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-:.ﬁ?OffenSive Fbrces._

’_countries under-v&rious scenarios.

'ming capability“fOr reliability is assumed for both sides.

INTRODUCTION

This analysis examines the relative merits in & 1970 time frame of four

means of limiting damage to population and industry: (1) Civil Defense -- -

to decrease the vulnerability of the population; (2) Ballistic Missile
Defense interlocked with (3) Terminal Bomber Defense -- to destroy wespons
enroute to target as well as make high worth defended targets'unattractive

to attack; and (L) Strategic.Offensive Forces -- to destroy enemy weapons

.before launch. Decreasing returns to scale operate for each of the four

sepsrately which - suggests en&lyzing their effects in combination.

. The study is carried on in parametric fashion with- empha51s through-

out on optimum solutions (i e., given % Surviving for least cost or

: greatest possible % Surviving for a given cost). Bebavior around optima

is also traced. The analysis.involves sub-optimizing facets of each of

the four means of damage limiting before the progressive optimizetion of

- Civil Defense with Ballistic Missile Defense and Terminal Bomber Defense,

. the latter two appropriately interlocked then all three uith Strategic

As may be seen from the outline on page 1, the .

"

Throughout the stﬁﬂy; unless otherw1se stated, urben/industrial

o damage for hoth the U. S and U. S S R. includes collateral effects from

Hish

x.tffa 5000 meg&ton concurrent att&ck on millt&ry target5. MiSSlle reprogram-‘




confidence attacks are considered, with emphasis upon blast (end fallout)‘as
damage agents, Blast is the most promlnent means of inflicting damage (this
is partlcularly true if fallout protectlon is prov1ded), measures of lower

confidence -- such as hlgh altitude detonations to enhance thermal effects --

are not addressed here. The study concentrates on relationships and

planning and does not include the full variety of possible weapon systems
available in the future and how they may be related to the variables used

here.

. The analysis begins, for: each country, with damage curves (% Surv1ving
. vs. Number of Attacking MlSSlles) for selected Civil Defense postures.
Next, Ballistic Missile Defense is considered, apd optimal combinations of

radars and interceptors are found. To prevent bombers from circumventing

Ballistic Missile Defense, & Terminal Bomber Defense is included at all

missile-defended targete. (Data and time limitations prevented the
T cons1deratior or interlocked Termlnal Bomber Defense for the. Sov1et Union. )

_blue sub optimlzatlon of Terminal Bomber Defense necessitated analy81s of

,r‘\ ‘:"I '
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Comparisons are made of defense/offense cost ratios for the two
countries in considering the econcmic competition involved in defehse/ offense
reactions. Finally, dmuage‘to both countriee is described under va.rious
scenarios. These, together. with considerations of the relative_levelsief

effort of the two countries -- levels of-effort with regard to resources that

may be applied to both offense and defense -- proﬁde estimates of the range
{ or "ball park" of the poteutial damage to each.
T ' The main develo;pment of the analysis is presented in & series of 29
| graphs. . Ea.ch graph is accompanied by & plate of conditions and a.ssumptlons -
B that apply to the mph.. Further, each plate conta.lns a hst of basic
observations regarding the behavior of the variables cons:.dered in the
graph. Main attention is given to the optimum points shown ou the graphs,

but since curves trace out many possible solutions, this graphieal,

perametric means of analysis is able to consider the behavior of ‘the

s phenomena under' -study. Thue,. an important reason for presenting the

. ;a.na.lysis in the series of gra.phs :|.s their capablhty of showing behavior

5 ,__,-.'a.roxmd optimzm solutlons, withou‘b being forced to accept discrete points as - | -

”;flnal solutions., nmsaz It 15 partlcularly important to note that the '

:_‘pu.'rpose of the _study i d."'to

i fra.mework. The ‘study is ~nf;)'i: ’c.o_'be considered as an exhaustive a.nalysis

e of any particuis.r“mmponent.- For exa.mple, g fairly S:meliflEd model for
'. - NIKE-X is-. used. One'w}ou.ld. ex_pect that- ‘bhe mere -exhaustive study now 'being
: _conducted by the Army 'wu.]_l prcnde more J.nsight into this pa.rticula.r facet

_of the overa._u_ problan. Also this study should not be considered as :the




LL

last word on the utility of blast shelters.

The analysis is followed by & summary of general observations on the

subject of damage limiting. . ' o




L

‘e

FIGURE 1

% U S. POPULATION ARD MANUFACTURING VALUE ADDED (MVA) SURVIVING vs NUMBER
* - OF RELTABLE SOVIEI' MISSIIES ATTACKING U. S. CITIES
FOR VARIOUS CIVIL DEFENSE (CD) POSTURES

Time Freme 1970 -- For the entite analysis. Total population is 210 millien.
Attack -- Soviets attack MVA targets in order of worth destroyed per
. uﬂ J,AJ(,C '“)«Qt.n_ﬁ,r‘) wm/..uf-

missile.

H._S

Soviet missile hes 5 MT Equ_lvalent payloaed, surface

burst with 1 n.mi. CEP. (chiet ss—ﬂf

Percent populati'on surviving 'is shown by s-oiid lines.
Percent MyA surv:.ving is showu by dotted linpe, _
Collateral Dams.ge (Shown by less than 100% sumnng for zero

missiles attacking cities) is from 5000 MT- de.'!_lvered on

é ' U.'S. mil:.‘ba::y ta.rgets.
' Civil Defense Postures
L - Cost Blast Radiat:.on

' Curve - CD Posture ($ Bil_b.ons)* Criteria PF**  Description

T U $o 6.5 pei 4.2 ' Existing posture.

) 6.5 psi 10 .70 million spaces
(Fallout Shelters)

35,7 230 million spaces -

(Fellout Shelters)

35 T ***FB.]_'LGut + Blast
30 psi-3k million
spaces
10 psi-k2 million
spaces =
35.7 *!*Fallcut + Blast
- 30 psi-55 million
spaces °

10 psi-TO m.ll:l_. on ..
.spaces

30/10/6.5 psi

Bl
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]
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m Figure 1 *
% U.S. Pop./MVA Surviving vs Number of Reliable Soviet Missiies
‘Attacking U.S. Cities for Various Civil Defense (CD) Postures

- (ATTACK ON MVA)

% Surviving (U.S.)
100%

@
i}

| |
POPULATION
——— MVA

0. 200 5. 7. 400 600 800 1,000
NUMBER OF'RELIABLE SOVIET MISSILES ATTACKING U.S. CITIES -




Shelter effects are degraded for the 10% of the population that do not occupy

LR

the best available shelters and for post-attack effects (lifetime dose).
¥ Costs are totel investment costs.
¥%¥ PF means "Protection | Factor".
#¥%%  Blast shelter programs involve 30 psi sheltérs‘in centrel city ereas
= and 10 psi in suburbs. Posture Nr 8 has a blast skelter program
for the 22 largést Standard MEtropﬁlitan Sfatistical Areas and

Nr § for the 100 largest.

Basic Points

(1) Fﬁll fallout shelter program (Line C) saves approximately 20% more
of the population, for all sizeable Soviet atta;ks; than no civil |
defense program (Line A).
i (2) €D gets increasingly expensive per life saved at higher levels of

population surviving. E.g. for %00 missiles attacking:

% Surviving Cost Approx. . Cost/% Saved
Population ($ Billions) ($ Billions)
308 . 0 _ .0
38% $.0T B $.0L B
L-} 52% - $5.8 B $.2§'B
“ gy $16.2 B $.58 ﬁ_'
. 00 . $22.4 B $.75 B

(3) CD, of coursg,,does not protect U. S. MVA.

SES

—
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% U..5.. MVA SURVIVING vs COST BALLISTIC MISSITE DEFEESE (EMD) FOR SELECTED

£ 53 F4-24%

RUMEERS OF ATTACKING MISSILES

. Attack

i,

(l)\ payload against defend.ed targets (Equ.ivalent of 5 M

+ 10 o‘b,jects) ("8s-8" or "s5-%-1"), ‘
(2) 1 —‘payload against undefended targets (Equlva.lent of 5 M)
(SS T)
(3 (A'bove missile threa.‘ts from DDR&E IC'BM Threat .A.nalys:_s -
_ “Re- entry Syste.ms 18 September 1963 ). -
(3) Attacker given :fiﬂ_'l. knowledge of defenses end has optlcn, for
maximm kill, to. a‘b‘tac}s defenses or zvoid them.
: (h) o collzteral da.mage from military attacks ié%:i\._pcludedi here (and
on ﬁgure 35 -_-.-deslign .for.defenses uses values of intact -
taréets.-' S

BMD I)e.fense

(l) HIKE—X System. SSPk = 0 8 for a single i:rterceptor a.g&i.nst an_

o'bject. (He—prog;ramng of 1nterceptors for es;rly aborts is not

'u_

consli.ereajl : ', : _ _
' Central ra.da: a.nd assocla'ted installation costs $la-00 m:L’Luon., _ s

. .--ql—,‘-

Intercept;ors cost $1.25 million each including warhea.d and

t-!.

as soc:.a:ted equ:..pmen'b

Rt

'-.iﬂ’All 5 -year system costs)

(2)_ hc.h defense u.nit provides an "Effec‘bive Exclus:Lon Redius®™ af .




Figure 2

% U.S. MVA Surviving vs Cost Batlistic Missile Defense (BMD)'
for Selected Numbers of Attacking Missiles

% MVA Surviving (U.S.)

100% . l
- 100 Missiles
o l
| 80% 200 Missiles

/—I'

/ 400 Missiles @

6 0%

40%

20% ==

0o 10 20 30 40
| COST BMD (5 Billions)
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10 n.mi. Defense units are deployed at.each aim point,(deterndned
in the nndefended case), .Possible economies in radars covering
adjacent exclusion areas are not treated here.

(3) . Firiné doctrine for‘interceptors: Prim-Read stfetegy._

.(4) Ratio of inferceptors/radar is optimum.fon'eech size of attack and
forleech size of BMD program.

