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INTRODUCTION 

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

ineans of _limiting damage to population and industry: (1) Civil Defense 

to decrease the vulnerabilit-y of the population; (2) :Ballistic Missile 

@ Defense interlocked with (3) Terminal Bomber Def€mse -- to destroy weapons 

enroute to target as well as make high worth defended targets unattractive 

to attack; and (4) Strategic. Offensive Forces -- to destroy enemy weapons 

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

separately which suggests analyzing their effects in combination. 

The study is carried .on _in parametric fashion with emphasis through­

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

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

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

the four means of damage limiting before the progressive optimization of 

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

· : the latter two appropriately. interlocked; then all ·three with ·Strategic 
... , ··' .. ·· ->,,.. · .-.' :·_Offensi:ve .-Forces;. As may.-be seen. from the outline on page 1, the 

•• ;;.. <· • .•.• - . ··.·. . . . .' •. . ' .. . . . ----~---~;_::_~J.-:,. ;:_:·':::~.--~ ... ,_ . 

• 

__ , ... _ ·. optimization .among these-means progresses in parallel f'ashion for both· 

::::--;;~c' ~- -~ th~ u. ·. ~-. --~t\a':the s~~~1ii~~~:~nating in parametric. comparis~ns of' _- ... ' . 

~?-;~Zjf~·:;;?~~f'ens;~~~~~::'_~:·:~.:~~~~~:~r:~--~~~ll ef'fects of damage .limiting .in both· 

: . countries under .~~ous scenarios.: 

.. - -~- . : . 

·. : ~ :· 

' . ' ., 

.·.-.· :- -'~ 

•. :'J. ,· , .. 
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confidence attacks are considered, with emphasis upon blast (and fallout) as 

damage agents. Blast is the most prominent means of inflicting damage (this 

is particularly true if fallout protection is provided); measures of. lower 

confidence -- such as high altitude detonations to erihance 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 ('f, Surviving 

vs. _Number of Attacking.Missiles)_for selected Civil Defense postures. 

Next, Ballistic Missile Defense is considered, and optimal combinations of 

_radars and interceptors are :found. To prevent bombers from circumventing 

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

missile-defended targets. (Data and time limitations prevented the 

consideration of interlocked Terminal Bomber Defense for the. Soviet Union.) 

, T"ue sub-optimization. of. Termi~l B~mber Defense necessitated analysis of 
·, ., 

,.,,,~"'·""",.. .. , •':.area bomber: defense~· 
-~s-~;; -<·:·. ,-- - ... -; 

-l,;lVl-L Defense and Ballistic Missile · · ... ,._,, ·: · 
. . •; _- ~~ ·.-.--.~--~-~~-:~::-~;~t:_;~ ~--·· 

together -- to optimize ·.,· .ii•';-;:~: : .. ·.:.: ·.· 
•, -~~~---.-·-.- - -·. ·.: .. _·. : -> . ~~->·):~:~·:· :.·:·:~~-~~:~~~{~~-~~:-~~ .. ; :_:. 

''E'1...;,,.,,;it:h' optimized Terminal Defense, :however,-.:,.:;·:::,;~.; . ·. · 
. --~ . --... ~_:: '- ,.;; . . .. . . . ~ -~ .. :~';:~:- -: -

large attacks ori urban/ · 

·enemy missiles -- by means :<c·- _ . 
. . - .. - . ··-- ,.._ - . - : . -~·-·- . -~:... .. .:. .. :.; . .:· .. . -:'~/~-- "?~·;;--_·- . - ' . ..:· 
. ,:they. are hunched. againSt .cities.· ::~;;,:,;;:,,· ... . ~. 

·-·.:.~~-r:; -~-~~ .: ... .: ... ' . .'":" -"- .· ..... - '. _ _,..,_. -- --~--- ;:_,·. :~ . 

.. _ .. ;-

. . ,. -~:: . ..:·-~ ·.. . .... ·,>; -:• .-.;- •. 

. ..... . . 
.. ..:·-

-~·~- . ·, 

~--··--·····=-·--- .... -· _: .. ' ·.: ...... ··.~'-6:f_f':_ .... ..... · .. :.:·--
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Comparisons are made of defense/offense cost ratios for the two 

countries in considering the economic competition involved in defense/offense 

reactions. Finally, damage to both countries is described under various 

scenarios. These, together with considerations of the relative levels of 

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

may be applied to both offense and defense -- provide estimates of the range 

or "ball park" of the potential damage to each. 

The main development of the analysis is presented in a series of 29 

graphs •. Each graph is accompanied by a·plate of conditions and assumptions 

that apply to the graph. ·Further, each plate contains a list of basic 

observations regarding the behavior of the variables considered in the 

graph. Main attention is given to the optimum points shown on the graphs, 

but ·since curves trace out many possible solutions, this graphical, 

parametric means of analysis is able to consider the behavior of the 

phenomena under ·study. Thus, . an important reason for presenting the 

,analysis. in the series of . graphs. is their capability of showing behavior 
>-:'..:>-: .. ~-; ,.,. .· 
··::····- '""·. ·'around _optilirum solutions, w:i.thbut being forced to accept discrete points as: . 
..:. . . . .•. -.- . '" 

·· ·,: '.·.·· ·' '-:- ,•. final s'Olutions. . ,,. It is particularly important to note that the 

~}>.-~~:;:·(·, __ ; ; ; :. . .. ;~~.- .-- .. .-.... - . ~ -~:~-~-_;:~·;.'~:/;)·.')f:. --~--!. . ·- '' '• J' 

:;c~.: ·:·:·:·'-: .. ·purpose of the studj is:.to~exa.inine generSi_behavior to provid~ ~ ~reu · · .. :;:_::,':• ... 
f:_;,;:::.;~~~;~~i-~-:~ .. --:.:- - :---- -~- --:-- :.-.. -!~cr-::·;_:;·;.~---;~-- :~:--- ?~.-~~?~;1::•-<{~~~)tt.-:_ - _.. = .• : : - · - · • - - ... -... · c----~ ;_~--- __ ~ ~: :~.:~' • 

._c-·>' .•.. ••· framework •. The study is not to be considered as an exhaustive.analysls ...... _ 
i.~:~-~--~~-~:_'.;. -::· -: . . .- :. ·.. .: '.;·. ,; '... .: _: ... ·.-?>'.. . . :- . 
·· ·• · · · · ·· of any partic~Qtimponent .: : For· example, a fairly simplified model for 
. -~·, .. Co 

... .NIKE-X iS.. used .• ,,_., One-'Vo'uld expect that· the more exhaustive study :nov being 

:.~~~:_:·-:·:• \.:.~ .. 
' "·· 

.-, ··.•·· 

conducted by the Ai-my''will :PrOvide more insight into this particular ·facet · · 
·-.-

::,.-_,;'. . .. : ........ ~.· .. /-'·:· . ~ --· ·:-:··· ' . ~ . - :.. ' ' 
;;;~;-::·~ -:. ,"'·-~ . . ~»{ , .. -- .·. 

--;:~ ·, .. ·of the ·overail.-problem. Also this study should not be considered as ;the 
-~ 

.. 
' . . 

-! ... ; •• :.· 
. ·~-;" ;- :_,' . ·;. . .' ._, __ 

·-

... ::._:,,, . 
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.last word on the utility of blast shelters • 

The analysis is followed by a summary of.general observations on the 

subject of damage limiting. 
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FIGURE 1 

· 'f, U • S. PCIPULA.TION AND MANUFAL'l'URll'lG VALUE ADDED (MVA) SURVIVING vs NUMBER 
OF RE:LIAl!LE ~ MISSILES .A.TrACKING U. S. CITIES . 

FOR VARIOUS CIVIL DEFENSE (CD) POSTURES 

Time Frame 1970 -- For the entfre analysis. Total population is 210 million. 

Attack -- Soviets attack MVA targets in order of' \IOrth destroyed per 

missile. . . ~-.!) --',.0<£ ~ 2wJ,.o ~L 
_s-~~ 

Soviet missile has 5 MI' Equi valent,j.; . . payload, surf'ace . 

burst with .1 n.mi. CEP. (Sovi~t SS-7). 

Percent population surviving ·is she~ by solid lines. 

Percent MVA survi-ving is shO'Wil by dotted line. 

Collateril.l Damag: :(She~ by less than lOo'f, surviving f'or zero 

missiles attacking cities) is f'ram 5000 MI' ·delivered on 

U. S • mill tary targets. 

Civil Defense Postures 
Cost Blast 

Curve · CD Posture ( $ ID ll ; ens)* Criteria 

.Nr.~-· 

: .Nr.·2 
- ··. 

6.5 psi 

_6.5psi 

Radiation 
PF** Description 

10 

Ex:i sting ]Xlstili'e: , 

. 70 million spaces 
(Fallout. Shelters)· 

230 million .spaces 
(Fallout Shelters) 

·.·. . - .,,. ·. :_ . ·'' ·:< : . :' . 
35 • 7 ***Fallout + Blast · · 

.30 psi-34 lirl.J.llon 
spaees 

10 psi-42 mil;lion 
spaces 

35.7 ***Fallout + Blast 
_30 ps1·55 million 

spaces ... 
10 psi-70.iid.lliori .. · 

... spaces 

. -.. -:-·. · .. ·:-~-:- .. ·. ___ , ..... . . 
. -·- -. -· ··- •. 
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Figure 1 

% U.S. Pop./MVA Surviving vs Number of Reliable Soviet Missiles 

; 

• . 

Attacking U.S. Cities for Various Civil Defense (CD) Postures • 

% Surviving (U.S.) 

100% 

~ ....... . 
·' . 

. (ATTACK ON MVA) 

POPULATION 

--- MVA 
' 

:·. .· - --~:·:· . 

. . ·:.·.; -::,, ... 
--~ . ,. . 

. . . 

... ' .... 

' •' • •, ,'v • • •"""' 

. ··;'. . . ·.- .... - ., ..... 

. >"~J~.;..,v~_l••} :·· .. I 
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Shelter effects are degraded for the 10% of the population that do not occupy 

the best available shelters and for post-attack effects (lifetime dose). 

* Costs are total investment costs. 

** PF means "Protection Factor". 

*** Blast shelter programs involve 30 psi shelters in central city areas 

and 10 psi in suburbs. Posture .:Nr 8 has a blast shelter program 

for the 22 largest Standard Metropolitan Statistical Areas and 

Nr 9 for the 100 largest. 

Basic Points 

(1) Full fallout shelter program (Line C) saves approximately 2r:Jf, more 

of the population, for all sizeable Soviet attacks; than no civil 

defense program (Line A). 

(2) CD gets increasingly expensive per life saved at higher levels of 

(3) 

population surviving. E.g. for·400 missiles .attacking: 

'f, Surviving · 
Population 

Cost 
($Billions) 

0 

$.07 B 

$5.8 B 

$16.2 B 

$22.4 B 

Approx •. Cost/'f, Saved 
($ Billions) 

0 

$.01 B 

$.26 B 

$.58 B_. 

