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PREFACE

Rand has recentl y been developing new models to apply to strategi c nuclear
exchange and nuclear damage assessment. This effort has produced a family of
models , called SNAPPER (for Strategic Nuclear Attack Program for Planning and
Evaluation of Results), which use the latest damage assessment techniques to deal
explicitly with both strategi c system parameters and their uncertainties. The work-
ing model is now essentially complete , an d documentation will soon be available.

The present report illustrates the usefulness of the SNAPPER analytic tech-
ni ques by ana lyz ing possi bl e fata li ty levels that a Soviet nuclear attack on US.
strategic forces might in fl ict. When he was Secretary of Defense , James R. Schles-
i nger renewed the concern over this contingency in his “Counterforce Briefing ” to
Congress. ’ The Congressional Office of Technology Assessment subsequently criti-
qued h is arguments , and t hat criti que in turn was summarized by Sidney D. Drell
and Fran k von H i ppel in their  article “Limit ed Nuclear War , ’ which appeared in
t he November 1976 issue of S c ien t i f i c Ameri can. That article is used here as a basis
for d iscussing t he p it falls of what have apparentl y become accepted methods for
anal y zing t he eWects of strateg ic a t tacks , as well as for s tudy ing part icular  implica-
tions of ’ t he limited counterforce contingenc y .

Indeed , it was Rand ’s percept ion of the importance of uncertaint ies  in attack
outcomes t hat led to the development of ’SNAPPER as a model specificall y designed
to hand le uncertainties in sti’ategic an ak  Sis and to provide simp le ~U it i s t i cal  state-
ments of damage uncertainties. This report i 1h;st rat e~ one of the most important
potential uses of ’ SNAPPER by showing the distribution of possible outcomes of
such a t t a c k ~ . It should he of in teres t  to those in the Air  Force and elsewhere in the
defense community w ho are concerned with counterfoi’ce attack and limited nu-
cleat ’ option issues.

The work was performed as part of the Project AIR FORCE iformerly Project
RA YD i  rcsc ’at ( ’h project entit led “Future Str ateg ic Aerospace Force Require-
ments. ”

In A m  ~~~~ if E f7i if Li in nd .\u elea r Wa -f a ‘e , prepared for t ii Su hcornmi en on Arms (‘ant rn .
I i i ’rn it i an a l  ( )m - can a n~ . and Secu i t  Agr oemno t s  of the  Commit tee  on Foreign Relations . U.S
~iii i te .  September I~iT~
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SUMMARY

The November 1976 issue of Scientif ic American carried an article by Sidney
D. Drell and Frank von Hippel entitled “Limited Nuclear War. ” The article cri-
tiques the concept of a limited Soviet counterforce attack on the basis of an analysis
which concludes that any such attack , if it were to be strategically effective , would
cause high fatality levels, and that even a large-scale limited attack that caused the
death of 20 million Americans would leave the United States with an overwhelming
reta liatory force.

Arguing that the USSR is not currentl y pond er in g such attacks and is not
activel y training its population in civil defense against nuclear war , the authors
contend that the United States should not inflame the situation by building up our
own flexible counterforce capabilities as recommended by James R. Schlesinger in
a briefing he presented in 1974 to a Senate committee when he was Secretary of
Defense.

The present report does not attempt to deal with the very serious politico-
strategi c matter of probable Soviet and U.S. responses and counterresponses to
actions taken on either side. Rather , it attempts to refute a major portion of Drell
and ~‘on Hippe l ’s argument by presenting evidence that potentially effective coun-
terfoi’ce attac ks actuall y can be carried out with relativ el y low collateral fatalities ,
in which case such attacks merit our concern and lend some justification , at least ,
to Schlesinger ’s recommendation.

The conclusions of the report heavil y depend on two crucial issues to which , it
is argued , Drell and von Hi ppe l do not devote sufficient attention: the importance
of the assumptions underly ing the various attack scenarios , and the wide-ranging
effects of uncertainty on fatality calculations.

A technique for dealing with these issues is Rand’s new SNAPPER damage
assessment model, which provides more realistic fatality distributions for the basic
scenario assumptions. It is also used to test the assertion that any limited counter-
force attack will necessarily cause high fatality levels if it is to be strategicall y
successful.

Drell and von Hippel’s fatality estimates are shown to be of essentially two
types: median levels and “worst-case ” outcomes. Their cases rely on nar row and
rig id adherence to point estimates published by the Department of Defense. The
consequence is that their calculations ignore most of the major uncertainties , and
t h us yield estimates that can prove to be very misleading. When the effects of only
the most basic uncertainties are taken into account , fatality outcomes can vary over
an order of magnitude. These fatality distributions , produced by SNAPPER , are
useful in that they both give the general level of fatalities to be expected and
indicate the potential risk for any given attack.

Most analyses of limited counterforce attacks assume that the Soviets would
be concerned with minimizing U.S. fatality levels, an assumption that may or may
not be true. If it is true , it is hard to believe that Soviet targeting would be based
solely on military effectiveness criteria. Limited counterforce attacks could cause
20 mi l l ion fatalities or more, but there are three ways by which an attacker can
reduce fatalities below that figure: by avoiding attacks on bases collocated with
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large population centers, by electing to use airbursts instead of ground bursts, and
by decreasing weapon yield. If the Soviets employed such strategies, the fata lities
from a limited “comprehensive ” counterforce attack would be about one to three
million people, and the attack would still be about 90 percent as militarily effective
as an attack that did not attempt to minimize fatalities. It therefore meets Schles-
inger’s fatality criterion for an effective limited counterforce attack.

By no means is this meant to suggest that we should regard the possibility of
such an attack with equanimity. On the contrary, a figure of one to three million 

*
deaths would certainly constitute a disaster unprecedented in our nation ’s military
history. Nevertheless, it is one or two orders of magnitude less than the number
of deaths that could result from a massive nuclear exchange involving attacks on
cities, and it would be unwise for us to dismiss it from the realm of possibility.

I
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I. INTRODUCTION

In 1974, then Secretary of Defense James R. Schlesinger presented a “counter-
force briefing ” to a Senate committee that renewed the debate over counterforce
wa r. ’ His testimony centered on the potential effectiveness of a limited Soviet
counterforce attack against U.S. land-based forces. His argument was that the
substantial gr owth in numbers of Soviet weapons and in the USSR’s abi l ity to
mount discriminating attacks suggested that a Soviet counterforce attack could be
militarily effective while limiting collateral damage to such an extent that it would
be clearly distinguishable from the damage an unlimited attack would inflict. Be-
cause the bulk of the U.S. population would still remain vulnerable to a subsequent
massive Soviet attack , our lack of correspondingl y limited response options mi ght
well deter the United States from taking arty action at all. To prevent such a
situation , Schlesinger contended that the United States must develop a flexible
deterrence posture that includes limited strategic options as well as massive re-
sponses.

