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

.~ .. the latter two appropriately interlocked then all three uith Strategic

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

is also traced. The analysis‘involves sub-optimizing facets of each of
- Civil Defense with Ballistic Missile Defense and Terminal Bomber Defense,

- i{ﬁ}Offen51ve Fbrces.: As may be‘seen from the outline on page 1, the .
fﬂﬁjoptimization among thes
- the u. s;; 48 'the Sovie
“defense/offense;

:f_countries under-v&rious scenarios.

A damage for hoth the U. S and U. S S R. includes collateral effects from
:_‘5ja 5000 megaton concurrent attack on military targets. Missile reprogram—

'mdng capability“fbr reliability is assumed for both sides. High-‘

INTRODUCTIOR

This analysis examines tne relative merits in a 1970 time frame'of four
means of limiting damage to population and industry: (1) civil Defense,-f:
to decrease tne vulnerability of the population; (2) Ballistic Missile '
Defense interlocked with (3) Terminal Bomber Defense -- to destroy wegpons
enroute to target as well as make high worth defended targets'unattractive

to attack; and (L) Strategic.Offensive Forces -- to destroy enemy weapons
separately which . suggests analyzing 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

the four means of damage limiting before the progressive optimizetion of

:ans progresses in parallel fashion for both ._;J[‘

nion"culminating in parametric comparisons of

'ost ratio _and overall effects of damage limiting in both f

[

Throughout the stﬁﬂy; unless otherw1se stated, urban/industrial

n..._ n

,,,-...




confidence attacks are considered, with emphesis upon blast (and fallout)-as
damage agents. Blast is the most promlnent means of inflicting damage (this
is partlcularly true 1f fallout protectlon is prov1ded), measures of. lower
confidence -- such as high 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 systéms
available in the future and how they may be related to the variables used

here.

The analysis begins, for.-each country, with damage curves (% Sﬁrviving
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, & Terminal Bomber Defense is included at all

missile-defended targets. (Data and time limitations prevented the
i;-_' con51derat10ﬂ or interlocked Termlnal Bomber Defense for the. Sov1et Union. )

_b‘ue sub optimlzatlon of Terminal Bomber Defense necessitated analy81s of




:‘purpose of the study is

‘*'_of the overall problem.

Comparisons ere made of defense/offense cost ratios for the two
countries in considering the economic campetition involved in defehse/offense
reactions. Finally, dapage.to both countrieo is described under vafious
scenarios. These, togetherﬁwith considerations of the relative.levels'of
effort of the two countries -- levels of effort with regard fo resources that
may be applied to both offense and defense ---profide estimates of the range
or "ball park" of the poteﬁtial damage to each.

" The main develoﬁment of the analysis is presented in & series of 29

graphs. . Each graph is accompanied by a plate of conditions and assumptlons-

- that apply to the graph. Further, each plate contalns a llSt of basic

observations regarding the behavior of the variables con81dered in the
graph. Main attention is given to the optimim points shown oo the graphs,
lbut'since curves trace out oany possible solutions, this grephioai, |
parametric means of analy31s is able to consider the behavior of the
-phenomena under study. Thus, an 1mportant reason for presenting the

.;analysis in the series of graphs 1s their capablllty of showing behavior

fﬁraround optimum solutlons, without being forced to accept discrete points as ;. -

if;flnal solutions. !ﬂ!ﬁt It 1s partlcularly important to note that the -

0 'xamine general behavior to provide an overall

" framework, The study is not o_be considered as an exhaustive. analysis

"of any'particuizr“n0mponent.~ For example, g fairly 51mplif1ed model for

'u;NNIKE-X is-used. One“ﬁould expect that- the more -exhaustive study now being

;'fT:_conducted by the A:my Wlll prov1de ‘more 1nsight into this particular facet

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. . ' o




.o

% U. S. POPULATION ARD MANUFACTURING VALUE AIDED (MVA) SURVIVING vs NUMEER
' - e OF RELIARLE SOVIED MISSILES ATTACKING U, S. CITIES
FOR VARIOUS CIVIL DEFENSE (CD) POSTURES
Time Freme 1970 -- For the entire anslysis. Totel population is 210 million.

