network requires at least two links to stay open, the effec~
tiveness of an attack against the erti{re network can exceed the kill
probability againet any individual node in the network (if the LCC
survival probability is less than 0.131). Thus, while requiring two
LCCs to launch a squadron's missiles reduces the probablility of un-
authorized launch, it could also substantially reduce the probability

of effective command and control survival.

zaThe operation of the LCCs is described in "Targeting Flexibil-
ity Emphasized by SAC” (1976).
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N
Table §
MINUTEMAN SQUADRON COMMAND AND CONTROL
RETWORK SURVIVABILITY P
!
Individual ; W
LCC Survival | Probability of the Survival of: s 9
Probability .
2 or :
%) o LCCs 1 LCC  More LCCs '
‘ - f
1.0 95.1 4.8 0.1 : R
2.0 90.4 9.2 0.4 .
5.0 77.4 20.4 2.2
10.0 59.0 32.8 8.2 o
13.1 49.6 37.3 13.1 , 2
20.0 32.8 41.0 26.2 ‘
30.0 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.” 1In general, . f
many of these targets are assoclated with "soft,” relatively small,

and {mmobile military bases that can bé destroyed by a single nuclear

warhead. Damage tc these targets 1s determined by the number of war- 7,‘ j
heads that can be delivered against them. Lo §1
S -

This type of formulation has some obvious difficulties. If the B N

military capabilities themaelves are either mobile or capable of dis- if ’ J{
persing on warning, destruction of the fixed facilities associated :

with a military capability wmay 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 nlgh:.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

agsign more than one warhead to each target to ensure . .ot at least

other that more than one can be destroyed by a single warhead.

one arrives. Some other milfitary targets may be 6o close to each r~;---;
i
X
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In summary, then, damage to other ailitary targets is difficult
to evaluate. Even for fixed military facllities, analyst3 must use
detailed ue;pon allocation procedures and must know the actual loca-
tion, size, and vulnerability of these facilf{ties and the arrvival
probability of the attacking weapons. Damage to mobile or dispersable
military units cannot readily be asasessed 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 targels.

UNCERTAINTY IN COUNTERMILITARY CAPABILITIES
Like all other aspects of nuclear war, countermilitary attacks
involve large uncertainties. While it is difficult to precisely rank

the types of military tarpets by the amount of uncertainty assoclated
with attacks against them, it seems likely that the rankinpg today
would be (from highest uncertainty to lowest): command and control,
other military targets, bombers, IC3Ms, and SS5BNs.

Attacks on command and control should be treated as having the
most uncertain effects for a variety of reasons. An opponent can
never be entirely confident that he knows the precise nature of the
command aod control retwork. The network also can change rapidly, and
is likely to do eo if an attack is not quick enough to catch airborne
command elements before they escape their airfields. Alson, the reli-
abllity of the various communication procedures, especially inm a nu—
clear environment, is extremcly uncertain. Finally, both sides koow
that once nuclear war has begun, lower level commanders may be able to
continue attacks regardless of the conditi{on 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 fnstalla-
tions associated with those targets. In a surprise attack, he mey
algo catch many units still at their bases, though he ts unlikely to
know their exact locations. Even if units are damaged their effec-

tiveness thereafter remains uncertain; partial attrition may destroy a
uuit's cohesion or motivate it to fight harder. Finally, no attacker
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can ba certain of the short- or long-term effects of having deatroyed
the fixed inataliations asgociated with particular military units.25

With attacks on bombers, the primary uacertainty is timing. Will
there be enough warning? Will the aircrews and aircraft respond
quickly? How quickly will the opponent's SLEMs reach their targets?
The defender can not accurately anticipate SSEN targeting plans, and
the attscker will not assuredly know where the bombers are based.

Last, the destructivencas of the warheads and the vulnerability of the }“ .-q;;'
aircraft are imperfectly known. A
The uncerteinty associated with countersilo attacks has been ?-:;qi }L
widely studied.z6 Perhaps the primary sources of uncertainty in thoae ?ﬁ;a"fﬂﬁ_
attacks are accuracy, fratricide, and weapon effects. Some of these !.f ,;

uncertainties can have large consequences, as will be demonetrated. ]
Most analysts feel that SSBN survival probabilities are very high
and that the uncertainty of that survivability very low. They insist
‘that U.S, SSBNs are almost certainly invulnerable and will be safe for
years to come. lndeed, almost all discussions of SSBN survivability ‘ ' b
suggest that only a major technological breakthrough in SSBN 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 i{s shown by
calculating the uncertainty in U.S. ICBM survivability, assuming a
Soviet attack as digscussed above (using the data from Table 2). 1In

e
;.',‘:'.. -
) -

this attack, it is assumed that two S$5~A warheads arrive at each of
1000 U.S. silos (and therefore arrival probability is not a
25y1th airfields, for example, the fixed installations tend to be Pres oy
the alrcraft repair facilities and the stores of petroleum, oil, and EN
lubricants Without these assets, aircraft sorties may be limited to v
only one or two per aircraft. If, however, aimilar facilities exist .
at an undamaged airfield close by, aircraft sorties may be limited "_nF
only when extr-mnely complicated or specialized maintenance problems Sat e
artsez : L ‘; ~
®rnis subject 1s developed in considerable detail in Bennett s
(1980a and 1980b). 3
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problem).2’ The miltiple-warhead PS formula given earlier is used to
calculate surviéabllity, 80 that the only varisbles are the target
hardoess, 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 survive. Thus, there is only a 25 percent chance that 20 or
fewer U.S. ICEMa survive, and a 50 percent chance that 47 or more
survive. The "expected”™ gurvival calculated from the nominal param-
oters is 42 U.S. ICBMs—less than the median level of aurvival.zg
Even with the limited uncertainties considered here, and assuming that
two warheads detonate on every target, this curve shows that the
number of U.S, ICBMs surviving could range from essentially zero to
over 400, meking impossible any precice numerical estimates of atra-
tegic force capabilities uifhout also apecifying a confidence inter-
val. Purther, as stated above, ICEM survivability can probably be
estimated with greater confidence than the gurvivability of any other
military force element except SLEMs, 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 increase (unless a large number of warheads
are used to guarantee arrival), and the uncertainty would be enharced
(aincﬁsarrival probability is itself uncertain).

Thue fratricide and systematic blas, two of the major deter-
minants of uncertainties in ICBM survival, are not included in this
calculation, decreasing the overall survival estimates, and reducing
the uncertainty shown in survival. In doing this calculation, yield
is assumed to have a standard deviation of 10 percent (75 Kt),
hardness a standard deviation of 250 pel, and the CEP 1s assumed to be
deterained from 25 tests. It is further assumed that the yfeld 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 prob-
lem of averaging across a concave surface). {
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ITTLTI ESTIMATING COUNTERVALDE. CAPABILITIES' £S5

Thel'purposmrof countervalue attacks:is Usuallyl stated. as the:le
destruction' of the: opponsat's: lndustry: or society..Thik section’ dievis-
cusses: the:'mature:of such: sttacks 'and: some methods:forf evaluating. i
thea,-first:-by differentiating! the: vulnerability. of industry: and:the-lie
populationicthen:by considering. procedures. for:attacking collocated:ed
area:rtargets: and. how countervalue. attacks. could:affect industrialinl
capabilitiesidin the:postwar period.:.Fallout- damage:1is also. assessed,:i,
as is the. potentiall 1nfluence:of civil-defense,swhich is designed:to ro
offzet:such. damdga.;> Finally): this Bection’' considers: how warious: un-un-
certainties cen:affect countervalue’ assegsments.:s.

THE VULNERABILITY OF POPULATIOR AND INDUSTRY ~

Nuclear: weapons: affect industry: end population 4n various -wayss:- ..
(It .4s not:U.S..policy. to attack:population.) .. As with military:tar=.r-
gets,: the weapon effect most often.used to masess damage-to both:.of : .

these. types of assete-1s overpressure or “blast.”:.An averpressure of .
between 5:and 10 psi-is normally. fatal- to either industry or popula~ .-
tion. ~Withinithe 5 psi:distance  from a-miclear explosion,.firei may..u-
destroy-meny of the.structures that survive: blast: effectsa:ls: . ‘?or"‘ ar o
groundburst: 1t MT weapon;.the.5:psi-lethal radine.is about:2.5:n:mi =
(15,000 :#t)iz 1t 18 about:3:83n:mi for:an optimal-airburstc:t Thelcom=or-

e}

patrable distances. for. 10 pai;are 1.7iand 2.4 n-mi, -.respect:l.vely.gy .

Ipamage- criteria-for both:blast.and-fire: sffects:are:given. in :n
ACDA " (A978),2 pp.oT=9:-5 .

27ne lethal radii:are;calculated from-Glasstone: and Dolan a
(1977);7 pp.0132-115.1". 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-haight-of burst-for:5-psi (about 10,000 1t for: 1-MT), D),
the:10 pai-lethal radinsiis only-about:1:3'n mi because the weaspon-is is
detonatad-above.the 10 pal mach stem region.-:At the optimal height -t
of burst-for 10 psi-{(about 7,000 .ft); ' the 5:psi lethal radius:is :s
redoced only:about: 10 percent....
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P.oph_lstioni i» hlso!sensirivei to radiation! effects.:s Prolpt: gamnatsa
and: neutron: fadiatloni is emitted: by a-nuclear weapon 'when:it ex—x-
plodesics For- 1t MT ‘or larger weapons,' the lethal:radiusi for  proapt:pt
radiation 1e¢ smallei® than. that' for comparable: blast:effects;!and: so so
blast:1is the effect:from which fatalities should be calculated.:iForor
wedpons : smalleri than: l:MT, 'the:prompt :radiation lethal-radiusiis the
larger and.thus'is the determinant:of fatalitlea.:,;‘.'rhe'rhnl'-rhdiaticn. on
can:also.be lethalifor those:1in line of sight of the explogion..nlUsu—u-
ally .only people who are outdoors at the time of an explosion would:l:
ordinarily. be 8o exposed, but. for them thermal radiation.could be the .«
mos::-lethal!.‘:li“inally;.,fallourupro_duced by nuclear. weapons spreads.i:

downwind from the 'ei:plonlon.--‘.People_-‘dounwina' would .receive radiation:on

dosages as long as they remained unsheltered in contaminated areas;::;
accumilation of a sufficient radiation dosage can be fatal‘.sl-"
Industrial activities can also be damaged by other nuclear.ef=-:i-
fects. - J_\ilmost"all kinds of modern electronics.are vulnerable to :-
e'lect.'!'-omégnetic.wlse {EMP) effects, which may either temporarily: iy
disable or permanently. destroy electronic circuitry. ' Also, "if fall. .-
out.covers. industrial establishments,. access to them may. be denied.-.!

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

3There is an intermediaté. region between about: 100 Kt and:1.MT 7
in which both effects. are significant and cause a net lethal radius .-
larger “than the: lethal radius of either effect by itself. ' This'is
relationship exists because -blast .effects scale with yield o the.iv
one-third .power, whereas radiation effects scale. with: yield:raised-to ‘v
somewhat lower powers-{(e.g., around..i15)..).

u'rhé"errect‘of prompt radistion is greatest-against people-who o
are:outdoors.and :unprotected,-. However,; prompt radiaticon: is probably.ly
less lethal than thermal radietion to people outdoors, excepi from ...
very low. warhead yields (below.about 0 to 20 Kt)..:.

5In’determining the.total radiation dosage received; prompt:::
radiation dosages must.be added 'to fallout radiation dosages, Howe.-i-
ever,; the protection against.radiation afforded.by structures-is net oo
the: same .for both.. ! In general, structures provide less protection..n
against prompt.radiation. than fallout.radistion.. ~See dppendix.A:fopi’or
more .infortation. on these.effects. ...
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ATTACKING! TARGETC CONCERTTATIONS /NS

A lethal radiukifor{prompt nacleai=eoffebts” tan be eatipatadtcd
againatnanyatyply of m&rgmeuAt&ekrhgamatﬂnoum pbimtitargetats
willi destroy thei'targel 4T thetweapon:arrives: ahd: detonates wnd i if
the. deténation: oeours: within thet lethal radiusi froh thet ‘w-gw.ﬁt b
However= botir:populatioh: andathdustry: tenli>td be lochted 1k highly:lv
concentrated. urbanareas;c sollocatedi withi otherhindustry: and- urban an
powlation';'.fn t{iao‘,S'Iany'ainduxtnibsi are-actually: area  targets. s At t-
tacks against industry or population®:

“must: account: for these: fac="-
torsir:While' a:variety-'of approximations-are available for!assessing: +
damage:to thesoareatargets; the real-glfficulty. in forsulating: such:°h
attatks 'is in datermining:where’weapons should:bé plaved and:the he
priorities: batween lncationsin:A solution’ to these problems-is known :
as asweapon alloeationa'procedure..g 9

To establish: an allocation procedure, most analysts-employ'a .

value! system: for urban:and:1ndustrial targets.: Such a value systew <=

facilitates: the. comparison-of targets of differeat types;. allowing!the v

analyst-to decide, for: example,: where to target a weapon 1in an srea™ -
containing both-a steel:-wmill’ and an ¢4l refinery.” The value! of each: i

populated:  area’is related-to the number:'of people who live. within that =

area;::The. walueiof each.indistriali plant:can. be the: manufacturingic
value added’ (HVA')WJ or some similar:measure: : Asgigning wvalueito o

6altarnatively; for s normal-damage: functioh: {not” a: "ocokie::c
cutter™);" the probability: that' the"target-1s destroyed by an arriving ne
and:detonating: weapon:is caloulated by integrating: tae.damage:<u
function: with-thelwarhead=impact distribution. r.

Tryrban®:areas- areieit1sy’ of 25,000 -populationi or more; as 3
definbdin ACDAT{1978),:p. 3. 2

Battabks against population’ are:dis¢usses herein: because of <f
their I'requent mention: in the' strategio literature-—especiallyiin in
connestion: with: gssured: destructicon--~deapits: the distaate of the'n:
author:for:'a” strategy that! would:allow’ such mattacks, 5.

% %‘oapon allocation: procedure oan oover a varisty:of targets:ic
besides ®value®:aisels; but. 13 essential’ to Formulating a meaningful’:
countervalue: attaok. .

‘OHVA--M the differénce betwesen the.values of thel outputs andinc
inputs:of a ' firm; i.e.,v1its.net inorease.: .




e e e e e e e e e e __,..4“] i

3635~

each! target provides’a basis: for allecating a:glvan tmaber'of weapons'™~
to maximize: the damage:they do.}d. "

Tvo basio procedures oan:be used-in allobating weapons against':t
urban and:!1hdustrial. ansetas. ). " The first and: simpler procedure:wxam-:=-
inex all posaidle-locations--for placing: the. Mrst weapon, and:alloe "-
cates. 1t where 1t can’ destroy the.greatest value.!3. The procedure re

_then-allocates’ weapons. sequentially to the- locations where:the next::'
greatest value can-te destroyed. - This procedure allows the analyst 5t

- to determine’ a roughly optimal laydown for any nuzber of weapons, and
to draw a- tradeolf curve between value destroyed: and weapons used. -

The 'second’ procedure begins- with a apecific number of weapons i
that must be allocated to a'given target set., "It then finds a “fea~ -
sible” allocation for: those weapons, often in the sequential manner - ¢
of the first procedure.” Finally, it attemptis to modify the various :. ;
aim points to increase the amount of damage done. For example, if '
only two industrial facilities are being attacked, and if they are : - : a
separated by somewhat more than one weapon redius but sonewhat less -

than two weapon radil, then the first weapon and the second weapon '
might be ailmed so as to impact between the two, '1f this.allocation ' : !

Ny performing such weapon allocaticns, only the value- of ob- ' -
Jective targets is considered. - If some type of industry is not to be & -
attacked {(e.g., clothing manufacture), its value iz not included., :.
Alsc, some aasets can be specifically avoided by negatively weighting -~
their value. ' Similarly, though the units of population and MVA are '
different, Yoptimal®:attacks against both (to simultaneously accom---
plish the dual-goals of aasured destruction, for example) can be . -
produced by appropriately weighting the values of each. -

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

V3The 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 any target. Some allocation procedurea search the -
entire. space: for: the global cptimum, whereas others consider only the
damage - that:could .be done by directly attacking any given target. -
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doed not  tompletely” destroy” elther target; then the' Final akep of thishis
procedurd: Mlght vell: move the weapon’to each:targst,: guaianteeling: 02
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thelr: déstriotion’ (1f! both-weapone-arrive: ind:detonate)it) In shorti t, 2y
the' ssquentiali procedure  ban actually! yield &: suboptimal~allocationion g MRS
for” more” thaih ‘the' First Weapon In any: glven” area;cand this: second>nd 5 RV
proceduré: Beeks to improve: the.allocatich: to an optimumild. ' T
Figure b displays'a product:of tﬁeﬁrirét”proeecureijs-1&n thimis S ER
figire; 1. MT warheada'with an 80 percent°arrival prodabllity! were rs SR
assigned to U:iSi-industry.'®. 'Thus) one Hindred warheads: dould: da-"e- 1 s
stroy  slightly more than 20 percent’of U.S.- MVA,- whereas nearly 900%'C _.;:; R
varheads would: be required to destroy” about’ 60 percent: of U.S.- MVAL S As A8 qisi"g,

shown;the- data:base employed’{for 1977}  contains only 79.28- percent:::
of all:U.Si-MVA, and:thus 'the’ destruction’ of MVA approaches that 't R
value =s a limit; " "

THE EFFECT OF INDUSTAIAL DAMAGE '
The quantity' of MVA destroyed does not necessarily méasure-the: " ’ 1
y

damage done to industry-by & nuclear attack: “For a variety of rea= :~

sons, ' the surviving industrial- fscilivies may -produce at either higher =~
or lower levels” than before the attack. ~Also,-the' composition of the- -
surviving' industry: determines the’ viability and-usefulness of the i o]
economy, ‘"Many:analysts,’ concerned about the ‘capacity of theindustry ™y

to vecover  its’prewar capabilities, measure:industrial’ damage'by thig:’s
recovery timein-.

Production at surviving industrial plants"after a nuclear attack-C™
could ‘differ’ from preattack production primarily’ bé~ause:the. inputs s

~ Wuhire the'second’procedure  destroys more value! than' the First ="
for: any:given numier of weapons nllocated) it lnvolves potentiallyi:~
changing everything about the -allocation: including aim points at %
different levels of attack.: «-

5This -allocation’ assumes’that’ warheads'éan be aimed only At the v
center’ of each target-data”grea, :The target data are’'specified as =
MVA clusters ranging-in radius from a’few- tenths of a nautieal mile i©
to sbout 7:n'ml.-: Target hardness is assumed to be 10 paiisi.

lsnﬁlh!forfthis‘énalysis are projected from the National Military: '™

Command :System Support Center:{1973),:'-
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to ‘the' prodisetiohl process may well? thangeil?- : 71f.T for exawple;! ome e
fmportant ' inputs:were in very' short ' supply;’ produétion wight 'be great-'t~
ly curtaileditd1f,’ hovever)  somé {nputs-could be increa#*d‘theh pro~°"
duction' Wwuld: aise' increase:s" in this'latter- evert, some analyste ts
argue,'d: larget ‘work' force' could probably’be mobilized after' ah at-il"
tack;-‘thus "{ncreasing! the labor™ inputs'to broddcfibh;ls';ﬁoﬁévéfﬁ‘huch‘Ch
of ‘this'added labor 'would:likely be unskilied, and'therefore'its’mar—'<"
glnal prodictivity might not 'be very high. ! On 'the"'other hand,'dc is **
reasonable to assume'that' many' important inputs'such as steel and''S
energy’ would have received higher levels of damage than the manufac~ <"
turing firms' that depended 'on then,’ and therefore would indeed bdé in ‘N
short ‘supply (éspecially: given’ the' expected interruptions of the "¢
transporctation network). - Further,’ some Industrial’ processes Tesemble’:®
the- power ‘sectot, in which' even a slight degradation’ {n productive’ "
capacity-could cause a complete failure:'of that process in a‘given "
area. ‘Thus, 1t seems more likely that the destruction of MVA would '
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 critical *-
determinant of industrial viability and usefulness. Thus, though the ~
civilian population would greatly suffer If 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)'":

17Industrial plants may be only partially damaged 1eav1ng some 77
parts of their productive activiti~s still-intact.- If the bulldings -
that house-a facility are destroyed while many of theizachine'tOQIS'-r
within those buildings survive undamaged, extra- labor-will have:to ‘“
be drawn away from other productive activities to uncover: the' ¢
_ surviving cquipment.