In November 1976, Sidney Drell and Frank von Hippel published a critique of
Schlesinger ’s analysis and of the limited counterforce concept in general. 2 Their
analysis is derived from Schlesinger ’s testimony, from the subsequent criti que
thereof by the Congressional Office of Technology Assessment (OTA) ,3 and from the
Department of Defense anal ysis responding to the OTA critique. 4 The DOD analy-
sis considered attacks with destruction of up to 80 percent of the missile force , 60
percent of the bomber force , and 90 percent of the in-port SSBN force. In assessing
the requir ements f or and consequences ofsuch attacks, Drel] and von Hippel argue
that Schlesinger ’s assumptions regarding Soviet attack strategy were unjustifiable
and that the methods for assessing collateral damage were inappropriate. The
authors ’ own analysis concludes that ( 1) the casualties from any militaril y signifi-
cant limited attack would inflict devastatingly high casualties; (2) even a massive
attack that included the death of 20 million Americans would still leave an over-
whelming U.S. retaliatory force;5 and (3) “It is therefore at least misleading to
suggest that a successful and strategically effective counterforce attack could be
carried out with low civilian casualties. ”5

Drell and von Hippel raise some important considerations, but their anal ysis
is open to question because it fails to address explicitl y the substantial uncertainties
in assessing strategic attack options. When these are considered , one realizes that
both force destruction and fatality levels can differ widel y from those cited by Drell

The briefing is reproduced in Analy ses of Effects of Limited . Vuclear Warfare, prepared by the
Department of Defense for the Subcommittee on Arms Control, International Organizations, and Secu-
rity Agreements of the Committee on Foreign Relations, U.S. Senate. September 1975. pp. 101-156
(hereinafter cited as Analyses of Effects ) ,

2 Sidney D. Drell and Frank von Hippel. “Limited Nuclear War .” Scient i f i c  Ameri can. November
1976. pp. 27-37.

Separately and at different times. Drell and von Hippel contributed to the OTA critiques in 1975.
Analyses of Effects . pp. 4-24.
This ignores the relative force changes. In their “comprehensive ” at tac k the Soviet Union would

destroy about 60 percent of the total U.S. forces at the cost of about 20 to 30 percent of t heir own. Such
an exc hange could be significant if we assume any role for the U S forces beyond “assured destruction. ”

Drell and von Hippe l. p 35.

1
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and von Hippel. This report will treat , in particular , the iss les related to estimation
of probable fatality levels. In so doing, it will address the f’ollowing questions:

• Are the scenario assumptions consistent and just i f iab le , a nd how sensitive
are the outcomes to those assumptions?

• How uncertain are the calculations and what are the implications of ex-
plicitly accounting for uncertainty?

• How can anal ytic methods be improved to treat these uncertainties and
to demonstrate the tradeoffs between limited attack strategies given un-
certainty ?

• Does a limited counterforce attack necessarily cause enormous devasta-
tion (20 million fatalities)?



II. FATALITY LEVELS FOR LIMITED COUNTERFORCE
ATTACKS

Two major  uncertainties in the scenario con d it i ons  t~ r a Soviet counterforce
attack make predictions of fa t a i i t~ levels  ~u k )ec1 to ~ub ìnt i a l v a r iabi l i ty .  First ,
and most important , is unce r t a i n t y  about the na ture  of the at tack.  The second is
uncertainty about the scope and eth~ct iveness o fn ie a ’u t *.’~ t , i l ~ ’n to protect the U.S.
popu lation against nuclear weapons effects , both p r o n j t  and 1~illout. To allow for
some of these uncertainties , Drell and von Il i ppel t - epi’oduce t }ft DOD’s estimated
f i i t a l i tv  levels resulting from five postulated at t .aks .  This section Jest rihes and
evaluates these fatality levels and the assumptions that  appeal to underlie them.
It then discusses the other uncertainties involved in fatali ty calculations. Finally,
t he same five cases will be evaluated by use of Rand ’s SNAPPER damage assess
ment model to show explicit l y how some of the uncertainties affect the estimation
of fatalities.

THE DOD FATALITY LEVELS AS USED BY DRELL AND VON
HIPPEL

Drell and von Hippel ’ reproduce and use the five DOD fatality point estimates
given in Fig. 1 but confine their attention almost exclusively to cases C, D , and E.
it is important to note that Schlesinger used cases A and B to show that the Soviets
might well decide that such attacks are feasible because of the relatively low
fatality levels, whereas Drell and von Hippel use cases C, D, and E to confirm their
argument not only that all Soviet counterforce attacks, ifmilitarilv effective , would
produce unacceptably high fatality levels , but also that even the most massive
attacks would still leave the United States with “an overwhelming retaliatory
force ,” both factors meaning that counterforce attacks would be acts of such folly
that it is difficult to imagine the Soviets would consider them. The approximate
order-of-magnitude difference between the two sets of results is striking, and sug-
gests significant differences in their underlying assumptions, as Fig. 1 confirms.

EXAMINING THE ATTACK ASSUMPTIONS

In these five cases, five parameters are allowed to vary: weapon yield , attack
size , height of burst. shelter posture, and wind. DOD’s treatment of these parame-

P. 35. Although Fig. 1 includes all of the DOD information presented by Drell and von Hippel. their
artic le omits a great dea l of data on other impo”tant parameters. To fill the gaps, data from Anal yses
of Effects was used here when available; otherwise , some approximations were made by this author.
Most of t h i s  information is summarized in Table I. The pattern attack on SAC bases is assumed to
include four weapons directed at each base with one ground burst on the base and three airbursts at
5.0 nautical miles n mi) froni the base in an equilateral triangular pattern rotated to minimize fatalities.
These airbursts are at a height of 7250 feet. The SSBN port airbursts are assumed to be at 88 scaled
f*’ i’t . Finally, this report assumes that only one weapon is used against each SSBN port attacked.

3 
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20 SecDef ” she l ter posture; “ SecDef ’ she lter posture degraded 25%;
August winds I March winds ~~~~

1 5-
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0 r24~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Yield 1 Mt 1 Mt 550 kt 3Mt 1 Mt
ICBMs

No. of airbursta
per silo 1 0 1 1 0

No . of ground
bursts per silo .. 0 1 1 1 2

Bomber bases —— —— Pat tern
SSBN por ts —— —— —— —— Air

Fig. 1—DOD fatality levels for five
postulated Soviet Counterforce attacks

(after Drell and von Hippel , p. 35)

ters as uncertain was implicit in its anal ysis , as clearly indicated in the “Back-
ground” section of their report:

In response to a request from Senator Sparkman , DOD has undertaken
a sensitivity anal ysis of collateral damage to assist the Senate Foreign
Relations Committee and others to better understand the uncertainties
associated with DOD estimates of expected casualties (fatalities and non-
fatal injuries) and damage resulting from postulated Soviet nuclear attacks
on selected military targets in the U.S. The intent of this analysis was to
provide to the committee , to the extent possible , an indication of the sen-
sitivity of results to input assumptions and attack scenarios. - . - The anal y-
sis included:

Pattern attacks around U .S. bomber bases:
2.RV attacks against ICBM silos;
Use of various weapon yields and fission fractions consistent with current
intelligence estimates; 

-

.
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Use of both favorable and adverse weather conditions (from the point of
view of civil effects) ;
Civi l Defense assumptions wi ch both maximize and minimize  civil
effects;
An assessment of the mil i tar y effectiveness of the various attacks. 2

By examining these parameters and how they were used by both Schlesinger and
hi s crit ics, much can be learned about the two sides ’ different expectations and the
variatio n being accounted for.