$-75 B 

~' of _couxs.Ef.,,.~oes not protect U. S. W/A. 

i. 

7 

I . I . ., ;, ·. 
! "t 

. i' . 

rmmmlt 
r.:.:_:,.:,;;~-:-:-:-:-:­

i;;':·'':·:·oc:C 
~~~~~:-~~~~?!: 
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-- FIDURE 2 

.'f. U. S •. MVA SlJRVIVJNG vs COST MLLISTIC MISSILE DEF:ENSE (BMD) FOR SELEC'l!ED 
NUMBERS OF ATrACKING MISSILES 

·· .. 

. '-':·:· 
payload against defended targets (Equivalent of 5 Mr 

+ 10 objects) ("SS-8" or "SS-X-1") • 

. (2) \~~ •• lpay~oad against undefended targets (Equival:ent of 5 Mr) 

'(Ss~7), " 

(:;) (Above missile threats from DDE&E "ICBM Threat Analysis 

Re~~ntry S~tems" l8 September 1963). 

(.3) Attacker given :full .knowledge of defenses and bas option, for 

:ma..x::ilmml kill, to-attack defenses or avoid them. 

@ (~) No collateral damage from military attacks is:;;,~llcluded here (and 

-'·.; ... ..:. 

~- -- r:.·-~ -
l _,_ 

on Figure 3) --·design ~or defenses uses values of intact.· 

targets. 

:BMD .Def'ense - -- .. ·: ·' . 

. (1) .. ~X System. 'SSPk ;,_· 0.8 for a single iriterceptor against an .. 

object. . (R~pr~g of interceptors . .:for es:rly. ·aborts. is. not · 
. . . ·'\ .. _. - ~ :-:. :-~ . . . . : . : -- -. 

· ·: co~{~f;i)i;- :: :· 
·-·- !•' ,,. __ 

. ,· ·' 
,. :~ .... 

.· .. -.,._ ... .: 

·- Cent~:.rB.dB.r' and associated installation .costs $4oo. mi 11 ion •. -
-.. __.....),.~:. . . 

Illtereeptors cost $1.25 million each including w.rbead ana 
"•. 

associated equipment, 

. -: ~ {\All 5~year ·system eosts). 
. _ .. ·· . ··. 

. .... · 

(2) _Each de.:fense .. unit provides a:a "Effective Exclusion l!a.dius" of .. - _ -­
\. . -·· 

8 

.... :·-

. . .. . : 
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Figure 2 

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

·· .. 

% MVA Surviving (U.S.) 

100% 

100 Missiles 

80% L-------~~--~~::~::~~~~==J 200 Missiles 

·' _; ... : 
.. . -l·, . 

···-· 

;. .. :, . 
·.·: . 

..... 
"< 

20% ~~~--~--------~------~------~ 

0 1 0 20 30 

COST BMD ($Billions) 
' . 

~~ o;::::-

. . 
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10 n.mi. Defense units are deployed at each aim point (determined 

in the undefended case) .. Possible.economies in radars covering 

adjacent exclusion areas are not treated here. 

(3) . Firing doctrine for· interceptors: Prim~~ead strategy • 

. (4) Ratio of interceptors/radar is optimum for each size of attack and 

for each size of. BMD program. 

(5) Final design -- used following Figure 3 -- is for 400 missile 

.attack. That design involves a ratio of interceptors/radars 

which tends to minimize effects of design not being optimum for 

other sizes of attack. 

Basic Points 

(1) Greater investment in BMD saves more MYA at slowly diminishing 

~ marginal returns. 

(2) Slopes of curves in Figure 2 are fairly insensitive to size of 

attack -- value for additional dollar spent is roughly constant 

for au .sizes o'f attack. 
. . . . .. ~-,. '''C·· ~·-

(3) A .. <=haracteristic of the BMD design is that the attacker's best 
: -.,.-~- ,., ' ..... 'J, • . •. -,,. . ' • . 

·option. (iri ·g~tti~ .most overall damage) is to avoid the defenses 
·.-~:-:-: ~:::~i?;~\' ··.-:-;-:_:·:·'.3;~L::·:.(::::. -:~:::~-~ . ..-~:::· . _ _ . ._ 

.. :.and.':a~tack Uncl.e:fendea targets~ .untii the expected damage/missile .. ';({; .,\:.,: 

. ,. ·\:~/1~~;;;~~~;:~~,:~~~n·.Xs. l~~s:tbal the expect~d damag~flrls~il~~ ·.··· .. , 
. _:_ .: ~)-·._;:,:.. --. '~ ' 

againsi high~r worth defended targets. The expected damage/ 
~ -; •q __ .:-.- •• i:,..:..t ... ,-."' 

missile in the: defended area is constant for all defended· 
·'· ____ ,.:.·. -- -·''' 

:. tiu-g~;f;.·a~~·~ missiles attacking . .,-- a ~racte;:istic of the 
~ . ' 

·'-"' .·- · .. -· 
him.:Read strategy •. 

. . _,. __ : --- .•. . . . '···:-d•· .. _,._ - . -

•--~ _:: ._'::'""r:E;::!i_;_,, .. :.·r~ ·~- ·,. ···"· .-'r · 

Thus· the effect of BMD .. is to rerank the 

. ·:.· .. _ ... ,., 
·..;._ , .. :. 9 

;, ------ ·: -. ~ .. -:' . . 
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order of' atta.l:k1 putting the highest worth defended. targets after a 

large number of' undefended ones • 

· (4). other calculations, not shown here, indicate that satuxa.tion· 

. -_ .. 

effects on·BMD.do not change the optimi~ation of' a deployed system. . . . . 

Saturation, in this context, can be viewed as an upper limit to 

the price that the defense can charge f'or a target • 

... . 

_ .. :~~--r~. ;~-­... . ::~---~ ~+~1- . 
.. '_: ... 

.. ;. : , 

. .. 

. -~- . 

' . _,, '. ~ 

;.• 

10 

. . -: ··- · . . . 

~ .-- -- ... 
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Figure 3 

% U.S. MVA Surviving vs Cost BMD for 
Selected Numbers of Attacking Missiles 

••••••• Effect of Additional Interceptors at 
Given Number of Targets Defended 

% MVA Surviving (U.S.) 
1000k r---------T---------~--------~--------~ 

100 Missiles 

aoo/o ~--------JL=-~·~·~--~--~-~ .. ~::::.~::::·~··r·~ .. :=:==::=J 
• • • 

I i 
E 15 DT ! 30 DT 

• • • • • • • • • :60 DT 
400 

Missiles 

60%~-------1~------i:::~~~~~ .. ~-~~ •• • I • : 800 

. . . 
..... ".':... ·-·~ l'·.· · . ...::. ·:~· ~- . 

. · .. 
0 

o .. :_, •.: · 1 o ···· -. ,. - .. 
20 

• • • • • • • • 

30 
-~ {-.-~/-; ... ·;:-::-::-:~ ~; ;., ._ ... , :· 

COST BMD ($ Billions) . 

. . :.A..-'-.· .. " ... 

Note: DT means Defended Targets. 

. ·, ' ..•. --...... _ _. .. 

40 

., ., 

• 

< • 

-' ·-

' . 

_f -' ~-·- •• 
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·FIGURE. 3 

'f, U. S. MVA SURVIVING -vs COST BMD . .FQR SELECTED NUMBERS {IF ATrACKING MISSILES 

Repeat o:f 100, 4oo, am eoo missile attacks o:f .Figure 2, Showing Ef':fects o:f 
··. 

Adding Interceptors. to. a. Given Number. o:f Defended Targets (Dashed 

Lines). 

(l) The dashed lines show the effect of' deploying· interceptors :for a 

. given number o:f radars. The number at interceptors can be :found 

by taking the cost increment :for interceptors and dividing by · 

$1.25 million (cost per interceptor) •. K.g.: :for 4oo missile 

attack, 30 targets defended, the "interceptor curve" is _tangent 

to tbe envelope at .a total cost o:f $16.9 billion -- $1.2.0 billion 

o:f this is on radars (30 targets defended). This lea'ves $4.9 

billion on interceptors. This buys about 3900 interceptors. 

(2) Solid .lines (envelopes o:f dashed curves) show best mix .between 

num~s_of' interceptors and numbers o:f ~rs :for a given.si~e 

attack.. · 

{3) MiXture of'.radars and interceptors .is a .:function o:f size oi' 
.. ~--

atta-Ck~:.· Optilmim miXture :for larger. attacks requires more iirter- · 
·.:_,<:;~. ,.:·:·.-·' ... ·· -----. >. ·:-- -. · .. :._:·- .. --'_.:.-··-·-·_ .:::--~~: .. ·-

ceptors'.per rS.dar.~ . Thus .at a given total. .cost, 'cytimum design. 
:-._ .. - .:~.-.. -~:·.--.-... : -

is . to. defend .:fewer target areas_, but with more interceptors,.· as 
•--""•t-:. ·. . 

attack s~ze ~creases. 
•• • . .• ' . I'. - - .... 

..· 

. ·, 

ll 

·.; . 

, .. _. 



':- .-..,->· "'-" _ _;.~ 
0 ••• 

Cost Terminal 

··. Figure 4 

Bomber Defense (TBDl 
(Balanced lnterlocki ng Defense) 

Cost TBD (U.S.) 
($ Bi II ions) 

1 5 
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, FIGURE 4 

COST TERMINAL BOMBER DEFENSE (TBD) vs COST BMD . (U •. S.) 

Attack· ··. 

Soviet bombers ,assumed to have capability of dropping up to four 8 -Mr 

bombs at a target •. This means that each bomber bas a "city 

Defense. 

bust~r" capability for all but the largest cities -- essentially lOaf, 

. destruction of lf/A of BlllB.ller cities by cine aircraft. 

(1) .system considered is the Hawk system deployed at targets.defended 

by BMD. · System deployed under ·:BMo' ."umbrella" for interlocking 
. . . 

defense •. other' systems (area defense,. NI:K:&-REHClJLES}. are not 

included -- they are assumed to act on penetration probability, 

PA,. to the_ terminal =~· Ha'Wk system SSPk = 0.8. for a single 

interceptor·~inst an aircraft. Five-year-system~cost $5~2 

million/~ unit. . . . 

(2), , tlyst~ .deploym~t designed against low altitude saturation . 

· attack,(-wiu 'w~k better vs non-~tion .attacks).~.··'·.·. 
. . . . . . . . . ; . 

bom~il ~nst Undefended targets; .· (Thls d~l.oyment is 

:j.ndeye.zrdej:~td:,area penetration probability of. bambe;r:-s) • 

'· .. 

. Basic Points·' 
1 

. ..• ·~. ·:.·, . ..... 
- .. -

Cost of. TBD system interlocked .with BMD is very. smaJ.i fraction ot the 

.:BMD .expenditure and changes slowly ;lith amount spent on,l!MD, 

·· ... 

. · ... 



Figure 5 

% Surviving (U.S. Pop. & MVAJ vs Cost BMD/TBD for 
Selected Total Terminal Defense (TD) Costs 

% Surviving 

+Full Fallout Shelt~r Program ($5.8 Billion) 
400 Reliable Missiles Attacking 

100% r--------.---------.------~ 
-- % Surviving Population 

--- % Surviving MVA 
Total TD Cost Includes BMD, TBD, CD. 

80% ------~-+--------~------~ 
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FIGURE 5 

rf, SURVIVDIG U. S. POPUlATION AND t-WA vs COST BMD/TBD FOR SELECTED TOTAL 
TERMINAL DEFENSE (TD) COSTS (TD lll"CLUDES BMD, CD, TBD) 

Attack 

4oo.reliable missiles attacking u. S. cities. 

5000 Mr on military targets. 

CD: . Data :from Figure l. . 

BMD: ·E:ff'ecti veness . and cost :from Figure 2 -'- design . is :for '!NA de:fezise. :for . 

400 missile attack. 

TBD: Costs :from Figure 4. 

Arrows indicate points on population curves corresponding to allocations :for 

:full.:fallout shelter program. These arrow are $5.8 billion to the 

le:ft o:f the total amount o:f money. (TD Costs) • 

Basic Points 
--

(1) For total .. budgets larger ·than that necessary :for the :full :fallout· 

progi'Bln ($5.8 billion) there is no.essential di;f:ference in terms.o:f 

lives _saved wheth~r money is allocated to.CD (blast shelterS) or to 
. ·--

llMD~\'-·_:But, BMD :would _be,the better investment since it also: acts :to 
' . -. ~: ci -. .:>·::_,, .. ;; - . -; . . .-; : . •. . ,. . ,. :·; : .' . . .· '"~. . . ..... . 
save· industry ~ and· at virtuallY. no cost. in .terms of population · . 

· saved.·--;-. . 
• !· 'T8D 

(2) !:f all t~e ~AA~Y is allocated to·:BMD/RI.- DOne to CD - there is a ... . ··. . . . ... . . - . - . . . . . 

~ increase in the "% MVA Surviting" --as shown by the. sloi>e of 

dot~ lin~ -- but a very significant decrea~e in "'I> -Populatt;,n 

Survivins" -- as shown by rapid drop off of solid lines. 
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-.~1f 

ii 
-~:=::::: 

=t 
~IJ 

·- -~?J..~:.lrr; 
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.(3) Results above hold for other sizes of attack (not given here) • 

(4) Subsequent calculations "Will thus be done on the basis that the 

first $5.8 billions are spent for a full fallout shelter program, 