Attack -~ Soviets attack MVA targets in order of worth destroyed per

missile. : . 6"2.__;

Soviet missile has 5 MT Equ_walent, i payload, surface
burst with 1 n.mi. CEP. (Soviet ss—'r)

Percent'populat:icn su:r'v:‘.ving 'is shown by solid lines.

Percent MVA surn-v-j.ng is shcwn by dotted linpe.

Collateral Da.ms.ge (Shcmn by less than 100% surnnng for zero
missiles attacking cities) is from 5000 MD- dehvered on

- ' 0. 'Ss. mll:.ta.ry targets.

Civil Defense Postures

S : Cost Elast Radiation :
Curve - CD Posture ($ Billions}* Criteria T PFR¥ Description
: A EWrd- T :'_$'0 .. 6.5 psi L.2 =~ Existing posture.

10 - 70 million spaces -
(Fallout Shelters)"

“HWro -

35 T ***Fallout + Blast
30 psi-3k million
spaces

10 psi-k2 million
spaces .

35.7 *"*Fallout + Blast
- 30 psi-55 million
spaces -

30/10/6.5;951

.spaces

. ;¢3§.T ' © 230 million spaces -
R (Fallout Shelte.rs)‘_ '---

‘.”...

10 psi-T0 mlhon .

+




m Figure 1 -
% U.S. Pop./MVA Surviving vs Number of Reliable Soviet Missiles

Attacking U.S. Cities for Various Civil Defense (CD) Postures
(ATTACK ON MVA)

l l' 1€

POPULATION
— = = MVA

% Survi\;ing U.s.)
100%

80%

60%

© 40%.

0 - 200 400 600 800 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
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 Br 8 has a blast shelter program
for the 22 largest Standard Metropolitan Statistical Areas and

Ar 9 for the 100 largest.

Basic Points

(1) Fﬁll fallout shelter program (Line C) saves approximately 20% more
of the populstion, for all sizeable Soviet attacks, than no civil
defense program (Line A).

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

population surviving. E.g. for 40O missiles.attacking:

4 Surviving Cost Approx..Cost/% Saved
Population ($ Billions) ($ Billions)
30% ,_ . 0 _ .0
38% $.07T B $.01 B
_52% N $5.8 B $.26"B
Y s8¢ $16.2 B $.58 5
T : $22.4 B $.75 B

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

SEERE

X
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2.1.. S.. MVA SURVIVING vs COST BALLISTIC MISSILE DEFENSE (RMD) FOR SELECTED
NUMEERS OF ATTACKING MISSILES

. .Attack

(l)\ pe.yload. a.ga.inst defended targets (Equivalent of 5 MT
+ 10 ;;Sects) ("ss-8" or "8S-X-1"). _
(2) ‘ -‘paylca.d against undefended targets (Eqmvalen‘t of 5 MT)
tj;-;} (Abo{re missile tﬁreais from DDR&E "IC;BM' Threat .Analyms -
_'-‘He en‘try Systems" 18 Sep'tember 1963), |
(3) Attacker given :fiﬂ_'l. knowledge of defenses and has op'b:.cn, for
maxcmm kill, to.a't:tac.k defenses or &void them.
= . t,li). ¥o collateral da.ma.gé from military attacks ié'f—;j‘._.:vncluded here (and
. on ﬁgure 3) -u_-.-deéign .for.defenses uses values of intact -
taréets.,' L

BMD De.fense

(l) HIKE—X Syste:m. SSPk = 0 8 for a single i:rterceptor a.ga;inst an

_' ob,jec‘h. (He—prag;ra.mng of :.n'terceptors .for es:rly aborts is not B

L

conslierea}

. .MLf
Interceptors cost $l 25 m:LJ_'L'lon each including warhea.d and
a-!- oy .

Cwll S

as socm:teﬂ equ:..pmen'b

',,__’All 5 -year system costs)

cehet

-
-

(2) . mc_h defense u.nit provides an "Effective Exclus:l.on Redius™ of..

' Cen‘tral ra.da.r a.nd assocla'ted installstion costs $1|-00 m'_Uion., . .