In cases A and B. Schlesinger chose the standard “best estimate ” for the yield
for the new Soviet MIRVed systems like the SS-18 MOD 2; presumably, then , use
of this value should lead to “most l ikel y ” outcomes. Cases C. D, a nd E use values
at oi’ around this “best estimate , ” and thus cover the range of pos~~hie outcomes
wit h respect to yield.

With respect to attack size , cases A to D deal exclusivel y wit h countersilo
attacks. That focus is fairly reasonable , because even in the “comprehensive at-
tack .” over 90 percent of the warheads are directed against ICBMs . schlesinger ’s
cases A an d B involve only one warhead per silo , however , a rat her extreme
assu mption with respect to the effectiveness of the attack unless it is assumed that
the Soviets have both excellent accuracy and a reprogramming capability to cover
unr e liab le systems, as Schlesinger does assume by using a 100 percent arrival
probabi lity. Since the Soviets do not seem to have such capabil i t ies yet , he was
apparent is’ talking about a future threat. In contrast , cases C. D, and E assume a
two-war head-per-silo at t u ck , as is more conventional in analyses of the short-term
t hreat. For some reason , h owever , t hose cases retain the 100 percent arrival-proba-
bi l ity assumption , which overestimates the expected number of warheads detonat-
ed (a nd thus fatalities~ in terms of the short-term threat.

As for the choice between ground bursts and airbursts’. Normally. airbursts
cause fewer fatalities because the~’ produce relatively low amounts of close-in
fallout , but the fuzing must be very accurate to make airbursts mil i tari l y effective.
Because many analysts doubt the accuracy of Soviet fuzing for countersilo use, they
usua lly base fatality calculations on ground bursts against silos (cases B and El .
Optimistic estimates of fuzing accuracy make airbursts preferable to ground bursts
for mi l i ta r y  effectiveness , and a lso provide lower fatali ty estimates (case A .  A
mixture of ground and airburst s (cases C and D) provides a compromise estimate.

The assumptions on shelter posture 3 and winds at the top of Fig. 1. however .
are largely responsib le for the magnitude of the  difference between the estimated
fata lities. In general , Augus t  winds tend toward ar average number of fatalities .
w hei’eas March winds will cause the highest fatali ty levels for m ost attacks. The
“SecDef” posture is a fair l y median posture when compared with many postures
suggested in various defense publications , 1 while degrading it by 25 percent p laces
it in t he lower range of widely used shelter postures. With regard to two of the four

2 ,\ ‘ia \ s ~’s of Effec ts , p. 12.
.~ . ~i i t l t e r posture ” is a distribution of people among vary ing degre€~ of fallout shelter measured

by protection factors. A protection factor is a number used to divide the fallout dosage outdoors to obtain
t he efrective dosage to which people in the shelter are exposed. The ~ -~c Def’ shelter posture received
its name because then Secretary of Defense Schlesinger used it in his calculations. It emp loys four
protection factors of3, 1.1. 50, and 100, wi th 45 . 20. 10. and 25 percent ofthe people in each, respectively.

S i t ’ the discussion of this issue in Ana l y s es  of ~ ffect,s , pp 13-15.
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majo r determinants  of fal lout , 5 then .  Scbi lo ~in g er ~ ‘~ isr ’~ A and B wil l  tend to
produce expected fat a l i t ;t ’s ;  ~~~~ C. I) - i t t i l  F~ l p p r o x t m ; I t e  worst-case resul ts . Thi s
is veri fied by DOD’s ‘‘ f t i c k g t o u r i~h s t , t t ’ t t ~t ’nt , where it is indicated tha t  t h e  (i t l i ’
pr ehensive at t a c k  ‘‘, case E. would t i ’ s u l t  in 6.7 mi l l ion  exp t cti ii f a t a l it  ~~‘i— .” inuc ’h
h’ss than }uih t ’ the 1v ) t ’~ 7 c:tso va lue  01 16.3 mi l l i on  ~~vt ’n  by Dt-e !l and von Hi ppe l .
Di’e l l ’ s projection of’ t h t se w or s t ’c i i st ’ condo I n s  is being the onl~’ on es ol n t  e i i ’ s t

is clearl y shown in his  Congressional t e st imony  when he stated that . “ In  place of
the 800,000 fa ta l i t y  figure quoted in Secretary ~t ’h l i s inge r ’s est in i a t e  cited above .
the Def ’ense Department now finds that fatalities will  necessarily be in he riin i .t e
of 10 to 2(1 million , due to prompt elh ’cts and fallout a lon e , i f the attack is desi~~t i i n h
to destroy t he majority of ’ the attacked ICBM force. ”7 This Statement clearl y con-
tradicts DOD’s expc ’ted fata lity level .

THE EFFECT OF UNCERTAINTY ON FATALITY CALCULATIONS

It seems almost inevitable th at , w ith counter force a t t a c k .— , there will be large
u ncertainties in various parameters. Di’ell and von Hi ppel deal wi th  some of them ,
but m a ny  ot her important sources of uncertaint y affect fatal i ty calculations.

S ta r t ing  w i t h  tveap on sy s t e m  par a meters , t here are uncertaint ies about the
y ield , accuracy, bui’st height , i ’el iabi hi t ,v , and avai labil i t y of all sy stem.- The uncer-
tainty deepens when we begin to talk about Soviet systems. and is comp licated by
further uncerta inties such as the warhead mix foi’ a given m issile sy s tem .

On the vulnerabil i t y side of the equation , we again find a number of uncel-taiB-
ties, inc luding human vulnerabilit y to various prompt weapons effects (notably,
blast and prompt radiation ) . We know litt le about these effects beyond what we
l earned at H iros h ima and N agasa ki , and those data ate  i’elated to weapons much
smalle i- than the ones postulated here fo t- a counterforce attack. 8 Vulnerabili ty is
a lso a function ofanv form ofshie lding between the explosi on and the peop le , wh ich
may be highly variab le. Further , human vulnei’abi lity may be greatly in fluenced
by the amo unt of medical care , shelter , an d nutri t ion that  affected peop le receive
after th e attac k , all of which are similarly uncertain. Most calculations assume that
blast and radiation effects are independent (to simp lif y ca lcu l ation i . whereas they
are really additive. And then we should note that although popu lations are more
mobile than most target.-, the implications of warning time (for evacuation and civil

are ivind~. shelter posture . the amount of fissionable mater ial used I wli it Ii s , i lunct iumi
of v O i d . ond population dist i  h u t  inn

.A rtaiv’IrI of ~ ff N, P 12
lu f f -N 1 , 1 l.i~ t te d .\ x.  . 1 1 1  (1~ fo r e , heating before tim l l m m m u m i  l ’I~ on Anus Control . Intet’n,t.