and additional expenditures are made. for ~/TBD. 

(5) With the full fallout shelter program, calculations (not given 

here) show that BMD deployment optimized to protect m"A, . is also 

·very nearly optimum deployment for population defense .. 

. . -' "· . : . 

.. · 
. ~--- ..... 

:·~---- -.-,.i.; :· ....... _. _·:.",-:. -- ~ ., 
···, 
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Figure 6 

. o/o Surviving (U.S. Pop. & MVA) vs BMD/TBD Cost for 
Selected Total TD Costs Showing Effects of TBD 

Attack by 
200 Bombers (lnv.) + 140 Reliable Missiles ·· .. 
BMBR SRRP = 0:5 

% Surviving 
(U.S.) 
100 % 
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® . -

.,- ; : .. 
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FIGURE 6 

'f, SURVIVING U. S, POPULATION AND !NA vs BMD/TBD COST FOR SELECTED T<YrAL· 
COSTS -- SHOWING EFFECTS OF TBD 

· .. ' 
Note 

(t~W Figure 5 showed the relative utility of CD and BMD/TBD for a "pure" 

missile attack on U/I targets. This Figure repeats the analysif? 

for a combined bomber/missile attack to show: 

(l) The effect of the small added investment for interlocking 

BMD/TBD. 

(2) Whether' CD/BMD/TBD optimization is changed. by the influence 

of bombers. 

Attack 

~~ Attack size and mixture chosen to give same damage as 400 reliable 

:_ .. -

:~/'.' .. -~-

.·-:.---

. ·-·,-;• 

. ·. 
•a., .• 

missiles for no defense c_ase. • 

This equivalent attack is taken to be 200 Soviet bombers (inventory) 

and l4o reliable Soviet missiles. Bomber survivability X readi­

. ~essX reliabi_lity X ~ea penetration probability (SRRPA) = 0.5. 

is taken into account in attack programming • 

. Def"ense .. _::-. -· · ..... ··-;:. 

BMD/TBD.c~pllng and assi.unptions from Figure 4. Figure 5 included .. - ' .. .. _....~ .... ~ 
TBD costs. bUt showed a pure missile attack. This figure shows 

·. 
the effect of 'that small added expenditure for a mixed attack of 

bombers .and missiles; 

15 

.,;.; ... 

.. , -~ '~ -::- ':::-~. 
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Basic Points 

(1) Large increases in "'f, Surviv:l.ng" are possible by interlocked 

BMD/TBD defenses. (cOI!lparing Graphs 5 and 6 ). If BMD ,and TBD were 

not interlocked, either measure alone wo~ have.no.utility'in·this 

case -- bombers would destroy targets that are defended by BMD 

_only and missiles.would destroy those targets defended by TBD· 

only. 

(2) There is a large increase in population surviv:l.ng (at a sma.ll.loss 

of.MVA) by spending $5.8.billion for a full fallout shelter 

program instead of spending all $15 billion on BMD/TBD. This is 

the same behavior as in the prev:l.ous Figure. Full fallout 

shelters are still the best initial investment for sav:l.ng_lives. 

This is shown by the fact that there is a maxiJilum .at .the point 

'Where $5 .8 billion (full fallout shelter) is . allocated to. CD~ ·To . 

the left of that point there is increasingly more allocation to 

CD but at the expense of decreases in both population and.MVA ;. :.~ --· 

surVi v:l.ng. 

(3) BMD/TBD now looks better than blast shelters in saving lives and 

· . has ·IA;rger .effect in sav:l.ng · MVA than in. the pure missile attack 
.. ,:; ~i .:. ·.:· 

·of Fi~~ 5· . · .. 
... ; .: 

(4) Note the.t.49r. a termina~ defense where BMD/TBD are interl~ked, 
a J>ure r;J/I _Jl)ip.s;p.e attack (no bombers) is the attacker's best 

option given the same total damage for all mixtures in the· 
. - ..... · 

undefended case, (This can be seen by comparing this Figure 

. ·, i 

. ... 
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Yith Figure 5 (pure missile attack). The damage for no defense was 

the same for both cases -- 4oo missiles in Figure 5 and 200 bombers 

plus 14o missiles in Figure 6. But when interlocked defense is 

introduced, "~)lurviving" is greater for ·the llllixed bomber-missile 

attack. It is 67% at an expenditure of $15 billion for TD (Figure 6) 

as compared Yith a maximum of 5'Jfo in Figure 5 for a pure missile 

attack. 

- - ~- ~ ~-..,,.--.. .. ·, 
.. ··_·>~:.; ,,._' 

•. ..... -,•·.·:.~'~~-~--

.. ', .· .. "' . .. -~ '• , .. . '.·-·- . 

;·. 

17 

.. - '·- -- .. _,,-· 



Figure 7 

%'"Surviving U.S. MVA vs Number of Reliable Soviet Missiles 
Attacking U.S. Cities 

for Various Levels of TD Expenditure 
% Surviving MVA (U.S.) 

100% 

. · .. 
..... 

. '": ' ~--

.. .. _,~ ... -:. .- ..... 

' ·--

Curve Cost TD ($Billions) 

I $ 0 to $5.8 (C.D.) 
II' $ 15.1 
m $23.2 
.IS[ $35.9 

... ' .. . . . --- .• .. ' : ·-
20%~--~··~'·~--r~~--~--------+-------~------~ 

-.-... -(~.:_\ :-<-

.. --~- ~-~'·:~.-

200 400 600 800 1,000 

Number Rei ioble Soviet Missiles Attacking U. S. Cities 
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FIGURE 7 

'f, SURVIVING U. S. lNA vs NUMBER OF RELIABLE. SOVIm MISSI:r.:E'S ATrACKING U •. S. 

Curve 

I 

n 

m 

IV 

CITIES FOR VARIOUS LE\1E[S. OF TERMINAL DEFENSE 

Cost 

$0 to $5.8 B 

$15.1 B 

$23.2 B 

$35·9 B 

(TD) EXPENDITURE . 
·--

Description 

Population protection only. 

·No ballistic missile defense · (BMD/TBD) up to full 

fallout shelter program (FFO) •. (No. difference 

t6.mA). 

FFO plus 15 target areas defended by BMD/TBD. 

.FFQ plus 30 target areas defended. 

FFO plus 60 target areas defended. 

. W'' Basic Points 

.- .. 

-.. -~.:~- .... '··· 
. ~--- . .. ·-· 

.-... ' ... 

Increased expenditUres on BMD/TBD result in a larger requirement for 
··-

missiles to get a given "'f, Surviving tNA" or result in greater 

"'f, Surviving tNA" for a given size attack • 
. . 

~"3 2 B - · ....... ,..;..'~~·:. · ope. • . .. 

$35~9 B . 
' .. 

;:, ; .-·--- . ' 

:·· 

-.. - -. 
---·-·.- -·:···: 

: t· .. 

.210 

300 

410 

530 

18 

. ~; 

Example 2 . 
'f,.Surviving.MVA.for 
4oo missile attack 

. . _~ .. --.: : .. --:, .. ,. _.;-., .. _ .. ,· ... ·~··­
. .··' 

• ~- ·-o- • ' • 
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Figure 7 A 

%'SURVIVING U.S. MVA vs NUMBER OF RELIABLE SOVIET 
MISSILES ATTACKING U.S. CITIES FOR VARIOUS LEVELS 

OF TD EXPENDITURE 
Showing Maximum Effecf of BMD 

% Surviving MVA (U .5'.) 

1 0 0 
Curve 

I 
ll,TIA 
.N,ISZ:A 

Cost TD ($ Bi IIi ons) 
$ 0 to $ 5 • 8 (C. D.) 
$ 15. 1 
$ 35.9 

6 0 1-----+--+-1-----'~.,..---l--~-+----+-------l ~ 
'-

20 ~---+----+------+------+-----~ 

OL--~-L--L---L--L--L--~-~-+-~ 
0 200 400 600 800 1000 

Number Reliable Soviet Missiles Attacking U.S. Cities • 

. . - -~: . . ~- ~ ' . ~ . _,. 

--'-_l_~~~-_ _:__1j~~,:]_~ t_ .. _j_;~~- ;,:_~--~: r~~~~--~--J_~_:_-'1_~ --_,_.i· ·~·-~ ,,~;.,· .. 



·. ·=;_::-. 

. ·'-

' 

FIGURE.T A 

tf, SURVIVING U. S. J«A vs NUMBER OF RELIABLE -SOVIEI' .MISSILES A'l'rACKING 
U. S. CITD!S roR VARIOUS LEVElS OF TERMINAL DEFENSE (TD) 

.. EXPENDITUEE. 

-- SHOWING MAXIMUM .EFFECT OF BMD 

Same as Figure 7 except Curves II A .and IV. A .are added. to show a 

possible. maximum -effect of BMD. Maximum effect occurs. when. Soviets 

attack targets in. order ot: worth - paying the price t:or each defended 

.. area --: before.,attacking the undefended area. 

Note: Total TD of_ $15-1 billion is allocated.as.follows: $5.8 

-billion.for CD; $8.8 billion·.for BMD; and $0.5 billion-for 

Basic Points 

TBD. 

$35·9 billion is. allocated as follows: $5.8 billion .t:or CD; . 

$28.6.billion-for BMD; and $1.5-billion.for TBD. 

(1) For sma.ll. to moderate. size attacks. this Soviet strategy would 

.result in Up to an.additiona.l 28'f, or a total saving of up -to . . . . . . . . . . 

35tfo .M'lA for a TD .i~estmen:t; of' $15.1 billion (Curve II A). For . i: . . . ... . . . -. . 

· a J.BX~, ~~~~ .• 35,9. billlon (Curve IV A) up to an .addi­

. tiona.l 2af, .~ b~ . sav~ over the hest · Soviet strategy or a ... __..., .' :r~ . 
total of 38'fo .MVA saved oYer the undefended case. 

·-· ~ ~ .. ·-·. --~~·::.· . 

(2) ·Thus due to.either (a} poor Soviet attack planning_,. or {b) 

unwillingness · of the Soviets ~to attack lower worth undefended 

targets, l.eaving high worth•targets in major. cities intact, 
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t::::::: 

(3) 

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

Figure 7. This holds for attacks of up to 200 to 400 missiles. 

The real case may be somewhere between the two limits 

discussed in paragraph 1 above. 

Despite the fact that U. S. damage might be considerably less 

with poor Soviet attack planning, the subsequent analysis, 

unless otherwise 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 range of 

possible results • 

. e- .• •:. 



Figure 8 

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

% Surviving Pop. (U.S.) 
100% 
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Cost TD ($ Bi II ions) 

$ 0.0 
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FIGURE 8 

'f, SURVIVING U. S, POPULATION vs NUMBER OF BELIAllLE SOVIEI' MISSILES 
ATI'ACKING U, S. CITIES FOR SELECTED TC1.I!AL EXPENDITURES ON TD 

Repeat of Figure 7 but for population, showing large effect of full fallout 

shelter program. 

Curve Description 

IA No ·CD. 

I B Full fallout shelter program (FFO). 

II FFO + l5 target areas def€nded. 

III FFO + 30 target areas defended. 

IV FFO + 60 target areas defended. 

Notes 

~ (l) Attack is on MVA. BMD/TBD 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 .Points 

(l) The · c:Urves show .that the initial investment in CD of $5.8 billion 
~· 

provides the largest return. 

{2) More·TD.;peq:Ares more attacking missiles :for a given "'f, Surviving 

Population~, .or.:,resuJ.ts in greater "'f, Surviving" :for a given 

·· .. attack • 
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~ i· . (_ . ' ~- • ; 

-
I· 

-
{ •. 1 



, 

.r-: •• 

~ft 

j 

·----·.;. 
: ·:.,_: .. . 

.· 

...... 
. ·_. 

·-

Cost 'I'D 

0 

$5.8 B 

$15.1 B 

$23.2 B 

$35·9 B 

., 

_,,_ 

Example 1 Example 2 
Number Reliable Missiles 'fo Surviving Population 

Required to Get 5C!f> for 4oo missile attack 
Surviving 

100 3lFp 

450 5'<$ 

620 58% 

770 62% 

830 66% 

&iM!!; 
------·;_;_;: 
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Figure SA 

% SURVIVING U.S. POPULATION vs NUMBER OF RELIABLE 
SOVIET MISSILES ATIACKING U.S. CITIES FOR. 

SELECTED TOTAL EXPENDITURES ON TO 
Showing Maximum Effect of BMD 

% Surviving Pop. 
100~------~------~------~------~------~ 

Curve 
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Cost TD ($ Billions) 
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80~~~--~~~--~------~-------+------~ 
WA 

'· ".'.: . : ·• . 
. \ . 

-~i: 

20~------+-------~------~-------+------~ 

• I' • ....... _.~--

0 ~--~--~--~--~--~ __ _. __ _. __ ~--~--~ 
0 200 400 600 800 1000 

Number Reliable Soviet Missiles Attacking U.S. Cities 

[~~,_;;;~ 

lff::~~~~~ 