(5) Final design -- used following Figure 3 -- is for 400 missile
.etseck Thet design involves & ratio of interceptors/radars
which tends to minimize effects of design not belng optimmm for

other sizes of attack.,

Basic Points

(1) Greater investment in BMD saves more MVA at slowly diminisning
| marginal returns. . | ‘
(2) Slopes of curves in Figure 2 are fsirly insensitive.to size of
-atteckx-- value for additional dollar spenf is roughly constant
N fcf'eil.sises of atteck.
. (3)Acha.ra.cteristicof %’hé 'jamn aesigﬁ is that the sttacker's best

.option (1n gettlng\most overall damage) is to. avoid the defenses

‘_‘f e e _.A-a

':”fandf tack'undefended tergets, until the expected damage/missile

:in the undefended:region?is less. then the expected damage/nd581le

o) . e

against higher worth defended targets. The expected damage/

e ,.-..Q.

mlssile 1n the defended area is constent for all defended

geﬁs'and ell missiles attacklng -- a characteristic of the

' ;;Prieread strategy.‘ Thus “the effect of BEMD is to, rerank the

R
Ar .7"{'-—1 l:\)\ T {?
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a3 ) order of attack, putting the highest worth defended targets after a
large number of undefended ones.
L]

'(4) Other calculations, not shown here, indicate that saturation-
effects on -BMD. do not change the optimizatlon of & deployed system.

Satumtion, in this context, can be ﬁewed as an upper limit to

the price that the defense can charge for a target.
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L . Figure 3
% U.S. MVA Surviving vs Cost BMD for
Selected Numbers of Attacking Missiles |
sess+-= Effect of Additional Interceptors at .
Given Number of Targets Defended

% MVA Surviving (U.S.)

100%
100 Missiles
80% | e
i $30 DT g0 pr| 400
800

40

v 20 30

' COST BMD (5 Billions) -

TUST
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4 U. S. MVA SURVIVING vs COST EMD FOR SELECTED NUMEERS OF ATTACKING MISSILES

Repeat of 100, 400, &nd 800 missile attacks of Figure 2,. Showing Effects of

Adding Interceptors.to & Given Number. of Defended Targets (Dashed

Iines).

(1) The dmshed lines show the effect of deploying interceptors for-a

given number of rada.rs. The mumber -of intercéptors can be found
. by ta.king the cost. increment for- interceptors and di'viding by
$l._2_5..mil_lion (cost per interceptor). .E.g.: for 400 missile
atteck, 30 targets defended, the "interceptor curve” is tangemt
to the -envelope at_é. total cost of _$16.9._bil_lioﬁ -- $12.0.billion
.af this is on radars (30 targets defeﬁded.). ‘This lesves $1;.9
‘biliion on interceptors. This buys .about 3900 in‘terceptors..
(2) Bolid lines (envelopes of dmshed. curves) show best m:ix ‘between

nmbers of intercep‘bors and num'bers of radars for a g:.ver: size

a.ttack.__ A " | . A’
(3) Mixture of md.ars and interceptors is & function oi' size oi'
| . attack Dptinnm mx'tur-e for larger attacks requires more irrber
| ceptors per ra.da.r Thus at a given tot&l cost optimm desiya
is to defend :_fewer ta.rget areas, but wi'th more interceptors .as.

.attack size ipcree.ses..
.r . U s Bmaler,




Figure 4 ™. |
Cost Terminal Bomber Defense (TBD) vs Cost BMD

(Balanced Interlocking Defense)

Cost TBD (U.S.)
($ Billions)

15
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v COST TERMINAL BOMEER DEFENSE (TED) vs COST BMD .(U..B.)

Attack

Sovlet bombefs assumed to have capability of dropping up to four 8.MI

bombs at a ta.fget. . This means t.ha‘l; each bomber has a Yelty
buster” capability for all but the largest cities -- essenmtially 100%
. destruction d:f.f MVA of -smaller.-ci:f_bies‘ by ore. gircraft.

Defense .

(1) -Syetqn coneié,eifed.;s the Hawk syStem deployed &t targets.defended
by-ﬁ}ﬂ;}; ' Syﬁém .-t;eplbyed under BMD "mbfem'} forr-interl_.ocking
‘defe'nse_. . Other systems (area defense, - NIKE-HERCULES ) are ot
included -- .'the3-r,. are assuzeed to act on peﬁetre.tion probability,

= PA,'.té the terminal area. Hawk eystem.-SSPk = 0.8 for & single

' intercep‘tor against an a:.rcra.ft.' Ffive-yeer—sys"bem-:coet $5,2
| m:L]_'L‘i.on/f:Lreunit. o AR ‘_
(2) . Bystem d.eployment designed ag;xinst low altitude saturation
.'a.ttack (wi]_l work better vs non-sa‘tu:mtion attacks)
(3 ):;;Design is for "Balanced Defense neplcymenc of zman is. sux:h '

rtha‘b Scﬁets w:Lll a.lmys fimi it i;hei:r hest optian to use —‘:-'-"'

bom‘bera-ag@:inSt undefended -targets. . (This d.ePloyment is
independent uofa:rea penetration pro‘ba‘bilj_.ty_ of bcmbe:rs). _

Basic Polmts . ..

Cost of 'I'ED system interlocked with B{D is. 'very smell rraction oi’ the

. , H{D expendi‘ture and changes slowly with. a:mcunt spent on: EMB




Figure 5 :

% Surviving (U.S. Pop. & MVA) vs Cost BMDITBD for
Selected Total Terminal Defense (TD) Costs .

4 Full Fallout Shelter Program ($5.8 Billion)
o - 400 Reliable Missiles Attacking
% Surviving
1 OO% J T 17
% Surviving Population
e — == = % Surviving MVA
Total TD Cost Includes BMD, TBD, CD.

80%

_'.."‘ib";‘" SR IR T B Ao
CEEYTT 100 20 30, . e
... BMD/TBD Cost ($Billions) . - "~ .. ..o
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K ¢ SURVIVING U. S, POPULATION AND MVA vs COST BMD/TED FOR SELECTED TOTAL
TERMINAT, DEFENSE. (TD) COSTS (TD INCLUDES BMD, CD, TBD) =~ -

Attack

400.reliable missiles attacking U. S. cities.

5000 MT on militery targets.

CD: Data ‘from Figure 1.

BMD: ‘Effectiveness and coet from Figure 2 -- design is.for MVA .deferise._for‘_
400 missile attackl. - C |

TBD: Costs. from Figure 4.

Arrows inéicate point‘s. on population curves cofrespond.ing to alloeations.for
full. fa.llcut shelter progra.m These arrows are $5.8 billion to the

e left of the. total amount of money. (TD Costs)

Basic Points

(l) 7For total. 'bud.gets larger than that necessary Tor the fuJ_‘L f&llout
. progr‘a.m ($5 8. 'bi]_'!_ion) there is no essential difference in terms. of_ 7
lives saved whether money is allocated to-CD (hlast shelters) or to'
"E-ﬂ} But BMZD wwld be the bet‘ter investment since i'b a.lso a.cts to S '
;-';f.:"j_;'_-_.h | ] o :save industry -— a.nd. at virtually no cost in 'l;erms of popu_'{ation I

iy TBD

(2) 1 a.ll ‘the maney is allocated to- m/n - none ‘t0.CD — there is.a

BmJ_‘L increase in the "% MVA Surviving -— a8, shown ‘by thse slope of

. _ dot'bed line -- but a very significa.nt decrease in "% Popu_mtion ]

' ASurvi't‘ring ' —- as shown by repid drop off of sol.id_.lines_. A




e

. €3)
()

(5)

Results above hold for otiler sizes of attack (nof given here).
Subsequent celculations will thus be done on the basis that the
first $5 8 billions are spent for a full fallout shelter prOgram,
and addltion.al expenditures are made for B‘MD/TBD

With the full fallout shelter program, ca.lculations (not given

here) show that EMD deployment optimized to protect MVA,  is also-

‘véry nearly optimum deployment for populetion defense..




Flgure 6

K Survwmg (U.S. Pop. & MVA} vs BMD/TBD Cost for
Selected Total TD Costs Showing Effects of TBD

_ ‘ Attack by
% Surviving 200 Bombers (Inv.) + 140 Reliable Missiles
(U.S.) BMBR SRRP =0.5
100% ) |
: , Population
- — — MVA

~FFO ($5.8 B.)

-
o /—\ _—_—’

80%

40% |

B, =t

10 20 30
Cost BMD/TBD §Billions)

L Tyt T
T A I RSN
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3 4 SURVIVING U.. S, POPULATION AND MVA vs BMD/TBD COST FOR SELECTED TOTAL
cosws -- SHOWING EFFECTS.OF TED

Note

Figure 5 showed the relative utility of CD and BMD/TED for s "pure"
missile atfack on U/I targets., This Figure repeats the analyéis
for a combined bomber/missile attack to show:

(1) The effect of the small sdded investment for in£erlocking
| BMD/TED. | ' |
(2) 'ﬁhetherai‘cn/BMD/TBD'optimization is'changed.by the influence
of ‘bombers. | - .
Attack |

Attack size and mixture chosen to give same damage as 40O reliable

miési;esrfor no defense case. '

'_This equivalent attack is taken to be 200 Soviet bombers (inventory)
and 140 relisble Soviet missiles. Bomber survivébility X readi-
.ness X rellabillty X ares penetration probablllty (SBRP ) = 0.5.
‘Tpis‘gagtqrﬁis takeﬁ_ipto account in attack programming.

“  Defense

’ BMD/TBﬁiéé@pligguandaééshmﬁiions from Figure L. Figure 5 included
-u-'l‘f .
TED costs but showed & pure missile attack. This figure shows
B T X

the effect of that small added expenﬂlture for e mixed attack of .

e - bombers and missiles. s




Basic Points

(1) Large increases in "% Surviving" are possible by interlocked
EMD/TED defenses, (cmaring Graphs 5.and 6). If BMD.and TED:were
not 1nterlocked either measure alone would have .no. utility in this
case -- bombers would destroy targets that are defended by BMD
only and missiles -would destroy those targets defended by TED
only.

(2) There is a large increa.se in population su:rnving (at & small loss .
of MVA) by spenrhng $5 8 billion for a full fallout shelter
program 1_nstea.d of spending all $15 bvillicn on M/TBD _This is
the same beﬁavior as in the preﬁous Figure. Full fallout
sﬁel'bers are still the best initisl investment for saving__]_'L"ves.
This is shown by the fact that there is a maximum .at the point

~where $5.8 billion (full fallout shelter) is allocated to.CD, -To.