1,110,0 1) 1  y . m l u I i u i t i t ) i i~~, and S, ,euritv ,t,~ri et .niriuN of the (‘omnhit i t - t ’  on F’.,i- t ’~pi lm ’Himoii ~ I.’ 5
It ‘ t u b .

~ I 1C5, p. 30.
Jlistnrii’ u i l tv . c-uisn, i l t v  ;m r m i t ’ ommm n s based on limited daf t h iv e  ht’t’n 051 .u ’ t ~ 1 1101 . , ~vi th i m lm ’ t  - I I I ’

outgo 1 t~~i t ’  errol-s not u n c - o n i i n t t i i .  tine of’ t he host examp les occurred aBet - \VI ’ r l I l  W ,1 I Based on l it’
T i t an  imont hituc ~ of’ ifil ’~ and 1918 , ‘(‘ um l c u l m t t i m m n ~ were ma di’ of the \N’lgIit I) I ’ C~- i - m, In h mmtnl ’~ f , ’ l l \ - Ot - oIl

I t t  l ondon r s ’ ~ . int l I f  tb i i’ C,I .’tiill t i l ’ s  i t u t l t i t i d  .1 ratio a dt ’ r t vod  .11 .1 11 1 , i i’U . t I i t t.~~ 1~~ ! ‘ till It bombs
Iof ~t bi tch one.thii ’d would ht’ kt1 l& ’ ~l and the remainder wounded ’ . at i d t im i ~ rat  to wum ~ in tint to f l - r I  I iimtt ’ il
ta r X. \E ’  f inning IfliFp~~e~ until It ) iii ’’ 5 ’ ’ .’ I ; . I t i - e€ ’  II. Quu’~ l’ i  . f b i ’ ’ - r , , ’ I , - , ’ f5 , f  ~~ J)  no t io i u .Johiti

~ San~ . Inc Nell Voi - k , Ntt oi. p. b’l, Vt het i oa t ’  brought heave f ) I I ’ i i f Imnc ~ , t f f t ’ r  1 14.41 ) . t he actual
i, it i t ,  \l ,t~ ‘01 )10 ua l I~ sho wn to h1. r I o t’  like I to 3 .t~ i m~i l t i t ’ ~ pet tOO I l l  O t t O  pp. 122 157 —t i t s . 1 7 1’ .

I it  t r i ton ’ ~ll ,Iui IIl , t I ~~,it ( m m .’ lo ire t l ~ it iii’ t’ , i im ’u fa t i  illS mmiv  i v  i’ wi ’ting This p , imni 0 ‘ 0 0 , 1 1 1  ‘ ‘ 1
liv ii n im iLnh l  i t i l t’  at r Imamigt ’~ t hat t ime l) i’t hiist ’ lt l te i [ mgt ’ nr t ’  .- \ g ’ n ,  I 1)l..\ - has made in it~ unc lea r’ II,i nlog,’

mt’t iitidologv oithiti  the last ha  t a t ’ s

p - I’ ~~~~~~~~~~~~~~~~~ - .  
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d . ’l ’ense , and fbi’ p , l f l i c i  ar e so d i f f i cu l t  to e v a l ’ m , t l e  t hat the~’ ai’e seldom taken into
m t c c t i ~in t  in models at ’ nuclear attack.

l ’ht ’ l imited amount at test data av a i l ab le  has led to another  type of uncer ta in t y ,
‘m ’t’h aps  not as wide l y  recognized as the phy sical  y - f l e c t s  described above: the  uncer-

t a t n t ~~’ in  t i iodel t t i g  nuclear  effect s .  Fallout  is the most d i f f icu l t  to quant i fy ,  hut blast
and prompt radiat ion effects ar-c a l so uncertain,  m i t i t h most models ignore other
l i 1 m t P t  ‘tb ct s that  m i t e  hard to ca lculate , such ,is conflagrations and fire stornh s.
W i t h  fa l lout , var ia t ions  in wind and other climatic conditions can cause casualty
level ,  to lange over several orders of’ magnitude . A lso , the unit  amount of radioac-
t i v i t y  pr oduced (the K-factor or’ “Mag ic  Numbe r” t v a r i e s  by at least a factor’ of two
between theory and emp irica l obser ’vations; 9 and since most models use the
theoretica l value , t hey probabl y overestimate the radioactivit y pr ’oduced . These
prob lems are common to most fallout models : h owever’ , one of the greatest uncer ’-
tai nties is reflected b~’ t he large differences between models , as shown by the three
dissimi lar patterns in Fig, 2. The patterns dr ’awn by Drell and von Hi ppel suggest
that  they may have used the Weapons Systems Evaluation Group WSEGt model
see Fig. 2i or’ some simpler geometric r ’epr ’esentation. ’° And for’ air ’bur sts , the

hei ght of burst adjustment is another - source of variation across models.
Finally , it is impossible to foretell the conditions that would prevai l in a nuclear

war’ . It could come at various alert levels , with varying attack intensities and
timing,  an d with  different objectives , all of which would pr ’oduce differ’ent out-
comes,

To t r e a t  these kinds of uncertainties in damage assessments, Rand has devel-
oped a new family of models 1SNAPPER that use simulation to evaluate the effects
of uncertainty r ’anges. The SNAPPER nuclear damage assessment model , br ’ie fly
described in t h e appen d i x , t s desi gned to capture the distribution of fatality levels
caused by variations in many of the parameters mentioned above, In its simplest
format SNAPPER can cover , wit h distributions or’ r ’anges. a ll the parameters var-
ied in the fatality levels repor ’ted by Drell and von Hi ppe l. Thei’efor’e, we wi l l
employ this version to indicate how SNAPPER can enr ich  our understanding of
fatality estimates.

COMPARING SNAPPER AND THE DRE LL AND VON HIPPEL
ESTIMATES

Tabl e 1 su mmar i zes the inp u t paramete rs an d u nce rtaint ies consi dere d in eac h
type of analysis. The attacks postul ated by the DOD and repeated by Dr-elI and von
Hi ppel will be used exactly as defined in each case. This include s retaining the

Si ’ f i t  l) ( ‘l ’ ..t ( ,l i , t ’ ~ i m , , ms art P u / los t  t , DCI’A Research Report No. 21) , i’ep , l ’ t’t i b Smih t  iii lint t t ’ I ’

tin f” mi I lout, A l v i  ~ , i v  (‘minim it  t i ’  on (‘iv ii Dt’f ianst’. National Academt it ’ Sum in  i t’ s . November 1147 :1 . P~
i

2-6 .
‘° I)reII and von Ilippel . pp. :32.33 . iheir pattt ’ r’tls i t t i k  f i i , r ( m  ~i tnm lmir  to t i l t’  ~\ sEt pattern in Fig. 2 .