Figure 2

% U.S. MVA Surviving vs Cost Ballistic Missile Defense (BMD)’

for Selected Numbers of Attacking Missiles

% MVA Surviving (U.S.)

100%

80%

6 0%

4 0%

20%

I

100 Missiles

200 Missiles

/—I'

400 Missiles

10

20

COST BMD (3% Billions)

30

40
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10 n.mi. Defense units are deployed at each aim point_(determined
in the ﬁndefehded case). .Possible economies in radars covering

ad jacent exclusion areas are not treated here.

_Firiﬁg doctrine for interceptors: Prim-Read stfetegy.

Ratio of inferceptors/radar is optimum foe‘eech slze of attack and
for-each size of BMD progran.

Final design -- used following Figure 3 -- is Pfor %00 missile
.etfeck. That design involves a ratio of interceptors/radars
.which fendsrto minimize effects of design not ﬁeing optimmum for

othef sizes'of aﬁt&ck.,

Basic Points

(1)

(2)

Greater investment in EMD saves more MVA at slowly diminishing
marginal returns. ‘
Slopes of curves in Figure 2 are fairly insensitive to size of

attacke-- value for additional doller spent is roughly constant

fof all sizes of atteck.

:Afgﬁefeetefisﬁiéhef %he-ﬁMD design is-that the attacker's best

'in the’ undefended region is less: than the expected damage/ma551le B

,_"‘.“__",.f.‘ .‘
against higher worth defended targets. The expected damege/

e ,.-..Q.
mlssile in the defended area is constant for all defended

geﬁs-and all missiles attecklng -- a characteristic of the

PriméRead strategy.. Thus ‘the effect of EMD is to rerank the

N e
Rl
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¥ .}:'th
Il

o.rdef.r of attack, putting the highest worth defended targets afier a
large mumber of undefended ones. '
Other calculations, not shown here, indicate that saturation-
effeéts on-BMD.ao not change the'opﬁimizgtion of = deploygd'systeﬁ.
Saturation,-in this context, can.bé vieﬁe& as an upper limit to

the price that the defense can charge for a target.

10
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s . Figure 3
% U.S. MVA Surviving vs Cost BMD for
Selected Numbers of Attacking Missiles
sessser Effect of Additional Interceptors at
Given Number of Targets Defended

% MVA Surviving (U.S.)

100%
100 Missiles
80% | v
{30 DT {60 D 400
15 DT T W
» I -
800

O‘ ) ‘l_. _,] Lol l |
2% COST BMD (§ Billions) T
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. . % U. S. MVA SURVIVING vs COST BMD .FOR SELECTED NUMEERS . OF AITACKINGH[SSEKB

Repeat of 100, ll-OO, and 8(50 migsile attacks of Flgure 2,," Showing Effects of

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

Lines).

(1) The dnshed lines show the effect of deploying interceptors for &

given number of rada.rs. The number -of intercéptors can be found
by ta.king the cost. increment for- interceptors and di'viding by
$l._2_5.,mil_]ion (cost per interceptor). .E.g.: for 400 missile
attack, 30 targets ,defended thé "interéeptor -curve”™ is tangent
'to the envelope at a total cost of $16.9. billion -- $12.0.billion

Gf this is on radars (30 targets defended) ‘This lesves $h.9

billion on interceptors. This buys .mbout 3900 interceptors..

(2) Bolid lines (envelopes of dashed. curves) show best mix between

numbers of interceptors and mnn'bers of radars for a g:.ven size

(3) I-Iixture of md.ars and interceptors is & ﬁmction oi' size oi'
L | | atta:ck Dptimum mixture for la.rger a.ttacks :-eqlm-es mo:re in‘ber
. o o ceptors pe.r ra.da.r T]:ms at a given tot&l cost, optinmm desig: |

is to desfend fewer ta.rget areas,. but with more interceptors .88

.attack size ipcrea.ses.,
. . vy e YT s Peeler




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

(Balanced Interlocking Defense)

Cost TBD (J.S.)
(S Billions)

15

D G By = -
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. FIGURE 4

v COST TERMINAL BOMBEER DEFENSE (TBD) vs COST BMD .(U..S8.)