815 the assured destructioh eéncept Gonsidered 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; constituting the majority of both the labor force’ ":
and the fatalities. About 50 percent of the present Soviet ihduatrial“‘
labor force would probably be killed; thus increases in labor would';
primarily come from either the rural population or the urban’ popula- B
tion that was not-in the labor force, both groups consisting mainly of ’
untrained labor.-:
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affécted the' ehergy of heavy' industry sectors.’ ‘Por a country engagid ' S
in 5”!&11@&%}‘Ebnflibf; perhaps the most important'issue would be the -u; .
amount'’ of hir‘&hbpotting:industry'that survived, though even this -~ -:?}'
element could be partly or wholly useless 1f, for example, surviving - R

pettoleun ‘product ‘storage and refining capacity could not support the - ' ]

surviving’ industry. )" ' -'~ . j
Concern abont” the composition of industrial assets that survive - vt N

an dttack har led some analysts to look for "bottle-neck” sectors ) E ) -;ﬂ

which," 1f héaﬁily'hamaged, could disrupt the entire industrial econo~ i -ﬁﬁ .

my.”” Petroleum, ‘steel, and electrical power are traditional candi- :
dates.”"Howevet, it 1s d4fficult to disrupt an entire economy because N
substitutes for the products of any given sector can usually be found, |
alth}hgh'iheyﬁmay not perfectly replace the original products.l? It P
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

. p ]
'_’._‘___...__ -.l.a-x.q—u-.h-.-ﬂ‘.‘;-hh

recovery., 'Such estimates tend to ignore th. 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 (GNP)20 o MVA, assum-

—— e e
[P RN S

ingithat'éllibbstuar production relationships are like prewar
21,

cases. These analysés also ignore the tradecffs between initial

9Thus; ‘aluminum or other metals might replace steel, and

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

“_?QGNP’lé essentially the ec~nomic value of all goods and ser-
vicea-broduced-by'an economy. It is much greater than MVA, since it

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

?lThétfls,’ho substitution is allowed, and all factors are
assumed ‘to rétain the!r prewar productivity. Often the prewar
production’ relationships are captured in an "input/output® table,
uhich'givég’the‘relationships between inputs required and outputs
produced ‘in the peacetime economy. -
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postwar industrial capabilities and longer-temm recovery.22

Thus,
even if industrial or economic recovery time is 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 accurctely account for each of these factor323 many analysts

teturn 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
seproduce the fallout patterns observed at nuclear teats. 1In part,

this is due to the difficulty in modeling the atmospheric transport

24

of fallout particles,“’ and in part to other atmospheric and geo=-

graphic factors that cause variatiens In the aize and composition of
fallout clouds. Even when these factors are held constant, the most

2ZAccordingly, 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, production 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 performance 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-
tailed 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 considerably in their predic-
tions of fallout pattern and 1ntenaity.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.z6 This observation is important because many warheads that
would be detonated in populated areas are likely to be airbursts.27
Second, groundbucsts produce extensive fallout of varying intensities
over large areas. The radicactivity in such areas would be far great-
er than the levels at which people express concern about nuclear reac-
tor accidents; yet only in small areas would eitber casualties or

fatalities be certain.z8 For standard wind speeds, these lethal areas

would tend to be long but not very wide. Third, fallout is carried
mainly by extremely small airborne particles of dirt and debris (thus

the importance of atmospheric transport). Fourth, fallout decays

29

fairly rapldly but exponentially, 80 that some areas would still be

significantly radioactive for weeks and even months after a nuclear

attack. This residual radioactivity would be especlally intense where

251n1s problem is described in Bernnett (1977), pp. 6-8.

26Un1ess the nuclear fireball touches the ground, no real crater
is formed, and thus few "heavy" particles are raised 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 og;-third power).

Airbursts have larger lethal radiil 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 mlles.

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, so that the dosage is one-tenth as much at about 7 hours, one-
hundredth as much at about two days, and one-thousandth as much at
about two weeks.
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fallout patterns from several nuclear weapons overlap. Fifth, the
prevailing winds tend to blow from west to east, thouzh the average
wind direction depends on location and season and the specific wind
can differ considerably from the average. Finally, alwmost amy 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, most of the fallout damage would
ocﬁur in thin straands downwind of groundbursts. Since prompt effects
damage occurs first, the fallonut 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 1s 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 nuclezr detonation.
However, by appropriately patterning warhead detonations, a fairly
large area could be gubjected to falloul:;31 of course, thia would

require accurate prediction of the precise wind conditions. To give

3°See. for example, Boeing (1977), pp. 48-58.

31Boeing {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 themselves, 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 1f the overlaps were
appropriately arraanged. The resulting areas would also be much wider
than that from a eingle detonation.
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an idea of the lethal area produced, Figs. 53 and 6 show the percentage
of a presumed lethal area that would actually be covered (based on a
30 kn wind), assuming errors i{n the prediction of either wind direc-
tion or opead.32 While the actual wind direction tends not to reduce
the lethal area very muich, it determines whether or not the target is
within the lethal area; for errors of 45 deg or more, it would be very
difficult to actually cover a target with fallout unless a large mum~
ber of weapons were used to produce a very wide pattern.33 Alterna-
tively, errors in the wind speed could drametically reduce the lethal
area because of a loes in optimal pattern overlap, leaving the lethal
patterns either much shorter or with many sublethal "holes” within
them. Thuas, whila it is remotely conceivable that fallout patterns
would be uped {n attacks on populations, the technique has limited
real-world utility because it depends on detailed local weather data
that would be very difficult to acquire and evaluate in time to be

useful.

CIVIL DEFENSE AND QOTHER POSTURE VARIATICNS
Calculations like those shown in Fig4. 4 are made assuming that

the attacker knows where the opposing urban-industrial assets are and
how vulperable 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

32These 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 (sea 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
line), this procedurs can make the total pattern less effective for
some direction errors.

33gven with the five warhead pattern used in this experiment, the
lethal area is at moat 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 *oivil-defense” refers:to thei purposefulful
actions -taken glong-either of these lines to reduce :urban-industrializ]
damage potentialial.

Reducing: pepulation: vulnerability: usually! involves: sone-form>of ~7
sheltering.:~While: special: shelters -can-be built:.to protect:people.ic
from muclear: weapon effects, almost .any. structure;-and:especiallyitheti.e
basemant . of any.structure,: tends to provide: soms shelter.-rIn par-.r-
ticular, most structures offer. soms protection against: radiation,-:.,
especially. fallout. radiation, and purposaful shelters-can markedlyily
increase that protection. : Most structures offer alight protection.:n
against blast effecta, though:specially designed shelters can protect -t
againat tens to hundreds of psi of overpressure.: . Blast shelters may .-
actually provide complete protection against blast .effects in urban /i1
attacks, as those attacks would tend to use optimal airbursta againat ..«
unprotected ‘assets, detonating so high that the maximum overpressure:: -
generated on the ground may be 40 psi or 1e33.3u.

No matter how a nuclear war began, many people on both eidas
would not be in their assumed locations. In part, this is because .the
census data.employed in locating the populatfon 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=~i:.-
aité‘each other on the globe mean-that. both countries would .ot be im i
such -a.conditfon:at the. same time. .-Some people in both countries.o:
would be at work,:and thus probably more . susceptible to attack . because ..«
industrial aites are more likely to be targeted than restidentfal:.::

3%a¢ the:optimal height-of burst- for' 10 pai (7000. ft for a:1.MT ¥
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 these levels would not be in-.n-
jured.. Many analysts ssume that if the Soviets were to shelter thelr ir
people, U,S5. warheade could be groundburst; but to do 80 would require. r-
a retargeting capabllity. (since the trajectory would have to be dif-::-
terent to hit the ground at the sama place), and would significantly. !~
reduce damage . to unprotected targets (since groundbursts reduce the: ..
lethal radius)....
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neighborhoodssdsOn thetother: . hand;nif sufficlfent warning! of the:attackick
vere. received;«the: populationi could.iwall: svacuate probable-target.ct
arena;ugrentlyé1ncraa51n31chancaa\of survival.:l.

In evacuating: the.urban>populationica, civil-defenrs prograp - i
faces:saveral- tradeoffs . sPerhaps:theimost: inportant.decision: thatnat
must:be madeiis where:to put’ the.evacuees.c:Provisions-must:.be madeade
to feed: and support them:and to provide_ some shelter against: bothuth
fallout.and:the weather,:rOne.of the easiest sclutions is to make:-c
each .rural-reaident: responsible for 'a"small. set of urban:evacuees.:s.
The'ratio' of evacuees to rural: residents is referred-to as the host-: -
ing ratio;:a:hosting retio' 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:increase.the population denw-:-
sity in some:already heavily: populated areas, -thus making evacuees '<-
targets for a-population attack.:.To avoid -this, they:could be sent.to >»
sparsely populated areas, buf guch regions generally lack shelter.and -~
food distribution capabilities.as. Also, by evacuating.the population, -,
the civil -defense program moves urban residents away.from the.ms jority -
of the good shelters, thus trading distance from weapon effects for
the level of protection provided. - Finally,.during.an evacuation, .
evacuees. would ba extremely vulnerable to attack. .An effective.civil
defense program would:have .to minimize this extra wulnerability while.:'6:
completing. the.evacuation. as quickly:-as possible.;:.In short, an evacr...”
uation: plan.fs éxtremely complicated.and its.effectiveness.in reducing:—-
fatalities:would be highly dependent:on the:choices planners.made in =
deciding how to proceed withi it.i:i.

Industry.is neither as mobile nor-as easily.protected ag -~
people. .. The  fractioniof 1nduatzy:(especinlly!bnatc~lndustry):thas.n

358evaral other tradeoffs would:exiast. . FPirst, moving.evacuees ' ::
into relatively unpopulated areas would probably take longer, because -
those areas have inferior transportation facilitles..  Second, because::s-
people will be concerned about their. welfare in such areas, .authori-'i-
ties may have difficulty.in persuading. them to evacuate.. Third, che...
difficulties in providing. food and shelter in such areas would uva- -~
doubtedly .lead to gsome fatalities.over time froa exposure,. disease, or 'r
other related problems.
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couldubé dispersedsod warning!ds small:?®.’Thetefore;-enalystsstocuscus
on the:poantb}lltlcatbf protecting! industrialiequipaent~in place’va=~ra-
ther:than:trying to -thdtt.§?-j¢ar!ou.'procednranrhavhibcan:dn-ie-
ielopodntdrfluchuptotectton;valnoit-all-bf then‘.aionttullyi1nvblvnlve
burying: the mschinary::;Such:procedures: provide: good: protection, butiut
machinery:so protectediwould be out of survice: for weeka-even'1f the'iiv
order:to unearth it were given-es soon as the. burialwas-¢completed.ci.
Thefrt;ultlngzlosiﬁln production‘would:be substantial, 4o such:proce= -
durds-would ndt:ba lightly.undertaken. :-Also, ouch:of 1industry {s not:o:
susceptible to “burfal™ (e.g., blast furnaces) snd:could not de sig~ .-
nificantly: protected. ‘In short,rvhile gome protection could probably .-
be provided.for industry,' this protection:would be far from comprehen~ -
sive . and iwould .be extrasmely coatly.! -

UNCERTAINTY IN COUNTERVALUE CAPABILITIES
Many analysts believe that there i{s vary little uncertainty about :!

the. damage -that could be inflicted by countervalue attacks. -Thus,:
1ittle: hag been done to assese that uncertainty. Part.of the. reason

ip that countervalue targets tend to be large and soft, leadiang many -
analysts to believe that the uncertainties of s massive attack would .-
“"wash .out"” becauss -so many weapons are invelved. If no more were
involved. in countervalue attacks than random varfations about the:'.
mean ‘values .of parameters, the .uncertainties might, indeed, be insip- -
nificant. " But even countervalue attacks include & substantial number -

36New induatry could .be built in dispersed areas.” While' this"'-
tactic: would reduce the vulnerability of industry, there would usually:i:
be strong economic incentives-not to do so. - That 1s, dispersed indus~ -~
try has higher transportation costs and fairly high “start-up” costs, -
incurred. in moving trained labor to the faclility.and training other v
new labor. 'Thus, economic incentives tend to push the construction of «:
newﬂfgsll;ties-into:the?aame ateap where old facilitiee are located, -

Even' 1f the industrial machinary could be protected 4n place, -,

industrial‘ buildings could not. :They would gventually have to be -
replaced aftar an attack. " In places with dad weather, they omy have. ¢
to be Teplaced before production could be resumed.. .
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of parameters.Whose meal values are \minown,~thepedy contributing:r’
significantly: to the unoertainty in such attacks:38.7

Four- wncertain parawsters condition the lamedinte dacage dmused !
by countervalue sttacks.- First, warhead destructiveness {espealslly i’
yield) 1a uncertain within osrtaih bounds, eapecially forithe de-"':- .
fender in a countervalue:attack.3?. Second, the arrival probablility v - I
is uncertuin aven in a first strike because limited testing preveats -5 '
the attacker from! precisely determining the' reliability: of his weap-:'~

ons,’ though arrival probability is considerably more uncertain for the -
side attacked in a fivet strike., ' Third, the wulnerability of industry -
and'population 1s uncertain, even though blast damage falls genarally
in the range of 5 to 10 pai (as disrussed above).  ‘Fourth, the models ! ' R
csed to predict prompt weapon effects gensrate uncertain findings

because they are based on a4 limited number of tests with vartable
outcowes, 0. !
The potential influence of these uncertainties has been esti- : l
mated by calculating the uncertainty assoclated with a Soviet assured
destruction attack againat U.S5. industery, using the data from Fig. 8
and assuming that uncertainty in these factors could b2 captured by '

modifications to the lathal area.u1- The results of this analysis {

3e‘rhis subpection considers uncertainty in the damage estimates
but ignores the inherently much grcater uncertainty in the viability o f
of industry or the population after a nuclear attack, - ! . :j

39he determination of an opponent‘'s warhead yield usually begins i 4

by estimating the wefght of that warhead and then puessing the warhead : .
technology employed. Because this technology can vary greatly, esti- S !a
mates of yield also vary greatly. For example, egtimates of wsome Soviet -
ICBM varhead yfelds were recently cut sbout in half. See Pincus {(1979). - . ‘-1
4

hoThe influence of c¢ivil defense, which could completely over-
whelm any of the uncertainties shown here, 1s also ignored.

AIIn'this example, the following assumptiona were made: the war~ -
head yfeld was 1 MT with a 10 percent standard deviatfon, the hardnesa i ’
was 7.5 psi with a 1 pai standard devigtion, the relfability was 80 )
percent with uncertainty based on 25 teats, and a 5 percent uncertainty
was assumed in the weapon effects. In each case, a lethal area was i
calculated uvsing the Monte Carlo values of yield, hardnesa, and weapons
effects, and the ratio of this lethal area to the 10 psi lethal area was
used a8 a multiplier times the number of warheads to obtain 1 MT, 10 psi
equivalent warheads.
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aro:shovn™in Figi'7, in the! sume’ fraseworicused to express:counter'r-
force ‘attack uncertainty in Fig.-3. ‘Basio-target . hardness 1s assused’c’
to be 7.5 p3i; as opposed to the 10 pai”1h Fig. M. “The use-of 55039 !
MT warheads in the "basic,® first=strike attack geperates'i 90 percent:nt
probability: that at lsast:50 percent of MVA would be destroyed.zd.In n
turn, ‘the  assumptionof S0 percent attrition:of the Soviet forces by b
a U.Si first strike is associated with  the premise that the Sovieta-t5
would -double” their attack size to 1100 warheads:in a‘second strike.:2-
In both oases, an optimal laydown is aasumed in the calculationa>:
givan here.: The second-strike ourve doss not overlap the basio at- !-
tack - ourve because home mo'ertaintyfus' assumed in the amount of 7
attrition suffered by the' Soviets in the U.S.: first strike, therefore " °
increasing the uncertainty in their countervalueiattack.%e. ©

The cholce of the attack size (S50 warheads 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 damage level (based upcn most likely estimatea of
the paraneters) ia about 56 percent. Even so, there is a 10 percent -
probability that this level of sttack would not meet the assured
destruction requirement; to increase to 99 percent the confidence 'of '
obtaining 30 percent damage, over 700 warheads would be required (and - -
even then a one parcent chance of failure {n assured destruction would:ld
exist).: ‘These 700 warheads are considerably more tban the number' T
required to obtein a nominal deasge:level of 30 percent (about 400 VU
warhéads {n the' hoainal case), ‘showing the: considetable effect of only'iy
these basic uncertainties in countervalue capabllity.:’-

In a'second strike, even though an optimal laydown 1s assumed,-.
the added uncertainty in warhead survivability decreases to 80 perceant:nt!
the confidence of achisving sesured destruction.” Purther, the'low -
side of the distribution 1s now very low, falling to about 30 percest nt
dsmage.. ‘Marely to overcoms the uncertainty in survivabflity' knd In-iw~
crease ‘ths confidencs in assured' destruction to %0 percedt, the: "

¥2g55viet attrition was sssumed 'to be 50 percent :with a standard: s
deviation of 10 percent. ‘- -
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attankoouldihivii th b 1Rorefaadtds Y300 warheada and:even’ then the'lc
1 owei- bound - would’ st11lide wall below 40 pervent damage.’“In short;

c4dre annal

in a7 secondstrike.  Righ’ sonTldence ik AR assured Cestiiotivn: capa™’

bility'¥s #1rPituld! h: inhl b*\dthbﬁ‘t"éxpalsa! iiwars hrke"ﬁ&nber e
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IV.'” AGGRECATE MEASURES:  ° 3

As shown“in the previcus two sections, estimating couater— '~
wilitary and ‘countervalue capalbilities for elther the United States
or the'Soviet' Dnion can be a fairly complicated process. " Further, ' f’

since such capabilfties vary across weapon systems, there is general- °
ly no clear procedure for combining these capabilities into a sirgle

measure. “To deal with this, so-called aggregate measures were devel- ! ,
oped.’ “These measures simplify the detailed calculations of force ’ .

capabilitiéhfand provide a way to aggrepate capabilities across an N ,;
entire' strategic force. However, some widely used aggregate aeasures . ;
completely‘ﬁlsentima:e strategic force capabilities, and most others -‘}
dc not accurately represent the capabiiities they. are supposed to
mesgure, - Therefore, in vruviewing the aggregate measures, this sec~-
tion e;ploreu both their ratifonale and limitations. To make these
presentations meaningful, the aggregate wmeasures are grouped by the
capabilities they are supposed to measure: countermilitary, counter-

value, and conbinations of both.

AGGREGATE MPASURES OP COUNTERMILITARY CAPABILITIES
Aggregate measures of countermilitary cepabilities ave intended ! ;

to provide = sfmple metric of those capabilities by ecapturing some f
aspect of a countermilitary attack.” Ideally, the measure ftself - '
should ‘scale ‘directly with countermilitary capability. However, : g
analysts have not been successful in sinplifying the dynamics of ' - 24
A

|

bomber, SSBN, or command and control survivability; therefore, no
aggregate measures exist that allow analysts to evaluate attacks on "F'.g
such“tirget.J"ror counteraflo capabilities, a wealth of measures o
have ‘been developed, the most widely used of which will be described ,
hereafter.' 'For attacks on other military targets, the one aggregate '
measure ‘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 aumber of hard targets that a given force could kill. For
simplicity, though, it has usually been assumed tﬁat each attacking
warhead 1s asasigned to a single target and that all targete have the
same hardness. Because of this second assumption, this metric 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 i@ assuax ' that each wari2s. is placed on an
individual target ideatical to all others, this measure {s calculated
by determining the kill probability against that target for each type
of warhead and gumming it acroes the entire strategic force.