‘ the left-of that point there is increasingly. moi'e allocation t.o.
Ch ,.Tflft at the expense of decreases in both population and MVA
(3) EMD/ TED now looks better than 'blast shelters in sa'ving lives a.nd |
- has lé.rger effect in saving MVA tha.n in 'the pure missile e.ttack

: ’ gs. LR
of Figure 5-

(¥) Note 'tha.t,..fqr @ terminel defemse where Bhﬂ)/![’B]J are inteﬂocked
a pure U/T missile attack (no bombers} is the attacker'’s best

-' eption given the same i:otal_damage for all mixtures in the .

_u.n'de,fenae& case, (This can be seeni_'by comparing this. Figure :




with Figure 5 (pure missile attack). The damage for no defense was
the same for bo-'bh cases -~ 400 missiles in Figure 5 and 200 bombers
plus 140 missiles in Figure 6. But wheﬁ interlocked defense i-s—
introduced, "%",Survivi.ng“ is greater for -the méxed bomber-missile
attack. It is 6TH at an expenditure of $15 billion for TD (Figure 6)
as compared with a maximm of 59% in Figure 5 for & pure missile

attack.




Flgure 7

% Survwlng U.S. MVA vs Number of Reliable Soviet Missiles
Attacking U.S. Cities
for Various Levels of TD Expendlture

% Surviving MVA (U.S.) )

100% | | ' l
Curve Cost TD (% Billions)
_ . I $0to $5.8 (C.D.)
80% I $15.1
- m $23.2
L I . $35.9
60%
40%
20% —
0 L { ‘. 1 | | {
200 400 600 800

Number Reliable Soviet Missiles Attacking U. S. Cffie_s
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: PR FIGURE T
) % SURVIVING U. S. MVA vs NUMBER OF RELIABLESOVIEI MISSILES ATTACKING U..S.
CITIES FOR VARICUS LEVELS OF TERMINAL DEFENSE
" (TD) EXPENDITURE
Curve Cost Degeription
I $0 to $5;8 B | Pc.;:pulation protection only. - _

‘No ballistic missile defense (BMD/TED) up to full
fallout shelter program (FFO). (No difference
to. MVA) _

o $15.1 B | FFO plus 15 target areas defended by BMD/TED
III '$23.2:§ .FFO plus 30 target areas defended.
Iv $35.9 B FFO plus 60 target areas defended,
3 Basic Points
Incressed expenditures on BI-ID/‘IZBD result in & larger requirement for
missiles to get a given "% Burviving MVA" or - result in greater
- "‘,"o Survn.v:\.ng MVA" for a given size attack. _
. SN - Exa.mple 1 . Example 2 .
Cost .TD ' ]!u.mber Reliable Missiles % Surviving MVA for
. e Nray e s F  Required to Get 50% - 40O missile attack
- I - Sml"fins n el e i
Cgsamees o os0 sy
'$23.2 A - 410 | ' 50%




) Figure.7A ‘
% SURVIVING U.S. MVA vs NUMBER OF RELIABLE SOVIET
MISSILES ATTACKING U.S. CITIES FOR VARIOUS LEVELS
: OF TD EXPENDITURE

Showing Maximum Effect of BMD
% Surviving MVA (U.S.)

100 |

]Cosf D (5 Bli”ions)
S Oto $5.8 (C.D.)
$ 15,1

$ 35.9
80 | ' -

60

40 \
T ]IA, ]Y.A:ﬁ-are' BMD Max. \>
20 |
0 I | |- | _
0 200 400 600 - 800 1000

Number Reliable Soviet Missiles Attacking U.S. Cities




% SURVIVING U. S. MVA .vs NUMBER OF RELIABLE SOVIET. MISSILES ATTACKING

U. 5.

Bame

CITIES FOR VARIOUS LEVELS OF TERMINAL DEFENSE (TD)
. . EXPFNDITURE

- SHOWING MAXIHUM EFFECT OF BMD -~

88 Flgure:T exceﬁv(}urves II.A.a.nd IV A are added to show &

poseible. maximim .effect of EMD. Maximum effect occurs.vhen.Sov:'Lets-

atta.ck targets in order of worth — peying the price for each défend_ed

-area -- before.attacking the undefended aresa.

-Hote :

Total TD of $15.1 billion is allocated &s.follows: $5.8
‘biliion for €D; $8.8 billion.for EMD; and $0.5.bi111on for
$35.9 billion is.allocated as follows: $5.8.billion for CD; .

$28.6.billion for EMD; and $1.5.billion for TED.

Basic Points

)

For small. té moderate size attacks.this Soviet strategy would

' -result in up- to. an. a.ddifioﬁal 284 or a. ‘total saving of. up -to

35% MYA for a D 1nvestment of $15.1 bil_'L’LOn (Curve II A) 'For-

" e la.rgér expemuture, $35.9.b11110n (Curve IV. 4) up to an addi-

.tional 204 would. be saved. over -the best -Soviet strategy or &

v...-—«q‘

total of 3855 HVA saved over the u.ndefenﬂed case,

(2)

'~Thus due to. either {a) poor Soviet mttack plaming,. or (b)

unwillingness of the Soviets. to attack lower vorth undefended

targets, leaving high worth-targets in.major cities imtset,




(3)

CAITE ]
A ,

the effect of BMD could be much lerger than is shown in

Figure 7. This holds for attacks of up to 200 to 40O missiles.
The real case may be somewhere between the two limits
discussed in paragraph 1 above, f )
Despite the fact that U. S. damage might be considerably less
with poor Soviet attack plemning, the subsequent analysis,
uniess ctherwise specified, assumes good attack planning on

the part of the Soviets. In the final scenarios (Figure 27

and 28) this factor will be included to show the renge of

possible results.




Figure 8
7 Surviving U.S. Pop. vs Number of Reliable Soviet Missiles
Attacking U.S. Cities for Selected Total Expenditures on TD

% Surviving Pop. {U.S.) Curve  Cost TD ($ Billions)

100% | IA $ 0.0 —
IsB $ 5.8
I $15.1
IT $23.2
JAVA $ 35.9

80%

6 0%

40%

- 20%

0 i R | | |
0 ' 200 400 600 800 1,000
Number of Reliable Soviet Missiles Aftocking U.S. Cities
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- ' FIGURE 8

1 % SURVIVING U. S. POPULATION vs NUMBER OF EEILTABLE SOVIET MISSILES
ATTACKING U, 8. CITIES FOR SELECTED TOTAL EXPENDITURES ON TD -

Repeat of Figure T but for population, showing large effect of full fallout

é:" shelter program.
; Curve Description
; IA - Ko -CD.
A IB Full fallout shelter program (FFO).
II © FFO + 15 target areas defended.
11T FFO + 30 target areas defended.
LIV | FFO + 60 target areas defended.

(1) Attack is on MVA. EMD/TED design is optimum for defense of MVA

(but is also nearly optimum for population).
(2) BMD system is designed for 400 missiles attacking (described

on Figure 2).

Basic Polnts

(1) .The - curves show that the initial investment in CD of $5.8 billion
provides the largest return '
(2) More- TD.;peun.res more a‘ttacklng missiles for a given "% Surviving
' Populad;ion -y L resu_'l.'ts 4in greater "% Surviving" for & given

"~ attack.




Example 1 Example 2

Cost TD Number Reliable Missiles % Surviving Population
. Required to Get 50% for 400 missile attack
Surviving :
o 100 - ' 30%
$5.8 B 450 52%
$15.1 B 620 ' 58
, $23.2 B 770 62%

| $35.9B 830 66%




Figure 8A

% SURVIVING U.S. POPULATION vs NUMBER OF RELIABLE

SOVIET MISSILES ATTACKING U.S. CITIES FOR .
SELECTED TOTAL EXPENDITURES ON TD

Showing Maximum Effect of BMD _
% Surviving Pop. i
100 T ;
, Curve Cost TD ($ Billions)
" Is $ 5.8
_* I, TA S 15.1
. IV, IJA  § 35.9
0
° A
Yy
IB (FFQ)
40 . — %
ITA and IVA are BMD Max,
:l_-fz:‘{:., . “!
- 20
N N | | |
0 200 400 600 800 1000
Number Reliable Soviet Missiles Attacking U,S. Cities y
"*' 3 T "'"""-'-'-'-'-"m'::'fff:;_':::: """"" : S




% SURVIVING U.. S. POPULATION .ve NUMBER OF RELIAELE SOVIET MISSILES
. ATTACKING U. S. CITIES FOR SELECTED TOTAL EXPENDITURES .ON TD

. ~- SHOWING MAXTMUM EFFECT OF BEMD --

Same as Figure 8 except Curves II A:and IV A are added to shov. &

possible maximm effect of BMD. Maximim effect occurs :when-Soviets. attack.
i targets in order of worth, paying the price for each defended ares bei_‘oré

-attacking undefended targets.

Baslec Polnts

(1) For small to moderate size.attacks,. the. Soviet strategy of

attacking targets in order of worth can result in up to anm

sdditional 1k% saved or a.totel saving by BEMD/TED of up to 22%

for TD expenditure of $15.1 billion (Curve II A).

expenditure of $35 9.billion {Curve IV A), this Sorviet strategy
. can result in up to an. additional 10%, or.a total. sa:\red. 'by
mm/'mu of up-to 25¢
{2) Thus due to either (a) poor.Soviet attack planning, or (b)
= | unw:L'L]_'l.ngnesB o.f the Soviets to. attack lower worth underenﬂed

targets, le&rving high 'tmrth ta.rgets in major cities intact,

the effecb-pf BEMD could be much larger than is shown in -
Figure 8. .Te:-holds.for attacks.of up to 200 to L0O. missiles:
The resl case . may be scmewhere between the two limits.discussed

_in paragraph 1.sbove.: .
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(3) Despite the fact that U. S - drmage might be- considerably less
with poor Soviet attack plxnning, the subsequent anslysis,
. _ ‘ . unless ptherwise specified, assumes good attgck planning on
the part of the Scviets. In the final scemarios (Figure 27

and 28) this. factor will be included to show the range. of

possible results.

- v'.--.. ey o




Figure 9

% Surviving U.S. Pop. vs % Surviving U.S. MVA

% Surviving Pop. (U;S.)

100%

- 80%

60%

Full Fall-out Shelter Program - All BMD Programs

20%

% Surviving U.S. MVA (U.S.)

Does not go to 100% |
due to Collateral N~
Damage from Mil. Att.
‘-'!qf“
| | | ]
- 40% 6 0% 80% 100%




: % SURVIVING U. S. PCPULATION vs % SURVIVING U. S. MVA
WITH, FULL FALLOUT SHELTER PROGRAM

~ Prom Figures 7 and 8.