Attack

_Soﬁe‘tz bombers .assumed to have capability of dropping up to four. 8 MT

bombs at a target. . This means that each bomber has a "city
buster” cepability for all but the largest cities -- es.seﬁtia;.lly 100%
. destruction df MVA of rsmaller‘ci:ities. by one. '_a.ircra.ft.
erense. o _ _ L | .
(1) .Sy?;_tem conéideifed.;s the Havk syStem deployed at targets.defended
;by-ﬁ}ﬂ;'}_; ' Sysii.ém .-t;éplbyed under BMD "umbfeﬂ.sf! forr-interl_.ocking
‘d;afénse_. . Other systems (area défen;sg, , R_M—EEECUI:ES)'are ot
ineluded -- .'the3-r,. are assu.:ﬁéd to act on peﬁetre.tion probability,
= PA,'.té the terminal a.rea Hawk s-ystem:S'SPk = 0.8.for & single
| -intercep'tor against an a:l.rcraft.' Ffive-yeé.r—sys"bem-:coét $5,2
| m:L.'L'L‘i.on/f:Lreunit. o EEE
(@) . Bystem d.eployment designed a@inst 1ow altitude saturation
..attack (wi]_l work better vs non-sa‘tumtion attacks)
(3.):""<'DEBign is for "Balanced Defense L Deployment of zman is sux:h '

- . ‘i _.“‘ N _‘ " "’ 1-: ~‘-‘ - 7-...." )
. rtha‘b chierts w:Lll a.luays fimi it i;heir best optian to use

bom‘bera-ag@:inSt undefended ta.rgets. (This d@loyment is
‘independent uofa:rea penetration proha'bil:l_.ty_ of bcmbe:rs). _

.Basic Polnts i

.t

COSt of 'I'BD sy-stem interlocked with '.EMD is. very sm]_l fraction of the

- _ mm e.x:penditure and changes slowly with- a:nount spent on. BNB




Figure 3

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

4 Full Fallout Shelter Program ($5.8 Billion)

. 400 Reliable Missiles Attacking
% Surviving

100% ; [ .
e % Surviving Population
— = = = % Surviving MVA

Total TD Cost Includes BMD, TBD, CD.

80%

6 0%

40%

BMD/TBD Cosf ($ Bllllons) ‘
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¢ SURVIVING U. S. POPULATION AND MVA vs COST EMD/TED FOR SELECTED TOTAL
'I'ERMIHAL DEFENSE. (TD) COSTS (TD INCLUDES BMD, CD, TBD) -

Attack

400. reliable missiles attacking U. S. cities.

5000 MT on military targets.
Ch: Data from Figure 1. A
BMD: ‘Effectiveness .and co;st from Figure 2 -- dgsign'.is,ifor MVA .defezise._for‘_
400 missile a‘ttackl. R C |
TBD: Costs. from ‘Figure 1+.
Arrows inﬁicate point‘s. on populstion curve's coi’respond.ing to allo&tions.for
full. f&.llcut shelter progra.m These arrows are $5.8 billion to the

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

Basic Points

(l) For tot.a.l 'bud.gets larger than that necessary for the fuJ_‘L f&llout
. progr‘a.m ($5 8. 'bi]_'!_ion) there is no.essemtial difference in terms. of_ 7
:Lives saved whether money is alloca:ted t0.CD (hlast shelters) or to.' |

'ZBHD But BMZD would. be the better investmexrt since i'b a.lso acts to : _

S L :sa.ve industry - a.nd. at virtually o cost in 'l;Ems of popu_'{ation
-M!g ;! TBD

(2) 1f a.ll ‘the maney is allocated to. m/n - none ‘t0.CD — there is.a
sm_'L‘L incree.se in the "% :MVA Surviving — as. Bhown 'by thse slope of
dot‘i‘.ed .'Line - but a very significa.nt decrease in "% Population -

' ASur\riving -~ a5 shown by rapid drop off of solid_,lines_. . ‘ : N




Results above hold for o’cher sizes of attack (noﬁ given here).
Subsequent celculations will thus be d.one on the basis that the
first $5 8 billions are spent for a full fallout shelter program,
and additionsal expenditures are made. for BMD/TBD

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

here) show that BMD deployment optimized to protect MVA,. is also'

'véry nearly optimum deployment for populetion defense..