Clear./, this measure does not adequately reflect countersilo
capabilities. For this procedure to provide reasonable eatimaten of
actual capabilities, it murt be assumed that the number of hard tar-
gete on the opposing side is equal to or greater than the number of
weapons ava!.lable.2 that the hardness of all targets {s approximately
2500 psi, and that all weapons are used in countersilo atrocks, If

there are fewer targets than weapons, or if target hardnesses are
greater than 2500 psi, this meapure will eystematically overestimate
hard target kill capabilitiea. If target harduess i{s lees ttan 2500
psi, the opposite blas occuras. More epecifically, 1f the hardness of
U.5. and Soviet silos is different, this metvic will be biased
against the side that has the harder silos.

Ythe name of this measure has been variocusly known over time as
"1000 psi kills,” "2000 pei 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., {At present, both the United Stutes
and Soviet Union have at least five times as many weapons as such
targeta). Thus a recent variant, vhich 1is not widely uwed, 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
Nitze (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 bombers.) Most payload weight is made up of war-
heads, and thus, for a single miesile, throwweight establishes the
number 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 against uncertainty in some of the other

k]

paraneters {nvolved in silo destruction.” Within limits, more war-

heads allow efther more silos to be attacked or more warheads to be
targeted against each silo.ﬁ
Today, throwweight is not a particularly significant measure of
countersilo capabllities because the primary determinant of such
capabilities im accuracy, and throwweight has very little effect on
accuracy. Further, throwweight normally includes bomber payload and
as such really does not mecasure simply the potential for bigger or

3 Thus, while throwweight may indeed indicate some-

more warheads.
thing about the number and size of warheads available for countersilo
attacks, there 18 no direct relationship between throwweight and

countersilo capability.

Countermilitary Potential

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

2See, for example, Foster (1978).

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

For example, when bomber paylosd includes a ghort-range attack
misgsile (SRAM) or an air-launched cruise miesile (ALCM), it includes a
lot of weight besides warhead weight (e.g., missile motor, fuel, and
guidance). Nitze factors that weight ocut in calculating the weight of
a comparable ICBM warhead payload; nevertheless, that extra weight
could be used {nstead to carry more bombs, but for good reasons, such
a choice was not made.
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to kill & hard target. Recalling :the formula for silo PS, CMP is

simply part of the exponential term:®

2/3

cp = ¥2/3/cep?

Thue, 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 eimply added together, reflecting the procedure

used in calculating the multiple shot eurvival probability (rsn)
7

b et B Y

above.
Unfortunately, CMP can be biased in several respects., ¥First, in
aggregating the CMP of the total strategic force, weapons are in-

cluc.d that are far too imaccurate or too smalli to be effective ;
agalnst very hard targets. On the other haund, as CMP values become ;
relatively large (especially as-accuracy increases), & point 18
reached where additicns to CMP do not aignificantly_increase the kill
probability of a warhead; including CMP values beyond that poirt
results in an overestimation of aggregate countersile capabilities.
In other words, CMP does not scale linearly with hard targst kill
probability, but rather shows decreaeing marginal returns because it
relates to hard target survivability th-ough the expoment of the PS
formula. As a result, doubliﬁg the CMP value of a weapon less than
doubles its countersilo capablility against a fixed target set.s
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 valuecs beyond about 120 add little or no

benefit as the kill probability for that CMP value {8 virtually 100

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

miles. The accuracy of CMP as an aggregate measure depends upon the
accuracy of the assumptions in the PS formulation: & “cookie-cutter”
damage function, no systematic bias, a circular normal impact distri~
butio?. 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 1if it is used against
twice as many targets, but this is really only true if the CHP is
equally divisible among all targets.
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Fig. 8--Relationship between CMP and hard target destruction
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percent. This observation suggests two central problems with the OMP
osasure! As unrhand CEP beconal very small, CHP values become much
larger than are really Ianningtul. and relativcly saall CMP values
can be sssocfated with kill probabilities approaching 100 percent
though the arrival probability of the weapon may be much less than
100 percent. For example, it is impossible for a weapon system to
have a kill probability that is higher than its probability of
arriving at the target, but CMP ignores that coastraint.

Effective Countermilitary Potentiai

The author hes developed a formulation that corrects CHMP for
arrival .robability and, thereby, removes a major source of bias in
that measure. The resulting measure is called effective countermili~

tary potential, or ECHP.IO While many anaiysts bave attempted to
correct CMP by siamply multiplying it by the arrival probability (r),
that forgulation does nct properly account for arrival probabil-~
ity.l1 The difference between the results of that procedure and of
ECMP is illustrated in Fig. 9.12 For relatively pcor missile ac-
curacles, }he two procedures produce about the same effect. But for
migsile CEPs better than ebout .15 n mi, the two procedures diverge
dramatically, with ECHMP at best equal to the CMP value that has a
kill probability equal to warhead arrival probabilicy. Because Bany
new weapons are likely to have CEPs of .15 n @l or less, the use of
CMP or some multiple thereof could be very misleading.

Ihie 1o especially true since CMP ignores systematic bias, the
other component of accuracy; therafore, even if the CEP were to ap-
proach zero, a non-zero aystematic bias would keep the kill probabil-
ity bfb_rau 100 percent for smaller yield warheads.

he formulation for ECMP is given in Appepdix C. MNote that
this formulation requires that the target hardness be included. and
thus f is not as general a measure as CMP.

Multiplying CMP by reliability is 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
tha uYBsactton on ICBM wilnerability abova.

In this figure, a 1 MT warhead with an 85 percent arrival prob-
ability is targeted against a target hardened to 2000 psi. )
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Thesa:observations -have .soaa. potpatiallylimportant. implications -
for: the._strategic debate.. For-exanple,.CMP has:been a favorite mes=..-
sutaﬁof'thosenuﬁo-oppoae=ptogran|u£or(1nprovins-ugs..countezforce:Cc .
capabilitiesi::They :argue.that.CMP shows.the:United States.to have . a. 2
very large:and rapidly .growing:counterforce-capability:both.Iin abso=:u- ]
lute:terms:-and -in comparison to tha.Sovtet.Union.lg.:Thay attribute .

to U.S..strategic . forces CEPs .80 small.that they .encounter.the.CHMP. .Y
bias-problem.  ~Algo,:8cwe :include bomber CMP.in their. aggregate.eeti-_i-
mates.- -Though .bombers -carry. many -large. yield, .accurate “warheads,”:." )
bombers must.penetrate Soviet alr defenses, thus making. thelr arrival -1
probabilities . lower .than those of either. ICBMs or SLBHs.;§.351nce CHpP . ¥ PR l._
does mot account for this extra warhead attrition, it makes the.:. E

bouber force appear to be very effective against silos. - Howaever,. ., '
when arrival probability is properly taken into 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, .aud four SRAMs with CEPs of -
1500 ft, and that the B~52 arrival probability is 60 percent, the CMP .~
value (170) i» more thao twice as large as the ECMP value (83) for
each B=52. (The calculation t times CMP gives a value of 102.) .:

Warheads

Many other military targets include at least some component ...

which i@ relatively “goft”.and small, and thus can ._be destroyed by a
singla warhead..:.This has induced ecme analysts to uase the number of !

warheads as an aggregate measurea. of the .capability to destroy other .-

13Ai;iarticularly-strong-advocate:of this -position is Xosta .- .
Teipis. . See, for example, .Tsipis .(1975). . This argument has also been -
raiged in the Congressional debate, with Congressman Leggett a strong .
advocTZe.' See Leggett (1975). ..

Because ‘of the ABM Treaty which was part of SALT I, ABM de- ' -
struction of ICBMs during penetration can be virtually ignored in most .t
aggregate aualyses. . The same can-not be said of bomber defenses in
the Soviet Uaion. 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. .-..

[ J— P NN - e e o s R : Y P R VA R — —




it e AT g ra e s e
N — " -~ PR R T PP R AT O R S T VR ST N LT T PO

TR T T P —p T "> ey -

~62-52-

ailitary.targetes}?. 'Because :soma marheads will!not arrive:.oca targat;et
nnnly-tl;unuillyldnflntoxthe:hunhet?ol wvarheads by thett:arrival-al
probabllity;:referring:to this: msasure as “deliverabls. werheads.3s.”
Delivitzble warheads :{s, itherefors, s, measure-of the maximum: number>:r
of targata:liable to be hit.it.

For arvariety -of rdasons-discuseed above, nsither:arcount of of
warheads nor-a count ‘of deliversble warheads .precissly msasures thaiic
capabilityito destroy other military targets.'<Whila deliverableic
watheads tend-to overestimats the nuaber of othar military targets-:s
destroyed, collocation of many targets may bslance out much.of this i:
bias, "at leanst for.fixasd installations.::“The net. sffect-of the:he
various. flaws in this measure is oot clear, though:the msasure:is !7
probably. a fair-indicator of s capability to destroy fixed installs-in-
tions. .

AGGREGATE MEASURES OF COUNTERVALUE CAPABRILITIES -
Over time, a numbar of aggragate msasures of urban-industrial

dansge potential have developed. Analysts have tended to employ them -
indiscriminately in genaral assessments of relative U.S. and Soviet -
capadilities. However, each of the principal masasures used today -
attempte to specify the affects of nuclear attacks in terms of sepu=. -
larion fatalities.or dasage to iadustrial assets. -Nitze (1976-77)./:
has argued that’ aggregate mesasures. of countervalue capabilitfes’::
should be iaterprated in the. fellowing manner::: (1) wmegstonnage fe ::
the best indi{cator.of fallout esffects-{and, therefors, of population:c:
fatalicies from fsllout),:(2) equivalent megatons (EMT) 1is the.best -¢
indicator:.of blast damags effects.(and, therefors, of proept damage.:c
to fndustrial facilities . and urban population), and (3) throwweight .t
is “the best overall measure of the countervalus potentisl of a .

1snefor-anlxv warheads. wers introduced, the ouaber of missiles -
was a maasurs of carget coverage, scd befors that, whea bombers car~ ~-
ried.only a single nuclear weapon, the mumber of boabers was also s -
measure of target coveraga, Today, the number of delivery vehicles. :
(miesiles and bombers) cannot cerve such & function, and thus this . .
nuaber is uselsss as & measure of strategic force capability despite .-
ites use in setting SALT force limite. -.
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strategtc:iforéeile. Nitéels-tategortsation: providas a-useful {startinging
poing.foriansesatngithese aggregate masuren: -

iae 8 Maasure of Fallout Rffects:!n

The megatoanage 'of alstrategic;force is calculatedidy simply-ly
suseing:the piald-of .Achlﬂirhﬂldiaéﬂiti.!l~dltﬁol -isntoanlhc?ls am an
1odex-of fallout effoite:bas:somavhat'.different:impltcattons, é, re~:c-
flecting 'in part -his’ concarn about the potentisl sffectivenassn-of oI
Soviet civil-dsfense~~sspectially.city ovacuations=-in-1imiting: ctvile’l-
ian fatalicies.- Therafore,:he telates magatonnags to the total geo~ -~
graphic .area subject-to lothnl:tallodtzcl!octo;Lthe‘cteafhoing-,a én
index:of the portion.of the.(evacuated) populationiat rlnl;lz-iﬂith*?h‘
out-questisning. the plausibility:of msjor civil defenss svacuation -
prograss, -a.nuabsr of questions ars raised by this use of megatonnage ‘-
as an index of potential civilian fatalities. s-

In addition to the.yield of & warhead, at least aix factors ' c
deteruins the ates covered by and the radiation. intensity of the -
fallout: patterat ~ (1) the:fi{ssion fraction of the warhead ,‘.14318.1"
(2) wvind speed, disparsion, snd dirsction; (3) che warhead haight of
buret; (4) the disctibution.of the population; (5) the degrese . of ::

16Hnny authors -incorrectly artsapt to squate:explosive yleld with th
blast effects,-1n turn comparing the-segatonnage ia today's arseusals ::
with the danage-csaused by conventionsl bombs -in World War II,lor -
dividing magatoanage by the earth'’s population. to show an “overkgll®:il’
of about 10 tons of TNT per person. -As will be shown balow, the grea. >
danaged by blast ‘effects L1e & linoar.function:of tho-yield of a weapon .o
taken .tc the.two-thirds. power; thus, Brown has estimsted.that at laast -
3001 MT boabs would.bs required.co create the same amount of ares.
danage-as conventional bowbds 'dropped on Garmany -in World uar IX.:--
Further, . calenlations-are meaningless-unless they take account of =7
accuracy considerations. -Brown also notes. that the United States: :*
alone made snough rifle and sachine gun cartridges during World War II !I
to kill.the: entires world's.population. five to ten times over.: : See -«
nrouni§l977).11-

Tids assumption follows froa the Boeing work om civil defenss, .
in which it {s assumed that all major urban.areas are avacuated fn a =
way- that spreads the urban and rural population:uniformly over the rural !
aron.rurroundtnanctttau.~ See Boeing (1977), pp. 35=72. ..

The . fission fraction of a warhead is ths percentsge of the:' "
warhead yield contributed by fission as opposed to fusion nuclear re-"-"-
actions. :“See the discusstion of nuclear wapon effects in Appendtx A, -
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populacionisheltering; and:(8) (the locattoa!of the uarhoad: explosioad "t ;
ralative.-to ‘populated ateasn. 'Even if w4 fgnore ths: Leowes of populaw i~
tion!distribetion and wiverabflity, as Witse does, the warbead yleld-ld :
is only cne 'of four factors affecting the maguitudd-of fallowtuef—:i-
fects.  The lethal'fallout ares’ scalas directly with uarhesd yield '
only 'if all weapons 'ate :grousndburst and have & relatively :constamt«:t
fiseion fraction, ‘and 'if the wind dirsction, ‘dispsrsion, -and ‘speed ave '
conlttnt."-l’ ‘

Thess factors can make's significant differents 1n the avesa c- !
covarad by a fallout pattern.’ "Ic Fige. 3 and 6, wa showsd the effect - ' '
of variations in vwind speed and direction on the ares:-coversd W fiveive i
fallout clouds 1 & row. -Pigure 10 shows the effect of varfatioss iw :° '
wind spesd on a single fallout pattera for two different lathal dos= ‘- 2
sgcn.zo-'lf any degres of shelter can ba oi:llnod.Zl the 1000y fa~-i -
tality criterion is prodably closar to baing corvect) thus, the pre= -~ i
vious figures may have underestimsted the effect of variations in the '
wind, as the change 1a wind spead from 10 to 60 kn changes the petterm :°
size only by over a factor of ten for 1000r dosage over tha sane in-
terval, Similarly, changing tha Pfiesion fractioa froe 30 percent to -

. .....J.:..-.....-..i-t.. -

lgzvan this ateuaption depends upon the fallout wmadal chosan. At -
least ona modal troats this sasumption explicitly, finding that the
lethal area (A, in square miles) and the warhosd yield (Y, im mega~ -
tons) of groundbursts (for a 15 kn wind) are related ¥y1-+:

vhers I fs the intensity of the radistion st hé! hours, and ‘£ 'ia the: '
fi-olga&!nnctlou of the warhezd. See Thomas, (1976), pp. A~) teo A=k,
he sssumptions used sbove 1m svalusting ths five overlapping '~

fallout pattetns are repested here for a single pattsrn,: In partieu= v
lar, 5 is assesoment 1s based upon the WSEQ fallout modsl. -

Terrain roughnhass alone reduces the deposi' ed dosags by about :°
23 percent, in reality making 500r the msan lethal dosage that mnst be
deposited on tha grouad. Houses have protectfoa factors of 1.5 to 3, -. ‘
increasing the mean lethal doszge that wuld have to be deposited to 1
900r vo 1800r. -
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- 20 . ) ) .. ! Yeeg: Laspe e,
1003parcaﬂtzzl1ncteaaes“theidosaga“received“hy a'fdactorof two)v0,
roughly!'the dtfferance between the 450z dosage -and"tha’ 1000r -dosagaice:

Pinally;!if an atrburét’is ased’in the'place’of & groundbirst]*essed<*"" AW

P 1. g Tt . 11 ¥ e IR . s i"‘
tiallyino area!recéives‘lethalfaliocatsutIn short; while!thetlethalial f
faliout area’way 'be toughly- proportional to the aggrégite-varhead-d ’ L A T

megatonnage 'employed; “there {s e¢értainly no close’or consistent'ia-Ie~
lationship between-these factors. - :

For a’variety of reasons, it is also'true that'no atmple relasl'a-
tionship interconnects lethal fallout area and fallout fatalities.:S: ]
That would occur only if the populationiwere uniformly spread-acroes- the 't 3
affected area. The rural population’is, !after'all, not spread uni<'i~ P ;
fornly, 'and evacuated urban population vill most “likely be hosted*fs {7 § T
thosé areas.’ Some’ extremely high dendity’ rural population’locations 'S i K {
will'exist even if an attempt {s made to spread the evacuating popula=:?~

——— -

tion more evenly, and the density of evacuees-around the very large’ ¢ : i

PR

cities would undoubtedly be higher than that around much smaller '~
cities. -If a uniform densfity could be obtained, the fallout patterns
would probably not effectively cover these areas becsuse of their:i®

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

1f all of these other problems could be solved, megatonnage would:'d
adequately measure civilian fatalities only if fallout were their "~
major cause. However, unlegs urban'aieas were evacuated,' prompt - A

weapon effects would probably’cause ‘most of the civilian’fatalieiea’tn 0 .E‘A¥ -
a countervalue ‘attack. “Indeed, fallout effects may be insignifféant "t (7
because ‘airbursts would 'be used to maximire-damage’to industrial’tar=-'"
gete: ‘Even'{f the-cities were-evacuated, promept effects would still-i!
be the major cause of fatalities; ‘depending upon the:wulnerabflity!and'd
location of the'évacuees.v: Thus, civilian-fatalities are ‘better esti=--i~
mated in terms of prompt effects damage.:C-

zzﬂornally;fa-ueapon ir the 1 MT rapge has a fiesion fraétion of °°
roughly 20 percent, whereas much smaller weapons (about 100 Kt or -
less) are essentially pure ffssion. ' Thus, the contribution of yfeld ‘¢
to fallout depends on the weapon:-size.’ 'For mote information on the -
nix of fission and fusion, see Appendix-A. -
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Bquivalent Megatona®il:

Equivafent sagitona (EMT) 14 0sed is s ndasuré'of urbin-indae="*"
trial’danage because 1t {& proporticnhal™to the'amount 'Gf ares’that antan
be destroyéd 'ty blabt affects fros s given strategle force”and ‘becauss ' ¢
urban~-industrial-targets are’considired to bé area”targets.‘Natu-'-~
rally,’this" foraulation’adsumeé  that 'the'reeulting’ lithal' aresa of i' 2
weapor matches (in'aizé 'and ‘shape) potenttal!target areas,'sr else:=©
"excess”*lethal area’would be Inciuded ‘in a'dfrect calcilation of
EMT." A1l ‘target areas’sfe'also 'assumed to e of essentially’equal :!
value; othervise,: EHT uould not' directly measutre ‘the damage ‘to indus='"~
try'of populution.z3 Neither ‘assumption-holds {n reality'dnd thus >
EMT {8 actually a‘bilased measure’of countérvalue' damage’ potential.-

EMT {6 normally'formulated as the warhead yield (in megatons) *’
taken to the'2/3 power (¥2/3). “fhis formulation reflects the fact °
that the lethal radius of a weapon is proportional to its yleld to the
1/3 power, and also that the lethal area {s 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 wome target
areas, and thus  some -change the EMT forpulation, expressing EMT as
yield to the one~half power for-ylelds above 1 MT. A related problem, *
though one not as easily solved;, is that moat target areas are not
perfect ciréles, and ‘thus, in n:tamptiug to cover them, much of the'"
lethal effects would be “wasted.”" "-Simtlarly] ! complete coverage ‘of ol
target areas requiring moré than one warhead could be bbtulned’only*ﬁy b
overlapplng the lethal areas to some extent, 'also-creating’ some -

"waste."”