~~~ 
::::~ 
:·:::~~:.::.~ 

":':~~::-:::: 

_ U~l 
-''-"-~ 
:::::=· 
·.::::it: 



.FIGURE 8 A 

'f, SURVIVING U •. S. POPULA.TION . vs NUMBER · OF RELI11BLE SOVIET MISSILES . 
ATrACKING U. S. Cl1'LES . roR SELECTED TOTAL EXl'ENili'l'lJR]S . ON TD 

. -- SHOWING MAXIMUM EFFECT OF BMD -

@l~' Same as Figure 8 .except Curves II A ,ana. IV. A .are added .to shaw. a 

-,_ ·. 

ii!'!o:. 
l;;i:;ii , __ 

. ·- ...... 

... . ·: -·· 

' 

possible maximum eff'ect of BMD. MaxiDIIim ef'fect occurs :when·Soviets.attack. 

targets in order of' worth, paying the price for each def'ended .. area before 

attacking undef'ended. targets. 

Basic Points 

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

.attacking targets in order of' worth can result in up .to an 

additional 14'f, saved .or a total saying by BMD/TBD of up to 22$>· 

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

expenditure of' $35·9 billion (Curve. IV.A)1 this Soviet st:retegy 

. can .result in .up to an -additional lo'f,,. or a total saved by 

llMO/TBD of up to_ 25'1>· 
. . 

.(2) ~s due to ei.ther (a) poor.Soviet attack planning, or (b) 
. ,. 

unwillingness of _the Soviets .to attack. lower worth undef'ended 
c 

targets, leanng high Worth targets in major cities intact_,. 

the ef'i'eetl·~ llMD could be much larger than is shown in 

Figure .. 8. · .. Tb:l.il: •. holds , for attacks . of' up to 200 to 4oo missiles • 

The. real. case .may_ be· somewhere betlieen .the two limits .discussed 

in parag:reph :Labove.· . 
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(3) Despite the fact that U. S. damage might be considerably less 

with poor ·Soviet attack.planning1 . the subsequent analysis, 

. unless otherwise specified, assumes gocxl. attack planning .on 

' the part o:f the Soviets. In the final scenarios (Figure 27 

and 28) this. factor will be included . to show the range. o:f' 

possible results.· 

•. 
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Figure 9 

% Surviving U.S. Pop. vs % Surviving U.S. MVA 
Full Fall-out Shelter Program -All BMD Programs 
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FIGURE 9 

'f, SURVIVING U.S. POPULATION vs 'f, SURVIVING U~ S, WIA 
WITH FULL FALLOUT SHELTER PROGRAM 

__ ,_ From Figures 7 and 8. 

@"iff Note: Curve holds (within 2$) :for all sizes o:f BMD programs -- 0 - 60 target 

areas de:fended. 

(With :full :fallout shelter program -- principal damage agent :for both 

population and WIA is blast :) . 

Basic Points 

,§;:, 
~ 

. . : .. > ... 

., 
;-:.· ... :~·:··: ·.· -' 

For low "% Surviving WIA" the "% Surviving Population'' is up to 15% 

higher than the l/WA level. · 

For higher "% Surviving .WI A" the "% Surviving Population" is about the · 

same as the percent o:f W/A surviving. For example, at·;;3otj, 

.surviving WIA there is 45% .surviving papulation';·. For 90% 

surviving WIA, there is also 90% (almost) surviving popl.IJ.ation • 
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Figure 10 

Surviving Population 
MVA 

vs % Surviving MVA 

FROM FIGURE 9 

PRE-ATTACK RATIO= 1.0 

' 
"'1--L 

/ 
Collateral 

' 

Damage 

~'· 
~c 

From Military _ 
\.:. Attack '. 
-·~\ . . . • . .. 
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FIGURE 10 

· 'f SURVIVING POPUlATION . 
RATIO OF '.£ SURVIVING WIA vs 'f SURVIVD'IG WIA 

Derived from Figure 9. 

-~~'! 
Basic Points 

(1) Ratio equals one for pre-attack case -- by definition. Figure in-

j 
eludes effect of collateral damage from military attack. For 

-.-., . 

small attacks or large defense (high 'f surviving) ratio stays 

about l. 

(2) As damage increases, imbalance betveen surviving population and 

WIA increases. 

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

.than population -- given fallout protection to the population. 
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Figure 11 

Cost TD vs Number of Reliable Soviet Missiles Attacking U.S. 
for Constant % Surviving U.S. MVA 

Cost TD {$ Billions) 
40 TTACK MILITARY- CIVILIAN A 
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FIGURE ll 

COST TERMINAL DEFENSE vs NUMBER OF :RELIABLE SOVIEI' MISSILES A.TrACKING 
U. S. CITIES FOR CONSTANT % SURVIVJJIG U •. S. YNA 

Allocation of U. S. Defense Dollars 

Note 

First $5.8 billion spent on CD. (no effect on MVA) •. 

Rest of budget allocated to BMD/TBD. 

BMD deployment optimized for 4oo missile attack (See Figure.2). 

(1) The 5af., 4af, 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:. o (Optimum SOF attack on Soviet 

forces will reduce. Soviet attack on U .. S. cities to less than 

400 missiles i ).J-

(3) With a full :f'a.llout shelter· program a particular "'f, Surviving 

Population"· is uniquely related to a particular "'f, SurViving MVA"·. 
. . L 

(See Figure 9: . · · · 

0 ~ S~ving MVA ·· 
~i .. 

·.· .. · 8af, 

--r~ 

· .. ,_-

.. : &11>-•·:, .. 