“* Note: Curve holds (within 2%) for 81l sizes of BMD proérams -- 0 --60 target
aerees defended.
{ (With full fallout shelter progrem -- principal damage agent for both

population and MVA is blast.).

Basic Points

For low "% Surviving MVA" the "% Surviving Population” is up to 15%
higher than the MVA level.

For higher "% Surviving MVA" the "% Surviving Population" is about the

same s the percent of MVA surviving. For example, &t:30%
surviving MVA there is 45% surviving population: ... For 90%

surviving MVA, there is also 90% (almost) surviving population.

., -_b-'.q::_,

+?




Ratio of % Surviving

Ratio

Figure 10 .

Population

MVA VS % Surviving MVA :

- FROM FIGURE ¢

- PRE-ATTACK RATIO =1.0

S

Collateral
Damage
From Military _|

Attack -

40% 60% 80% 100%

% Surviving MVA
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FIGURE 10

: 4 SURVIVING' POPULATION .

Derived from Figure 9.

Basic Points

(1) Ratio equals ome for ﬁre-attack case -- by definition. Figure in-
cludes effect of collateral damage from military attack. For
small.attacks or large defénse (high % surviving)} ratio stays
about 1. | |

(2) As damage increases;.imbalance between surviving population and
MVA increases. |

(3) The main cause.for these effects is that MVA is more concentrated

.than population -- given fallout protection to the population.




Figure 11

Cost TD vs Number of Reliable Soviet Missiles Attacking U.S. Cities
for Constant % Surviving U.S. MVA
Cost TD (5 Billions) -
40 ——————— MILITARY - CIVILIAN ATTACK
% Surviving U,S. MVA |
. 80% 70%  60% 50% 40%
s W |
! 30
30%
25 ! l
20- .
15 /
METINE /
I B P e | L N I Y Ay $5.8 Billion
5 on FFQ
o i 0 l | J | .
0 200 400 600 800 1000
Number of Reliable Soviet Missiles Attacking U.S. Cities




“ . COST TERMINAL DEFENSE vs NUMBER OF RELTAELE SOVIET MISSILES ATTACKING
U. 5. CITIES FOR CONSTANT % SURVIVING U..S. MVA

Alloecation of U. S. Defensé Dollars

First $5.8.billion spent on CD.(no .effect on MVA).
Rest of budget allocated to EMD/TED.
i BMD deployment optimized for 400 missile attack (See Figure .2).

<k .Note " . _ .

(1) The 50%, 40% and 30% surviving curves would be appreciably less
steep if the defense .designs. for each size of attack.
(2) .This would not change allocations to Strategic Offensive Forces

(SOF) on figures to follow.. (Optimum SOF sttack on Soviet

forces will redﬁce.Soviet attack on U. S. cities to less than
400 missiles }_);}
(3) With .g. full fa.]lout shelter program a pa.r{icular "%, Surviving
‘ Popu.;l.ation“' is -u_niquely related to a particular "% Surviving MyA".
e | " (See Fisure 9L j

Corresponding % -Surviving

g RIS
—k 5%
Ot - 6% -
. _l;--SO%,“'--' S | 52 -
Y L (4} Cost Q# Re..lia'ble_Soviet' Missile is taken as $25 million.
- 23
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. Baslc Points

(1) A given increase in "% Surviving" for a given attack becomes in-
creasingly expensive at higher levels of "¢ Surviving MVA". Ef.g. s

for a 300 missile attack:

% Surviving MVA Cost
10% 0
! % $15 B
5 - 60% $31.5 B ]
708 | (off graph) | ; y

. ) -F
(2) It is increasingly expensive, at higher levels of % Surviving,tto
offset or negate the effects of an additional attacking missile.
Note: .To maintain a given level of % Surviving against an

increased threat requires TD expenditures at a roughly constant

ratio of defense cost per additional missile. (This holds over a .
wide range ms shown by the nearly straight lines on Figure 11).

%$MVA . Cost to Offset Ome
Additional Missile

50%"_ ] $80 M

N - 6o¢ _ - -$1_hoM
CFL TR gesow
R $500 ¥

(3) Higher % Surv%z}pg‘levels.are.at an increasingly unfavorable cost
ratio to the U. S. (Essentially same point as gbove but repeated

for emPhB-.s.iB);‘




Figure 12

Cost TD vs Cost Strategic Offensive Forces (SOF)
for Constant % Surviving U.S. MVA -

‘Cost TD ($ Billions)

| 50
L 45
40 Soviet Inventory:
A 500 Targetable plus 100
Non-targetable Missiles
\.80% g |
35 3 Missiles/Aim Point
in. TD 80%
\KMmI ------ ° Sov, Reliability = 0.8
30 ' U.S. SOF LB

F[<. on Soviet Sites = 0.6

25 \
20 \
18

R T A Min. TD 70%

N R L

o\

5 M4 B0 +60%

0 5 10 15 20
Cost SOF ($ Billions)




FIGURE 12

COST TD vs COST STRATEGIC OFFENSIVE FORCES (SOF) FOR CONSTANT
¢ SURVIVING U, S. MVA

Soviet Inventory

500 tergetable plus 100 non-targetable missiles of type described con
Figure 2.

Missiles mre in hard silos with 3 missiles/aim point. Reliability =
0.8. | _
Non-targetable missiles thaet cannot be attacked by U. S. SOF include:
(2) Missiles in unknown locetions; and (b) SLEM's (On ICEM

equivalent payload basis). |

Terminal Defense (TD)

Optimized among CD/BMD/TED. Note: First $5.8 billion for TD on

Figure 12 are for CD. Remeinder on BMD/TED, as described on
Figures 5 and 11,

. Strategic Offensive Forces (SOF)

st U. 8. SOF Pk on Soviet sites = 0.6

Five year system cost per relieble MINUTEMAN = $l2 million.
»-—-'-q-“-' i
General

N oLt Rk L ] )
The purpose of this graph is. to.examine the relstive wtility (in
St combinstion) of "negating" the effects of the attack through

_ TD and reducing the size of the attack by destroying Soviet




e

a? '

missiles prior to launch with SOF (MINUTEMAN), Basic data is from
Figure 11.
Arrows indicate points of optimum expenditure (least cost for given %

surviving.

Besic Points

_(1) In combipation, TD and SOF often yield improved effect for g.iven'
cost, or given effect for less cost than either used separately.

(2) For minimum total cost, after FFO,. first $6-8 billion are spent
. on..SOF. |

(3) Because of non-targetable iforc'e, . high "% Surviving" cannot be

| attained by means of SOF alone. Horizontal dashed iines on the
Pigure -show minimum TD expenditure necessary to negate the effects
of non-targetable force, for given "% Surviving".

(4) For Figures 12-1k, the progré.pnming ratioc of relieble U. S.
missiles per Soviet aim point can be derived by dividing the
cost SOF (:i.n.b;u.lions) by é._ Programming ratio at bptim:m point
varies with %Su:rnving, up -to a maximm of 4:1. This is &.ratio
of vs:_l_.j_.;gl'fﬁly more than 1 .reiiaéle,missiie/staviet missile —- -

assum:.nk 3 Scrvi_et-_nd_ssilés per aim point.

. ——iiyg

-t

i

b
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Figure 13

Cost TD vs Cost SOF for Constant % Surviving U.S. MVA

Soviet Inventory: 500 Targetable and
250 Non-targetable Missiles

Cost TD
($ Billions)

wa, ety

50

40

30

20

3 Missiles/Aim Point

Reliability = 0.8

U.5. SOF =0.6

P,

50%

Min, TD

] |

0

10 20 -
Cost SOF (% Billions)
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. - FIGURE 13

COST TD vs COST SOF FOR CONSTANT 4 SURVIVING U. S. MVA

»

Conditions' same as Figure 12 except: Soviet inventory of 500 targetable plus

250 non-targetable missiles.

Basic Points

1 (1) Optimum behevior similar to Figure 12.
(2) Cost of achieving given % Surviving rises abruptly in this case

(250 non-targetable) from Figure 12 (100 non-targetable).

E.G.: % Surviving Cost to Get X% Surviving
Figure 12 Figure i3

60% : - $ns $27 B

0% $22 B $49 B

(3) Same behavior of programming ratios applies as in Figure 12.

;27

r




Figure 14

Cost TD vs Cost SOF for Constant % Surviving U.S. MVA -

Soviet Invenfory :500 Targetable Missiles;

Uu.S. SOF Pk on Soviet Sites = 0,6

Cost TD S0
($Billions)
B 7 0%
Min. TD |
Min. TD
10— -
R ;0%\6'
0 1 | ‘J
0. 10 20

200 are planned against U.S. U/l Torgefs and
250 Non-targetable Missijes,
3 Missiles/Aim Point

Cost SOF (S Billions)




3 FIGURE 1b4
COST TD vs COST SOF FOR CONSTANT % SURVIVING U. S. MVA

Conditions same as Figures 12 and 13'except Soviet inventory now 500 target-

able missiles, 200 of which are planned against U. S. cities (U. S.

dpes not know which), Plus 250 non-targetable missiles planned against
; U. 8. cities. (In Figures 12 and 13 it was assumed that the total
Soviet inventory attacked U. S. cities).
Note: It is immaterial to these calculations whether: (1) the U. 8.
pre-empts zgainst an intect Soviet missile force but doesn't know which 200
missiles out of the 500 targeted are to be directed against U. S;
cities; or (2) the Soviets pre-empt against U. S. militery targets but

withhold those missiles directed against U. S. citieg and U. 5. SOF

operates on these Soviet missiles prior to launch. In both cases,'the

U. S. directs missiles against 167 Soviet aim points which contain

200 missiles planned for U. 5. cities.

Basic Points

‘(l) Same‘qptimum behgviqr-as in Figures 12 and 13, but slightly less

allocated to SOF?Jéinéé it is less effective with so-called "empty

RN | _ holes preBiem 3 Efg., optiﬁum allocatioﬁ for T0% surviving on

. ry?
Flgure 13 (no empty'holes) -- $9 billion- on SOF; on this Figure
(empty hoies problem) -- $T 5 billion on SOF. This involves a
change in ;;programming ratio of reliable U. S. missiles/Soviet aim

point from 4:1 to 3.8:1.

[P
.