l’heu‘-‘targel:"'-cbvdragé"ﬁrobleﬁé"éan"be addresaed by modifying the'!'"
EHTFfatﬁulatiphi”’Horﬁnlly;Ethib“ia done by using éxponentisl terms’ ™
othet' than2/3 to calculate ‘EMT. - For example, 'Downey (1976) has' »

zaThnt 13, ‘warheads will'normally be allocated’ to the most valu- "
able’ ‘targete first, and thus analysts will find decreasing marginal
returns for further EMT allocaticns. For example, 1f 200 EMT could
destroy 30 percent of MVA, 400 EMT would not destroy 60 percent of °
MVA, but rvather some intermediate value,' -*
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sugiested’ that "EMT should be adjusted to reflect the sfze of U.S. end ° P
Sovist'indostrial targets, employing an exponent of .4 for Soviet - e
veapons’and .3 for U.S. weapons. ' Simpla reformulations of this kind -

fmprove“the accuracy of EMT but still do not correct the basic bias,’
sinée the' power of yleld required to make equivalent megatons varies
with'both the'warhead yield and the level of damage to be done. This
poihtiih illustrated in Pigs. 1l and 12.2“' The curves in these fig-

ures suggest that the 2/3 exponent {s almest always too large, and
thattthe'larger the warhead, the smaller the sfze of the exponent that

k.

should be used.’ Also, as an increasing percentage of MVA is destroyed,
evet’ana!ler'ihduatrial 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 equivalent megatons, though using an exponent t

-
S, SV S-S ey

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 1s that not all warheads would arrive : é
and detonate on target. fo compensate for arrival probability,
analysta often employ "delivered” EMT, which is simply tne product of
arrival probability times the EMT of each warhead, this value bcing
suomed across the entire strategic forcaz, However, it is implicit in
the concept of delivered EMT that all warheads do indeed arrive on the
optimal targete, with no inefficiencies cuused by warhead failures. i

A

In reality, some valuable targets could be left uncovered when the :
warheads assigned to them fail to arrive, and thus delivered EMT i

zaThese curves depict weapon laydowns against the MVA data buse o
described earl.er and against a U.S. population census data base. i 3
Because some of the target representations 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 Iintroduces a .
blas because the standard evaluation procedure used here assumes that
the target value is ¢ircular normally Alstributed across the target
area, and that alcer one warhead is detonated on any target, the value
destroyed is removed, but the value distribution is still circular
normal. ' Naturally, reassuming a normal distribution after each war-
head overestimates the damage that subsequent warheads can do; as a
result, ‘some anomalous resulte do occur.

ol by o 4
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8.7

) 20 4p 68 83
" LS. WVA destroyed (percent)
Pig. 11—~Exponent of yield required to produce true

"equivalent megatons' for various Soviet yields
used to attack U.S. industry
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overestimates the amount of damage done.25 This overestimate tends to _
be small 1f the arrival probability is high (i.e., only reliability is Q‘
included in arrival probability), aund large if the arrival probability ' R
is quite low (i.e., ia a second etrike with heavy damage). Urnfortu- T
nately, the extent of the bias introduced by simply deflating EMT in
this way can be determined only by detailed calculatfons of weapon

laydowns on the target data base of interest; since such an sxercise

would complicate the use of EMI, this bias is almost never corrected : 3

or even acknowledged in strategic analysis. . 4
The usefulnese of EMT is reduced by these biases and because all

industrial areas are not of the sawe value. Figure 13 shows the re-
26

-
-

¥

sults of a normal, “delivered EMT" formuiation®” widely used by ana-
lyats today to define force requirements for assured destruction. !

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

ORI SO

apparently based upon allocations of i MT warheads, althuwugh tha
United States has relatively few warheads of chat yicld. Second, the

curves are based on the assumption that delivered warheads will be

g ot =

optimally allocated. Third, the fiattening of the MVA curve just

—m et e -

above 75 percent destruction suggests that the data base employed

. san e e

contained only that much Soviet MVA (just as the U.S. MVA curve in
Fig. 4 flattened in the cam_ region). Finally, the data used in de-
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 biases offset each other. The use of

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

i
" il b et 4 o <

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

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

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

sthus two 1 MT warheads with a 50 percent arrival probability,
while nominally equal to one delivercd EMT, do not have the same ef -
fact as one 1 MI' warkead with a 100 percent arrival probability. This
bias {e increased if incorrect warhead arrival probablilities are used,
which 1is normally the case, since most analyses use a 100 percent
artivgg probability to estimate the damage cuused by delivered EMT. U
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 fatalities 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 thegse biases is, of
course, somewhat difficult to assess without performing a.very de-
tailed analysis of potential weapon laydowms.

Even 1if all of these blases were to offset each other, EMT would
8t1ll be a biased metric of urban~industrial damage. As is 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
upe EMT ratios as & relative measure of countervalue capability ig-
noring the blfas. In short, ratios of EMT do not measure relative
countervalue capabilities directly; analysts would be better advised
to use ratiocs of MVA damage potential or some similar metric.

Throwwelght as a Measure of Cou- .ervalue Potential

Throwweight relates less directly to epecific countervalue capa-
bilities 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 yield 1s 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 1960g, throwweight was adopted as a measure of strategic
capablilities primarily because of its correlation with the EMT of a
misaila-27 However, that correlation appears to be valid only for
single warhead missiles. Available data suggest that there is indeed
a linear correlation between throwwelight and the EMT of a single

27ppREE (1964), pp. 193-195.
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warhead migsils, at least for a fixed warhead tachnology.;g,uﬁd ai

soaewhat lower correlation between throwweight and megatounage. ...
However, such a simple relationship does .not exist with multiple;ic
warhead 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 available for frndividual nuclear packages withio a fixed total::!
throwweight, The available data suggest tbat the addition of each .::
warhead reduces the total megatonnage of a missila by 10 to 25 per- -
cent; therefore throwweight will not correlate well 4ith megatonnage
1f varfious multiple and single warhead missiles are included in an
assessment. Figure 14 shows the correlation between EMT. (uaing the: .
2/3 exponent) and throwweight for two exemplary thtowveigh:n.zg. In
general, the EMT tends to be greater for two warheads per misasile than

for a single warhead. However, as fractiomation 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 wissile. 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 ratic of EMT values at each warhead level 18 not constant.
For throwweight to be a good measure of countervalue potential, . ]
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—. .-

weight does not correlate wall with efther megatoannage or EMT for .-
" today's forces of MIRVed missiles. Further, many analysts include ..
bomber payload or bomb weight in throwweight; fn such instances, the

correlation between these measures will be tenuous. Finally, meither

28See the formulation developed in Appendix D, which describes
exactly such a relationship, The warhead technology (the warhead
yield-to-weight ratio possible at any given weight) is unfortunately
not very uniform even today. Thus, the Minuteman III Mk-12 warhead
will soon be replaced by & Mk~12a warhead of roughly the same weight '
but ty&ce the yield. See Pincus (1979). :

Yield estimates used in this figure are derived according to - -

the methodology of Appendix D.
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EMT ‘nor:-megatonnage. is a good measure.of countervalue potential.:!l.
Therefore, :the:value of throwweight as a. measure.of cpuncervnlue‘po-ﬁa-
tentialiis questionable. i-Rather, the-:hrouvaight_ég as individual:.ii
missile.tells 'us a great daal-sbout<thetpotentill'iar.HIRV1ng-:hat3dt
missile, and it is in this context: that throwweight has: value for::r
strategic analysis.:.-.

AGGREGATE MEASURES OF COMBINED OR MASSIVE ATTACK CAPABILITIES '°
Aggregate measures of massive attack capabilities are tntended to :o

combine the assessment of countermilitary and countervalue capabili-_ -
ties into eimple indices. Because such a combination is aot an easy.-:iy
tagk, only two aggregate measures are used today for this purpose: .
equivalﬁut weapons and relative force atze. 30, However, to compensate -~
for this general lack, many analyats display a wide variety of other -
measures in a single table or figure, suggesting that if a single

pattern emerges, it 18 a measure of massive attack capabilities. BEach .
of these “"measures"” is examined below.

Equivalent Weapons

Equivalent weapons (EW) is a relatively new aggregate msagure,
introduced only recently by Fred Payne (1977). Because of its pur— .v~
potted generality, though, it has already begun to receive fairly wide..:
usage. Unfortunately, EW is misleading, bilased, and inconstetent. .'In :u
particular, it tends to systematically underestimate all capabilities,::,
particularly those of & specialized or mixed force.: .

EW 18 formulated as:

EW = L -
a2 . b .. c
anf .be PK

30The Arecs Control and Disarmament Agency has also devaloped &'
new strategic forces measure as yet unnamed and not widely known.
This measure evaluates damage to a fixed set of 5000 soft (L0 psi)
point targets and 1500 hard (2000 psi) targets oa each side, It thus
ignores the area nature of urban targets and assumes a (nonexisgtent) ::
syasetry in the.target systeas of each side. See ACDA (1978b).
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vhereca; b, and '¢’are:theipercentages: of the opponent's soft-poinmt,n"r,
soft area, and-hard point:ta.gets, and PK_ LPK, "and PK  are the:killil!
probabiiitiesiagainst: each of these classes of Ear;atc;irelpec:!vtlyss!-J{ LT
Thus' EW i3 assused to proceed- from a weighted harwmonic average kill:l!
probability; with:theiweights being the parcentages of each target -t
type: - Indeed, Payne describes EW as,"". :-.-thelcapablllty?of_lfuuapon‘Jﬂ
to kill ‘with equal probability each typa of targe:‘a“.-.-.’az"J“

However, EW is not a weighted average kill probability. By b~
assumption, Payne sets the kill probability agatinst eoft ares targets "> !
equal to the EMT of that warhead. Clearly, EMT is not & kill proba- '~
bility but rather a meagure of lethal blast area frrespactive of the '
impact point of the warhead. Aleo, EMT can be greater than one (when :':
the warhead is larger than 1 MT), and thus BW iteelf can also be '

greater than one, which cannot be true of kill probabflities. -- : X

P T W N

More important problems with EW ariee from the {mplied weapon
allocation scheme in the EW forwulation. In this formulatfon, each
warhead type sust be allocated against each target type go 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 targets would have to kill 43
soft point targets, 45 soft area targets, and 10 hard point tar~.r-
gets. Thus, & 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 agaiast hard point targets rather than eoft

iy i el A S — =
bt Pl e wihin e s

31Payne epecifies the kill probability against soft point targets :
as 100 percent and against soft area targets as the EMT of the war= {
head. He also epecifies a foraula, but not a hardness, for the hard -
point kill probability. A hardness of 2000 psi fs assumed herein o -
tetain consistency with the above calculations. These formulas all l
ignore arrival probability, which Payne factors In at a later poiat {n
develgging a force EW measure.

Payne (1977), p. 109,

4
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aren=tnrgots.33-ffn other words, the use of E¥ encourages allocatingin:
opeeluli:.d‘;-upona to targets they are least suited-to. Payne'
argues ‘that this approach s rational because wa can never be sure of '
the survivability and penetration of any weapon, and thus e¢ach weapon %
should be asaigned eseentially the sane rola in & massive attack. "He
ignoras - the .correlation between the survivability and penetrstioa of *
some very differant weapons (e.g.; Titan 1I end Minuteman IIL Mk~ -
12a), since within correlated groups specielized tasks could still be
performed by forces that do them well, ensuring the success of a
comprehensive massive sttack.

Payne also ugpes the percentages of targets as if each target '
class had an fafinite (or very large) nuaber of targets, and thus
each target would receive only one warhead. Under that assusption,
the EM neasure avoids the problem of multiple warheads being assigned
to the same target, changing the kill probability for esach warhead
after the first. Unfortunately, nothing in ZIN prevents the alloca-
tion of wore warheads to s target type than there are targets. -
Indeed, with hard targets, the forced allocations would undoubtedly
cause sany more warheads to be allocated than there are targets, and
thus the measure falls to record actual target kill capabilities.

The chofce of the target ratio (soft point, soft area, and hard
point) can also affect EW. In particular, fev weapons are effective -
against hard targets, and so saall changes n the presttack percent= '~
ages of weapons sllocated to these targeats could cause large changes
ta the value of EW. Unfortunately, there fs no easy wvay to set the
appropriate percentages. For example, which are soft poiat targets ' -
and which are soft ares targets? How are the mmber of I MT soft -
area targets decermined? Are all pessible targets considered, or
only those ahove some wmininua value?

33por example, take the 5 MT yield and .4 n mi CEP of the US-C
warhead in Table 2. To kill 100 targets, 45 US=C warheads would ba
ansigned by EW to eofi point targets, 15 to soft area targets, and 30
to hard point targets. These assignaents destroy 45, 45, and 10 tar-
gets of each type, raspectively.

NP P R

JEET T

] ;-.-AJA-c-. S

q e ——— A — e

ae S b




N e o R T S R AT g Ly . e e L Ay § FO Ty 6o A by ey B e e R e e

=79:79-

Perhapi¥ the most {mportant asspect of EW is that it is Blased in "
favor of relatively uniform weapon systems, even {f these systems = _ ' .
have only modest capabilities 'against sooe target. types.- This-is 1s
demonatrated tn Fig. 15, vhere 1000 targets divided into the above -
percentages are attacked by two different forces, e;ch‘having 1000 -
uarheadl.ab‘ One force contains only 1000 US-A warheads, as defined -

in Table 2, vhereas the other consists of 900 large, inaccurate war= "~ !
heads and 100 sasll, sccurate warheads. The pure US-A force has only:'" T
a modest capability against either soft ares or hard point targets, ‘
giving 1t an EW rating of 518 (.518 per warhead), Alternatively, the- - j
large, inaccurate warheads do well against either type of soft target

R R T S

but very poorly against hard targets; in turn, the small, accurate
warheads do very poorly against soft area targets but very well -
against hard point targets. Still, Ed 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 sp--t,
whereas the mixed force could destroy all [000 targets. 1In other
words, the amixed force, when used on the targets it {s designed to
cover, is the much better force despite the fucc that EW rates it as
only half as good. Since EW can be so misieading and biased a mea-
sure, it is of limited use ir strategic analyeis.

Relative Force Size

ol e e rn 1

Over the past several years, the Secretary of Jefense has used a’ '
measute of massive attack capabilities called "relative force
llze.‘35 The formulation of this measure has never been published.
However, it apparently allocates forces to both industrial and mili- - 1
tary targets, assuming some basic level of damage against each. The
procedure stops 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 -

PPy - W,

3“Tha munbers of these weapons come from Table 2, except those
for the cruise missile, which are simply provided to make the point (n
the tsgt .
See, for exaaple, 1050 Defense Annual Report, pp. 114=116.
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impifes’that the ' Porce 1 éwice'ass lirgeé as 18 necessaty té obrainin
the “basic ‘damage ‘levelsy is- .

Thie néasure-has' saveral intérasting depectss  Pirstl®atrategle”ic
forces targets are 'apparently not counted among the ‘military targets;s:
as the measure’'is alvays applied both before and after‘a‘counterforce’ce
exchange to show how ‘that exchange degrades the ability’tc damage the'™®
basic military-industrial target set.” Tuis exclusion implies’that “*
relative force size determines 'damage only against other mflitary '
targete, “and undeubtedly only ‘against their flxed facilities, as '
discussed above. " Second, it does not reflect the actual targeting of ":
the strategie forcea;‘tniding questions sbout £ts validity in the-"-
first place. 'Purther, relative force size may mot include a large '
number of important targets, or may include some hnimportunt targets; -7’
by varying the number of targets included and the damage levels re-""~
quired, relative force sfize can be changed dramatically. Third, it -t
ie not clear how an analyst should determine the force required to -
obtain a fixed level of damage: 1s the aggregate measure used in the’
division (to obtain relative force size) EMT, warheads, throwweight, -
or scme other metric? Depending upon the procedure used, a variety
of outcomes could be obtained. Pourth, relative force size has been -
calculated for both the United States ;ud the Soviet Ynion using the -
same target buse, rather than the target base that each faceu,ss-
ignoring the often significant differences in targets that character="""
ize the'two countries. - . :

While ‘many of these difficulties 'can be redressed, ‘the basie' "¢
concept of relative force size is so inappropriate that efforts to °°
improve that measure are not likely to be worthvhile, ~ That ls,iralail*"
tive force size fs a theoretical indicator of the capacity of strate-'""
gic forces to destroy a set of targets; however, values in excess of g
one have generally been interpreted as an indicator of "overkill” im "
the strategic forces. Defense planners have always fncluded excess "
forces in the overall strategic force as & hedge against uncertaiaties

36«pelative force size is a measure of capability to destroy a
given set of military and economic targete.™ 1980 Dafense Amnugl
Rﬁpaft. Pl‘ 15- -
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in force performsnce. Since such a hedge is the resl Justification’
for ‘mitntaiiing forces appreciably larger than miesion assignments
require; ‘relative force size should be replaced by a measure of the
confidence with which a set of targets could be destroyed.3’ Relative
force size is not and canno* be that messure because it in no vay
accounts for the unce:tainties in the performance of strategic forces.

Time Trends of Various Measure Comparigons -
Recently, strategic for:e capabilities lave often been assessed

in terms of the time trends of various aggregate seasures. o Often,
these measuras are avaluated in a relative sense, showing the ratio of
U.S. =0 Snviet capabilities. These measures are assumed to reflect
the balence of omesive attack capabilities becsuse meapures of both
courtermilitary and countervalue capabflitiea are included, and
because the inclusion of a wvariety of measures should help to compen-
sate for biases in any single neagure, ' Even skeptics will argue that
the combined trends in aggregate measures are at least useful for
shcwing trends in strateg’e capabilitiea. if aot the absolute capa-
bilitfes, since the trends in all of these measures tend t: be corre-
lated.

This type of capability assessment caun only be as valid as the
measures used in it. Since the measures used in it tend to be those
critiqued above, analyste should not expert a strong correlation ba-
tween relative capabilities and the ratios of these aggregate mea-
sures.  On the other hand, the direction of change in botl the aggre-
gate measures and in force capabilities will exhidit a wuch higher
correlation; thus asssessment of trend data in the ratios of aggregate
measures should at least t+ll us which way the balance is moving,
though the pace of that movement or the actual value of the balance at
any given time {5 much less reliably obtained through this process.

37For examp.e, from Fig. 7 we could deteruine the probabllity of
successfully accomplishing an assured dastiuction mission, and from
Fig. 3 we could determine the probability of a successful counrersilo
attacss(once “guccessful™ 1s defined as a specific damsge requirement).
See, for example, Rumsfeld (1977), pp. 20, 61, nnd Ritze
{1976~77), pp. 201-203,
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Naturally, aven in resaching this conclusion, we must assume that other
paramsters relavant to capabilities, but not captured by the agzregate
measures, do not changs. For exanple, during the late 1960g, improve- . \
mentes in U.S. ICEBM accuracy snd the beginning of MIRVing may have
suggested that countersilo capabilities were shifting in favor of the
United States (judging by CMP ratios); however, the proliferation acd
hardening of Soviet ICEMs during that period may have invalidated that
premise. Such changes in the target data caanot be captured by CMP
ratios slone because they do not take account of target data, and .
therefore the trend in CMP alones would not necessarily reflect the

tread in countersilo capabilities.

[ R

R

e

RIS RSN VYA PP )

« Sl MR, Wi~ Mol

' bt |
.
' : -'4
k AMMM,LM'MIMA S R S, SO SN C w Y I.xh:\" .



. SN AT et gk T A — s Y Laadas T TP YA TP B e e

-84~

V. ASSESSINC STRATEGIC FORCE CAPABILITIES IN QFF-DESLCN SCENARIOS ..fJ
- t

Aloost all assensments of the strategic balance focus on the
capabiiities of the ntrategic forces in a few, standard scenarios. ;* ‘
These scenarios favolve very large counterforce or countervalue at-

tacks, with escalation to the highest level of conflict occurring } .
iamediately at the nuclear threshold. After these attacks, the out- . <r71
come of the war 13 assessed according to damage caused (or assets ‘ f;

surviving) and forces remaining, assuming that any major form of .
hostilities ends at that point.l These scenci.cs also crusider only - l 3J
two force postures from which the war could be initiuted: day-to-day § -

alert (corresponding to a surprise attack) and fully generated alert

e v

(after several days of force generation in a crisis). While there
are no “rules” of etrategic analysis prohibiting the use of other
scenarios, thege scenarios are employed because they describe rela-

tively pimple "wars,” the nature ol which is fairly easy to param—
eterize.