Corregponding 'f,.Surviving 
Population (With FFO) 

82'f, 

75'/> 

69'f, 

62'f, 

(4) Cost of :Reliable Soviet Missile is taken .as $25 million. 
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Basic Points 

(1) A given increase in "%.Surviving" for a given attack becomes in-

(2) 

(3) 

creasingly expensive at higher levels of "% Surviving MVA". E.g., 

for a 300 missile attack: 

'f, Surviving MVA Cost 

40% 0 

50% $15 B 

60% $31.5 B 

70% (off graph) 

increasingly. expensive, 
.. f 

It is at higher levels of % Surviving, ·;;to 

offset or negate the. effects of an additional attacking missile. 

Note: To maintain a .given level of % Surviving against an 

increased threat requires TD expen<litures at a roughly constant 

ratio of defense cost per ad<litional missile. (This holds over a 

wide range as shmm by the nearly straight lines on Figure 11). 

'. 

50% 

60% . .. ·-·. 

70%. ;: .. 

·-;..-:80% .. -: 

_ . .;.:. 

Cost to Offset One 
Ad<litional Missile 

4SOM 

$140 M 

$260M 

· $500 M 

Higher·% Surviving levels .are at an increasingly unfavorable cost 
~- ~ ..... ,•. --~··::.• 

ratio. to the U. S.. (Essentially same point as above but repeated 

.for emphasis)~· . · · '. ·' ,·, , ..... 

. -.;-. 
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Figure 12 

Cost TO vs Cost Strategic Offensive Forces (SOF) 
for Constant % 5 urviving U. 5. MVA · 
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FIGURE 12 

COST TD vs COST STRAT.IDIC OFFENSIVE FORCES (SOF) FOR CONSTANT 
'f, SUR\II\'WG U. S. WIA 

Soviet Inventory 

500 targetable plus 100 non-targetable missiles of type described on 

Figure 2. 

Missiles are in bard silos with 3 missiles/aim point. Reliability= 

0.8. 

Non-targetable missiles that cannot be attacked by U. S. SOF include: 

(a) Missiles in unkno"Wn locations; and (b) SLBMis (On ICBM 

egui valent payload basis) • 

Terminal Dei'ense (TD) 

e'- Optimized .among CD/E®/TJID. Note: First $5.8 billion for TD on 

. - --. 
'··'· 

. ..., ..... 

Figure 12 a:re for CD. Remainder on BMD/TJID, as described on 

Figures 5 and ll. · 

Strategic Offensive Forces (SOF) 

U. S. SOF Pk on Soviet sites = 

Five year system cost per reliable MINUTEMAN = $12 million • 
.. ~-'!-

General .. ... ·. ---~•.::.· 

The purpose of this graph is. to. examine the relative utility (in. 

combination) of 11 negatingn the effects of the attack through 

TD and reduCing the size of the attack by destroying Soviet 

25 
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missiles prior to launch with SOF (MINUTEMAN). Basic data is from 

Figure ll. 

Arrows indicate points of optimum expenditure (least cost for given % 

surviving. 

Basic Points 

. (l) In combination, TD and SOF often yield improved effect for given 

cost, or given effect :for less cost than either used separately. 

(2) For minim1m total cost,.after FFO, first $6-8 billion are spent 

. on SOF. 

(3) Because of non-targetable :force,. high "%Surviving" cannot be 

attained .by means. of SOY alone. Horizontal dashed lines on the 

:figure ·show minimum TD expenditure necessary to negate the effects 

of non-targetable force, for given "% Surviving". 

(4) For Figures l2-l4, the programming ratio of reliable U. S. 

missiles per Soviet aim point can be derived by dividing the 

cost SOF (in billions) by 2. Progra=ing ratio at optimum .point 

varies with %.Surviving, up ·to a wxinDim of 4:1. This is a.ratio 

of sl.igl:rtly more than Lreliable missile/Soviet missile 
: i 

assumi~ 3 Soviet missil~ per aim point • 

. . • . ·.•·'·:: .. 
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Figure 13 

Cost TD vs Cost SOF for Constant% Surviving U. 5. MVA 
Soviet Inventory: 500 Torgetoble ond 

250 Non-torgetoble Missiles 
3 Missiles/Aim Point 
Reliobility = 0.8 

r 
__ u_.s_._so-.-F _Pk = o .6 

Cost TD 5 O 
($Billions) 
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FIGURE 13 

COST TD vs COST. SOF FOR CONSTANT i SURVIVING U. S. WIA 

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

{[;{~ 250 non-targetable missiles. 

-~ 
~ 

... . .. 

... 

Basic Points 

(1) Optimum behavior similar to Figure 12. 

(2) Cost of achieving given % Surviving rises abruptly in this case 

(250 non-targetab1e) from Figure 12 (100 non-targetable). 

E.G.: . % Surviving Cost to Get X<j, Surviving 

Figure 12 Figure 13 

60% $ll B $27 B 

70% $22 B $49 B 

(3) Same behavior of programming ratios applies as in Figure 12. 
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Figure 14 

Cost TD vs Cost SOF .tor Constant % Surviving U.S. MVA 
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• FIGURE 14 

COST TD vs COST SOF FOR CONSTANT% SURVIVING U. S. WVA 

Conditions ~as Figures 12 and 13 except Soviet inventory now 500 target~ 

. ~§S' able missiles, 200 o:f which are planned against U. S. cities (u. S. 

does not know which), plus 250 non-targetable missiles planned against 

, .. ' .. 

:: r. 

.-· . -~ . 
-~. 

.. . , .. 

U. S. 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. S. 

pre-empts against an intact Soviet missile :force but doesn't know which 200 

missiles out o:f the 500 targeted are to be directed against u. S. 

cities; or (2) the Soviets pre-empt against U. S. military targets but 

withhold those missiles directed against U. S. citie~ and u. S. 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. S. cities. 

Basic Points 

· (1) Same a,ptii:n:um behavior as in .Figures 12 and 13, but slightly less 

aile~ .to SOF, ~ince it :i.s less e:f:fective with so-called ."empty 

holes problem" • E;g., optimum allocation :for 7o% surviving on 
• --"f~··: . . 

Figure 13 (no empty holes) -- $9 billiofr on SOF; on this Figure 
~. ' .... -.~!~.-~--

(empty holes problem)·-- $7-5 billion on SOF. This involves a 

change in :. cprogrs.mming ratio of reliable U. S. missiles/Soviet aim 

point :from 4:1 to 3.8:1. 
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(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. 
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Figure 15 

Cost TO vs Cost S OF for Constant % Surviving U. S. MVA 

TD Cost ($ Bi IIi ons) 

Soviet Inventory: 500 Targetable and 
250 Non-targetable Missiles 

1 Missile/Aim Point 
U.S. SOF Pk on Soviet Sites = 0.6 

50~------~------~------~------,-------~ 
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FIGURE 15 

COST TD vs COST SOF FOR CONSTANT %·SURVIVING U. S. !INA 

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

now Soviets deploy l missile per aim point rather than three. 

Basic Points 

I 

. "!"•• 
........ - .... , ........ . 
~:}·;:.:.·._ ·-
~;. .. i':-
f:.!.:o:;-··,;.:~- .-. :-,: .-· : .· 
;_·;;.::.:-' :_· • .. · 

···- . ..:· 

(l) SOF effectiveness reduced if Soviets improve planning. 

(2) u. S. costs to achieve a given "%Surviving !INA" 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 

l missile/aim point. Costs ·are thus sensitive to the quality of 

Soviet planning. 

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

effective (no bargains). Programming ratio: of reliable u. S. 

missiles/Soviet aim point reaches a maximum of 3.3:1. (With one 

missile per aim point -this programming ratio can be derived by 

dividing SOF cost in billions by 6. In this case (one missile/ 

aim pQint), a ratio of 3.3 U. S. missiles/Soviet missile is 
; .. · i 

imf,:ii.;d,c whereas~ optimum expenditure in Figures 12-14 (with 

3 Soviet missiles/aim point) involved a ratio of only slightly 

over 1:1 -- on a missile to missile comparison. 
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FIGURE 1.6 

'f, SOVIEI' POPUIATION/MVA SURVIVJJ1G vs liUMBER OF RELIABLE U. S. 
MISSILES ATrACKDlG SOVIEI' CITIES FOR TWO CD POSTURES 

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

fj}t~ Attack 

~-:.;.··. 

. -.. 

On Soviet MVA targets in order of worth d.estroyed/missile. Percent MVA 

surviving is shown by dotted line. Percent population surviving 

is shmm by solid lines. -

Weapons: POLARIS A-3 or MINUTEMAN. j···: •. - -·· 

..: . 

. -. . - -~' ... 
.')-('' ; , . 

. i I, Includes collateral damage (shown here by 
,_ ;~_,: ·-less than lOo'f, surviving for zero weapons attacking Soviet .cities) 

from 5000 111' delivered on Soviet military targets. This condition 

.assumed :for all subsequent analyses. 

Civil Defense Postures 

Curve 

A 

B 

Blast Criterion 

., 

6.5 psi 

6.5 psi 

Radiation PF 

4.2 

J.O 

Description 

No civil defense 

Increased protection 
factor, modest investment 

All. :following Sotiet graphs will be based on this nd.litary-civilian attack and 
. ~' 

assume CD posture B 

Basic Points 
·. •• • .• _ .... '! •. ::.· 

(1) Modest CD investment may increase "'f, Population Surviving" by up to 

(2) Soviet MVA is more concentrated, tblls more easily destroyed tban 

. ··-·-:-·. 

1: 
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Figure 16 
~ 

%Soviet Pop./MVA Surviving vs Number of Reliable U.S. 
Missiles Attacking Soviet Cities for Two CD Postures 

Military-Civilian Attack 
% Surviving Soviet Pop. or 
MVA (USSR) 
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Soviet population. 

(3) Comparison with Figure l for the U. S. shows that about equal 

percentages of U: S. population and U. S. MVA are destroyed by a 
- .•: 

given sized attack, whereas.in the Soviet Union, a given attack 

destroys a much.iiii:gher percentage of Soviet MVA than of Soviet 

population. This is a basic asynnnetry 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 

Cost- Soviet BMD ($ Billions) 
30 

80"/o 30"/o 
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FIGURE 17 

COST BMD vs NUMBER OF RELIABLE U. S. MISSILES ATrACKING 
SOVIEI' CITIES FOR CONSTANT % SOVIEI' MVA SURVIVING 

·-- -This Figure corresponds to Figure ll f'or the U. S. case. 

Attack 

Same as· in Figure 16, except attack on defended targets with the ? 

equivalent of' l MI' + 7 objects. (POLARIS B-3 which should be 
/ 

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

BMD Characteristics 

(l) NIKE-X type system assumed, identical with U. S. system des(::ribed 

on Figure 2 (and same costs). 