The SEC model is  t i si ’ tI in this re por t  hi ’c tiusi- it t h i s  s i i i m l l m l r h l \  m u  ( mi t i n s ’ a is the in st a i~t ’lt
.i i- i ’opti-i f fi i llout tu tu ’ ! i i i  m f . i n i u tg , ’ ,OSl ’SSntt ’ iut m i n i  t The WSI”C t~ ,,i ti ’l~ pil~l 1 t l t i i i t \  0 1 ) 1 1 1 ’ f , m  both it s

t i s t  r u t)  ti me and rm ’ I , i ’ i v t ’ Ii r igot ’ nmms m f i ’ t ’m v ,iti uin . I t h l h l l O! l  it riot the m ist a u t o  iii’’’ model avai labl e
( 1 1 5 m m  i ist ’  o ft  f i t ’  a i i it 1 ,50  I t ’~ I ui fallout ii mmt ’,’s~ In ‘r mote infoi’rmition in I . ,  ‘ I , ’ , iu  i t ,  IIh R ~,‘,‘ Vt’ W
Kellogg. .- \ t ’ l b ’ m sp ) m i ’h ’ ii’ 1 1 , 1 ’  ‘fl,, I (Ott! ( ‘l I l a - i n  l ’ a l f i i i i t  ‘‘t R o u st ,  t i l e  / ) t ’ h p - t ’ , f~

- i i i  , l t l i , l h l t ’ ki’1l,,.s m , , , m~~.
The Rand ( ‘ I I i r m m l i - . m ? i o n ,  P-IntO . Mmmi  11157: and (‘ .J. Si ’ i ’ r m  and M I’,m !a ~~. .~i :  .- ( , m c r f v s m s  if ’ J”u / f , i m i t
l ’r, ’r /mi ’I m i , , m  .t I , , , 1, - I s  ‘t ’si l 2. ( ‘ S  \.u.n Radiological Di’t i’na’ l.mi imou . m t , ,ri . NRDI .i’R(’ - 4i5 - St t . .\ t i g t l — t  25 .
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Fig. 2—Comparison of three fallout models
for doses over 100 r

unreasonable 100 percent reliabilit y figure for cases C, D, and E. Case C differs
somewhat from the other attacks in several aspects . including a somewhat higher
fission fraction and a somewhat lower-scaled burst height. ’ For the attack
analyzed in each case, only the actual ground zero was allowed to var ~’, based upon
the circular error probable (CEP) of the weapon system. The other uncertaint ies
imp licitl y evaluated were the shelter’ posture and winds. A fairly wide range of
uncertainty on shelter posture was used in order to include some of the possible
var ’ia nce in the “K-Factor ” or radiation level , which impacts f a t a l i t y  levels as the
inverse of shelter posture.

In handling uncertainties in inputs , SNAPPER uses distributions of inputs to
develop distributions of outputs by Monte Carlo sampling , In this  ana lysi s . the
actual ground zero was determined by choosing a set of random number’s from the
circular ’ normal distribution based upon the CEP for each arr iving weapon. The
winds used were “mean-effective ” winds chosen at random five-day inter ’va ls from
1972 (five-day intervals being sufficient to generall y i nsure independence ) . The
variance in shelter posture was captured by measuring the impact of incr ’easing or
decreasing it 33-1’3 percent around the basic value for each wind and at tack.  The
t hree points (+  33-1.’3 percen t . 0 percent . .. 33l ‘3 perceri n serve as mid- interval

See Frank L Adelman. .Joseph (‘ Kru lip’ a nid C - Tucker Bat t ie , In t t ’ n lm  i - t a O ’ - t in it !.ttirg t, ’rni
Eff ~’i’(.s of Lr or lied ,\‘si i ’ lear -b ( too/u . s stem Planning Corporation. Rept ir t 277 . Si ’pr s ’ni ls ’ r I ttTh . p III
A sumi It’d height of buNt of Si) 1) 94) ct optimum’’ a gml inst target s in liii’ 2) $)( l puru mis per a IU a it ’
inch (psi) i- , ngu’ according to DI A ’ s !mh ’isu ’ctl ‘ii fna ’r uzht li t, ’ Ha rr dh omik .
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estimates of a uniform distributio n extending plus or minus  50 per ’cent ar ’ound the
SecDef shelter posture.

- ‘

~ The results of these comparative SNAPPER runs are shown in Figs. 3 to 7.
Figur ’e 3 uses two methods of presentation to compare the Schlesinger r ’esults
quoted by Dr ’ell and von Hippel with the SNAPPER estimates for case A , the
one-megato n airburst case. On the left , a stan dar d bar grap h is employed , showing
tha t  fatalities have a 1.5 per ’cent pr ’obabilitv of being over 2,800,000 , and a 39
percent probabil i t y of being between 600,000 and 1,000,000, the basic interval  t h a t
inc ludes Schlesinger ’s resu lt. The ri ght half  of Fi g. 3 plots fata l i t ies  against the
cumula t ive  probabili ty that they wil l  he less than any given leve!, the nor m al
SN ..\PPER output. Thus , case A fatalities should not be below 300 .Ol ) l i  at’ above :3.3
mi llion (wi th  about 95 perce nt confldence ; the median level I ’m about 820,000. and
fatalities should be below 1.0 mill i on with 64 per ’cent probabi l i t y ,  The Schlesini~ei’
f h t a l i tv  level is close to the median , but it exceeds the lower ’ l imit  1w a factor’ ofthr ’ee
and is only one-fourth of the upper’ l imit .  It is therefore specious precision to san
that a one-megaton airburst on each ICBM silo would kill  800,000 peop le . n v i ’n
thoug h that figure lies close to the median.

Figure 4 disp lay s similar results f’or’ case B, t he one-megaton gr ound burst on
each ICBM silo. The 3.O ’mi llion level cited by Drell and von Hi ppel is again about
t he median value , which is interesting considering its or ’ig in as a r ’oug h estimate:
Schlesinger , w ho had done calculations for’ case A. stated with regar’d to case B, “If
t he Soviets chose to surface-burst their weapons rather ’ than airbur ’st thei r ’ wea-

4

O 20
Percent of cos~ Cumulative probability

Fig. 3—SNAPPER comparison of possible fatality levels from
a Soviet Counterforce attack with a one-megaton

airburst on all U.S. ICBM silos (case A)
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5 — SNAPPER d istribution

C
0

I: ~~~~~~~

0 I I
0 25 50 75 100

Cumulative probability

Fig. 4—SNAPPER comparison of possible fatality levels from
a Soviet counterforce attack with a one-megaton ground

burst on all U.S. ICBM silos (case B)

pons , it would drive the number of fatalities or casualties to a significantl y higher
level , something on the order of three million. ”

Figure 5 depicts a sharply different comparison for case C, the 550 kt air and
ground burst attack , which is the first of the cases that Drell and von Hi ppel use
to show the “impractica lity ” of a limited Soviet counterforce attack. The point
estimate of 5.6 million fatalities hit s at about the 97th pem ’centile of the SNAPPER
distn ’i bution , showing it to be very close to a “worst-case ” result over the uncertain-
ties in wind , shelter’ posture , and actual ground zer ’o. Note that the distribution for
case C is stri kingly similar to that of case B, as would be expected from the roughly
eq uivalent  effective fission y ie ld of these two attacks , since fal lout  is the dominant
fata l i ty  mechanism. The fact that ease B is r ’eported as having a point estimate of
:3.0 mi lli on fatalities versus the nea r l y  double point estimate for’ case C indicates
t ire extent to which the counter ’force critics are dis tor t ing  atta ck outcomes.