In the last seve:al years, many analysts 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 |
a8 a likely prospect in s very prolonged crisis, or 2s an escalation
from conventional leveis of conflict. These analysts also perceive a
Soviet interest in winning (or at least in not losiag) the var, 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 conventioaal force inferiority in any given

[}
|
theater, these analysts have examined a variety of limlited nuclear i
options which would precede, 1if not replace, the very large nuclear
exchanges. ‘

[ P S P Y Jue I

lSome analysts will argue that the assessment of cemaining forres
serves as a proxy for the ocutcome of the war after some point in : .
time. However, a varlety of factors other than simply the residual b
force levels will influence the nature of conflict thereafter requir- b
inz a somewhatr more systematic analysis of whut could, indeed, happen.
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Si{nce most of this work lLas yet to be seriously evaluated in a
strategic balance context, the conditions considered have been re=-
ferred to as "off-design scenarios.” In this section, we examine
these hcenarios and attempt to evaluate their effects on the balance
frameworks established above (ﬁhich correspond more closely to the
traditional scenario eppreoach). Specificallr, we examine three
phases of nuclear war in which variations could be expected frou
traditioaal scenarlos: (1) preparation, (2) eacalation, and (2)
protracted wa. after a massive attack. In each of these phases, we
discuss the scenario conditions that could alter the present pro-

cedures for evaluating the strategic balance.

PREPARATION .

ln past assessments of the strategic balance, very little atten-
tion has been paid to %he preparatory plase of nuclear war. This has
been primarily due to a traditiosnal focus on surprise nuclear war,
for which neither side is suitably prepared.2 Over time, analvsts
have come to view surprises nuclear wur improbable, Tecognizing that
ita outcome would be so devastating for both sides that no ratiocnal
nutional leader would be likely to adopt such a strategy as an ele~
ment of premeditated militsry aggression.3 Rather, nuclear war is
perceived as being move likely to resnlt from a prolonged crisis that
12d one side to view that option as the least undesirabie choice,
somewhat as the Japanese viewed the infiiation cf war against the
United States in 1941. In a8 crisis of wuch magnitude, both sides
would presumably mobilize their military assets well before ~he con-
flict began; at the initiation of the conflict, the fully generated

s:retegle forces of each side would conftont one other. Many

2That: 18, the defender is surprised and thus makes no preparation
other than tuat which tactical war.ilng {about 20 minutesg) allows him,
while the attacker cannot extensivelr prepare for fear of eignaling
his lgtentiona and losing the advantage of strategic surprisec.

The attacker muet feel that he has much to gain and little to
lose; otherwice, he can zfford to avold conflict, or to pursue his
inte:. . lons through crisis actions. With nuclear wrr, it Is eatremely
unlikely that any attacker would perceive that he had little to lose.

v
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analysts have.recognired that war could occur during mobilization,
vhen 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 is a much wore
complicated problem. Even in a crisis situation, there are many
reasona for not generating strategic forces or for generating only
part of then.“ Yet 1f a crisis is sufficiently grave to make nuclear
war a real possibility, one side or both may attempt to mobilize by
(1) preparing surplus missiles for firing,s (2) placing nuclear
weapons on aircraft other than existing bombers, and (3) producing
more nuclear weapons or their delivery vehicles. (In a protracted
crieis, weapons production could become a significant considera-
tion.) Such actions would be designed to increase the availability
of strategic forces above even the fully generated levels. But some -
actions intended to increase the availability of other military
forcea (e.g., moving troops or supplies into Europe) could actually
degrade the capabilities of the strategic forces by drawing resources
from them {e.g.,, by reassigning tankers from bomber support to sup—
port of airlift forces). Also, afier a crieis had continued for days
or weeks, the operational capabilities of weapon systemns could degen-
arate; growing maintenance demands and diainishing crew endurance
would cause force availability to fall below its meximum. If the
crisis continued longer, further degradation would have to be ac-
cepted to sustain personnel training; some of the mobilized forces
uight also have to return to thair normal activities. Actioas to
that end by one sid=2 would not necessarily be paralleled by

“Force generation could be gn escalatory act in & 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 ia limited. Therefore, both sides have a
variety of extra missiles available that are (1) obsolete systems, (2)
test systems, and (3) spares and replacements. The Soviets also ap-
parently plan to reload some silos and thus say well have a supply of
extra missiles available for that purposs.

S
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comparable actions by the other party and thus the balance of forces
probably would be altered. L

Somewhat less thought has gons into the potential defensive
actions in a crisis period. Strategic defensive forces (air defense,
ABM, and ASW) would undoubtedly be placed on higher levela of alert,
much as their strategic offensive force counterpartes. If exotic
systems (lasers and particle beams) or systems banned by treaty (ex-—
ceas ABMs) were available, they would probably be deployed. During
an intense crisis, either side might activate civil defense measures,
disperse military forces, and take precautioas to protect the na-
tional leadership. Ouce 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
capabilitiel.6

As a crisis developed and forces were generated, each side might
begin “"testing” the other, posiang threats to see what reaction was
elicited. For example, the Soviets could move several SSBNs toward
the U.S. coastline, increasing the vulnerability of U.S5. bombers. If
the United States failed to react, the Soviets would have a signifi-
cant advantage should war start. Even 1f the United States respouded
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). Further, the United States nmight
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
simflar threatening action (s.g., moving SSBNs in close to Soviet
shores), the Soviets would still be better off as long as they had

61n general, defensive actions improve the balancs of capabili-

ties from the defender's point of view, though with some actions there
is a transition period during which the opposite may be true. For
exanple, in activating civil defense, there would be a period inmedi-
ately after the order to evacuate or shelter people im which more
fatalities would occur fn an attack because some people would have
moved outdoors where they were more wvulnerable, and few or none would
have yet reached protected locations.
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chosenoacthreatreotvhichnths UnitiédiSedtisaves woressnaceptibleillelt If
the United{StAtésibackedcdodmiothe Sovietsimightiwin®wthé entiretire
crisistsitustion~+theirhgbalodalthe firstiplacelacdn shortjodepeddingiing
upon:the sction/reaétiont thoicescsuchstesting: kxercisesican alsoalso
sigaificantiynihflasfiteccapabliiitibsties. :

In alsufficientlynhéntedicrisin,stonventionalocohflictl touldould
eventuallyzrbsultsul Convintionalocohfldiet! bould-begin-elithetthsrass a
responsecsto:the {testing”idrimdsacrsasraniescalatoryretepsafeerivas one
sides décided!iticould-gain;:ahadvantageiardn elthet:case;seven: thoughough
nutlear! weaponsoware.nnt used;sconventionaloweidpouns,)probablyawduldobe’ be
used toisttackt thistbpponent!s ubclearietockpilesilcThisTwonldsbed be
particularlystrue:-of-acfar inrEurope;sthoughcany noclear!weaponspons
destioyed:inithattcape:-would- présomnably: biy theaterirelated pyitemsiecs.
However, . should-conventionslonaval-warfaredevelop;icthe destiuction-ion
of SSBNé#“would-céettainly!change~strategic:capabilitiesi!cFurther;her,
with-B=52ZDs how beinp:asaignad-a=thsatar:rolerin Europe;cmany=ofy of
these:otrategic-deliveryvaystoms: could>béidastroyed-iniaicoaventionalonal
conflict there' {either:by: attacks :on:thair airfields-or:bycdefensivns{ve
action:vhile they were.attempting: penetration: of: Sovidtvdafersdenses
whilaicarrying tonventionalobemb: loads)sds) .o

Notwithstanding:ithe pastphistoryrofywarfare]astrategicoatalystdists
almost-complately: iynote :the possibilitylofyparanilitaty:atracks:cks
againgtistrategic-forcésrdnseithertthe preparatorytorylatetiphasesiofs of
a nucleariwar.waPropirlyzeduippedpand motivatéd:Soviitvagentsednsthisthis
countrynconceivablyabbuldoattacktstrategice forcé-based: orsenrouteoute
weapon:pystems;cparhapshdesteoying; sopesofc thémiteh. sutcassfalzfut=sur-
prispe. Attacktof:thistsdrtsooaldodietrdetr froafstrategice forcéonvalilvail-
abiliyylbeforafcthe flratinuclanrlunrhuadae:#lodadu?ed.9

731nceiche aggressorscan chooshothe threatreo:vaise;ibe, whaldobhd be
bestbeervedrbydichoosing:éne whichhhis bpponenticannoturaspondpwallvell
to. tHowever;vhe, shouldcnot choosacone incwhichi:acmoderatersscalatication
couldoréversecthe advantage:zpFor Example;pthe threatrof:moving SSBNaSBEN-
in closelmightibetmet bytaoponventiorslcattacktthattainksichemih-ThisThis
wouldobéivaryvcostly:téythe aggressor;sand msy bayveryvhardi todreepondpond
to wighoot:significantiyrescalating:the conflictlice.

See Robiebon~(13979)379),14. 14,

QSuchSucninnltuouldabhntbhottlnedi.odtha:cthuytﬂtd abé providevide
strategicewdrning; iparhapshbarelyrptpcadingdthe arrivalioflnoclearicar
weaponspons.
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ESCALATIDNT10N _
As stated:abévajotraditidanloanhlystdy ofs 14kelyketenarioer tsa—usu~ \
allyrhisumesuthatikharehiscnbs escalatebyt phasphdincainuelenrivar.var.
Analystiy sensicivet tec the possibiiitisit bfs sathsucphasahsonctimebines
Justify: thisthssuaptiont bynsuggostingt thatttha Hanagercsused dotidgring
suchs w:phaspheoaldowlaply: bay partpeft thit tbtalodshager caasedidydaty an
eventualtmmbsivesdrtackiaghnd thistnescesmmntnoft mabstves httackt eapasaps-
bilitidét inelided: ins assessnentroft thistphasphas: wellve lHowelnrgvehe . -
weaponspuneduindlinited: nodlearloptionsi {LXOs) say bayskntsegaiageinst
differéatreargats:fromi those saleccad: fot those wmaponspin: aloaesivesive
attack. .cIf tha tar feiléd! todepcalatealabovebthe LNO Lévelsvehe Btrastra-—
tegic:balancdrwoald>beitieditoithe relativatabilitiabttfs eatheaidestée to
csrry20at suchsoptionsiorNeve¥theleus)canalysts: should-attemptetnt to
assesssthe effect:thattiasorting: torLNOs.Willvhive on: the avantuaitual
execationt bfnackassive-attackiinithe svent thatithe war did ébéalataiate.
The felativa:tulnerabilitylofs assetsjcincladingithe capabilitylity
of an!oppongntneo’destioy:thosetassetsswithoath forcing-ascalation;ids, is ,
. the basipiofseffectivetLWOsldnd thustof-strategit-capabilityl duriogring f
escalation:ioln datefuining the ralative: tulnerability bf-any typetpfe of
asgetjsthe kay Lesuessare:ar{l) thé pizesbfcatfackineedad>toddestivyiroy
thattasset;s{2) the typetand lodation:tof rweipeasythattwuldcobadubed;se 1.
(3) the sffectiontothertvapabilitibbtsnd asdeta-4fschitinshetsmatrevere
desttfoyad;y€4) €¢ha geographtepdictibghiohabilitylofy chitchabets(ts {ts it
spreadrehtotghiouthiche tbanerynory lotatediindaivnallngabgraphierhic
arealdsadnd (5) the collatétaledabagerthattootldchédchusedutndabn an
attack?Ocki? thé stsecotecnsd ateackt{th Launthershorswmrhwadhdadr)iecs its
geographtcraktentitattbe freatjcthe Atcackieocald pidvarts<bechighlynhly

lolnlgirttcultcg!snst analyetdvioek’ for “chokempointlisacterstins In
indubktéy:orvextramaly-criticalicapabiiities: fasotherraressrthattban ban be
desttoyadowithviels Geuponsponsthe dpponentiendiderbit bot oattha ate at-
tackerisoside:(or, (at.least;athe samesktad<bfdtatgatrisindt as-ceitgeiti-
cal colthe atcackar)icrWhilahbuchsuttackssmay havehintensscshortheeratern
effectd;cfevw partsaol:anieconoayror’ofraay othericapability!tbnnotnbgt be
bypassedstndithe longlcara;caspectallyslfvrilativelyvemnll shigat pyn=-sys-
temstare constderedircThuajoche effectivonisesofsaniLi0 wolldocaddieod to
be ofcrelativelyveshortiidutation; land algoatoeobsabfunctiont dfnan: op» Gp-
ponentisrabilityltoy reconscicatitche ateackedceagabilibidbiies.
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escalataiyiorSinilarly;rthe locationt imd et ¢ wehpon irsedueddlgould
alsod Betetuinsithe lavelcofledstalatibniioFor Extuple,rdcwedpdirpon
launthedc rdaf BoButopeins batt 1af1vlinad Day lewslestalatotyt thantbas one
launthed< ftda’the tontinantainUanlichdlBtdtévite The Getalutobyt phtensten-
tialt bfl chie Attackieoaldoaldo: Bapeddoowl how well-ehd bpponentiat-per-
ceivedithé bbjectivat bfethe httaek)sohick fresunadly2 bbuldodpeddrond oo
the peographterdistihghiahabilitylbEy the httacktand thd bollathialeral
damagenthe betackiemusedise?inally;linhe bffectivehbisnofsthe attadktack
dependsctponu2ts abilikyltoy daectoyltha tatgbtid: assetjsend 1nd thraturn
upon:the Hiurﬁbttuﬁtb!notﬁatthipabtlitihhtbnuuinguteouftha desttoesruc-
tiont bf thistubdetsset. ,

Whiléhassessdents: haveh deentugdemot: thesbh vilativer WilneraM 145111~
tieo)lthe methods\edployedolind thusklassessmentacdosndt providevadgosdsood
banisifoy hedsuring’ tha balancé:0f°LNO capabllitibiileAgsesdmentaots
tend:adt cotconsideridll oflche Lesuessimpoitanttitd-LEOsiand avd are
oftenfhore:qualitatlvetthanthaantitstlvetlJG-iﬁrcﬁer;htherahiaenbs no
obviousiway to cbabinabimriocus!tesuissinialsingletdévesiment ot tor o
expresdsr the tradeoffeCahsng issuésit-Indeed, mich=ofiithe bffectivesive-
ness of an’LNO attackiwould”depend. on’an-opponentviperceptioht of how how
muchtescalationt itirepresentedibnd hid Hecidion® bnwhather: tor reply-Ply
in kind<bdritorescalatelatIn short,cit: 16 nbt eurprisligsthactaat a
balaheéd- ofecapabilitiest atsthistlovelcislsdldonl ineldded dnd stratigibesic
capabilitélibzcosnentd;event thoughuthtstkind bfdicapadiittylalpheibec be
crucidictolthe Bitcombcof=achutlonrlwar,var.

LROsLwdaldosldoaffectitha bbrateficcahpadilitiest byschanglagsing
the ablltbylbfythe Forchotd chrryabiar teh bthertitBelonslonin phetpart,
thistbffecffwouldobed 1tatté3i LEILROsL ¥ne ludedudnlyondsslvesateasktack
targbtssahd thd mdponsansigned:todchen In ndostvesattadkt plandlans.

MNiplbienine basibaapprontnoto assessings hetackt affect ivehbyancss
tendpetdsbeoquanticativet (e gly- examtntngniRz input/outpuccrablea tée for
LNOsLagainss!sndustfy)| T theréh16cusnally hoywily Yo/ catermingcthe the
precisacéffectioftdubtioying somescrtticalidsdetsbetalingitor manynany
leadérshipschoices! vemain on bypabstagsthe losslovschanging tha isa ofe of
the resfduslcoapadlityiitThus;at. léastCaodesqinlitativet judgientssn’s
st déimedelinnd ofdevtheytiuvs tatrodased;cthe ahcertatntyilinyche the
actualtostcondchacohes nos latge 8e tosdefydqiuintieat ivecdinednantynt.
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Howe¥a 15V 48, alRristh] s hplunned  edAt1AgshT60C WDB1E probabLye Bhvedop: 10F
and dohesAt¥atbilbcirapondPadght! Navehtor bec ritatgieteditePurchek;"the the
desiies ttemlainiedt kbdt"TokndC 05 collatetale Gahage 2oharadterikas! mbdroost
escalatokytoptionsiothactRdal2 athndsd 145 cohtradl  tol the hotidn b of
maxiudiingz tollateral: Bahage 10 al Dadstoes attacki3cis a'lvedultiubienzven
1f whrheats”wétevalied!dtithe badestargeticfor bothb1lailedianmd and
massives httacks;Cthelt dih pdints! ahould bed o¥fedtl toward-dther tab-tar-
getscih’ madoivesattadkiand awdy2¢2om! bthert tafgatEoLas Linited! aed ar-
tacksid?s. k3 atvedult;:bachswenpowd labnched- ! al1ins ted attaekt would uld
be intenden fo’chuse less! denage than wouldovhd bamesd¥°a°Eomparabléible
veapotiiataldmdsives ateaek;dd. 13

It ibtaléorpedsibléithattneproceacted  14mitsd! hudladr WAt cdgheisht
lessénstha eventualicapabilitylofyonk sides totehpagasist ul subsagquéntuent
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making: Btapwise-escalationt inereasingly difficolt at highet>levels ofs of
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to absorbing hudadsives firvet brtike] exceptCthatlant edcalatoryt phasenase
concéivablyiedild last: for dayedorsevin®weekes;vand 1t wonld bhdveryvery
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releass® ﬁihbiliiriﬁit?ilio“ﬁéoihéniifiéariﬁﬁ glven' acéess” to® tntel=tvi~

ligenee.“ivuluation, and option-development.” " Finally; communications' "%

tor

and

must™be" established with- the u:rategic forces and procedures et for
condudting’ éoneinuiag” nucléar’ operations.”"In short; the coumand and
cont¥dl® bf' strateglc’ fotces 1n’a’protracted war would undoubtedly-be’ °¢
an ad'hée, "boot strap’ operation;” quite different from peacetiveplan=-2"
ning"and iipleméntation’ procedures: it is, therefore, very difficult oin
to evaluate'the effectiveness of ‘strategic- forces 1n such’ a worldi™-*
Other: assets and capabilitles would also’contribute to-che but=""%"
ccoeof a’protracted nuclear’ wa¥.' ‘In particular. conventional mili-*i:~
tary’ forces mdy have ‘a major role in'reestablishing national coatrol,™ ’:
as well~as' 1 projecting power deyond national ‘borderd:” “Over time, =

agridultoral'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 continue during 1ts protraction.- Therefore, an advantage would ten
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 alaets.
incloding” national will cohesiveneas,kself-sacrifice, self-control, - *:
substitution- posaibilities, and externsl aid. -Because thee’ factors’"
and their-effects' are alﬁoai"imbossible:té”méasure,“fheikxéiéluiibn“i””
from’ tonsiderationin 'sténdard ‘capability assessments ishardly suf-U7
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VI. ASSESSING CAPABILITIES: AN EXAMPLE

This s ccion provides a geveral assessment of hypothetical Soviet
strategic force capabilities in order to give form to the methodolog-
ical discussions of earlier sections. The purpose here is to display
some of the difficulties of applying available methods of analysis and
to show how some 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 -
1s first presented, and the capabilitice of the different weapon sys—
tems are discussed i{n a general way. Aggreguate measures are then used
to aspess the overall capabili{ties of the postulated Soviet forces.
Next, the dynamic aspects of a nuclear exchange are developed, focus-—
ing on a massive Soviet attack. Finslly, the potential of Soviet
capabilities in off-deaipn ecenarios is assessed.

1985 STRATEGIC FORCES

Table 2 introduced some hypothetical atrategic force parameters
for U.S. and Soviet ICBMg. Table 6 extends that list by adding Soviet
SLBM and bomber forces. These force levels were designed to be con-
sistent with the arms limits proposed for SALT II. Table 6 also in-
cludes some aggregate 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 capabilities gener-
ally are not very accurate, they do provide a basiz for comparing
individual weapons. The Soviet ICBM forces are particularly iapres-
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 ECMP,

lThia ECMP calculation assumes an 80 percent probability of
arrival and a 2000 psi target.