(2) BMD deployment optimized f'or 400 missile attack. If' defense 

designs f'or each attack size, curves would be less steep: 

Basic Points 

(l) A given increase in "% Surviving" f'or a given attack becomes in-

creasingly expensive at higher levels of' surviving MVA. E..g., 

for a 200 missile attack: 

· % .Surviving 
~' 

4o% 
. -,eyJ, 

6o'f;-·'·:. · 

7r:JI, 

Cost Incremental Cost 

$0 

$6B 

$17 B 

$31 B 
(extrapolated) 

$6B 

$ll B 

$14 B 

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

33 
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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 cost per additional misSile (curves are roughly 

straight lines over a wide range). 

'f, Surviving MVA Cost to Offset One Additional Missile 
Soviet U. S. ~From Figure 11) 

5o% $55 M $80M 

60% $75 M $140 M 

70% $310M $260 M 

80% $750 M $500 M 

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

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

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 against small attacks but 

concentration hurts for case of large attacks;) (2) size of 

misst~es (Soviet's are larger); and. (3) amount of collateral 

damage~from military· attack (collateral MVA damage from military 

attack is 13% in the Soviet Union, 4% in the U. S. Thus, for 

high % Surviving on both. sides, the Soviets must limit U/I 
. ,.. ... :-

attack damage to a greater degree than must the U. S. ) 
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Figure 18 

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

Cost BMD ($ Billions) 
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FIGURE 18 

COST BMD vs NUMBER OF RELIABLE U. S. MISSILES ATTACKING 
SOVIEI' CITIES FOR. CONSTANT <j, SOVIE1' POPULATION SURVIVING 

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

than WIA. 

Basic Points 

(1) 6lfl,-8lfl, of Soviet population survives for wide range of attacks, 

and/ or wide range of BMD expenditure. 

(2) Cost of offsetting an additional missile increases at high 

"% Surviving", rising from $70 million at 65% surviving to $750 

·million at 8lfl, surviving. 

' 

.. ·-. "."'""· ..... 



Figure 19 

Cost BMD vs Cost SOF for Constant % Surviving 
Soviet MVA 

U.S, Inventory: ·· 

1000 Targetable Missiles ~~ 
1 MissilefAim Point 

Rei iabil ity =' 0,75 . 
Soviet SOF: Pk;, 0.6; Readiness x Reliability= 0.6- 0,65 

Cost BMD ($Billions) 

40 

50"/o 60"/o 

30% 

•. · . t-•' ·~: 

0~~~--~----~~----~------~----~~ 
0 10 20 30 40 50 

Cost SOF {$ Billions) 

' .. " ... - : .. . .. : ; - ' .. 
! . t . 

.. ; 
. ' . l· -·· ! -~. ·.: : ~ " --- .1:.·: _-.-i. 

•. 



FIGURE 19 

COST BMD vs COST SOF FOR CONSTANT 'fo SURVIVING SOVIFI' "W/A 

, 
Figures 19 through 21 correspond to Figures 12 to !5_for the U. S. case. 

(,·;:~· U. S. 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-

ciuded when missiles are against time urgent targets, i.e. SOF 

operations. This concept is applied to both sides. 

1 missile/aim point. 

Soviet BMD costs and characteristics as described on Figures 2 and 17. 

SOF 

Soviet SOF Pk on U. S. Sites = 0.6. (Soviets probably cannot do this 

'liell. Final resUlts are independent of this assumption). 

Soviet Missile Readiness X Reliability = 0.6 - 0.65. 
- •\,. 

Cost p~r 'r~liable S~et mi~sile = $25 million. 
. .. ~· 

Arrows indicate points of optimum expenditure (least cost for given .. 
"% Surviving ''"f."':'' 

Basic Points· 

(1) Again, as in the U. S. case, combinations of BMD and SOF often 

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

, .. 



• 

'• 

-· 

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

have about the same Pk 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 allocat·e 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. S. missiles will be targeted against Soviet cities. 

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

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

'· 
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Figure 20 

Cost BMD vs Cost SOF for Constant % Surviving 
Soviet MVA 

U.S. Inventory: 1000 Targetable Missiles 
1/2 for So)det 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 

at 

' ' ' 4 0 1---~.---+ 7CJ'/o ---f--------+------+-----1 
' ..... ...... ..... ..... ...... 

0 L-------~------~--------~------~----~~ 
0 1 0 20 30 40 50 

Cost SOF ($ Billions) 
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FIGURE 20 

COST BMD v<> COST SOF FOR CONSTANT 'f, SURVIVDl'G. SOVIEI' WfA 

Conditions~ as Figure 19 except U. S. invento~ of 1000 targetable 

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

Basic Points 

(l) Soviet SOF damage limiting effectiveness is diminished when more 

u. S. missiles are targeted by Soviets than are actUa.lly planned 

to be used against Soviet cities. (Soviets have an "empty holes 

problem" ) • 

(2) In this case Soviet SOF is less effective relative to terminal 

defense as a damage limiting agent for Soviets than for u. S. 

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

number of U. S. POLARIS missiles that cannot be targeted by 

Soviet ICBM's -- this makes Soviet SOF damage limiting opera-

tions even less effective. 

(4) It is never optiinal under these conditions for the Soviets to 

. employ ·SOF for damage limiting. 

.. 
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Figure 21 

Cost BMD vs Cost SOF for Constant % Surviving 
Soviet MVA 

U.S. Inventory: 1000 Targetab'le Missiles 
Reliability ,;, 0,75.. 
1 Missile/Aim P~int 

Soviet SOF: 
Cost BMD (S Billions) 

50 

P k = 0.3; Readiness x Rei iabil ity = 0.6-0.65 

40 

30 

20 

1 0 

0 
0 1 0 20 30 40 

Cost S OF ($ Bi IIi ens) 
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FIGURE 21 

COST E® vs COST SOF FOR CONSTANT 'f, stJRVI\TJNG SOVIE:r WI A 

Conditions ~ as Figure 191 except: 

rather tban 0.6. 

Basic Point 

Soviet SOF ~k on u. S. sites 
·, 

= 0.3 

If' Soviet SOF Pk is less tban 0.6 and/or the U. S. plans. only a 

~raction of its missiles against Soviet cities (Figure 20)
1 

it 

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

\ 
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W(Q@tp 
Cost U. S. 

Figure 22 

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

All Soviet Inventories include: 250 Non-torgetable Missiles (First $5 
Billion of Soviet Cost) 
3 Soviet Missiles/Aim Point 

U.S.SOF: Pk=0.6 

Cost U.S., Damage Limiting 
(S Bi II ions) 6 0 t-------,.------,-----..., 

.. ' 

30 

20 

I 
I 
I 

I I 

I I 

70'/o 

60% 

50'/o 

·- . I I 40'/o 
1 o_ ,J..:·.---¥~-~1-------1 

I I 

0 
0 I 0 20 

Cost Soviet Attack on U.S. Cities 
($ Billions) 
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FIGURE 22 

COST U. S. DAMAGE LDITTING vs COST SOVIEl' ATTACK ON U. S. CITIES FOR 
CONSTANT 'f, SURVIVING U. S. liN A 

3 SOVIRI' MISSILES/ AIM POllf:l'_ 

Soviet inventories include 250 non-targetable missiles (Shown in Figure as 

first $5 billion spent by Soviets). Non-targetable missiles include: 

(a) ICBM's of unknown location; and_ (b) SLBM force, etc. (on ICBM 

equivalent payload basis). 

Soviet costs are $20 million per deployed missile of .• 8 

reliability. 

Figure depends on Figures 11, 13 and related calculations. 

U. S. SOF Pk = 0.6. 

Basic Points 

(1) This graph may be -viewed as the competition between "U. S. Damage 

Limiting" and "Soviet Damage Inflicting". 

(2) . A large Soviet non-targetable force .raises U. S. costs to negate 

that force (can be done by TD. only). 

(3) Beyo~ the negation of the non-targetable force, the U. S./Soviet 
. ~' . 

incremental cost ratio (cost to offset additional SOviet 

expend:J:tlli"~) is about 1:1. The total cost ratio (total u. S. vs 

total Sov:i.et...:.cPsts) includes the accommodation of the non-
~ . .. . . ., . . . 

·targetable force and varies with the 'f, Survi-ving. 

4o 

!. ........ . 



• 

' 
':- '(, Surviving· 
.· .U •. S. MVA 

* '(, stirvi.ving-
U. S. Population 

54'fo 

62'(, 

69'(, 

75i 

* From Figure 9· 

-::--::** Incremental Cost 
Ratio U.S./Soviet 

0.5:1 

0.9:1 

0.9:1 ---

0.9:1 

** Approx Total 
Cost Ratio 

0.5:1 

0.9:1 

1.9:1 

3.3:1 

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

.. 
I 
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Figure 23 

Cost U.S. Damage Limiting vs Cost Soviet Attack on U.S. Cities 
for Constant o/o Surviving U.S. MVA 

Cost U.S., Damage Limiting 
($Billions) 80 ,-'------r-----,-,.----... 

··., 
All Soviet Inventories Include: 

250 Non-targetable Missiles 

. 
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' 
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7 0 f-----+------,l-+------1 
1 Soviet Missile/Aim ~pt 
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... FIGURE 23 

COST U, S. DAMAGE LIMITD'IG vs COST SOVIET ATTACK ON U. S. CITIES FOR 
CONSTANT % SURVIVD'!G U, S, MVA 

l SOVIET MISSILE/ AIM POINT 

E:;~·Same as Figure 22 except 'With better Soviet planning -~ l missile/aim point 

rather than 3 missiles/aim point. 

"*~:. 
G); 

Basic Points 

(l) Deployment at l missile/aim point raises U. S./Soviet cost 

ratios: 

%Surviving 
U. S. MVA 

40% 

50% 

60% 

70% 

* % Surviving u. S. 
Population 

54% 

62% 

69'f., 

75% 

* From Figure 9· 

** Incremental 
u. s./Soviet 
Cost Ratio 

l:l 

l.8:l 

2:l 

3:l 

**Total u. S./Soviet. 
Cost Ratio 

0.9:l 

l.6:l 

2.6:l 

4.3:l 

** All ratios measured at $l5 billion Soviet cost • 

. ; 

. ,. 
(2) ·Incremental cost ratio·is.now much more dependent on the 

.·.c~.= . 
% Surviving~ and is 2 to 3 times larger than for the case of 

Soviet dep!b:ment of 3 missiles/aim point • 

. . ·. _ .. __ .. 
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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 1 Damage Limiting 
($ Billi.ons) 
30 

70% 

0 
0 1 0 ' 20 

Cost 1 U.S. Attock on Soviet Cities ($ Billions) 

' 
30 

:E::itE:: 
;;;;;;;··; 
~;.;;::::;~--

i~~f~~~-

_:_::::.;-:-:-:;~-

:··~ .. -- ::_:~~>r-· -_i ~. :- :._- !--_ -__ ._:; -- i -:- - __ , ~- ,· _,c .... _- - ~-:: ----~ __ ,- , 



. 
' 

·._y 

FIGURE 24 

COST SOVIEI' DAMAGE LIMITING (BMD ONLY) vs COST U. S. ATrACK ON CITIES 
FOR CONSTANT % SURVIVING SOVIEI' W/A . 