Flgure 6 .

% Survwmg (U.S. Pop. & MVA) vs BMDI/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

. 80% ~FFO ($5.8 B.)

ORI f"\
| 5

40% |

B, =t

10 20 30
Cost BMD/TBD §$ Billions)

........

R B Eas i q "r;",:..:.‘
_-;:"._ -"._.'“- 14 - ) .
§ ¢ L ‘ Lo i T R
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% SURVIVING U.. S, POPULATION AND MVA vs BMD/TBD COST FOR SELECTED TOTAL
COSTS -- SHOWING EFFECTS OF TBD :

Note

Figure 5 showed the relative utility of CD and EMD/TED for a "pure”

mssile attack on U/I targets. This Figure repeats the analysis

for a combined bomber/missile attack to show:

(1) The effect of the small added investment for inferlocking
BMD/TED. | h o

(2) 'ﬁhetherii‘CD/BMD/TBDroptimization is.changed.by the influence
Of ‘bombers. | - .

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

missiles for no defense case, °*
This equivalent attack is taken to be 200 Soviet bombers (inventory)

and 140 reliable Soviet mi851les Bomber survivsbility X readi-

'ness X reliability X area penetration probability (SRRP ) = 0.5.

'This'gaetor is.takeﬁ ipto account in attack programming.

Defense
BMD/TBD coupling and- assumptions from Flgure i, Flgure 5 1ncluded

h-—-‘f

TED costs but showed a pure missile attack. This figure shows

B T

the effect of tbst small added expenﬂiture for a mixed atteck of .

bombers and missiles. e




Basic Points

(1)

(2)

3)
. has lé.rger ei‘fect in saving MVA than in the pure missile a.ttacl:_

(+)

‘BMD/TBD defenses.

:of Figure 5. .' '

Large increases in "% Surviving" are possible by interloc.ked
(omaring Grephs 5.and 6). If BMD.and TED:were
not 1nterlocked, either messure alone would have .no. u‘bility in this

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

only and missiles would destroy those targets defended by TED

only.

There is a large increase in popxﬂation su:nrlving (at & small loss .
of MVA) by spendlng $5 8 billion for a full fallout shelter
program instesd of spending all $15 billion on BEMD/TED. This is
the same bei:a.vior as in the preﬁous Figure. Fall fallout

shelters are still the best initisl investment for saving lives.

This is shown by the fact that there is & maximum .at the point

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

the left of tha:b point there is increasingly. more allocation to

CD 'but at the expense of decreases in both population and. MVA

‘.EM'D/ TED now 1looks better than blast shelters in saving lives and

e L

Note tha:l;...fqr a ‘termlnal defense where M/TBD are interlocked

a pure U/L missile atteck (no bombers) is the attacker 8 best

: option given the same total damage for all mi_x:tures in the the

undefended case -

(This can be seen_,'by comparing this Figuxfe s




with Figure 5 {pure missile attack). The damege for no defense was
the same for bofh cases -~ 400 missiles in Figure 5 and 200 bombers
plus 140 missiles in Figure 6. But wheﬁ interlocked defense ig
introduced, "%}Surviviﬁg" is greater for -the mixed bomber-missile
attack. It is 6T% at an expenditure of $15 billion for TD (Figure 6)
as compared with a maximm of 59% in Figure 5 for a pure missile

attack.




Figure 7

% Survwmg 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 L
: I : $23.2 | '
ol s
6 0%
40%
20% \‘ :
0 Ll { ‘. r.ll | ! S
200 400 600 800 1,000

Number Relic:ble Soviet Missiles Attacking U, S, Cffie_s
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: e FIGURE T
Y % SURVIVING U. S. WAvsmmEROmeBLEscmmsstEsmcmeus

CITIES FOR VARIOUS LEVELS OF TERMINAL DEFENSE
(TD) EXPENDITURE

Curve Cost Description
I $0 to $5.8 B Population protection only.

‘Fo ballistic missile defense (BMD/TED) up to full

fallout shelter program (FFO). (No difference

£0.MVA).
T $15.1 B FFO plus 15 target areas defended ‘b:} BMD/TED
IIT ‘$23.213. .FFO plus 30 target areas defended.
Iv $35.9 B FFO plus 60 target areas defended.