© =95-

Table 6

HYPOTHETICAL SOVIET FORCES

Warheads Warhead Warhead Aggregate Measure per Vehicle

Weapon Delivery per Yield CEP

Systen Vehicles Vehicle (MT) (n mi) EMT CcMP ECMP
ICBM-A 820 T .15 .12 5.8 401 256
ICBM-C 400 1 12.00 .12 5.2 364 58
SLBM-A 380 1 .25 «36 2.8 2 17
SLBM-B 500. 1 3.00 .36 2.1 16 12
Bomber 100 4 2.00 -2H 8.3 14y 102

-

making them effective in hard target attacks, as suggeated in Sec. 11,
above. By compariaon; the SLEMs have low values-of CMP or ECMP, and
thus negligible hard target capabilities. Their EMTs are less than
half those of Soviet ICBMs. Indeed, if aggregate measures are' con-
sldered, 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 endurance.

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
teach their targets than do missiles, and thus generally cannot be
used aga:1st relatively time-urgent targete, which make up a poten-
tially high percentage of all hard targecu.z Alcernatively, if bomb—
ers can perforu armed reconnaisance, they can be quite effective
against a variety of mobile targets that could not otherwise be
struck, and againat any hard targets (such as withheld ICBMs) that
escaped damage in ar initial attack. '

2Sov1et {and American) bombers would require perthaps ten hours to
reach their targets in another hemisphere, giving the opposing aide
time to disperse or sheiter some assets.
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AN ACGREGATE MEASURES ASSESSMENT

Most analysts ignore aggregate measures in discussing the kinds
of systems tradeoffs related asove, 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. 1V. '

Table 7

. AGGREGCATE MEASURES OF HYPOTHETICAL SOVIET FORCES

Total CMP ECMP

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

Total ICBM 1220 6140 6836 4784 2331
SLBM-A 380 2660 1064 80 65
SLBM-B 500 500 1050 80 60

Total SLBM 880 3160 2114 160 125
Bomber 100 4oo 830 144 102

Total force 2200 9700 4780 5048 2558

In examining these aggregate messures, it is important to remem—
ber the problems introduced in Sec. IV. 1In particular, the specific
measures tend to be only loosely correlated with a strategic force
capability, and some tend to be misleading even then. More caution
8till 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 weasures. The limitations of aggregate measures sug-
gest that in comparisons, small differences (of 10 to 20 percent) are
probably aot 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-e, on the
other hand, appears to be quite insignificaat by any of the measures,
and if the measures are accurate, could indicate the lack of a central
role for bombers in the Soviet concept of nuclear war. “he Soviet
SLEM forces are well equipped with SNDVs ard varheads, and even EMT in
an absolute asense, but lack any significant hard target capabdbility.
Interestingly, each leg of the Sovier Triad has more than twice the
amount of EMT required by idvocates of assured destruction.3

Most compar’ ~ns of aggregate measures are made agal.at total
etrategic inventories, as is done in Table 7.  However, it is moac
" unlikely that the Soviet Union would ever be able to use its entfre
strategic ueaponé inventory in an attack, particularly if starting
from an environment where day-by-day alert lewTels are deliberately
held well below 100G percent For both bosbers and SLBMs. FPurther, some
strateglc weapon systems would never arrive on target, though aggre-
gate measures normally o not reflect these losses (except for ECHP in
Table 7). The poteatial importance of thece logses 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 SLEM and bomber
force and an 80 percent relfability in all weapo1 systems.

A day-to-day alert posture further increases the advantage of the
Soviet ICEBM forces. Soviet ICBMs on day-to-day alert make up 70 to 97
percent of their aggrcgate force. By comﬁarison, the Soviet becmber
force now appears miniscule and their SLBMs appear to be relatively

inconsequential.

MEASURIRG SOVIET CAPABILITIES: THE STANDARD SCUHARIO

While aggregate measures give a rough estimate of the Soviets'
gross destructive potential, a more important messure {s their abilicy
to perform against potential U.S. targeis. 1a this subsection, Soviet

31: is important to rewember that thes. THT estimates ignora
arrival probability; {f arrival probability is 80 percenc, then each
Triud leg has at least 600 deliverable EMT, still well abeve the
nominal assured destruction requiremsnt of 200 to 400 deliverable BEMT.
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Table 8 S B IRANPEE
"AGGREGATE MEASURES OF DELIVERABLE DAY~TO-DAY FORCES faov 1
: Ly ";,
. ' cMP ECMP e 1
System SNDVe Warheads ENT (100a) (100s) oy
;_;: s
ICEM-A 656 k592 3805 2630 2099 ‘ o
ICBM-C 320 320 1664 1165 2l o =dﬂ
Totsl ICBM 976 4912 5469 3795 2331 e
SLBM- A 152 1064 426 32 32 O _‘1
SLBN~B 200 200 420 3 30 ~ q
Total SLBM 352 1264 846 64 62 x-
. .
Bomber o 160 332 58 51 - ey 4
_ il
Total force 1368 6336 6647 3917 2444 J : !
‘
capabllities are estimated {n a standard scenario involving a massive ! ci‘
Soviet attack on the United States. The nature of possiblc 1.S, tar~ S
gets is first developed, including their numbers, vulnerability, and Lo
tinme urgency. Then potential Soviet weapon allocations are addressed, o
showing some of the tradecffs pociible. Finally, the poseible effec- ' j
tiveness of a Soviet attack is assessed as a direct measure of Soviet fﬂff. -
capabilities. ’
U.5, Targets
Sections Il and I1I developed methodologies for assessing damage
to military and urban-industrial targets and discussed the nature of _:~
some of these targets. Specifically, the military targets were _f;_
divided into strategic force, command and coatrol, and “other” aili- }é;j';
tary targets. Urbao~industrial targets were classified as industrial- :f~ﬁ11
economic or population. A general description of each of theae target T ay '
types within the United States will now be developed. ’.-Q'ﬁu:
Several sources describe the major milftary installations within j:k'"'.;;,.:-,*
the United States according to both branch of service and general T
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function.& Table 9 provides soma rough estimates of the aggregate

nunber of -installations by type.

While the functions indicated are

somewhat arbitrary and do vary by service (with “Other Bases” includ-
ing ailr stations for the Navy, Marine Corps, and Coast Gudrd), they
provide a general notion of the importance of each type of installation.

Table 9

LITARY INSTALLATIONS

Other Supply/
Bases Bases Support Other Total

HAJOR U.S.
Main

Service
Alir Force 90
Army 45
Navy 10

Marine Corps S
Coast Guard 20
Total 170

20
20
30
10

5
85

0
30
25

5

0
60

10
ho
30
5
0
85

120
135
95
25
25
Koo

Many of the installations in Table 9 are not single targets or

aim points.

For example, Whiteman Air Force Base 1g carried as a

single Air Force installation in Table 9, even though it includes
almost 200 Minuteaan silos and LCPs, an airfield, and other activi-
ties, most of which should be treated as separate targets. As the

strategic forces (especially the ICBMs) are the main gource of coor

plication, Table 10 separately lists the primary strategic force tar-

gets. This table does not include command and control sasets other

than the Minuteman LCCs, as they tend to be much more highly concen-
trated with the main faciflities at the installations in Table 9,

To categorize targets, two characteristice mus:

“a eo...idered.

_ The first is the target's size and vulnerability, which determine
whether or not a single delivered weapon will be gufficient to destroy

it. The second is the time urgency of the target.

Coamand and con-

trol assets and bomber bases can be very time-urgent targets in the

sense that they must be destroyed within mimutes of tactical warning

- “DMA (1976) and Rand McNally (1980), pp. 34-35.
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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 preveant them from performing their functions. Since SLBMs can
acrrive on target within 10 to 15 min, whereas ICBMs require about 30
min to arrive, the most time-—urgent targets in the United States mst
be struck by Soviet SSBNs close to the U.S. coast; these targets are
shown in Table 11, inaluding the number 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 & 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 aleo be struck by SSBN weapons jJust to guaran-
tee that none escaped before Soviet ICBM warheads arrived. Also in-
cluded in this list are an arbitrarily chosen, small mumber 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 cot quite so time urgent, or that are too mu-~
warous 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. ICEMg and LCCs and the other VU.S. military targeta. It is likely
that Soviet ICBMs would also be allocated to the targets described in
Table 11, to ensure their destructfion. Thus, apart from the ICBM
silos and LCCs, each of the roughly 400 targets in Table & would
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Table 11 AR
<« L\ 4
: - TIME-URGENT U.S.. TARGET TYPES .';,j\
e s ey
" KRR U
Minimum Allocation | Meximum Allocation g s
._‘-' . w" ! )
" | Warheads/ Total Warheads/ Total e %
Target Type No. Targets | Target Warheads Target Warheads gl i
Bomber bases: : - o angd
Main bases b 2 - 50 & 100 _ STk
Other bases® 10 0 0 2 20 R
"R U
' L T
SSBN ports 5 1 5 3 5 Ty g
' i RPN
Command/Control 20 1 20 2 ko iy 3
A
Total 75 175 o
8Air Force Reserve/Air National Guard tanker basea. :
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 ;o
destroyed by a single weapon, and others are so hard that they would e o
be likely to survive hits by single 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-supporting :

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 capabilities against urban-industrial areas may best be summs-—
rized by the curve in Fig. 4, which shows how much MVA the Soviets can
destroy for a given sllocation of warheads. Table 12 repeats 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 mich damage thc Soviets wight want to cause, it is not unreason-
able to assume that they would attempt to destroy at least 50 perceat,
but probably not more than 75 percent, of U.S. industry.




-102-102-

" Tabl@able 12

. SOVIETVIENT | WARHBABSEABQUERRDIRED
TO DESTROYTHOS.UMBA MVA

Warh¥adneads MVA MVA
RequiredirbdstPeyedcof{s) (%)
30 30 10 10
. 90 90 .2 20
190 190 30 30
340 340 80 40
. 550 550 50 50
690 690 55 55
870 870 60 €0
1100 1100 65 65
1450 1440 70 7
20702070 % 75

Tabl&slicsidmarizesithe UuB.ltirgetraystemstand thd sppromimaténate
nunbernof rwarheadacraquirgd itodeoverceachzacthe E‘ypotﬁptléaliﬂouébviet
totaloforcénrare morenthantbafficféncitotsatisfyitliy naxinumivequirgnire~
nent;->the day-torday-dlertlfercénr{of 79207ddrheadnyatlIbcdtivhickthare are
delivetable)ocan alwmost-satisfyitlie requiremintient.

Tablealle 13

APPROXIMATE!B80VIET \WARHEARHRROULEFMERTHENT S

Targ&hrPypeTypNinidkin irkny itioninun

ICBM3CBMs 20002000 HOOOLDOO
"LCCsLCCs 200 200 400 400
Timeddrgentgent 75 75 175 175

Othepraititarytary800 800 1600 1600
Indudtrystry 550 550 20702070
Totalotal 36253625 82u98249

.

Howetiorg vwhethiar tbhe Sbwiébvhavehthe tightigltecdind oypetpPewaf-war-
. headacazid whdthibr:they:ouldcbd dwdiliagltogexpend eodasaycsnyhesdicids in
that theanes meatnbe tecdasiderddetnindrecdetafdrail.
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Sovifitviath¥adhAlloddttongions
To dicetnirgnthe gPfeeffconissnofspotentinltSovidovactackiaghasthe the

UnitédiSedtingtone mostroohstdarithe vhyevinswhichhinbh sbeiatsicbaldould
allocitecthaithmicleaclvaaponeponThat Traquiteolsone sunderadandingdbsey of
genezsaleBovibvviotcioanplopadnrndotedtnarand dndivtdinlduwedponapepaeapa-
bilibiésl ieSovibovdoctdtnarsaggentsethatthntascackinouldobhdchertadried
out eghingtithd thrgats:zontlinadiabdveousaplopiigyths ahximemimumbagabor
of welponsposhershpossiblejbio,affectivelyvdintcoyttoS. Undlithtytary
cnpabtlltiii:ieuoﬁeﬁorthhc sovicaievaldowkdeveotholdnsdne sueaponertns in
reserve? rund otHerristratagicepbapomspatghtibbtaliocdtedatodtheatarater
targategets.

~ Usingstheseh:genersleguidealidedinnd codetderidgrtha tbaparactvetive
advandsgesagfsindivtdisldtotcéculenancesndn,allocdtfontbchenshtae for
Sovistvieaponspcan bedéviced)sag,shownhinaTibléald: 1the Allosdtfonaiuns
in thisttablecate for Sovigtviotcésronsiay-tovrday-dlert):as,thisthlerglert
levelereflecticatlesythantnantmuniiavaibabilitylofySovigeviotcéarand and
yet istalposturetiincwhichhihe Sovietsiprasusablywéuldcbadableatéde to
coverogll etitfedliUuS, lUtirgatsictit ldtassumeduherehthactihd encirvatire
Soviéc . botberstorcéoischalditddreservey roincaliterdprasentacatonalinall
fractiontéfnall Bovibécvforcéccapadilstidsricof the SoviacvSLBMSasdecejets,
the SLEM~Bldtdstleciscpartiallyaddactttedtogdiogticimetirgencitatghtspets,
becabsgateecitt banbtoughtugnteloseleoctiis, UshioradoreThe Thmafatagning
submarineslgundhedciatistlesidre osantttaditodtheatbratargitosctThe The
MIRVHEARELEM®ABIsAudedutodesverosnslioel tothertrat Iititytenrgaeagand and
somesofethd fhdusvrislrtaigacsgebat hmtiyrgorhcsutbatlesidre alsoabeldheld
in répervecrvof thé SowiGovICEMS[Bthe largdalCBMiCLIgCusedusgdingtinst
LCCsla6d ottlerthtlivdijtoargets aasocistedantthtoicéocoansndmand and
controbirothe Ibnu4£B!sAptetnaxiyaéaumtocodttodtuo stracégiecrhsereaprve,
and padtballjatdyotherthtlitdiyteargscazetThe Tamaindeindfrthd ICBMIABM-A

srhessaviseuiuns:mbctuﬁehnuobemeanccrn-drabducbnoxdtngdinzargdarge
stratégtcerdservocttiamtiontis Uhetddiscdcésyigivesiche almberader of
hostLletddtghbdchbehey tEare fand thd pdteanisllyshdsciletpivers-ofcact a
postrnatlesriwar-worldorlPrestosblyy tduchrofithé Sbviec - resercecwyalgould
be cbastitetédufron (ICBMGAE othertialosddpathoughothe Soviftyiesulgould
undoubtedlyclid)d hodde sofechéithidttrial 1 fodcasriasréservecantiintl .
reloadingdéogldobédabsuredured.
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TablZabde 14
PDsstﬂﬁ!llLﬁochttﬁnTOPNSOVIBTVDER-QoprE'PblCEQRCL5

. OthePther
TimelOpgeHezeMilitdpy ary Theatapater
SystémstICBMACEKCCs!.CCsTargatsset sTargétsget Indudt sy stTurgetazcRgseregerve
ICBMLEBM-AY 72 0 O 0 O 700 700 ? ? 0 O 8gop R0O
ICBMICEM-CO  O20p 200 0o O 200 200 0o O o O o O
SLBMEABM-20 ©0 0o O . 0 O 700 700 330 330 0 0O 300 300
SLEMSBBM-B0 0 0 O 175 175 o © o 0 75 75 0o O
Bombépmberg 0 @ O o N o O p O o 0 2p0 200

forcéofscabui2ablazkae Sa& ugainse!Uss.UICBMICEHA endudtseairtatghesgets,
as indiiacdédatndTdbléabée 15.

WhilEhTdblénldepdreraysrehe phtneipalisadiéevimbpoasratiocdttonsfons,
it déésdnot descréibarthe tiadesffaciavolvedlradcbunt crthgtpaponsress to
one typetdfctafgetrrathéptthantanothaeiheTabléabdeddendiot showshpe-spe-
cificiillotdttons 10€SIOBM<Abiiténrlén ! ¢0SICHM Iand ¢ndudtrtalTiadgeespets,
wherw'géue selear iepadésffBobkiat i STheseh teadeoffacate ahiownhtn~Fig. Fig.
16,61 Ghlrehehe 42404 1CHMIACUatheadbondt Bpectitedllysdotnttesdtind in
Tabléabdcaté aseduincviriousicombinabionslapsinseithéséhiee taegeerset
setssetThe dishedsltne!indiéndégathattbatailiséaBLEMSALGatheadheade are
allocdtadatodindudnrftalreargéespeiboutb2stpepcentcoftics, Uthdudndystry
wouldobdddestfoyédorhdraby rawinctfmé L ICBM [GAYhaudh ~wéfevalal tdptyarly
eonnseuaa:ledsgyoﬁdyehd:tﬁoinegieho Attackéeciprfide froechoosBonss his
allodadépontiorf, #6r EnAmplepphe,wishedsbecnitiatidrie dhmagarergebsenboth
targbtraetsjche,. whdldoalfoadtacebaghlys2$p020atheadhcagainaeiehs Blg,U.5.
ICBM& [ Bibsatiing ndboun Y90t pifcent cdanagdopvhiilohdltocdi cAgt #0agKtyshly

17501 dafheadbeadainaeivss., Uiidudedystrutsfadstne thaudedaal raalagenage

6rh13TEigufdgulcsuena EHT RTalsTHVA HedtfupédocufveusfeFef. Thg- 4,
assudésurhac Ltlté OL8. UICBMICETE RArdénederod2000.pai, Padd Aldodssumépures
thattholméterthantiwe <srheaddcddeonstencacesthestlos(éhoighionshy rasremnore
couldcbédadsigned seodghardntedntise tast1ssotoews Arrivad)yed).

ThatTie} {8.tRé SLBM-Aluatheaddcodrev-optimellpatdrgétedchgdingeinst
the hlghédeheslueslve, Uiddudertalridtgses ctliey tohouldhédableatéc to
destfoy t29ypercentcottl;s. UMVA. VLS, {hstéddjctlendivatheddycodre vare
placedacndless lvatuablafndudortal risdecsjothiay (haturally wddld codugauvse
lesslthanr28npéfcent cdenagenfand (ehnistthé dashedslive ifepig.Fl10).1¢).
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leveletolnbartyardy picentsenindetadeehs tadssefuchisref.F16-ah g5 o0
cleatltREctietidthiedhesdihaginactnas SBo1aeNI ehbosRRRSARPLRERgNEEE but
thistifgedisifosditval io8e118} 114, théythisuhudcpeéndFi2ertdY daRt$39CERY the
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The damage to time-urgent targets and to the U.S. ICBMs caused by
a Soviet agtack would depend largely on tha action the United States
took upon receipt of tactical warning of the attack. If the United
States chose to launth some or all of its ICBMs on warniag, the Soviet
asttack 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-~
tain a reserve ICBM force. Attacks on the U.S. bomber bases and SSBN
ports would destroy the maintenance and support capabilities of those
factlities {unless they had previcusly been dispersed), and might also
destroy some of the bombers or SSBNs. However, much of the U.S. SSBN
force iB at sea at all times, and thus the damage to the U.5. SSBN
force (in a short war) might not be great. On the other hand, the
slert force of the U.S. bombers is prepared to sortie on warning, and
thus it, too, should be able to survive most Soviet attacks. There-
fore, while the Soviets could certainly reduce the pumber and endur-
ance of strategic forces available to the United States, it 18 not at
all clear that they could prevent U.S. forces ‘from performing wany of
their preplanned missions.

The projected damage to U.S. industry from such a hypothetical
Soviet attack is as high as 70 to 75 percent of U.S. MVA. Because a
modern economy i1s fragile in many respects, some surviving assets
would probably fail as a consequence of massive damage to U.S. indus—-
try. But the MVA destruction so postulated would include only the
capital agsets; 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, production lavels might exceed
the residual 25 to 30 percent of MVA suggested by the simple dacage
figures. They would decline if relatively more skilled wrkers
were killed or dieahled. Further, some types of substitution among
capital stock and inputs {including energy sources) might be possible
after an attack. Thus, without a detailed model of an industrialized
economy (including comnsideration of production technologles and thelr
alternatives), it is extremely difficult to predict how tuch damage
might be done., However, the chaos of muclear war would alsost surely
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prevent any concerted econocaic activity for a long period; gradual
reorganization and growth would presumably follow in time.