""· Notes f·--
(1) This corresponds to Figures 22 and 23 for the u. S. 

(2) Figure calculated directly from Figure 17 with costs of $30 million 

peru. S. reliable 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. 

Qllli;: Basic Points 

.(1) Defense/offense cost ratios for damage limiting are higher for the 

(2) 

Soviets than for U. S .• Soviet SOF (unlike U. S.) is too 

expensive, relative to BMD. 

Cost ratio increases as "%·Surviving" 

.Incremental Cost 
% S~ving W/A . Ratio: Soviet/U. s. 

. ' 

1.9:1 

2.1:1 

2.4:1 
.. ·. --~~::. 

5.1:1 

* Taken at $15 billion u. S. cost. 

increases • 
.Sovte-tju,s, 

* T t 1 - 's · ,-~; o a J 1 
Cost Ratio 

0.8:1 

1.6:1 

2.7:1 

Off Graph 
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Figure 25 

Number of Rei iable 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 

80 0 1------+----t-----+ 

EQUAL NUMBERS 
OF MISSILES ---~....._ 

600~------4--------r-

4 0 0 1------+--
__ ..,..... __ {DT means 

Detended Targets) 
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200 1----
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FIGURE 25 

NUMBER OF RELIABLE U. S, MISSILES vs NUMBER OF RELIABLE SOVIET MISSILES 
FOR EQUAL 'f, SURVIVING MVA lli BCJrH COUNTRIES. AND FOR SELECTED LEVEIB OF 

BALLISTIC MISSILE DEFENSE lli BOTH COUNTRIES 

($,~~Defenses optimized. as described in Figure 2. 

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

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 

comparison. 

Basic Points 

(1) As both countries increase BMD the ratio of the number of U. S. 

€&: missiles to Soviet missiles to effect the same damage to MVA in 

(2) 

·: ··. 

both countries moves in favor of the Soviets. ·At 0 targets 

defended, more Soviet missiles than u. S. missiles are required; 

at 60 targets, slightly more U. S. than Soviet missiles are 

required to effect equal damage. 

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

1 Mr wbl:!reas Soviet missiles are the equivalent o:f 5 Mr • 

. . •. ·--·~:~. 
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Figure 26 

Number of Reliable U.S. Missiles vs Number of Soviet Missiles 
for Equal o/o Surviving Population in Both Countries 

for Selected CD Postures in Both Countries 
·· .. 

Figures denote % Surviving Populotion in Both Countries ~f!-
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FIGURE 26 

NUMBER OF RELIABLE U. S. MISSILES vs NUMBER OF RELIABLE SOVIEI' MISSILES 
FOR ~UAL 'f, S~G POPULATION IN BOTH COUNTRIES FOR VARIOUS CD 

POSTURES IN BOTH COUNTRIES 
·~ .. 

(i~fi;: Same as Figure 25 except this Figure is for population rather than MVA. 

Defenses optimized as described in Figure 2. 

Attacks described in Figures 2, 3,· 16 and 17. 

CD postures A, B, C are described on Figure 1. Soviet curve for C is 

estimated here. 

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 

comparison. 

Basic Points 

(1) More U. S. than Soviet missiles are required to effect equal 

population damage. Soviet population is much more dispersed 

and thus much less vulnerable than U. S. population. 

(2) lf:igh levels of fallotit protection swing the ratio toward. fewer 
. ' . . :-::· ::. ( 

: U. s. ~ssiles than Soviet missiles to effect .equal damage. 

But even at 100% protection from fallout (blast fatalities 
.~,·.: 

only), one Soviet missile has about the same effect on popula-
.. •. --··:-

tion as three·u. S. missiles. 



Figure 2J 

% Surviving U.S. MVA vs Number of Soviet (Inventory) Missile~ 
Against U.S. Cities 

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

U.S. Allocates $28.1 Billion (Provides for 60% Surviving MVA) ~} 
% Surviving MVA {U.S.) 

100% 

.• ·.'lr.' .• ·. ~. \. 
; ~i 

'. 

TO & SOF 
BMD MAX. 

Design Point 

No Damage 
Limiting 

20%~~------~--------+---------+-------~ 

0 
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. ~ ......... ,. 

200 400 600 
Number of Soviet Missiles (Inventory) 

Planned Against U.S. Cities 

,, 

800 



• 

-. 

.·.· 

----------

FIGURE 27 

'f- SURVIVING U, S, WVA vs NUMBER OF SOVTI.'r INVENTORY MISSILES PLANNED 
AGAINST U. S, CITIES 

··., 
Soviet Inventory 

t~~~~ 500 targetable plus 250 non-targetable missiles. The latter are always. 

reserved for use against U/I targets -- all attack sizes below 250 

missiles are made up of these missiles, and they are all used 

(plus targetable missiles) for larger attacks. 

3 missiles/aim point. 

Reliability = 0.8. 

U. S. spends $28.1 billion. Optimum allocation rithin this budget for 

Soviet threat described above provides for 6c'f- U. S. WVA surviving. 

~' The $28.1 billion is sub-optimized among CD, BMD, TED, and SOF as 

described in Figures 2, 4, 5, and 13. The allocation is as follows: 

Notes 

CD: $5:.8 B (Full Fallout Shelter Program -- but has no 
eft'ect on WVA). 

BMD: . $14.3 :B. (25 Target Areas Defe~ed). 
~ 

T.!ID: . $0.6 J3 (Interlocked rith BMD)'. 

SOF: \' $7.4 B 
:~L 

(About 1000 MINUTEMAN in inventory for attack of 
Soviet missile sites. This is e:xclusiye of 
.MINUTEMAN . for other purposes ) • U. S. SOF has a 
Pk = .• 6 against Soviet sites. 

- ... ·. ---··::. 
(1) "TD only'' curve represents a case in which U. S. SOF does not 

operate on Soviet missiles planned for u.S. cities, i.e. Soviets 

• pre-empt against u. S. cities. 

··.·.· . • ~- )" .. -=~·--... ----
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(2) "SbF only" curve represents the case where BMD/TBD is completely 

ineffective. 

(3) 'TD and SOF' curve represents the case in which both TD and SOF 

. operate as expected against attacks optimized for maximum.U. S. 

!INA destroyed. 

(4) For this Figure and Figure 28: When less than the full inventory 

is planned against cities, it is assumed that the same fraction 

of total available forces are used against. cities before or after 

SOF attack. I.e., target categories of missiles are not changed 

for those missiles surviving SOF attack. Changes af'ter SOF 

attack in the fraction allocated to cities can be considered "as 

if" they had "preplanned" the new fraction. 

(5) "TD & SOF, BMD Maximum" curve represents the case of attacks 

against the defended area in order of !INA value despite the f'act 

that these high priority targets are defended (i.e., the attacker 

is willing to pay the price). It denotes an upper limit of 

possible ef'f'ectiveness of' a BMD system. 

(6) "Ragged Attack" mark denotes damage from attack ~ssuming: (i) 
., 

Soviets cannot retarget after disruption by U. S. SOF; and (2) 
, c\ . 

Targetable and non-targetable Soviet missiles are randomly·· 

distri'bttted;:among U. S. targets -- i.e., high worth targets are 

attacked by·bOth Soviet targetable missiles and non-targetable 

missiles. The utility of' U. S. SOF is, of' course, greater for 

the case of a "ragged" Soviet retaliatory strike. · The 
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"expected" return Soviet attack would probably be somewhere between 

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

curves. 

Basic Points 

(!:"" (l) A damage limiting capability can make a difference of up to 55\t or 

6C!f, in the amount of U. S. WlA surviving an attack by the entire 

Soviet inventory postulated. 

(2) If only half of the Soviet inventory is used against U.S. cities, 

a damage limiting capability can make a difference of up to 5o% 

in the percent of u. S. MVA surviving • 

. . · .. ~-··:: .. 

48 



Figure 28 

% Surviving 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 6C1'/o Surviving MVA, 69"/o Surviving Population 
% Survivin U.S. Pop. 
100 

.· l· 

TD & SOF, BMD MAX. 

-----f1T_:D~&:..:_s~O~F~Design Point 

CD & SOF 

CD only 

No Damage 
Limiting 
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FIGURE 28 

% SURVIVING U. S. POPULATION vs NUMBER SOVIEr INVENTORY MISSILES 
PLANNED AGAINST U. S. CITIES 

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

Basic Points 

(l) The figure shows the large effect of a full fallout shelter 

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 of BMD and SOF beyond those of CD only are shown 

separately. 

about lcPp. 

about 15%· 

BMD provides an incremental saving over CD alone•'of . --~-

SOF provides an incremental saving over CD alone of 

(4) Design point is for the full Soviet inventory used against U. S. 

U/I targets. It. the Soviets were to use less, more of the U. S. 

population survives: 69% survive at the design point of 750 
·, 

missiles but 75% if. they plan to use only 400 missiles • against 
. - -,~! 

U/I targets. 

(5) If all·~e limiting measures are effective, the increase in 

the number· .o:r-·people saved is about 45% of the population if 

Soviets attack in an optimum fashion. If Soviet'attack 

concentrates on the defended area, up to 62% additional could be 

saved. (A total of 86% surviving) . 
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Figure 29 

o/o Surviving Soviet MVA vs Number of U.S. Missiles( Inventory)­
Attackinq Soviet Cities 

Soviets Defend 30 Targets with BMD 
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100%.' 
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FIGURE 29 

'f, SURVIVING SOVIEr WIA vs NUMBER OF U. S. MISSILES A'ITACia:NG SOVIEr 
CITIES 

··., 
Soviets spend $16.5 billion on BMD (30 target areas derended), nothing on 

Notes 

SOF, as described on Figure 17. 

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

to damage limiting. It also applies for the case where Soviet 

BMD does not work. 

(2) BMD curve represents effect of BMD where U. S. attacks in manner 

to maximize WIA damage. 

(3) BMD maximum curve represents case of attacks first against the 

defended area in order of WIA 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 attacks the undefended region. 

(4) Soviet SOF is allocated no money for damage limiting. (See 

Figur~ 21). 

Basic Point 

A damage limikd~g capability can make a difference of about 2o'f, to 

4o'f, in the .amount of Soviet WIA surviving an attack of 200 to 

700 U. S. missiles. 
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GENERAL OBSERVATIONS ON DAMAGE LIMITING 

A. U. S. 

The following general statements may be made about suballocations to the 

various means of limiting damage. 

FALLOUT SHELTER PROORAM (U. S, ) 

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

fallout shelter program. This point will be elaborated below. 