Fi gure 6 shows that the case D fatal i t y  level also appears to he a worst  case fon’
th e  same r’easons as in case C. fal l ing at r ’oughly the 98th percenti le  of the SNAP-
PER distr’i bution. The relatively wide downwind  fallout patterns of a 3-megaton
attac k car ’ry the potential risk of floating over seven’al major ’ urban areas, so t h a t
we see a fairly large tail on the distribution. Thus the point estimate of 18.3 mil l ion
f a t a l i t i e s  could be too low if such conditions occur , but is othem ’wise too high by as
much as a factor of 6.

-‘-
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Fig. 5—SNAPPER comparison of possible fatality levels
from a Soviet counterforce attack with a 550-kiloton
air and ground burst on all U.S. ICBM silos (case C)
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Fig. 6—SNAPPER comparison of pssible fatality levels from
a Soviet counterforce attack consisting of a 3-megaton air

and ground burst on all U,S. ICBM silos (case D)
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Finally, Fig. 7 presents fatality estimates for a “comprehensive ” attack , case
E. In this figure , the fatality level given is slightly above the top of the SNAPPER
distribution. This may well be due to differences in bomber-base or SSBN port
attac ks, which were not well documented by Drell and von Hippel. Other possible
causes include differences in the population representation employed , the wind
patterns used, the fallout model , or the terrain shielding factor. While each of these
latter factors would also affect cases C and D, the effects could be somewhat differ-
ent , given the broader nature of this attack. Whatever the reason , case E is also
clearly a worst-case outcome for the given attack parameters, and is more than
twice the SNAPPER level about 60 percent of the time.