In summary, the Soviet attack hypothesired here could cause a
high level of damage, suggesting significant Siviet capabilities to
carry out all ascumed misgions. However, the damage levels are uncer-
tain, &ven though the postulated Soviet force posture allows the USSR
to partially offget those uncertainties in some areas, increasing
Soviet confidence of achieving specific damage levels. Further, it is

‘difficult to determine if the damage levels indicated here would de—

grade U.5. 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 portfons of U.S. capabilities. '

OFF-DESIGN SCENARIOS

The Soviet attack described above assumes a single, massive first
strike. However, no nuclear war is likely tc 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 assessments made
above. ]

Even if a nuclear war were spasmedic, actions preceding the spasn
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 iucrease their etrategic reserve forces. An increase in
their strategic reserves would allow them to send additional warheads
against preselected targets that somehow survived the spasa, thus
reducing the uncertainty of outcome and raising the resulting levuls
of daunge.ll Damage levele could also be increased, and U.S, capabil-~
ities reduced, by virtue of effective actions by Soviet azents or

llThia agsumes, of course, that the Soviets could learn which of
their initially launched warheads had not completed their assignments.
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conventional forces before the miclear attack. However, if such
actions lad to conventional conflict, the Soviets could stand to laoge
more than they gained, especially 1f the United States began an anti-
submarine warfare (ASW) campaign. Given the small number of Soviet
5§S5BNs programmed to strike time—urgent U.S. targets in the postulated
allocations, U.S. ASW could overcome the Soviet capability to elim{-
nate these targets, allowing at least some U.S., bomber bases and com—
mand and c¢ontrol nodes to survive until Soviet ICBMs arrived. Even if
only half of the Soviet SSBNs assigned to these targets were destroyed,
U.S. command and control wuld probably remain intact until the Soviet
ICBMs arrived later. The United States would thus improve its oppor-
tunity to respond effectively to the Soviet attack. Given Soviet sen-
sitivities about command and control effectiveneas, 1t is likely that
the Soviets would do all that they could to avoid the initiation of
U.S. ASW,

1f nuclear war developed through escalation, many of the maseiva
attack cgpabilities diascussed above would become irrelevant. That is,
the essence of an escalatory phase would be limited attacke designed
to achieve limited objectives in a way that clearly signaled those
objectives to the opponent. While the apecific.objective at first
aight be no wore than to demonstrate resolve {which could be done with
a high altitude burst of almost any weapon), the general objectives
would more likely extend to the systematic elimination of high-~value
opposing capablilities represented by a small mumber 6£ targets. To
carry out such attacks, wespons with very high effectiveness (to Limit
the numbers required to performed the selected task) would be
tequired. They should cause little collateral or indiscriminate
damage, which could confuse the opponent as to the objective or enrage
him. Optimally, such weapons would have high accuracies, low yields,
and high probabilities of arrival. While a fewv measures have been
proposed to evaluate weapons using these parameters, it is not clear
how meaningful such evaluations would be without a specific knowledge
of potential target sets sud surrounding assets.

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 s muclear war. Thus, while
" conventional neasures assign very high capabilities to the hypoth-

esized Soviet strategic forces, neither the United States nor the
Soviet Union can have high confidence in such assessmants.

‘
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the strategic forces or their coumsnd and coatrol were damgged in the

escalatory phase, they might be incapsble of performing their assigned ~
roles at some later time. OGiven the value and relative isolation K iy
{from other assets) of such targets, it is likely that some would be
etruck in ar escalatory phase, especially Iif limiting collateral dam-
] age were considered {mportant.

A

In a protracted war, some potentiaily large portion of thi tra-
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tegic forces muat be withheld in order to preserve an intrawar deter-
rence capability. One who has kept a strategic reserve could dbe in a

3,
. ¥ .

position to dictate surrender terms to an opponent who has not. Hold-

W L

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

’

.\.i‘.t“lﬂ-.-_

such systems most effectively, a retargeting capability is essential——

in part to offset attrition, and in part to take advantage of late

information about the surviving assets and capabilitieo 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 reconstifuted). These forces are
worthless unless specific targete can be identified for them. Thus,
Soviet for:e capabilities in a protracted war would depend se much o.
retargeting and recomn‘titution capabilitiz. as on the raw damage pu-
tent!al of individual weapons. Unfortunately, these capabilities are

not easily taken iato account using 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 a large element of
uncertainty, as do assessaente of how much such damage would degrade
U.5, assets and capabilities. Moreover, given the broad range of
nuclear war scenarios, it 1is unlikely Ehat assessments 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 nmuclear weapon iu accompanied by a wide vari-

ety of "weapon effects,” or destructive mechanisme. These effects
vary with weapoen type, size, and place of detonation. When a nuclear
weapon detonates, it relceages energy in different forns.‘ Thése foras
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 miclear weapon is usually measured in
terma of the total energy produced by the weapon (the yield)., Nor-
mally, the yield is measured in terms of the amount of TNT that would
cause the same energy release., Since nuclear explosions are generally
much larger than conventional explosions, their yield is measured in
kilotons (thousands of tons of TNT equivalent) or megatons (millions
of tons of TNT equivalent)._

Nuclear explosions derive their energy from two types of miclear

reactions. One, fiassion, involves the splitting of one large atonm
into several smaller atoms and particles of a lower total weight. The
other, fusion, involves the combination of two small atoms into one

larger atom and sowe other particles of & lower combined weight. In

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

Einstein's well-known formula: E = n-cz

, vhere E 18 the energy pro-
duced, m is the wmass loet, and ¢ is a coastant representing the speed
of light. Most strategic nuclear weapons today eamploy some coabina~-
tion' of these two types of reactions, as the two tend to be synergis-

tic in effect.? )

Ithe effecte of muclear weapons are explained in much wmore detail
in Glgsatone and Dolan (1977).

Specifically, a fission 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 incresse 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 enargy released by a miclear explosion may have its {:f; I
form changed .several times, about 85 percent is carried as air blast :; ﬁ{ :,
or shock, thermsl radiation, and heat., The remsinder is released as 1???‘*:{
aither "prompt” or fallout radiation. The mixture of prompt and VY
fallout radiation varies dramatically between the two types of nuclear Fij{g';
reactions: Fission produces about one—~third prompt and two—-thirds ~‘ “
fallout radiation, while fusion produces almost all prompt and almost e
no fallout radiation.’ MNost smaller strategic nuclear weapons are »f"i :\
nearly pure fission in their reactions, whereas larger (megaton range) : ‘};}*;:'
weapons tend to be about half fiseion and half fusion. Thus, these . 511 >
weapons release energy as egome combination of prompt and fallout radi- %;?‘; i
ation. Since most of the energy associated with fallout radiation is E S :_;
not released until after the explosion, it is usually not iacluded in ‘ '.,i‘"v ¥
standard estimates of warhead yield. Rather, warhead yileld normally f
only includes the "explosive energy” of a nuclear weapon, or the ‘
energy released within the first minute or so after the detonation.
Given the fission/fusion ratio for strateglc weapons, this exploasive
yield should be about five to ten percent less than the total energy B

released by the ueapon.4 This convention i{s followed herein in dis-
cussing weapon yields.

Many factors determine the amount of emergy 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 yleld goes
into air blaat effects. Thus, & 200 Kt weapon would produce an air
blast roughly equivalent to 100 Kt of INT. In this same range, about
35 percent of the total energy is emitted as thermal radiation and
heat. For detonations at higher altitudes, the less dense atmosphere
reduces the air blast effects and proportionately {ncreases the ther-
wal radiation effects.® The weapon type can alad change the dietri-
bution of energy. In particular, “enhanced radistion” weapons (neu-
tron bombs) increase the percentage of energy that goes into pro-pt

radiation at the cxpense of blast effecti.6

3Glaaatone and Dolan (1977), pp. 7-8.

4¢1asstone and Dolan (1977), pp. 7-8.

sGlasstone and Dolan (1977), pp. 9~10,

6Snow (1979), pp. 3-5.
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BLAST EFFECTS
The explosion of a nuclear weapon near sea level produces a fire-

ball in which the waximum temperature is tens of millicns of de- . -

grees. This iatense heat raises the surrounding air to extremely high
pressures, and in turn the air expands outward into lower pressure
areas.’ This expansion is so rapld as to create a shock or blast
wave, which dea:royﬁ targets in two ways. First, the air pressure
within the shock front can literally crush objects because it is much
higher than the air pressure within the object (14.7 psi at standard
sea level conditions). This 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 “elapping”™ eifsct
agalnst structures. This slapping effect is 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 wvulnerability will be
damaged by the blait wave depends on several factors: (1) target
vulnerability, (2) warhead yield, {3) height of burst, (4) duration of
the overpressure pulse, and {5) atmospheric and terrain conditiona.
Target wulnerability is measured by either the overpressure or dynamic
pressure required to damage it. The relationship between target
'ﬁardnesa“ 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 sources.9 The lethal radius of a weapon

7'l'he increased temperature affects the air pressure through the
perfect-gas equation derived from Boyles' Law: PV=mRT, whers P 18 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
correapondingly decrease) as well.

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

See, for example, Glasstone and Dolan (1977), pp. 108-119.

B
t




L — - T T———r T e T R T s TS V i

-116-116- e

incréssesawithwihb wirheadhyidldivdkenatonthe he-thirdhpodepoveTha The
lethdl thadiunditsoainordasenatfctlié whrhemdhisdditordetadafudt highhigh

b . e --..” o=
- e e ..

enoughoshbvebthe ghoumdcsuch sthit tthe blestleste visteisetsawithvits its

reflectiontdfh dlié grougdpuesysingsi machmtemstemwtitcithb sbt owereover- .
prespureczand dyzasiicapiesgurescan hambamehmhdubhdbmd -Aﬁw}lnn the LT j‘i‘ -
largdnrthe warheadjicthq lomgdorthe shock mavs.lastdastzany gtyegiprespree— . T
surejuthis tiderdesedatpldoudsratiiont ioaii weskenakctargesy sdsmagingsios 1t SRR
at aalower owmlueadfcebthet tbverpresyurs soredynasticopiesgparesurfinallypally, o 3 ;
the thttisltit? ddnsttys(befdbefthe explosidndjoviie terratursirrowadeund- ‘l -
ing the exploaxidng;land smiarievyiefyothaeptfactéestcan rainforedcsre or :} \_

.
&

degradarthe blastleffectdcdelivietddetodany glvenidiataiosance. T
Withidctiia lLsst lds¢adecoricso; smodified fdysteysaf medeceingring

blast lvalnerdbiliity lliay becoue cqoiteuispulspulalt idtcdlled lthe wil—-vul-

nerability ldumbenckystegstclt eipressemsblasblvalnerndbitty linvthie the .’ o

.. !#'
. .,

. .-'ﬁ»ﬁ‘f_w'..'

s R

form{ IVNTKY; Twliarehtire R cidha {logadithaie ifunction tabntihd léchdkthal
pressurasulT, 1§ “adcindicariontifrovdrprespurs s(?P"] "ér Jdygasiv peegpres-
sures(IQ"X "sidcepribility lisnd 2K {£a imessuresof cpulapudarationtion
sensitiwitysitThis Tsystemsierddscribed itn iddtatl tid ladversl cpoircasstbs.!!

Blastleffectd -tend ttodbacone oficthed phredouinant remirceurof sdamagarage o
to almost . zny type lobctargetsgeklsoslblast lis tpérhaps ithe best lundernduer- N . -
stood tobcall midlear leffectdsctTherdtore; calnostoell tadges rpelneviner= o
ability lia ygiven Amrtdrms cofsbldst ldsnagey and aldostoall didagenage
asaesmbmmcmcuufmiocnsbmt:ldnnpnueth eoelustdacd®rabf all
othepthuclens ieffeetdeld s,

-~

FPraP

10p v d P Excgraundtmreburece tvae isome sretnfurodommentron fthe the re-
flectdd hlust lusvewsVThus Ttise lLiéthdl ttadiuve<df s groundborstuds tldrgdnrger
thantthe cérresponding dethdl tiediuedifisa o peé fairburatyt sehicwrigiais a
distarice avo awhichitive blest lusve t&umurg:wum@tpﬁawnsure
througiros -Taum fatmospherehere.

12 é Sfor dxamplepDIA (F974)374).

If ombcpmwmeuefi ady beyléchdl) mdny ceaslystd yhase toheizheir
danagarmcelceldridng icastie sherpressure sthet teoaldodcur st ithe sime sane
distsdcs whereithe athertéffect ftetldthdishalnfoitunatalycdshenther
weapom .qffectd odd ndd ecaleonith widthead hyiald it ctlis sime sesy thet that
blastldoes;icthgraferef othis thiocedure dig cagproximati rat chegt bedNost Most
damage mzgrepsaent: rproceduresiude scabeuldte 1falldut lissage cowparstely tely
from fhlas bl :pringrily ridsadsesfallout Jpatteris care vary iffedent rfrom fron
prompt ceffecti «damage rpatternse rifovevarg valldut laffectd conly opdopleprple,
and sodblastlis udsd e devaluatd uddmgncfor dost mothenttergat (gypedy pes.

o T AT O RS e S o

4.v.




117117~

CRATERRRERING - .

A muélest lusdponadetodstedasndormeny nche surfsosfofetnd sdetharth
creategadeorsterateThe dutlent (foreldltbpiddotedupart rottené &raterabyr by
melttagting sbtlcatd pock Foskadtugdtng thsultiug iscemis canterssdsials
intoithe abelearleloudlovthe VFaporigedipadtiolsd cdventusblyaddidpfgdify
as the taspdrsperetaround othdm tboolsomid fall fdddk beokehe sdcthtgth's
surfsos féaeud iy addae sdtetadcsatron fthe shtgindkiccdteryierdir Blasblast
alsoaddds sddsthe dlzecdfethd éhaterabyrliveddllyablastiagtissy aueycthé the
grousdpuesustay sdebr s brd cbé ctheovh riavo iche sbe. aigyvheftbossd onstemate-
rials latound cthd skplestdasdre sickedchpdbyptie windeisdcospanytngying the
air Blasblaskll &f lthfs t3édriebetentusblyafdy]fabdek teskene dbrehprthe the
heavbervptaced efalling lincodnaround othd ébaterateShal fow Lindergrioussound
bursterproducedthe largdstocratere thacales 2they thal jscd thé ghousdovod to
the gheatgevtfitelillieid bhdetleffectdsctDeep Dundergriound charstyrste
produce Jm:ecmcra’c% m&? dothighhdibbuistersthirbusstewrfémm i@ reratsrater
1 sode spatt pofithé firebdllbrddchesctne greundobda.!®

The Iethdl téffectd cthat tpraduce ithe éheter vaporige rdechlowbdwayavay
almostramythiag hlocatsd aindtie dteasthe érateritoversyeiOthef tisdetssets
beyodd ithd llp df pthd ersteridre damagedsbydthe fapadenof tdebristffoniron
the étsteraddt totaboutbtwicdvthe chateratsdiusyithougdliimdkt mofitehd the
largd apleced eof sda¥rie 4Xl fedirfp lolons o ethe dietartselip. LiThe The
crateratadiusdfron fgob MT IgtGundburdbuwasldobd dabour 300 £40add tod its
maxisas idept K egboun 223 £€5 Motethat tints Lhddive Hescdnatderdblyably
smalles lthan tithe léithdkthedivedfor éwin <2000 2580 Pidebleffectipcand and
thue tihflehdiatering risy b ya brechdl téffect fofs ,will widinsblyxidy bet be
the 4ne toaddteriminerthe léthdl thediusdéxceprcagdingt lottrasdly ralperuper—
hardénad crergdvagets.

GROUNDOSHOCKHOCK

Whenkbither tthe fireldllPhodlihe Blaat leste wrouchewcthe ddrtiprib, it
causes s cehacls hoawke “twet e ghoundourThis Tideudd cstieck horspsgavedadown down

l%o&ftdamlelm leeatd cate periordd d rdeep dende rgviadss ovftholig hout
. crattﬁ rdngvmzmtdr\ggdemm ithe stmosphsrelere.

dfdterotY] widt fowm [fxom (ack NT ludithewd | detionit 6d adbalvg bove
aboucbl;eoo 1800 ft.

Pt

e

?
Pt

.‘—‘4.“--.'-.‘.ln;-oln.ﬁﬂ'
foa . LUK

M e
Y .I

EN .y .
b—..n?-'--..-. - .
-l .




Cmn et ——

-ua.ils- .

and cetuardvirdafthe adclesutlexplostdn; issverely rdisagingcindergfodagound
facilscidd tipstorthved aratar=taditadidy cfpyaitne $kplospdnsicdyourdound
shock hosisssug cauddenddeoe beraiton) Lanahorohastementpesid andtspldcedace-
ment rerThus Jhusdergriousd cobdectdeast Sttuld mdintedrdnd sashtosbdowrd are
damagedaby dbéingcincoss rinvo ladch cothertbrrinto iohe whkklvajlorossdingding
theaiheklsol lstucaichie ghouss ctedofteninor achntford indticmyitie $hscihock
may cravélafsdtdpciniedma sarsas ohan ththerd lcksustagcinghsavingréftee fect
along lthe Bbunderydofymsfertsls Lelist thodld chidakrobjectaic(likd ijtpes)pes)
not otherviesvdmagedaby dthy stherifgrousd cuhdckhetlecfdocts.

Althédgh omast teuperherdined ctargétacaté biridd dad chds “procesvédcted
from{Nlasbleffectdpcgrounsophdeistosh dammgerciom thavarelypielln pdp-par- -
ticuliryls)l sidetessdsoctsted awith Wa IO 18ikos 1inaldatdgding ile~nis-
silasddd wrchingby;omyet rbétfiraly raduntednind arehiondd cpodaseidvoid
ground cghdck ' daiagenacl§ thfs tié snot dodegogrousd coisckhosh Beconscehe the
determinant rofiithd lechdl tradiuecifss cdarhesd ugainat lodperhsrdingdcord or
othertburied réargstesers.

THERMAL “RAD~ ATTON 710N

Therial radisridu tisnelectiondgascio tidiatida tislt favtalatplet,
visible;dnd lafrared) rproduced bydthe firebdll bef la vhualéer lenplexplo-
sionsicThis Trddiavidn tdaw burn bekin cadé fguitenfired ) reTharnst rnadigadia-
tion tfron fYargdn reudleny insdpons rasvses usabs cantiel tia Juiy sorpédplecrle
outside sdflebufldixigs’] nesustay sburnd and oné ftjuriesr{cs péoplecldok-ook-
ing directlycdtythé fireBdil)alliut Ehéradl rrudidotids tdowe deee o jule jure
people colielrdrdd ey indut reudgareer anterEsls) 3 158 auddh candledvd tare are
not fitefiset; stoughp uberddl rrudisciidn tésvssouptred ithat tdestfoptely the
structurséusnd tivd peoplectdetlionshdost Meddh shibed locourciurldrgdprae.
bulltwip tareas ror sieTESredus cueroTtuel fue lplenvitals fuka fdond cupghwith
conventiond] cbodbiaghiadniedutired dores odaring Uorldowdd FBridl In
Dresden; Raabirg)uud Tokydpkfive fda cadsémsre WaTalitidd lind ded de-
stroy tasre et Ittidd Lihen thay other tboud betbastfect.

PROMPR (RUCLRAK LRASTATION TION
One Ofhcthé ﬁMmdthlmh#lmiﬂspWMMlnﬂiadi'
ation itng ludirig ddanma areys f eut fond J beta bpder feXdd £ lend alphs lpha

-

‘
er ,,'!'L'-:. Y
e

= -

S NIV A

Jo Sy

iau aw q«.} %8 A PN e O f IO S ALY AT ?‘E\:‘E—,w.: :._;
+ 2ty Jhn e*" ¢ oy 3 }f.‘ &b & }-_ 3‘:‘ ; .:‘ ; 2 -*’.':.-(- 1 S T




g P sy e e e . : : e - ] ; _

~119=119-

1]

LS

partPeIédf1cBecadBE3bEtabind ATpha |phetfeLéd Chade WPy ViRireheingddnaes
(quiéi¥y cEdvedaéefng twleh VaLR) 7 1thay thed AS€ 8o4ignfftcdat cabhréeusge of
proapf OPRd1 A6£6h LdGHages F2C0amms SkEPs TAEA BEALFONS THEve DAYEN TYGHgdPRET
rangédnifd éad EdlsE¥igntticddd CeRbuilfids dRE ABdage 68 elfcErsntEonic
equipdsdepent.