(2) The critical assumption here is that the U. S. is targeting 500

£

missiles at 167 sites, but that only 200 of these missiles are

planned for attack against U. S. cities.

e
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Figure 15
Cost TD vs Cost SOF for Constant % Surviving U.S. MVA
Soviet Inventory: 500 Targetable and
250 Non-targetable Missiles
1 Missile/Aim Point
TD Cost ($ Billions) U.S. SOF P on Soviet Sites = 0.6
,_ 50
i
\ 70% _
40 ~— Min. TD 70%
— 60%
20 ‘ \ Min. TD 60%~
10 \
o . 10 20 30 40 50
o SOF Cost ($ Billions)




COST TD vs COST SOF FOR CONSTANT % SURVIVING U. 5. MVA

Conditions same as Figure 13 (500 targetable plus 250 non-targetable) except

now Scviets deploy 1 missile per aim point rather than three.

Basic Points

I (1) BSOF effectiveness reduced if Soviets improve planning.

- (2) U. S. costs to achieve a given "% SurvivingAMV " go up markedly.
70% surviving on Figure 13 cost about $27 billion with 3 Soviet
missiles/aim point. But it costs $65 billion if Soviets deploy
1 missile/aim point. Costs are thus sensitive to the quality of
Soviet plénning. |

(3) With Soviet missiles dispersed one/aim point, U. S. SOF is less

effective (no bargains). Programmlng ratio of reliable U. S.
missiles/Soviet aim point reaches a maximum of 3.3:1. (With one
misg;le per aim point-ﬁhis programming ratio can be derived by
aiv&ding SOf césguiﬁ Biliions by 6. In this case (one missile/
aim. lent), a ratio of 3.3 U. 8. m1581les/Sov1et missile is |

!

1mpﬁmﬁ‘ whereas, oPtlmum expenditure in Figures 12-14 (with

3 Soviet mlssiles/alm point) involved a ratio of only slightly

--—-vq‘f'

over l l--onasa m1551le to missile comparison.

L awl,




% SOVIET POFULATION/MVA SURVIVING vs FUMBER OF RELIABIE U.. S.
MISSILES ATTACKING SOVIET CITIES FOR TWO CD PCSTURES

This figure corresponds to Figure 1 for the U. 5. case.

= Attack
On Soviet MVA tergets in order of worth destroyed/missile. Percent MVA
surviving is shown by dotted line. Percent population surviﬁng
is shown by solid lines. | — | N . R
Veapons: POLARTS A-3 or MINUIEMAR. * © &

7“7+ Includes collateral damage (shown here by

ST Ve 0T

—

. - B
. L

less then 100%

surviving for zero weapons attacking Soviet cities)
from 5000 ¥T delivered on Soviet militery targets. This conditiom

é assumed for ell subsequent analyses.

~

Civil Defense Postures

Curve Elast Criterion = Radigtion PF Description
A 6.5 psi k2 No civil defense

A B - 6.5 psi : 10 Incressed protection
| . _ - factor, modest investment

" A1l following Soviet graphs will be besed on ihis military-civilien attack and 1

; _ _ assume CD posture B
N . | - -'4'3'7.-

Basic Points

ER T P

(1) Modest CD investment may increase "% Populetion Surviving” by up to
144,

R . (2) Soviet MVA is more concentrated, thus more easily destroyed than




Figure 16

% Soviet Pop./MVA Surviving vs Number of Reliable U.S.
Missites Attacking Soviet Cities for Two CD Postures
Military - Civilian Attack

% Surviving Soviet Pop. or

MVA (USSR)
‘ 100 ] ]
; s Soviet Population
S MVA ~— — — Soviet MVA
Boi\\
\ \
60 ‘\ \ ‘ .
\ .
e ————
40 . b -
\\\
~d
— .:'\1; | B | \\""--..._'
20 , _ S e MVA-
et g --5-'--
0 | | ] | |
0 200 : 400 600 , 800 ‘ 1000

Number of Reliable U.S. Missiles
Attacking Soviet Cities




(3)

l;g}k&jl .-:-:- ;

Soviet population.

Comparison with Figure 1 for the U. 5. shows that about equal
percentages of U. S. population and U.‘S. MVA are destroyed by'a
given sizéd ati;gék whereas in the Soviet Union, a given attack
destroys a much‘ iﬁigher percentage of Soviet MVA than of Soviet
population. This is & basic asymmetry in U. S./Soviet urban/

industrial distributions.
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: Figure 17
Cost of BMD vs Number of Reliable U.S. Missiles Attacking

Soviet Cities for Constant % Soviet MVA Surviving
%o(s)f—Sovief BMD (5 Billions) . '

I ! A
86 76 60% 509% A0 3%
25
s |/ /
10 /
13
5 A / /
0 WLl l | l —
0 200 400 600 800 1000

Number of Reliable U.S. Missiles
Attacking Soviet Cities




) COST EMD vs NUMBER OF RELIABLE U. S, MISSILES ATTACKING
SOVIET CITIES FOR CONSTANT % SOVIET MVA SURVIVING

This Figure corresponds to Figure 11 for the U. S. case. .

Attack

Seme as in Figure 16, except atitack on defended targets with the 7

equivalent of 1 MI + 7 objects. (POLARIS B-3 which should be

-—

operational by the time the Soviets have. a NIKE-X.type system).

BMD Characteristics

(1) NIKE-X type system assumed, identical with U. S. system desgribed
on Figure 2 (and same costs).

(2) BMD deployment optimized for 400 missile attack. If defense

Kaew , designs for each attack size, curves would be less steep’

Basic Points

(1) A given incremse in "% Surviving" for a given attack becomes in-
creasingly expensive at higher levels of surviving MVA. E.g.,

for a EOQ missile attack:

'l%‘.?urviving | Cost Incremental Cost
hoh I
50 ¥ B $6 B
EO%= " $17 B | $11 B
% $31B $14 B
(extrapolated)

(2) At higher % Surviving levels it is increasingly.costly for the




. e Soviets to negate the effects of an additional missile. (Curves
are progressively steeper). Note: To maintain a given level of
defense against an increased attack size requires a roughly constant
ratio of defense cosf per additional missile (curves are roﬁghly

straight lines over a wide range).

% Surviving MVA Cost to Offset One Additional Missile
Soviet U. S. (From Figure 11)

50% $65 M $80 M

60% $75 M : $1k0o M.

T0% $310 M . $260 M

80% grsom $500 M

(3) At low "% Burviving" the Soviet cost to offset one additional

missile is less than the corresponding figure for the U. S., but

s | the relationship reverses for higher "% Surviving". Several com-

peting factors.combine to bring about this condition, namely:

(1) differences in MVA concentration (Soviet's more concentrated.
This makes it easier to defend agﬁinst small attacks but
cbncentratioh huéts for case of large attacks; (2) size of
missiles (Soviet's are larger); and (3) amount of collateral
damagé‘from ﬁilitary'attack (collateral MVA damage from military
attack lfﬂ}3% in the Sov1et Union, 4% in the U S. Thus, for

«

hlgh % Surv1v1ng on both sides, the Soviets must limit U/I

.attack damage to a greater degree than must the U. 8.}

J




Figure 18

Cost of BMD vs Number of Reliable U.S. Missiles Attacking
Soviet Cities for Constant % Soviet Population Surviving

. CD POSTURE "B"
Cost BMD ($ Billions) :

30
25
80%
20 70% /
65%
15
/ 60%
10 /
;‘.“z N .
5 uin & Vi
0 200 400 600 800 1000

Number of Reliable U.S. Missiles Attacking Soviet Cities
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FIGURE 18

COST BMD vs NUMBER OF RELIABLE U. S5, MISSILES ATTACKING
SOVIEI CITIES FOR CONSTANT % SOVIET POPULATION SURVIVING

Conditions same as for Figure 17 except this chart is for population rather

than MVA.

Basic Points

(1) 60%-80% of Soviet populetion survives for wide range of attacks,
and/or wide range of BMD expendituré._ 1

(2) Cost of offsetting an additional missile increases at high
"¢ Surviving", rising from $70 million at 65%.surviving to $750

‘million at 80% surviving.
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Figure 19

Cost BMD vs Cost SOF for Constant % Survwmg
Soviet MVA

U. S lnvenfory

1000 Targetable M:ssnles‘
] MISSI|eZAIm Point
Reliability = 0 75

Soviet SOF: Pk =0, 6 Readmess x Reliability=0.6 - 0,65
Cost BMD ($ Billions)
40

[ . 5 G%‘ 603/0
3 O h A

e |
i ' 40% \
20 AN a |
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FIGURE 19

COST BMD vs COST SOF FOR CONSTANT % SURVIVING SOVIET MVA

Figures l@ through 21 correspond to Figures 12 to IS5 for the U. S. case.

> U. 5. Inventory

1000 targetable missiles of type described in Figures 16 and 17.
Note: In this graph all U. S. missiles are assumed targetable'to give

,best advantage to Soviet SOF. Final result will be independent

of this assumption.
Reliability of U. S. missiles = 0.75. Note: Readiness is only in-

E——y

cluded when missiles are against time urgent targets, i.e. SOF
operations. This concept is applied to both sides.
1 missile/aim point. -
Soviét EMD costs aﬁd characteristics as described on Figures 2 and 17.
- .
Soviet SOF Pk on U. S, Sites = 0.6. (Soviets probably cannot do this -
_ wéll. Final results are independent of this assumption).”-
Soviet Missile Réadiness X Reliability = 0.6 - 0.65.
c'ost_péi"il;j‘;;able Boviet missile = $25 million.
ATTOws indi;até points‘of optimum expenditure (least cost foq.given

ng, Surfiving"jjef'

PR L T

Basic Points

(1) Agaln, &s in the U. S. case, combinations of BMD end SOF often

yield given "% Surviving" at lower cost than either alone.




I EN LI

-(2) Since Soviet missiles are more costly and ere still assumed to

e

have about the same P) as U. S. missiles, SOF is less effective
as a damage limiting agent for the Soviets than for the U. S.
Thus, in contrast to U. S., Soviet's most economical option is

to allocate first to BMD; only after around $20 billion start

spending on SOF.

(3) It should be noted that here the Soviet planner assumes all
U. §. missiles will be targeted against Soviet citiés.