20

Drell and Von Hippe l level

:~! 
~
0
~~~~~~~~~~~~~~~~~~~~~~~~~~~ pPER 15t~~utj on

Cumulative probability

Fig, 7-SNAPPER comparison of possible fatality levels
from a “comprehensive ” Soviet counterforce attack on

ICBMs, bomber bases , and SSBN ports (case E)

CONCLUSIONS

The SNAPPER distributions have shown that the DOD fatality levels, used as
unvarying point estimates by Drell and von Hippel , are basicall y of two sorts. Cases
A and B are approximately expected or median fatality levels for the given attacks.
Cases C, D, and E are approximately “worst-case ” fatality outcomes for the m di-
cated attacks. In all cases , by adhering rig idly to fixed point estimates . Drel l and
von Hippel ignore the large variations that could occur in fatality levels, and thus
entirely miss the rang ing certainty and comparability of the attack outcomes. By
using the SNAPPER model , we have also been able to capture some of the uncer-

- - -.-~~~~~~~ ~~~~~~~~~-- rn - ~~~~ -.--
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taint ies inherent in models of nuclear warfare and use them to calculate possible
fatality distributions, This approach is preferable to using point estimates, which
tend to make us forget that even a limited recourse to nuclear weap ons would be
f a i r ly  unpredictable in its immediate effects , quite aside from the imperfectly un-
derstood indirect effects and the dangers of escalation.

L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~-- .
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III.  EFFECT OF POSSIBLE SOVIET ATTEMPTS TO
MINIMIZE FATALITIES

Most analyses of counterfor ’ce attacks assume that the Soviets would be con-
cei’nc’d wi t h trying to minimize collateral fatalities. This may or may not be true.
I f i t  is not true , calculations of’collater’aI fatalities may pr ’ove to have little relevance
to t he larger ’ questions involved in counterf ’orce attacks. If it is true , t h en it seems
un reasonable to postulate Soviet attacks without taking into account their desire
to minimize fatalit y levels. Few analyses make the effort to deal simultaneousl y
with both military effectiveness and coll atem ’al fatalities , apparent ly because it is
di fficult to do so. If one is will ing to make some simp l i fi cations. however , the
tradeo f fs are calculable.

W i t h  appare nt reference to the “comprehensive ” attac k , Dre ll and von Hi ppe l
state:

I n any case it is clear tha t  even wi th  a massive attack resulting in
enor ’n io us devastation , including the direct death of 20 million Americans ,
the U.S.S.R. wou ld have accomp lished little of strategic mili tary value 
It is therefo r e at least misleading to suggest that a successfu l and strategi-
ca llv effective counter’force attack could he carried out with low civilian
casua ltie s .

While it is not wi th in  the scope of this report to deal wi th  questions of “str’ategic
mil i ta ry  value , ” it is easy t o show that , if the Soviets so desired , t hey could carry
out an attack comparable to the “compre hen sive ” attac k postulated but with fatal-
ity levels an order of magnitude less than 20 million. Because such levels would be
“low ” by Schlesinger ’s standards , there appears to be good r’eason for questioning
Drell and von Hippel’s conclusions.

MODIFYING THE SOVIET A~~FACK TO REDUCE FATALITIES

A carefu l examination of the fatality data indicates at least three ways in whrch
fata li t y  levels can be lowered. The firs t is widely recognized: avoiding attacks on
bases t hat would cause high fatality levels (such as the Whiteman AFB Minuteman
f’or ’ce . The second is fuzing for airbursts instead of ground bursts. (This is practica-
ble if airburst fuzing does not seriously degrade weapon delivery accur -acy. as
indicated ear ’lier. Al though airbursts increase prompt fatalities , the~’ decrease
fa l lou t  fatalit ies ,  and the latter effect no r ma l/v  pr ’edominates . A third way to n-educe
fata li t ies  is to decrease the y ield of weapons used and thus decrease both prompt
and fallout fatalities. Doing so also lowers target kill-probability, but slig ht ly in-
creased accuracy can often compensate for that degradation.

Star’ting with  the “comprehensive ” at tack data (case El, Fig. 8 shows the
progressive impact of these three efforts to min imize fatalities. The curve labeled
‘A~ aid high fatali ty bases” reflects the same attack on all but the Whiteman
Minuteman forces and eight bomber bases. ’ This lowers fatalities to the range of

- (.‘mIt’ ~\~ - l I, Fairchild. Mac Dill . \ Iarc h. Mather . \lcGuire. \Vusinv,’r , and Wri ght- Patt ’rson .-\ I”B~
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Fig. 8—Fatality distributions produced by increasing
levels of Soviet effort to limit collateral damage

1.8 million to 8.8 million , with a 4-million median , about one-half the “comprehen-
sive” attack level. By then descending to “airbursts onl y, ” the range falls to 1.7 to
3.9 million , with a 2.4-million median. Finall y, by using onl y 550-kt warheads on the
ICBMs (but one megaton on bomber bases and SSBN ports) , the fatality range is
lowered to 1.6 million to 3.4 million , with the median at 2.2 million. 2 This last
median is about one-tenth the 20-million fatality level used by Drell and von Hippel
to argue against the credibility of counterforce attacks. Further , these attacks still
include Drell and von Hippel’s overestimate of’ 100 percent reliability. If more
realistic missile reliabilities are used (85 percent for ICBMs , 80 percent for SLBMs),
the latter fatality range becomes 1.2 million to 2.8 million , with a 1.8-million medi-
an.

To show that these modifications do not significantly dilute the military eff’ec-
tiveness of the attacks, expected destruction levels of the strategic forces at risk
were calculated for each option in Fig. 9, based on the expected damage levels
indicated by Drell and von Hippel and their DOD source. 3 ICBM, bomber , and
SSBN destructions were aggregated for three aggregate measures (deliverable
warheads, deliverable Equivalent Megatons (EMT ) , and effective countermilit arv

2 In th i ’ a ,rbur st-only attack , a sca led height of burst of 84 feet was used on lCBM~s and a height of
hurst of 7250 feet wa’s used for all bomber-b ase weapons. In moving to 550-kr warheads , a fiss ion fracti on
of U ~i5 was  assumed , hut a sca led height of burst of 84 feet was retained ,

Forces at ri sk are defined as all ICBMs and hombersand all SSBNs in port . The data on effectiveness
r ta’ar on p 35 of Drell and von Ilippe l’s arti cle, and on p. 23 of An~ Ivs, ’s of Eft’ci ts.
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potent ial  E(’\1P. 4 with the uncertainty ranges across these measures shown by
t he question mar’k s in Fig. 9. In sum , t he modified attacks are  anywher ’e from 4
per cent to 10 perce n t l ess “effective ” than the comprehensive attack , which is to

‘s.’ suggest that  to achieve a significant ( 10.fold) decrease in collateral fatalit ies , t i e
- 

..
~
. Soviet ’.’ riced trade onl~’ a slight ( 10-percent) decrease in mil i tar y effectiveness. This

is bor ’ne out in Fig. 10, w hich compares the counter ’force attack Drell and von
Fli ppe l call unacceptable with the r anges of fatali ty outcomes generated with
SNAPPER and the effectiveness data from Fig. 9.
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Fig. 9—Expected destruction of vulnerable U S farces by
“comprehensive ” and modified attacks

( based on DOD estimates )

CONCLUSIONS

Soviet counterforce attacks near l y  as t ’Il ~’i .t ~ l ) r t i .  and von I l ipp e l ’ s ( I O u

pre h ensive” attac k can be unde r t aken  a g a in s t  t lie ~~n r ted  S t , i t t ’ ~ at i t -  cost of
infl ict ing about 1 mi l l ion  to 3 m i l l i o n  t . t a l i t  i t ’. Thr s n .an ~ r . ’ .o hs c er t a i n i ’  t i u l d
constit ute a disaster unprecedented in our na tio n ’s m r l n t . t r ~ ‘~t t  ‘~ l i ~t i t  is f l CV (- ’ t ’

t heless one or two orders of magni tude ] t ’.’. han  th e  i t i i ht , of tt . i t h s  t h a t  could
resu lt from a massive nuclear exchange invo lv ing  , t t t , t t  k~ ri c i t  ie~ I t  I s  i l i e t i ’ t o t  p

not at all misleading to state tha t  po t i ’n t i a l l  ‘ ‘ ~~~ .-  ‘ -. (‘our i ‘ - t U i  • -  a t . t t ks .tn
carried out against the United S ta t es  e , i i h  r t l , i i ~~ t [ ~ lo~ coll , n t , ’ra l t , i t , t ~~t i t ’ ~ com-
pa red with those we would suffe r in a u i . i s s i ’~ t . un con t r o l  t~~ U 0 ‘‘ .1 t i t

( ‘MP i t s  a lso been referred t o is It’t l i,,I ~’ ii th e l’ ’ . i ;.i ’s K I’.t~,-, t , ’ , ,  I Ml .~~~ n i t — $1,1 s~ ‘s t , . ?
re l iabi lity in a manner that gives ,i ~~i’ .Ipor i ( ‘Ml’ max imum orre’.lt tid v ,~, to  . ~al . ‘‘ ~~ ‘ would
give a kill prohahilitv equa l t o  th e r.’l . i h i l p t s
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Fi g. 10—Tradeoffs between milit ary effectiveness and
collateral fatalities as shown by r ’anges fbi’ each

(SNAPPER calculations )
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APPENDIX ’

Strategic analysis has for many y e at s  employed nuclear damage assessment
models in evaluat ing the effects of nuclear’ war. .Most of the models in use today
are  only slight modifications of those or ’igina lly designed in the 1960s. In general .
because t hese models were desi gned to analyze  mass iv e  exchanges . t he~’ are very
large ,  consume a great deal of ’ computer ’ t ime , an d usual l y  contain numerous  op-
ions to meet the needs of a wide var ’ietv of u~ei s .  As a res ult ,  they have become

fiu ir’I v comp lex . and their’ use is pr ’ohibitiv e to all but those ana lys t s  who have
developed fai r ly  s t rong pr ’ogr’amming skills.

\V hv . then , yet another nuclear ’ damage assessment model? The answer is tha t
the needs of strategic analysis have changed to the point  that  the models of the
1960s a r e  no longer’ pr ’ofitab le to use. For’ one thing,  s t r a t eg ic  t h i n k i n g  has gone
th roug h a number of ’ transformations in recent years . and thoug h the concepts of
l imited nuc (ear at tacks or’ pure counter ’for ce attacks ar’e not new , t he analy t ica l
capab i l i t i e s  required to deal wi th  them ai’e somewhat differ ent fI-om those bui l t  into
the  older’ massive-exchange models ,

We ar’e also becoming mor’e aware that  pol icymakers svill wan t  to pa r t i c ipa t e
dir ’ect l in the p lanning ofnuclear ’ oper ’ation s. They probably wi l l  not he well versed
in mathemat ics  or’ computers . hut  they may want to see and be able to read what-
ever output the computer’ gener ’ates. Ther’e is also a growing number’ of anal y sts
who want  to use damage assessment techniques but who are not well versed in
computers. This implies tha t  new models a r e  needed tha t  ire easier’ to use , and
whose outputs are easier’ for’ the “layman ” to understand and inte r pret.

We have also seen a number’ of changes in the methodology of dam age assess-
ment in t he past few year’s. This is true with  respect to both pr -ompt -o ffects calcula ’
tions and fallout calculations , as well as w i t h  r’espect to s ta t is t ical  summar ie s  and
ot her basic aspects. Some methodological changes ar’e also the product  of th i rd-
ger ie ” it ion comp uters with their ’ advantages in speed. storage . perip her’al access .
and uni formi t y , w hich render’ the computational procedures tha t  were optimal  t en
or’ fi fteen years ago of dubious impor ’tance today.

As methodolog ical and philosop hical changes have occur’red in the s t rateg ic
area, some damage assessment pr ’ocedures have simp ly been discar’ded. w h i le
o t h e r s  have been patched up time and aga in unt i l  they have become l i t t l e  bet ter
t h a n  “black boxes. ” In recognition of th i s  problem and the chang ing requirements
of str’ ategic ana ly s i s . Rand performed several s tudies  over the  last few year’s to
determine the kinds of tools tha t  have become necessary. We then turned to the i r
( les ign  and integrat ion , and pr ’oducet l the SNAPPER model Strategic Yucleat-
Attack !~‘ogr’am for’ f l ann ing  and Evaluation of Re sul ts ’ .

in many  aspects . SNAPPER differ’s sha rp ly fr om the  t r a d i t i o n a l  model s- I t
ret i i n s  the  capabi l i t i e s  of many of’ the older’ models . but it is designed to work
opt imal ly  for’ smaller’ , more  localized a t t ack s ,  for’ which  it possesses a large compt ’ti-

ye advantage.  it is smaller ar id fa ster  than the t r ’p di t io nal  models , and it emp ha-

\li,’.i (a the I’’ \ i  u t ’ his , u pend ’s i s  token from the ii - uil~~’i irs ‘ .u ’ut i i rl ol i i  t’ort lw nitng

~‘~~ .-\I l’FR nian’i,iI
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siz ~ s ana ly s i s  of’ uncer ’tair u t i e s  in or ’der ’ to deal adequatel y w i t h  small  a t t a c k s , wh i ch
a r e  much more s t rongl y  aflected h~’ the ‘‘ l iws of ’ small n u m b e r s . ’’

SNAPPER ’s other’ major’ d is t inc t ion  is its user’ i n t e r f ace  . . - \ r u a l  sts w i t h  a l imrt-
ed b r c’kgr ’ouru d in computer’s can use SN .’\l ’l > l ’ R comfor t ab ly  and w i t h  m i n i m u m
e f f o r t .  User’s w i th  mor e computer’ backgr oun d can take advantage ol ’~ever i l special
option s that  g ive SNAPPER as muc h l i exi b i l i t  as the y  a r e  l ikel y to desn -e. In
genera l , inputs  a r e  r e l a t i v e l y  simple , and outputs  a r e  in s i r r i p le , u ’a” .~ - I o’t- ntd  t abu-
Ia n ’  ar id g r ap hic fb r ’mats ,

THE DAMAGE ASSESSMEN ’I ’ MODEL

hi p er ’ lo r tn ingdam age  is se ss lne tu t . two l i , i s i c  s t i  ps a r e  r’equ i ‘ ui  in t h e  l i s t . t h e

geo gr a p hic ar ea  of ’ t he  att a ’ k is d e t e r m i n e d  and used ( i i i  ( l l ’ l I \ \  i n g  s a n i j u l u ’ . f r o m
the  da t a  bases , of ’ t’ e siflhi’ c e po in t s  t h a t  could i,’xpu I’ l i ’ i ’ ..ce d i i i n t g e .  Tl~~ ‘s ’ i d  i , i ’ s k
Is to evaluate the d rn ua ge to e tch r esource n i n t  i i i  t h e  sli! l . l e  , .isu .’ii by t H ’  ‘ s t u ’ c i t i c

a t t ack  of’ in teres t .  In S N A P P E R , t h 1  f i r s t  step is pe r fo rmed  h~ the ‘‘r i  u pi ’ u
and t h e  s i n  t u b  by the  damage Oss ‘~~or .

The pi’ i ’ ot’ocessor h i ’g ns by r e a d i n g  the u~u u ’g ’t and ‘~~ i ’ u ~n i i  
~~~~~~~ t i i a t  i ’ ~~~s b u t