Whil¥h{RerdaF Padid6£dr el Bé bI6ckdachpdaty AmitFeaipareRerent -
mateFLal! Iplompt Oid 160 f IPad1defdRtis it G6tedRi Iy SBIScRédskern gda-Ren- Y
eralfraiffeteht TeFped Yor udleriils laifePIAETEElede (AESréds Tof SpRirisatec— )
tion tbyabdorbing [aote SProapt CFRd146L41; 18%d ERfs ChbBoPprEdatinErdasagases o
withv¢hé ehfckndébngfsehé ddeer2dtsiokvenFatp dbdorhs Odome SHRompE cmPL f
redidtfdnf ladd thus [thé dosagésdelivérddetsdany gived I5eatisn dépendsends g ‘
on theé dlScanicd3fiom (ehié deroRa€Lon Ana thé aPP aédsf€P ithiolgl OWlilchhich R 2
the fhdidefontéravéIdye!But muferfdls ' ddéhsashotéell °Cdackefe)cdhd and : T
eartRIgBaortSprompe CERd14¢ 1dd thbre "ef fect {vély yeprovid g cantasy falr '
amounbiof tehéltérltiTo evaldard Uth& protEstisn tdfferdd cagdinde ptéupeonpt
radidEfon thy 'warious ey Pes /6f SatTucturés T8 Stranddfadidn sfadedncigr is
estimaiediCFor exdmple)''d cerdnsdfsd{on factonCorr, Siindidates Ehide that _
only ORA1f "6 fehé prompt cradldt{on tdosagecoitsidd “6f «thé dheltéritgr is L]
transditted (ENrogl 'the walle2gf Sthe shelter) ! Bachitype -0fCaheltafiter .
usuallyshdg A°different 'todnsuleoion “FaCtaPCE6F gavimd Pad1d€idd dnd and ' J
, . neutfons]cand may hivels 81ffédent [Erdndnidelod SEACtORCEGE dLFfépénLreont :
types Y& SgatinaoFadi AELo Ld@TweT1 e 11 P

To déterm{Ad™ihe damageriidi d619a [d6a JE685pesplEéLPacrotnl Cfadigadia , . :
tion tdevage hist "Eftst 166 tabrefainea; R dand Elién thEits tidsage mikt "pEt de = 1 "
ad judted Sdownwatd 66 dadCodsEufeé ERE BIG1OELET fedovéry Vpdaa B¢ i ble. 4
Radidefon [donages 'afé d6Gally nddsdred VI irdntgens 26y, dnd enéd dbs-dos- =
age dABforbed by s 'yefson 'f# ' médsdred IR drdds J2ExpoduréSES ot One "-i_' !
roentgén LGf "g Aima’ s IddSa LIy bdgulEh Vid Sad "a B PPELGR 4PN Bduebput 1 “
rad; Trithit Fon td6haged dfé worudTly géves tfitrdds Tonky PN 1N -dogag@sfge 1n
rads Ff4'sid -tdn Ledhvereed 6o ad ‘e flect { w6 815183 1caT 468 f@5 2 fen" TeD”
(roedfgers €ffect {¥& tand) 2ty »aﬁlﬂiﬁvénue:éeé&mnya&iaae leéEode one
for gavms fdysldid &#Iso dI6aé LG one FOF d@ttons T@ECept PGt §6ma SOTE

RIS

<
Ll

‘.
=

~{ e
YT mt

= 0

[

13 P ,

1570 ‘ddterntniéming e5tal ofadidvedn tdcsagesaene ddsagestep FAT1GEE 1out
effefts onist "be added tydthe promi¥ Fadidtion (dofagesatThe £RL1ode tout
effedts Caté déscribed ibelows lov.




s a a

bo1640lAE hte b CiediMeS Eher SACLRE BATabontg BN Sdr TRBTLER) Fen) -
Finafipa ld¥onpt ciRA1 KE£4A 4050000 2508 und&éaeisdqafcu}%:% the

_boaybads bideROLATH 200V ¢ e LiBCréCOFEEOVET - .
* Once®B6E 6¥61540d82188de d0h SédsY Riid Bidn ERLcAYICHAZteNe Ai-dan-

age £6°the Hheividdyldiad saTabeefRiRERL " Por BB4agRE28H5taP100 188, Tem,
radi&E£da 4 PP S NS FuRPTP2ddUs I86€ BLEULS CWBosaBeRoeLe106 80 £6™260 200

‘ren E6BnSRTPOPISGREOIs8 ALLiATEPARA4EET e udrrotstnighly chdrdborob
“abledblPronfZoD 208 £67660 PR, T#TmodtTREE 3R1tRd pHBuPLPISATiRmIBIBEItE
© radidffdatepaidskNeifd BEfy TREY ¥, UEpelfatty2idV e highbicdsEage a2

rang&# 2RI modt "L rPORE YA Ee £ Sm fIGFa SO 2BEEWREL 600 PR E£F £OG0 1000

‘rem, TRlen® | EXfe RIS LNEXAPS T28Y 1dde dTREELF LoD 1 £E2 L oven EbRgn then,

mussmmtienpémagéensese.;ﬂewhﬁomeé&&ﬁtm Jsuéeaa@savabove
10001788, rem.

Prowp€ OFAM £€£4# 1440 eaaseatrfnﬂéaeifm&mtéms{:esﬁsef&ﬂec-
tronldsn{raed TRFSy dRSrEPOTUINL1ENEE Eha1AE13AtiEFe 1t 54 feddnsfanplent
(occd PELHE "WIEh1H "5B0uBDlE RWuEd "Of ©a Gucl éuf L6251 6HPIRY 1 ObRe ébe of-
fectd €4l BE"tOfipoPRPP G pfnkfdit Ne "Tenpd fREP "NVEE TRsua Yiyaddiaeduses
false SEEnA TR 24 Sbe 1 hdud @A 68 Se 1o LALECEL Foft €61 1 tPermd Rarre PPREE TREE
causéd §be SORknELE6°LKE $16c FR6REE Ofid e FIALS L ehEnsetTe g VatreilagTine
thei t"RArdCRdPESRECH S 1 OThe adifnitodd fofCefEner toffe &l (i1 ad EOL ViR Che

type SUPCeléc CAGREIO AP0 IV 1a%E ORE SPOmPE OFRM dELoA ' d5Raged 2BBaorDER T Ded.

PALLOIY LRATT A TION

All AdC1E2F 16851 GFPIRE LHPOIIER a8 SACE £9€ Ld Yombrd €R e i thify it
radi £e£dd "168g 1ePte £ f4 CRud1 S4F 16RP1 S800R5 L WMen "E2P1 654368 1008uP Gt Tof™ ©OT
near™fRé AFLENE TBubt A% [ 36hnsd NETEndEH BESonE RiEe Skt "4 Ve aaF Loty
of d&br {6 Pdft DeTéd cdfivi THITo 18 RusLENF IEESudl oo ATERE ETGud1oud
fornd OTPRe d&%r £ D5d fr 0aTéd VEFL R8I "4 PL [Bddk DESKe i@ SAPeB2 T EReryFRgY 08
with “ifidn (968 9Pt RE SRS 096 Y Ensd€FE " Ui e T e Srie tof Cadlr 60115
and 2861 GRALOAE tldRe £CTéd CL# SrdParfdd E8 dad Oc Boa £104 ok NedF1F 2 dY1 43 1out,
becad¥é ¢ erdf14 2d oa [P0t FAMIN SN E St Tl tHef bP B Dde & 108 L0 £l€aB1te
of thé &F16FPIRS 1 Vrhel Pidt JECLOVE tPale fOTéd SBf] fid lndf Wiy Yien mch
with “ddbr €60 Tddd 6ds 30 nde §66n 96ESohl KEkvy Aidugl teheir fadl to
eartR2Ar Vinesdhgite FETed CiRFtdad 606 dECai iSipaidRE IR e bfabsTato"
sphef@TEiE Eodle LE5At " Lelidi § NEAd1SRELINEEY Yi6 YddCaf Blo e Pa 1 fAd Ldg8 to

- e mprsre———

: ‘ }-& {"l" Ml"m “‘,‘7 .é“v'g\i-vj‘;:?‘.

0 g T
—.,-»-‘ff?"".;‘f ~:;,m R s it




;_uj::lzl-

eartiiFEoraAi whit ia "cd1 144 datafed 5T1G5E 160 The BlfcaBEgEtaEe Of
radi SEEE L9 pattic1éd “dipobited taat1yodecrbasds " diindticni{f2adVehd he
; hetght !6F bots M it redses *(ifnde 1odty Vit ele "Etiter 4" Pmald RGRa 2nd
thus ity VEfEeTe (e bras 'd “pdfrad 1ifo Ehe EXGud}P it Wrlwapod atk 217
, bursEUiBove 'absu e "1800  feCctéatas vty "It ke tode1y 2 EdT1 dgE 00t

p ¥allodt 'fadide{dd ‘48 ai frerént "tFom Fronpt Tadtacton {18 wddy 2"y
vays Y Prompt ‘FaAdLdLon s bt ch {6 prodiced E1thtd  Doutous Sduidoke of
;5 the GUELEHF ERPL6F{00] Cauabs HET dhdage Doty “GilcRYyf F41158¢ LPadta3dia”
| tion‘d82e Y5E &Fém Begia“to caleé’uny flgalfitddt Catagd GhELYEnE Ve
debris"faxls “back "to edf LR, from ' Aimufes 't “hoire “aftef tha bufedi'Tst: B
Howevé?'s Vetncd 1£aY1out {iivolves the radidactive &&f""fyvﬁfié’é‘iiaa-em' t:’
went§C"$41180t Fad1aton ‘s "prododed “E67 woeks and wonths "aftef ad’ 20 _"
expl8sions Ehough Lt s lntenstty ‘decreasds over“timel “Thus, with fall=-"' o
out, “tle d55age ‘refefved 'mist 'beé ‘sunmed ‘over “time ! ?urther,"bfologil'a"i"
cal Fécovery ‘mist ‘be ‘c&i’a1dé‘1‘éd"{ﬁ‘{'dééet§m{ﬁfﬁg""éhe net éffece’ of ‘new 77
-k doaages ‘eceivad, V" Also,“prompt “fadtation ‘cadses Ldmge’ 1a°a t'ougl'd.yb Ry

' radialdiﬂne-of-aight pattera “drcund "the explésion, ‘wheréas “fallout 'is° !5

T "’bu"'_

TR S RL I T S e e

-~

carrféd "By Ctne wind “and thus ‘gay causé very ‘tittle damage In areas ! “*
very "éloaé ‘ta an ‘explosion; while causing great- dsmage iu'areas ‘very V'
far ﬁuay ‘(potentialiy hundréds "ot “thousands 'of “ailes) . tesi. -
The fotal "damage”dotie “by ‘radidtion -t people “comed “trom ‘tha sua 7 '
of bSEthprompt Cand fallout ‘rad1afiodl T calcioldfing ¢he radtdtiontion
dosafde Sfem (FAT10ut, Cthe same ‘procedures as Sdiscdsaed SP6T prompt CFa= 27
diatfdf died apprical! Howevér? ‘tii detetuining the amount of pFotéction tion
3 provEded ity ady form of "sKelferltd "sidgld faLlout ‘procection taleorcis® 1°
3 used“(for 41T types *of ‘rad1decionf {nnedid 'of‘a Erinantéston  f4€edes OT
The pr6tedfich ‘fdctof 6 Tehd fnverse “of “a ‘tranemtesion “factor “and *nd
t 1nd1da6dE %he Eadror b7 Which ¥he' oateidd Seadiation "dosage ‘aist bt ¢
1 adjudfed 66 caledlate LeRE dosage Ia1de Sthd shélfes 'of Tbiflding gding.

- Thus T tid procecedsa tfécto?"fﬁ'rzﬁ'and the Sut-6¢=d6ors ddsage "5

R

“Delayed"l’én&r'ﬂ 165 Rave " Variety ot etfecta.“'“m thé itmo< ST
.phafé’ '“for example;' 'Y€ can 4ffect ‘the oZone” layer.“ “Guce " it“fail.s to“ to
i the étaum! » “8cme “of “the longer life parttcles“(nuch a8 ‘stront{um) ‘tad °%
stilF Cauge’ damage “through radiation L ege ! effects were smtized“zcd
(and, found Ol.argely insignificant 1in ‘cotparison ‘to “other effects) " ‘g’ 17
1 Nat10dal ‘Academy ‘of 'Sélences ' (1975): ' /-




- m e

1000r, the dosage
building provides
prompt rediation.
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in the protected location is 40r, 17 Any given
better shelter against fallout radistion than against
Thus a typical building msy have a transamission

factor of 0.8 for many types of prompt radiation, while having a pro—
tection factor of 3.0 for fallout. " : L.

OTHER RUCLEAR EFPECTS

A variety of sthar nuclear effects accompany most muclear explo-
eione. , The most important of thege are radio effects and EMP, which
can fmpede communications and destroy electronic equipment. Radio

.effects occur becasuse the propagation of radio waves is dependent upon

the ilonization of the atacsphere, and a nuclear explosion can signif-
icantly modify that fonlzation. As a result, commmnicatious can be
"blacked ocut,” and the background noiese associated with communications
can also be significantly increased. EMP ianvolves the transuission of
electromagnetic waves from a muclear explosion. These waves are re-
ceived by electronic equipment just as are radio waves; however, they
are much stronger and cen cause currents strong enough to damage most
types of electronic equipment.

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

17If 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 ehelters to uncontaminated
areas. .
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LETHAL RADIUS DERIVATION

The lethal radius (LR, 1n thouaanda ot feet) of a 1 Kt warhead
(sroundburat) is related to ‘the targot hardneau (h, in psi) by the
equation'

h=3.3° LR 4 6.96 + LR™32

Multiplying through by the cube of the lethal radius and putting all
terms on the same 3ide of the squality aign ylelds:

h-LEd -6.96 - LRY2 - 3.3:0

Solving the quadratic equation for Lr3/2 ylelds:

Lr3/2 _ 6.96 +\u8.54 « 13.2 - n
2+h

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

Lp3/2 . 3:48 « \[121;1 +3.3*h

Solving for the letral radius produces:

LR - (3.ua+ V2.1 + 3.3 - h )2’3

h

Cr, for lethal radius in feet,

: —\ 23
LR = 1000 - (Lua N \hz.; + 3.3 1::)

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, not 192; thus, in the form used
here, 6.07 is replaced by 6.96.




e e AR o g e e -

. N\ 3 \ ~ ®
AN N .
N ~ 3
~.
N ~
T e :I?'Tgfrm’w‘v"?-mw_- e S T

=124~
Table B-1 shows some typical values for hardness and lethal radius.

Table B-1

RELATIONSHIP BETWEEN TARGET
HARDNESS AND LETHAL RADIUS
FOR A 1 KT GROUNDBURST

Hardness Lethal
(pot) Radius (ft)

2000 122
1000 155
500 199
100 364
50 . 483
30 602
10 1013
5 1461

a N
L N L
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Countermilitary potential is formulated as:

v . -

* . sy -
v23cz? Q)

S, PO T R P

. '
R

with Y in megatons and CEP in nautical miles. Prom the text, CMP
‘relates to the survival probability (PS) according to the formula:

-

2 .
ps = SOELR LD

where LR {s the lethal radius for ! 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 probability, PS must be wmodified to an
adjusted survival probability (PS'):

PS‘-(I-F)-P::-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 . PS). However, this formulatifon of

- PS' lacks the analytic attractiveness that PS has of relating CMF
directly to PS through the exponential tll‘l-l Thus, we drfine s new
measure, effective countermilitary potential, which returans P5' to
the simplicity of PS: L - . o

—_

That is, with PS, two wvarheads of the same type have the same
impact as a single warhead with twice as much CHP, since the uss of
two warheads on the same target simply causes PS to be squared. But
squaring PS' leads to a very messy expression, vhich gesvsrally doss
not equate the impact of two warheads to the impact of one warhead
with twice the CMP.
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P8t = SSCHP-LR ' )
Since both Eqs. (3) and (4) must produce the same valus of F5', we
conclude that:

Lot -'z‘ .«-. 2:-,-:.7...“
{(l=-c)+r - JCEP-LI. - .S'm LR (s)
'hld.u the utnul Iouri.tt- o! esch udc glves:
‘La(l =r 4 ¢ s""’“) -ncur-t.n(.s)ou’ )
: Solving then for ECMP glvu:i
m Ln(1 - 4 P osm Lfl (1)

Ln( GS) * an

" Note that, from Appendix B, the basic lethsl radius is a function of
target hardness (h). We can therefore define & function of hardness:

£(B) = La(.5) * LB? (8
nch that ECMP becomes:
' T p(n)eaP
Lp(l P +r e )
BOMP = ‘ ) (%)

In short, RCMP will vary with the hardnsss of the target, and thus is
not as general (in this sense) as QP is. '
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o Appendix D
_ A MIRV PAYLOAD MODEL

. . e

To estimate the :anct of MIRVing on uarhead yield for the §S~-
18, Bennett (1980s)! has used the equntlon.

| “ .25 ¢ (‘?)-1

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

is the number of warheads deployed. This equation fndicates that the
addition 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 fuzes and other essentials associated
with each warhead. More generally, this equation can be expressed
as:
T =TY, - Sl

where TY; 18 the warhead yield for one warhead, and b 18 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 1ia terms of throwweight.

While there is relatively little information available to help
make such an estimate, Foster (1978) does contain two relatively

complete MIRV tradeoff curves, including the throwweight of each
‘missile. These data are first used to estimate TI; and then b. With

only twe points it is impossible ro determine the best functional
form for TY; in terms of throwweight. However, as indicated in the
text, there is evidence that EMT and throwweight (IW, in thousands of

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

the 19808 an S5-18 with 1 warhead would have a 25 MT yield, whereas

an $5-18 with 8 warheads of 1.5 MT each would have only & 2 MT total

yield.




e ‘Table 3

HIHUTEHAN SQUAD&ON COMMAND AXD CONTROL
 RETWORK SURVIVABILITY

" Individual .
LCC Survival | Probabllity of the Surviwval of:
Probability -
2 or
(1) Ho LCCs 1 LCC  More LCCs
1.0 95.1 3.8 0.1
2.0 90.4 9.2 0.%
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 1.0 26.2
" 30.0 16.8 36.0 h7.2
50.0 3.1 15.6 81.3

OTHER MILITARY TARGETS

There are various other .l-lilil:ary targets, the wulnerability of
which depends on their size, mobility, and “hardness.”™ 1In general,
many of these targets are associated with "soft,” relatively small,
and immobile military bases that can be destroyed by a single nuclear
warhead. Damage to these targets is determined by the number of war-
heads that can be delivered against them. '

This type of formulation has soms obvious difficulties. If the
militacy capabilities themselves are either mobile or capable of dis-
persing on warning, destruction of the fixzed facilities associated
with a uilitary capsbility may have very little effect on the capa-
bilicty itself (at least in the short run). Fyrther, sany military
facilities are quite large and more than a single warhead might be

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

dasage muet be assessed as for ICBM 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 targat to ensure that at least
one arrives. Soms other military targets mmy be 80 close to each
other that more than one can ba destroyed by a single warhead.

-~
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Table D-1 1llustrates these values for the two throwweights given in
Foater.

Table D-1

EXEMPLARY RELATIONSHIP OF WARHEAD YIELD TO
MIRV LEVEL AND THROWWEIGHT

™ = 2500 1b T™™ = 7000 1b
Number Warhead Warhead
of MIRVs TY Yield (MT) TI Yield (MT)
1l 2.0 2.0 9.3 9.3
2 1.52 .76 8.1 4.0
3 1.17 .39 7.1 2.4
& .90 .23 6.2 1.5
5 .69 14 5.4 1.1
(] .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

Raturally, 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 techmology or other factors.
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