BALLISTIC MISSILE DEFENSE AND BLA.ST SHELTERS (U. S,) · 

BMD is regarded as the charging of a price in missiles for an exclusion 

area; i.e., an attacker, to be sure of destroying a defended target, must 

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 the 

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 been found when BMD is optimized, this 

expected l/NA damage per missile in the defended region is nearly independent 

' 
of the number of targets defended, ~nd, in fact, is approximately .055~ of 

. ' . 

total U. S. MVA capacity. Thus, a respectable BMD model for the U. S. is 

contained in the 'S'ta'!teinent: "Set the expected kill of a missile in the 

defended area equal 'to· '-;b55% of total liN A 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 
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seen· from Figure 5). Since BMil also 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 rougr~y parallel, BMD has the 

,,,,: .. ':· same incremental effectiveness per dollar regardless of the size of the 

attacking force. 

other calculations, not included here, suggest that the possibility of 

time saturation of BMD does not change the design of a deployed system. Time 

saturation may be thought of as placing an upper limit on the price in 

missiles that can be charged for a target. 

TERMINAL BOMBER DEFENSE (U. S,) 

The relatively small cost of TBD (5% - 10% of BMD cost) brings a large 

return in % Surviving Population and MVA as Figure 6 indicates. However, :for 

both to be effective, TBD (terminal bomber defense) must be interlocked with 

BMD. When the defense charges a high price in missiles :for a target, the 

target becomes lucrative to attack by other means. TBD guards against this 

possibility; and, when under the "BMD umbrella", TBD is insured against defense 

suppression by missile attack :for bomber penetration; 

' The optimum combination of BMD and TBD (i.e., the point at which an. 

incremental dollar spent on either brings the same increase in % Surviving) 

is consistent with-~e point at which a 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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planning purposes, when confronted with interlocked BMD/TBD, the attacker's 

best option is a pure missile force against Urban/Industrial targets. That 

is, with defense, a pure missile force is superior to a 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 attain high levels of surviving population and industry 

(though less costly than by means of any of these three alone). The fact 

that it is increasingly expensive to negate the effects of large attacks by 

means of Terminal Defense alone suggests the use of Strategic Offensive 

Forces to diminish the size of the U/I attack. 

STRATIDIC OFFENSIVE FORCES (U. S. ) 

In combination with terminal defense, SOF shows good utility against 

hardened Soviet missile sites. The optimum programming ratio of reliable 

U. S. missiles per Soviet aim point -- optimum in the sense of allocation· 

of money between SOF and TD -- varies with the "% Surviving". For certain 

cases it ca.:iJ. be as high as 4:1. This means 1-1/3 reliable missiles per 

Soviet missile if the Soviets deploy 3 missiles per site or aim point. If 

' the Soviets do,better planning-- 1 missile per aim point --the ratio on 

a missile to missile basis varies up to about 3:1. Note: In considering 

programming rati.oer ~t is useful to keep in mind the constraint that one 

might also.like .to ·mai~in more aim points than the enemy has missiles to 

avoid his getting a 1:1 programming ratio (or better) for his own SOF 

operations. 
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__ The upper limits (at higher "% Surviving") of these progra.rmning ratios 

depend -- not only on the decreasing utility of larger ratios -- but on the 

fact that forces not targetable by SOF (ICEM' s not located, SLBM' s, etc·.) 

must be negated by terminal defense. ·· .. 

GENERAL REMARKS (U. S. ) 

It is significant to note that each means of damage limiting considered 

has a role -- none are excluded on the basis of a comparison of the 

relative utility for investment. Combinations of measures have been found 

cheaper than any one by itself. The optimization process focuses on those 

combinations which achieve given results at least investment. However, 

non-optimum combinations may be necessary, or useful, under certain constraints. 

The analysis also provides a framework with which to evaluate new possi-

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

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

measures considered individually, the optimized solutions (combinations) 

also show decreasing marginal utility for higher levels of surviving-MVA 

and population. 

B. SOVIET DAMAGE LIMITING 
, 1 on · 

Applying the same methods of analysis -- or optimiza"Lis t · = process ,. 
to the Soviet Union, the following general statements can be made about 

suballocations to~~various means of limiting damage: 

FALLCUT _SHELTER -PROORAM (U. S, S, R.) 

Fallout shelters are very effective for an already dispersed popula-

tion. As. in the U. S., moderate fallout shelter programs show great 

utility. No data ;ere available on the variety of CD programs and costs as 
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us·ed 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 mer~ easily defended than 

(t;~:\' the U. S. MVA .against small or medium attacks. However, for large U. S. 

attacks this concentration works to the disadvantage of the Soviets. 

Eo····· 
~ 

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

For a Soviet cost of $25 million per reliable missile, with a Pk:: 

0.6, and with a considerable non-targetable problem (POLARIS) and an 

"empty holes problem" (not all MrnUTEMAN are planned against Soviet 

cities), Soviet SOF is never an optimal means of limiting Soviet damage. 

(See Figures 19 to 21). 

This behavior is quite different than in the U. S. case. In both 

instances, one is comparing the cost of destroying a missile before 

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. ! 

+ 
The utility of SOF depends on: (l) the cost per reliable ·missile; 

(2) the kill pro'OO'Si~Lity, Pk' against hardened sites; and (3) the number 

of enemy missiles de:Pfo'yM 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 
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dif~erences·in collateral damage and other factors begin to dominate), the 

U. S. cost is $140 million to negate a missile and the Soviet cost is $75 

million-- about one-half as much for the Soviets as for the u.S. Both 

factors, high Soviet SOF cost and relative 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. 

0 

GENERAL REMARKs (U. S. S. R.) 

Optimal_Soviet damage limiting can be seen as (1) a full fallout shelter 

program, and (2) for larger_budgets --ballistic missile defense, but no 

SOF capability against hardened. MINUTEMAN sites. 

U. S. - SOVIET DEFENSE/OFFENSE COMPARISONS 

The attacker's 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 

maintaining 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. ?· MVA and is 

easier to defend by BMD; (2) Soviet population, however, is more dispersed 
~· 

than is U. S., and the large U. S. suburban populations are more 

vulnerable to fal:J:ot!t,-· Equal terminal defense (CD, BMD) measures on both 

sides tend toward .. equal':i:zation 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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.8omparison of defense/offense cost ratios show that those for the Soviets 

are somewhat higher than those for·the u.S. (Figures 22, 23, 24), even 

though the damage per unit cost of attack is less for the U. S. than for the 

Soviets. .(U. S. combination of POLARIS A-3, B-3 an!'!-. a few MINUTDIAN 

(B} probably average to about $30 million/reliable attacking missile carrying the 

equivalent of 1 MT; Soviet cost per missile is about the same -- .$25 million 

per reliable attacking missile. Each Soviet missile carries the equivalent 

of 5 MT -- the Soviets pay for this low cost of deployment; their force is 

more vulnerable.) 

~he higher defense/offense cost ratios for the Soviets are 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 ratio for the 

u. S. by making u. S. SOF less lucrative by the following measures: 

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

(2) Btll.lding a MINUTEMAN type missile -- for a given investment 

(3) 

this increases the number of aim points over that inherent in 

the u~· of larger missiles. 
~· 

Making a .large fraction of their force non-targetable by U. S. 

SOF (s~~etc.). 

The defe;ns~/o:ffei)se.-.cp.st ratio depends most critically on: (1) the 

"'/> Surviving" -- for higher 'f, Surviving the ratio is higher; (2) the 

quality of planning on both sides; and (3) the possible scenarios of a 
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nuclear ~r.· The relatively poor utility of Soviet SOF --given the U.S. 

deployment of dispersed MI~ missiles and non-targetable POLARIS 

missiles -':I. has a direct bearing on the likelihood of certain scenarios: 

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

t<' forces in a disarming attempt in that the likelihood that the Soviets will 

make a serious attempt to deploy a damage limiting force in the first place 

is greatly reduced. 

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

Depending on the relative levels of effort on damage limiting by the 

defense and "damage inflicting" by the offense, the amount of industry and 

population surviving nuclear attacks can be raised and maintained at 

levels above the "no defense" posture. For 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 population, 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 40% 

surviving up to 80% surviving for population and from about 30% surviving 

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

concentrated U/i,attacks with no defense measures, the upper bounds by· 
~-

unfavorable cost ratios. It is to be noted that this ratio is not entirely 

the option of the.<ieJ;epse. It represents an interaction between the two 

sides. Higher _rai;ios can .. only be attained by a permissive or constrained 

offense. Reaction to a given damage limiting capability can be considered 

· in terms of the defense/offense cost ratio. 
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AP: 

B: 

BMD: 

CD: 

IY.r: 

FFO: 

M: 

J>NA: 

PA: 

PF: 

Pop: 

Rel: 

SOF: 

SRRPA: 

GLOSSARY 

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

Billions. 

Ballistic Missile Defense. 

Civil Defense. 

Defended Targets; i.e., defended with Ballistic Missile.Defense. 

Full Fallout Shelter Program. 

Millions. 

Manufacturing Value ·Added (a measure of industrial capacity). 

Area Penetration Probability (of bombers). 

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

Population. 

Reliability. 

Strategic Offensive Forces. 

Bomber SurYiYability X Readiness X Reliability X Area Penetration 
Probability. 

Single Shot Kill Probability. 
' i '· . 

Terminal Bomber Defense. 
. ~· . 

TD: Terminal Defense (Comb"inations of Civil Defense, Ballistic Missile 
Defense, and Terminal Bomber Defense . 

.,._.,.q_~: 

U/I: Urban/Industrial, . - .. . .· .. ,_, •:, 

60 

- ' 

~:::::::::: 



( 

< 

f.Xi'" 

REFERENCES 

Missile Penetration of Terminal Defenses -- Trade-Off of Yield for Objects 
DDR&E, 5 June 1963 

Analysis of a System of Ballistic Missile Defense 
DDR&E, 31 August 1962 

\""" ,._._,. The Relative Utility of Ballistic Missile Defense and Civil Defense 

}-

D.':-::-· 
~-

DDR&E, ~30 July 1963 

A Rationale for Allocation of Resources Among Strategic Offensive Forces, 
Ballistic Missile Defense, and Civil Defense 
DDR&E, 7 August 1963 

'· 

61 

' ' ~ . 

I ·' i. ~ ,. 
u.- • . . 



, . 
. 1 

·-:: 

Jr:r:-:T e::-~~~~-~ nc.:::-:T£.1;1:~ 
\ .. - ', , , ,, , I • ~ ... , ,.. '.J I ""'' I I ,.j i 

• 

() 

'''"'"':('-' 

t~Jf}~1f.~t 
mft{~~tt 

~:-.·.·::::: .. 

.. ·::::::'ft::: 
-.·.:::::::::: 

············· 

~ ~~-~}_WH~:-f 
············ 

············· ··········-·· 