d r m a g c ’  assessment ,  It iSI S these  to  de t e t ’ u n’ t h u  t u I g c t s  un i t  t i f l i  
~~~~~~~~~~~ 

t o  u

used, and also performs an in itial win ; ) i i t i s  i i  boc it on to lut’ ;ulu~’u te mt or - a n y  thu ” .i i

ground j e l l s  ‘ f ) C Z s , Targets are \vnl ten in one h.~~i se T ~i nil t i e  tu ’n f ui i ’ i r v  )(  ‘i’.
a r e  written in another for pr ocessing by t h u .’ d , u in u gu.-  , I s - u ’ S s u i  ‘l ’he on h u n t ’ .  a t e
used to specif\’ the lo cus in which p o f o u l t i o n  will be a fi’ l i d , h i ’ s, , t i t - , i ~ c i ’

geogr’aphur callv divided into two t ’ e~ i u ’s : one t o ’  pt’onlpt -d ’u . ’ i -~ irid the  ot Ii ‘c ‘- i

fallout & ‘ t f h c t s  These t’egiotl ’s ate t i s i ’ i l  to scr-een the ~opuia t i on  s l i t ,  h i i ’ s e. i t  t i l t  i t

u j i f o ’ ox n u i t e ! \  equa l  nuniher of t t’ u cts samp led f r o n t  each t \  f l u ’  O~ i eglo fl ai d
hin ed to f ar m  the population sample , which  is a lso f u i i s s i ’ i i  t i  t h u  dant i~ i ’ i ” .’. ‘s ’ .  i t ’

TIr e d i t tu i g e  assessoi’ is  somewhat similar’ to thi n- damage calculutor’~ I t  i n p u t s
t hu e a t tac k sped fi catior i  arid combines it w i t h  the ten’rpOi’ar’y D( ;z5 I i ;  ‘ i ’ , me l t  ‘n ze
the  DGZs of the rt t ick . These ti e first evaluated tot’ pr ompt ‘ii [~~ 1 ,iT on il ~~’ ’~
using the Dl.\ vu lri er ’irh ih ity —n un ube r ’ w ea por ’i— rad ius n u i . t l u u u h u i i i cy w i t h  on ly minor’
extensu  ins Fallout eflhct s c’an then be calculated ag u i i s ’  t hu e I opu Ian in by a si  t u g

the  SEER I I I  model or’ any one of three geometric fa l l out  mode ls: \VSE ( N,-\S.
\l I I .LER .  and ( ‘A\IEL , F ina h l , t r i ’ ge u damage i s ; u l s i  c a l c u l a t e d  by t h e  DIA l it  h i —
odology . ‘‘Expected v a l u e ’’ ca lcu hur t  io n s of’ p r o m p t  dani’iage u t ’  run. fb l l  wed b :15

man”  M onte  Car ’lo S i t l I u I I t l O i t s  is the user’ i l esu t ’ es up to 5)) . S t a t i s t i i - s l i e  ( ‘Ofle

pi led , and the r esults i r e  then output .
To de te rmine  the re la t ive  adv an tages  of ’ dif fe r ’c ’nt . weapons or’ d i f l ’er ’er it t a rge t -

ir ig ofrsets  against any given t a r g e t ,  a target  evaluat io n  mode is pn’ovi ded. By
simp ly s e t t i n g  two par ’a meten’s , the entir ’e pr’ogn ’am is r e r u n  (h r  e i ther ’  t a r g e t i n g
ofTi~ets and or differ ’ing we ap ons . the results of which  can he d i r e c t l y compar ’ed b~’
the aria lvs t

At pr ’esent , the damage assessnii ent model is near ’l y comp leted and It is been
fair’ ly extensivel y tested. Most of the effort  on this project is now being expended
on doc umentation and provid ing  data bases w i n d s , popu l ut i on s , and t a r g e t s  far
t he U n i t e d  Statc’s , the Soviet Union , and countries in NATO and the \~‘ i r ’ s r w  Pact ,
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