(4) This is the most favorable case for Soviet SOF -- there is no

"empty holes problem" to diminish the utility of Soviet SOF.

comata
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Figure 20

Cbst BMD vs Cost SOF for Constant % Surviving

Soviet MVA

U.S. Inventory: 1000 Targetable Missiles

1/2 for Soyiet Cities

Reliability = 0.75°

1 Missile/Aim Point
Soviet SOF: P k = 0.6; Readiness x Reliability = 0.6-0.65

Cost BMD ($ Billions)

50

AQ SN—t 7 0%

30
\We

20 N

\\\
™
‘\SO‘% - \\

—

0 107 20 30
Cost SOF ($ Billions)

40 50




Ay

SEGRER

< - : | FIGURE 20
- ' COST BMD v& COST SOF FOR CONSTANT % SURVIVING . SOVIET MVA

Conditions same as Figure 19 except U. S. inventory of 1000 targetable

missiles, one-half of which are planned for attack of Soviet cities.

Basic Points

(1). Soviet SOF damage limiting effec£iveness is diminished when more
U. S. missiles are targeted by Soviets than are actﬁally planned
to be used égainst Soviet cities. (Soviets have an "empty.hdles
p:oblem"). | |

(2) In this case Soviet SOF‘is leés effective relative to terminal
defenﬁe as a demage limiting agent for Soviets than for‘U. S.

_(3) This behavior is reinforced by the existence of & considerable

number of T. S. PQLARIS missiles thatlcannot be targeted by
- Soviet ‘ICM'S -- this makes Soviet SOF damage limiting opera..-
tioﬁé even less effective.
(%)  I£_is'pe{er opfiﬁal under these conditions for the Soviets to

employ SOF fdr damage limiting.
.\ A L.

vt




Figure 21

Cost BMD vs Cost SOF for Constant % Survnvmg

Soviet MVA
1000 Targefcble Missiles
Reliability 0. 75
] M:ssde/Alm Point |

Soviet SOF: P =0.3. R R IT P
Cost BMD (S Billions) k ; Readiness x Reliability = 0.6-0.65

U.S. Inventory:
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FIGURE 21

Faal)

COST BMD vs COST SOF. FOR CONSTANT % SURVIVING SOVIET MVA

Conditions same as Figure 19,'excéE§: Soviet SOF Py on U. 8. sites = 0.3

rather than 0.6.

Basic Point _
If Soviet SOF Py is less than 0.6 and/or the U. S. plans. only &

fraction of its missiles against Soviet cities (Figure 20), it

is not optimasl for the Soviets to employ SOF in damage limiting.

Y




Figure 22

Cost U.S. Damage Limiting vs Cost Soviet Attack on U. S. Cltles
for Constant % Surviving U. S. MVA

All Soviet [nventories include: 250 Non-~targetable Missiles (Flrsf $5
Billion of Soviet Cost)
3 Soviet Missiles/Aim Point

U.S. SOF: P =0.6

k .
Cost U.S., Damage Limiting !
(S Billions} 40
» 70%
50 /
40 //
I
! L, 60%
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- | COST U,.S. DAMAGE LIMITING vs COST SOVIET ATTACK ON U. S. CTTIES FOR
CONSTANT % SURVIVING U. S. MVA

3 SOVIET MISSILES/ATM POINT

Soviet inventories include 250 non-targefable missiles (Shown in Figure as
first $5 billion spent by Soviets). Non-targetable missiles include:
(a). ICEM's of unknown location; and (b) SLBM force, etc. (on ICEM
equivalent payload basis).
Soviet costs are $20 million per deployed missile of .8
reliability. |
Figure.depends on Figures ll,‘l3 and relsted calculations.

U. 8. SOF P, = 0.6.

Basic Points

(1) This graph may be fiewed a5 the competition bétween "U. S. Damage
m;niting*' and "Soviet Demage Inflicting.

(2) . Aﬁlarge Soviet non-targetable force raises U. S. costs to negate
that force (can be doﬁe by ‘TD.only).

(3).lBeyoﬁd the negation of the non-targetable force, the U. S. /Sov1et

 _1ncre;ental cost ratio (cost to offset additional Soviet

expenditnxq) is about 1:1. The total cost ratlo (total U. S. vs
total Soviet.. cpsts) lncludes the accommodation of the non-

_targetable force end varies with the % Surviving.




R

4 Surviving ¥ % Surviving - %% Incremental Cost ** Approx Total
~ .U..S. MVA - U. 'S. Population Ratio U.S./Soviet Cost Ratio
Lo% 54 0.5:1 0.5:1
) 50% ' ' 62% 0.9:1 0.9:1
60% | 69% o 0.9:1 1.9:1
104 T 0.9:1 3.3:1

¥  From Figure 9.

** A1l cost ratios measured at $15 billion Soviet expenditure.

41
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Cost U.S. Damage Limiting vs Cost Soviet Attack on U.S. Cities
for Constant % Surviving U.S. MVA

Figure 23

Cost U.S., Damage Limiting

($ Billions) go
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FIGURE 23

COST U. S. DAMAGE LIMITING vs COST SOVIET ATTACK ON U. S. CITIES FOR
CONSTANT % SURVIVING U, S. MVA

1 SOVIET MISSILE/AIM POINT

Same as Figure 22 except with better Soviet planning -- 1 ﬁissile/aim.point

rather than 3 missiles/aim point.

Besic Points

(1) Deployment at 1 migsile/aim point reises U. S./Soviet cost
ratios:

4 Surviving * % Surviving U. 5. ° ** Incrememtal ** Total U. S./Soviet.

U. 5. MVA Population . U. 8./Soviet Cost Ratio
Cost Ratio
hot 5k% 1:l _ 0.9:1
50% 629 1.8:1 1.6:1
60% - 69% A 2:1 - 2.6:1
T0% _ - T5% | 3:1 . .3:1

¥ From Figure 9. o
¥ A1 ratioé_ﬁéasﬁred at $15 billion Soviet cosf.
:-_(2)-;ncré£;atglcos£ ratio' is now much more depepdent on the
é Sufvifiné; and is 2 to 3 times larger than for the case of
S§viétJéeprﬁ&mént of 3 missiles/aim point.

N et
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Figure 24 -

Cost Soviet Damage Limiting (BMD only) vs Cost U.S. Attack
on Soviet Cities for Constant % Surviving Soviet MVA

Cost Soviet, Damage Limiting

($ Billions) c &
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70% |
/ 60% / 50% [ 4 /
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FIGURE 24

COST SOVIET DAMAGE LIMITING (BMD ONLY) vs COST U, S, ATTACK ON CITIES
FOR CONSTAKT % SURVIVING SOVIET MVA

(l) This corresponds to Figures 22 and 23 for the U. 5.

(2) Figure calculated directly from Figure 17 with costs of.$30 million
per U. S. relisble on-station missile (mixture of POLARIS A-3,
B-3 (against defended targets), and some MINUTEMAN ).

(3) Soviet CD program costs not included. |

(4) BMD is best Soviet option in damage limiting.

(No SOF). See Figures 19-21.

% Basic Points .

_(l) Defense/ offgnse cost ratios for damage limiting are higher for the
Soviets than for U. 8. Soviet SOF (unlike U. S.) is too
expensivé, rel;a.tive fo BMD.

(2) Cost ratio increases as "% Surviving" increases,

‘ So We'f/.UISI

: : Incremental Cost * Total
% Surviving MVA  Ratio: Soviet/U. S.  Cost Ratio

wg . 191 - 0.8:1
sof 7 2am ' 1.6:1
. ---nq:s: :
60% 2.h:1 2.7:1
70% R 5.1:1 '_ Off Graph

¥ Taken at $15 billion U. S. cost.




Figure 25

Number of Reliable U.S. Missiles vs Number of Soviet Missiles -

for Equal % Surviving MVA in Both Countries and
for 0, 30 and 60 Defended Targets (BMD)

Figures denote % surviving MVA in both countries.

Number, Reliable U.S. Missiles

1000 %0 DT

800 Ao y;
EQUAL NUMBERS / 7/

600

400

N\
3
o

/DT means
Detended Targets) i

200 |

400 600 800

Number, Reliable Soviet Missiles
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FIGURE 25

NUMBER OF RELIABLE U, S, MISSILES vs NUMBER OF RELIABLE SOVIET MISSILES
FOR EQUAL % SURVIVING MVA IN BOTH COUNTRIES AND FOR SELECTED LEVELS OF

BATLISTIC MISSILE DEFENSE IN BOTH COUNTRIES

Attacks as described in Figures 2, 16, and 17T.

Note

It is not assumed that "Equal Damage" is a valid Measure of Merit.

Lines of "Equal Damage" are presented only as a means of

comperison.

Basic Points

(1)

(2)

As both countries increase BMD the ratic of the number of U. S.
missiles to Soviet missiles to effect_thé same damege to MVA in
both pountries moves in favor of the Sovieta. At O targets
defended, more Soviet missiles then U. S. missiles are required;
aﬁ 60 targets, slightly more U. S, than Soviet missiles are
réquired to effec% equai damege.

It should be noted that U. S. missiles are the equivalent of

1 MT whereas Soviet missiles are the equivalent of 5 MT.




Figure 26
Number of Reliable U.S. Missiles vs Number of Soviet Missiles
for Equal % Surviving Population in Both Countries
for Selected CD Postures in Both Countries
Figures denote % Surviving Population in Both Countries
Number, U.S. Reliable Missiles X: 100% Fallout Protection {Blast On
1000

377

35%] [40% [ 75 |
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NUMBER OF RELIABLE U, S, MISSILES vs NUMBER OF RELIABLE SOVIET MISSILES
FOR EQUAL % SURVIVING POPULATION IN BOTH COUNTRIES FOR VARIOUS CD
POSTURES IN BOTH COUNTRIES

Seme as Figﬁre 25 except this Figure is for population rather than MVA.

Defenses optimized as described in Figure 2. |

Attacks described in Figures 2, 3, 16 end 17.

CD postures 4, B, C are described on Figure 1. Soviet curve for C is
estimated here, | a |

Note

It is not assumed that "Equal Damege" is a valid Measure of Merit.
Lines of "Equal Damage" are presented only &5 & means of

comparison.

Basic Points

(1) More U. S. than Soviet missiles are required to effect equal
population damdge. Soviet population is much more dispersed
aﬁd thas mich less vulnerable than U. S. population.

(2) High 1evels of fallout protection swing the. ratio toward fewer

o U. S unissiles than Soviet mlssiles to effect equal demage.
- But eyen at 100% protection from fallout (blast fatalities

. wrradig
only), one ch1et missile has about the same effect on popula-

[ N

tion as three U. S. missiles.




Figure 27

Against U.S. Cities

Soviet Inventory: 500 Taorgetable plus 250 Non-targetable Missiles
Reliability =.0.8
3 Missiles /Aim Point _
U.S. Allocates $28.1 Billion (Provides for 60% Surviving MVA)
% Surviving MVA (U.S.)
100% T
: D & SQOF
BMD MAX,

oY

80% Ragged Attack
. X
\ Design Point

SOF

scm

(o \k

40% TD only
Skl . | No Damage
RS R : Limiting '
20% [—
: .O. [ ! j |
0 200 400 600 800

Number of Soviet Missiles (Inventory)
Planned Against U.S. Cities

vs Number of Soviet (Inventory) Missiles
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FIGURE 27

% SURVIVING U, S MVA vs NUMBER OF SOVIET INVENTGRY MISSILES PIANNED
. AGATRST U. 5. CITIES

Soviet Inventory

500 targetablé plus 250 non-targetéble missiles. The latter are always
reserved for use ageinst U/I targets -- all attack sizes below 250
missiles are made up of these missi;es, and they are all used
(plus targetadle missiles) for larger attaéks.

3 missiles/aim point, | |

Reliability = 0.8.

U. S. spends $28.l billion. Oﬁtimum allocation within this bgdget for -

Soviet threest described above provides for 60$‘U. s. MVA surviving.

The $28.1 billion is sub-optimized among CD, ﬁMD, TBD, and SOF as

-described in Flgures 2, 4, 5, and 13. The allocation is as foilows:

CD: $5.8 3 (Full Fallout Shelter Program -- ‘but has no
effect on MVA).

BMD:; .$1h 3 B (25 Target‘Areas Defended).

TBD:' . $0.6 B (Interlocked with BMD)

SOFs Y- $7.4 B (About 1000 MINUTEMAR in inventory for attack of
g . SBoviet missile sites. This is exclusive of

MINUTEMAT for other purposes). U. S. SOF has a
Py = .6 against Soviet sites.

Notes
(1) "ID only curve represents a case in which U. S. SOF does not

operate on Soviet missiles planned for U. 8. cities, i.e. Soviets

*

pre-empt sgalnst U. S. cities.




. e (2) "SOF only" curve represents the case where BMD/TBD is completely
ineffective.
(3) "D and SOF’curve_represents the case in which both TD and SOF
. operate as expected'against ettacks optim;zed for maxiﬁﬁm_ﬁ. S.

MVA destroyed.

(4) For this Figure and Figure 28: When less than the full in%enfofy
is planned against cities, it is assumed that the same fraction
of total.available forces are ﬁsed‘against-cities before or after
S0F attack. I.e., taréet categories of missiieé are not changed
for those missiles surviving SOF sttack. Changes after SOF
attack in the fraction allocated to cities can be considered "as

~ 1f" they had "preplanned" the new fraction.

(5) ™D & SOF, BMD Maximm" curve represents the case of attacks

against the defended area in order of MVA value desﬁite the fact
that these high priority targets are defended (i.e., the attacker
is willing to pay the price). It denotes an uﬁpef limit of
pbssible effectiveﬁéss of & BMD system.
(6) "Ragged Attack" mark denotes damége from attack.éééuming:‘ (1)

Sovi;tf cannot rétafget after disfuption by.U.VS. SOF; and:(2)

' Téfgé;;bié aﬁd non-targetable chiet missiles aré réﬁdomlyﬁj

” disfribute&famong U. 8. fargets -- i.e., high worth targets are
attacked by:both Soviet targetable missiles énd non-targetable

migsiles. The wtility of U. 5. SOF is, of course, greater for

(Y}

the case of a "regged" Soviet retaliatory strike.- The

(% ]

b7




. L "expected" return Soviet attack would probably be somewhere between

the "ragged" attack and the "re-targeted" attack shown in the

curves.

Basic Points

(1) A aamage limiting capability can make a difference of up to 55% or
60% in the amount of U. S. MVA surviving an attack by the entire
Soviet inventory postulated.

(2) | If only half of the Soviet invenfory is used against U. S. clties,
e damage limiting capability cen make & difference of up to 50%

in the percent of U. S. MVA surviving.




Figure 28

% Survwmg U.S. Population vs Number of Soviet (Inventory)
Missiles Against U.S. Cities

Soviet Inventory : 500 Targetable plus 250 Non-targetable Missiles
' Soviet Reliability = 0.8 :
3 Missiles/Aim Point

U.S. Allocates $28.1 Billion for 60% Surviving MVA, 69% Surviving Populahon
% Surviving U.S. Pop.

100
TD & SOF, BMD MAX.
80 \ _
k\wDesign Point
\ CD only
\
40 AN
\ - No Damage
N Limiting
20 .-«r-;‘l
0
0 . 200 400 600 800 1000+

Number of Soviet Missiles {Inventory) Planned Against U.S. Cities
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4 L ’ FIGURE 28
v ¢ SURVIVING U, S. POPULATION vs NUMBER SOVIET INVENTORY MISSILES

PIARNED AGAINST U. S, CITIES

Same as Figure 27 except for U. S. Population rather than MVA.

Bacsic Points

(1) The figure-shows the.large effec£ of a full fallcut sheiter
. program -- saves about 22% of the population for a wide range of
attacks.
(2) - CD operates in reducing fatalities from both the collateral
military attack and the U/I attack.
(3) The effects bf BMD and'SbF,beyond those of CD only are shown

separately. BEMD provides an incremental saving over CD alome™of

about 10%. SOF provides an incremental saving over CD alone of
aboui 15%.

(4) Design point is for ‘the full Soviet inventory used against U. S.
U/1 taréets. If the Soviets were to use less, more of the'Ut S.
poﬁﬁlation survives: 69% survive at the design point of T50
m1551les but 75% if they plan to use only hOO missiles*agalnst
'U/i)t;;gets.

(5) if.ail-&amage limiting measures are effective, the increase in
the number- of-people saved is abouf hs% of the population if

Soyiets attack in an optimum fashion. If Soviet atteck

o . concentrates on the defended ares, up to 62% additionsl could be

saved. (A total of 86% surviving ).

LN ]




Figure 29

% Surviving Soviet MVA vs Number of U.S. Missiles(Inventory)-
Attacking Soviet Cities |
Soviets Defend 30 Targets with @MD

U.S. Missile Reliability =0.75

% Surviving Soviet MVA

-~
i

100% T
80%
BMD Max.
60% \\ ‘

i
40% \
BMD

T ) N No Damage
20% | — Limiting —
0 | l L ! I
0 200. 400 600 800 - 1000

Number of U.S. Missiles (Inventory)
- Planned Against Soviet Cities




% SURVIVING SOVIET MVA vs NUMBER OF U, S. MISSTIES ATTACKING SOVIET
CITIES : ‘

Soviets spend $16.5 billion on BMD (30 target areas defended), nothing on

SCF, as described on Figure 17.
Notes

(1) No damage limiting curve is a reference line for no allocations

to damage limiting. It also applies for thé case where Soviet
BMD does not work.

(2} ‘BMD curve represents effect of BMD where U. S. attacks in manner
to meximize MVA dﬁmage.

(3) BMD meximum curve represenﬂs case of attacks first egainst the

defended area in order of MVA value. It denotes an upper limit
of possible effectiveness of a BMD system. The curve breaks and
falls off after the attacker has paid the price for the defended
area,and ettacks the undefended region.

(4) Soviet SOF is allocated n§ roney for damage limiting. (See
Figure 21).

5
Basic Pcint

A damage limi¢ing capability can make a difference of about 20% to

40% in the .amount of Soviet MVA surviving an attack of 200 to

700 U. S. misslles.

. 50
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GENERAL OBSERVATIONS ON DAMAGE LIMITING

A. U. B.

The following general statements may be made about suballocations to the

various means of limiting damage.

FALLOUT SHELTER PROGRAM (U. S.)

The first $5.8 billion on U. S. damage limiting is best spent on a full-

fallcut shelter program. This point will be elaborated below.

BALLISTIC MISSILE DEFENSE AND BLAST SHELTERS (U.'S.)

BMD is regarded as the charging of a price in missiles for an exclusion
area; i1.e., an attacker, to be sure of destroying & defended target, mst

send in the number of missiles decided upon by the defender as the price of

- the target. The attacker's best option, then, is to attack in the un--

defended region until the—expected damage per missile there is less than éhe
expected damage per missile in the defended area. The modified Prim-Read
model used here commits interceptors in such a way that a constant expected
damage per missile prevails for all defended targets and all attacking
missiles. Empirically, it has béén’found when BMD 1s optimized, this
expected MVA damage per missile in the defended region is nearly independent
of the numbeer};targets defended,.énd, inrfact, is epproximately .055%-Of
total ﬁ. S. MVA capacity. Thus, a respéctable BEMD model for the U. S. is

contained in the ‘STatdment: "Set the expected kill of & missile in the

defended area equal o 055% of total MVA capacity".

Beyond a Full Fallout Shelter program, Civil Defense (blast shelters) has

‘about the same utility per dollar in saving population as BMD (as may be

51




seen from Figure S). Since BMD elso saves industry, terminal defense
expenditures, after $5.8 billion for a Full Fallout Shelter program, would be
best made on BMD. This conclusion is independent of the size of the enemy
attack, for, since the curves in Figure 2 are roughly parallel, BMD has the
same incremental effectiveness per dollar regardless of the size of the
attacking force.

{Uther calculations, not inciuded here, suggest that the possibility of
time saturation of BMD does not change the design of a deployed.éystem. Time
saturation may be thought of as pleseing an upper limit on the price in
missiles that can be charged for & target.

TERMINAL BOMBER DEFENSE {U, S.)

The relatively small cost of TBD (5% - 10% of BMD cost) brings e large
return in % Surviving Population and MVA as Figure 6 indicates. However, for
béth to be effective, TED (terminael bomber defense)} must be interlocked with
BMD. When the defense charges & high price in missiles for & target, the
target becomes lucrative td attack by other means. TBD guards ageinst this
possibility, and, when under the "BMD umbrella", TBD is insured ageinst defense
suppression by missile attack for bomber penetration:

The optimum combination of BMD and TED (i.e., the point at which an.
incremental doli;r spent on either brings the same increase in % Surviving)
is5 consistent witk-+he point at which & bomber force is excluded from the
defended region. Bomber -exclusion occurs when it is to the attacker's

benefit to replace missiles planned for the undefended region with bombers,

and send the missiles instead of the bombers to the defended region. For
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platfining purposes, when confronted with interlocked BMD/TED, the attacker's
best option is a pure missile force against Urban/Industrial targets. That
is, with defense, & pure missile force is supefior to & mixed bomber-missile
force which had the same damage potential in the undefended case.

TERMINAL DEFENSE (U. S.)

When CD, BMD, and TBD have been appropriately combined, it still remains
very costly to ettain high levéls of surviving populsation and industry
(though less costly than by means of any of theée three alone). The fact
~ that it is increasingly expensive to negate the effects of large attacks by
means of Terminel Defense alone suggests the use of Strategic Offensive
Forces to diminish the size of the U/I ettack. |

STRATEGIC OFFENSIVE FORCES (U. S.)

In combination with termiral defense, SOF shows good utility against
hardened Soviet missile sites., The optimum programming ratio.of reliab;e‘
U. 8. missiles per Soviet a&im point -- optimum in the sense of allocation
of money between SOF and TD -- varies with the "% Surviving". For certain
cases it cah be as high as 4:1. This means 1-1/3 reliable missiles per
soviet missile if the Soviets deploy 3 missiles per sitg or aim point. If_
the Soviets do better plenning -- 1 missile per aim point -- éhe rat;o on
a missile to mi:sile basis varies upAto about 3:1. Note: In'considering
programming rafioersit is useful to keep in mind the constraint that ome
might also-like‘to-méiﬁtain more aim points.than the enemy has missiles to
avoid his getting a 1l:1 programming ratio (or better) for his own SOF

operations.
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. The upper limits (at higher "% Surviving") of these programming ratios
depend -- not only on the decreasing utility of larger ratios -- but on the
fact that forces not targetable by SOF (ICBM's not located, SLBM's, etcl)
must be negated by terminal defense.

GENERAL REMARKS (U. S.) -

It is significant to note that each meaﬁs of deamege limiting considered
has a role -- none are excluded on the basis of e comparison of the
relative utility for investment. Combirations of measures have been found
cheaper then any one by ;tself. The optimization process focuses on those
combinations which achieve given results at least investment.- However,
non-optimum combinations mey be necessery, or useful, under cértain constrﬁints.
- The analysis also provides a framewoék with which to eveluate new possi-

bilities for limiting demage. That is, other systems can be compared with

the cost of terminal defense to negete a missile. As with each of the :

measures considered individually, the optimized sclutions {combinations)
alsc show decreasing marginal utility for higher levels of surviving MVA
and population.

B. SOVIET DAMAGE LIMITING -

1 ' . ’ .oen :

Applying the same methods of analysis -- or optimiza%iﬁaiﬁan process --
to the Soviet Union, the following general statements can be made about
suballocetions to-4he,various means of limiting damage:

FALLOUT SHELTER .PROGRAM (U. 5. S. R.)

Fallout shelters are very effective for an already dispersed popula-

¢ " tion. As in the U. S., moderate fazllout shelter brograms show great

utility. No dataiere aveilable on the variety of CD progfamé and costs as




used for the U. S., so that it was not possible to develop a rigorous
optimization between CD and BMD for saving lives.

BALLISTIC MISSILE DEFENSE (U. S. S, R.)

Because of its concentration, Soviet MVA is more easily defended than
the U. S. MVA against small or medium attacks. However, for large U. S.
attacks this concentration works to the disadvantage of the Soviets.

STRATEGIC OFFENSIVE FORCES (U. S. S. R.)

For & Soviet cost of $25 million per reliable missile, with & P L
0.6, and with a considerable ﬁon-targetable problem (POLARIS) and an

"empty holes problem" (not all MINUTEMAN are plenned against Soviet

cities), Soviet SOF is never an optimal means of limiting Soviet damage.
(See Figures 19 té 21). .

This behavior is quite different than in the U. S. case. In both
instances, one is comparing thg cost of destroying a missile befo;e
launch, with the cost of negating its effects at the terminal end. The
latter depends on: (1) the size of the attacking missile -~ the Soviet
missiles are larger; and (2) the concentrations of target worth -- Soviet

MVA is more concentrated and easier to defend from small to medium U. s,
attacks. ‘ %f

The utility of SOF depends on: (1) the cost per reliable missile;
(2) the kill proBability, P,, egainst hardened sites; and {3) the number
of enemy missiles déﬁig§§d at each site. It costs the Soviets about
2 times as much per missile destroyed as the U. S. But terminal defense

\

costs are less. For example, for 60% MVA surviving (at higher levels

25
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differences in colleteral damage and other factors begin to dominate), the
U. S. cost is $140 million to negate & missile and the Soviet cost is $75
million -- about one-half as much for the Soviets as for the U. 8. Both

factors, high Soviet SOF cost and reletive BMD efficiency, make Soviet SOF

: an unattractive option. In addition, this is reinforced by the existence

of a considerable POLARIS force, not targetable by Soviet SOF.

GENERAL REMARKS (U. S. S. R.)

Optimal Soviet demage limiting can be seen as (1) a full fallout shelter
prograz, and (2) for larger budgets -- ballistic missile defense, but no
SOF capability against hardened MINUTEMAN sites.

U. S. - SOVIET DEFENSE/OFFENSE COMPARISONS

The &ttacker‘é reaction to and the defender's maintenance of a given
damage limiting capability can be examined in terms of the defense/offense
cost ratio. This ratio represents the ratio of the cost to the defense of
meintaining a given level surviving to the cost of an increased threat by
the attacker.

Asymmetries exist in the distributions of MVA and population in the two
countries: (1) Soviet MVA is more concentrated than U. S. MVA and is
easier to defend by BMD; (2) Soviet population, however, is more dispersed
thanh is U. S., a;d the large U. S. suburban populations are more
vulne}able to fallowts' Equal terminal defense (CD, BMD) measures on both
sides tend towarduequaliiation of these effects to some degree. That is,

the discrepancy is greater with no defense than with defense. (See

' Figures 25 and 26).
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';Gompariso; of defense/offense cost ratios show that those for the Soviets
are somewhet higher than those for the U. S. (Figures 22, 23, 24), even
though the demage per unit cost of attack is less for the U. S. than for the
Soviets. (U. S; combination of POLARIS A-3, B-3 and a few MINUTEMAN
probably average to about $30 million/reliable attacﬁing missile carrying the
equivalent of 1 MI'; Soviet cost per missile is about the same --_$25 million
per relisble attecking missile. Fach Soviet missile carries thg equivalent
of 5 MI' -- the Soviets pay for this low cost of deployment; their force is
more vulner&ble.). .

The higher defense/offense cost ratios for the Soviets ere due to lack
of utility of a Soviet SOF capability. This utility is poor even if the
U. S. used only targetable MINUTEMAN forces instead of POLARIS for Soviet
U/I attacks. (See Figures 19 to 21). It is also due to poor Soviet
planning. The Soviets could raise the defense/offense cost retio for the
U. S. by making U. 5. SOF iess lucrativé by the followiné measureé:

(1) Deploying Soviet missiles at one missile per aim point.

(2) Building a MINUTEMAN type missile -- for a given investment

this incrgases fhe number of aim points over that inhe¥ent in
the us® of lérger missiles.

. . % -
- (3) Making & large fraction of their force non-targetable by U. S.

SOF (SLEMlsy: etc.).
The defense/offense.cost ratio depends most critically on: (1) the

"¢ Surviving” -- for higher % Surviving the ratio is higher; (2) the

" quality of planning on both sides; and (3) the possible scenarios of a

27




'in terms of the defense/offense cost ratio.

nuclear war. The relatively poor utility of Soviet SOF -- given the U. S.
deployment of dispersed MINUTEMAN missiles and non-targetable POLARIS
missiles %t has & direct bearing on the likelihood of certain scenarios.

This poor utility reduces the likelihood of Soviet pre-emption against U. S.

iz forces in a diserming attempt in that the likelihood that the Soviets will

meke a serious attempt to deploy a damage limiting force in the first place
is greatly reduced.

GENERAL PICTURE OF DAMAGE IIMITING BY THE U. S. AND BY THE U. S. S. R,

Depending on the relstive levels of effort on damage limiting by the
defense and "damage inflicting".ﬁy the offense, the amount of indﬁstry aﬁd
population surviving nuclear attacks can be raised and maiptained‘at
levels above the "no defense"” posture. Fof the United States, there is the
potential for raising the levels from.around 25% - 30% surviving up to about
80% surviving for both industry and fopulation, allowing for present
indications of poor planning on the part of the Soviets. On the Soviet
side, there is the potential for raising the levels from about Log
surviving up to 80% sﬁrvivipg for population and frém about 30% surviving

to 60% surviving industrial capacity. The lower bounds are set by

concentrated U/T attacks with no defense measures, the upper bounds by’

12 :
unfavorable cost ratiocs. It is to be noted that this ratic is not entirely

the option of thé,daﬂepse, It represents an interaction between the two
sides. Higher ratios. can.only be attained by a permissive or constrained

offense. Reactlion to a given damage limiting capebility can be considered




~In the context of this study, the overall decisions on the allocations
of resources to limiting damage are reduced to considering the size of the
threet and to how much total money is to be alloéated against it. With
curves of utility versus cost,.this is an iterative-process., One tries a

: budget, examines the utility, and then examines the differences im utility

against the differences in cost for other budgets. The final decision as
to the total budget is a matter of Juégment. The subdivision of this

budget is then & technical sub-optimization problem of the kind treated in

this study.
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. Rel:

S0F:

SRRPA:

S8P, ¢

U/I:

GLOSSARY

Aim point; missile sites which contain one or more missiles.
Billions.

Ballistic Missile Defense.

Civil Defense.

Defended Targets; i.e., defended with Ballistie Missile. Defense.
Full Fallout Shelter Program. l

Millions.

Manufacturing Value Added (a measure of industrial capacify).
Ares Penetration Probability (of bombers),

Protection Factor, radiation. Ratio of exterior dose to interior
dose.,

Populstion.
Reliability.
Strategic Offensive Forces.

Bomber Survivebility X Readiness X Reliability X Area Penetration
Probability. . ' '

Single Shot XKill Probability.

Terminal Bomber Defense.

Terminal Defense (Combinations of Civil Defense, Ballistic Missile
Defense, ggéq?grminal Bomber Defense.

Urban/Indust;iaéﬁﬂ
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