Z Basic Points

Increased expenditures on BMD/TED .result in a larger requirement for
missiles to get a given "% Burviving MVA" or . result in greater

"‘,"o Surv:rnng MVA" for a given size attack.

Coen S Exa.mple 1 ' Fxample 2 .
Cost . TD B Number Reliable Missiles % .Surviving MVA for
LA G- Y Required to Get 50% - hoo missile attack

S L Bwviviog LD LS
B T .
Casameeel o 30 sy
f3.2B e a0 s
93 . s T sy
| LT g




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

Showing Maximum Effectof BMD
% Surviving MVA (U.S.)

. ﬁ:j"
100 T T T T
Cost TD (5 Billions)
S  0t0$5.8 (C.D.)

5 15,1
$ 35.9

80

60

40

=

Sl A A e w0 e —

© 20 -
ol 1| | I N O T
0 200 | 400 600 : 800 1000

Number Reliable Soviet Missiles Attacking U.S. Cities




¢ SURVIVIFG U. S. MVA .ve NUMBER OF RELIABLE SOVIET MISSILES ATTACKING
U. §, CITIES FOR VARTOUS LEVELS OF TERMINAL DEFENSE (TD)

. EXPENDITURE
- SHOWING MA.XII-IUM EFFECT OF BEMD -~

Same as Figure :T exceﬁ‘(;‘urves II.A.a.nd IV.A.a.re added to show a

possible maximum -effect of EMD. Meximum effect occurs.when.Sov:'Lets‘

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

.area -- before.sttacking the undefended ares.

Fote: Total TD of $15.1 billion 1§ allocated a&s.follows: $5.8

“biliion.for CD; $8.8 billion for EMD; and $0.5.billlon .for
TED.
$35.9 billion is. allocated as follows: -$5.8 billion .for CD; .

$28.6.billion for BMD; end $1.5 billion.for TED.

Basic Points

)

For sml_'l.. td moderate. size attacks_this Soviet strategy would

' -result in up- to. an. a.dditional 28% or a. ‘total saving of up to

35% MYA for & TD investment of $15.1. 'bill_'LiOn (Curve IT A) 'For-

" a 1argér expenditure, $35 9. b1140n (Curve IV A) up to an. addi-

.tional 201: um:lc't be sa.ved over -the. 'best Soviet stmtegy or a

(@)

v.--nq‘-

total of 38% MV'A saved over the undefenﬂed case,
"Thus due to. either {a) poor Soviet mttack plamning,. or (b)

unvillingness of the Boviets.to sbtack lower vorth’ undefended

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

R
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(3)

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

Figure 7. This holds Ffor asttecks of up to 200 to 40O missiles.
The real case may be somewhere between the two limits
discussed in peragraph 1 above, ; )
Despite the fact that U. 5. damage might be cons;derably 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 inclu@ed to shdw the range of -

possible results.
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Figure 8

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

% Surviving Pop. (U.S.) Curve  Cost TD (5 Billions)
100% | i‘.‘A Z 0.0 —
B 5.8
I $15.1
It $23.2
JAv4 $35.9
80%
60%
I \
I8 5
40%
N IA .
.h xt
0 | - 1 | I
0 200 400 600 800

Number of Reliable Soviet Missiles Attacking U.S. Cities
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FIGURE 8

¢4 SURVIVING U, S. POPULATION vs NUMBER OF RELTABLE SOVIET MISSILES

ATTACKING U, S, CITIES FOR SELECTED TOTAL EXPENDITURES ON TD

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

{" shelter program.
Curve Description
IA | Ko -CD.
IB Full fallout shelter program (FFO).
IT h FFQ + 15 target areas defended.
RN FFO + 30 target areas defended.
IV | FFO + 60 target areas defended.

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

(but is also nearly optimum for population).

(2) BMD system is designed for 40O missiles attacking (described

on Figure 2).

Basic Points

(1) .The curves show.that the initial investment in CD of $5.8 billion

(@)

" Populstion, «or.results in greater "% Surviving" for a given

- % :
provides the largest return.

More -TD &quires more attacking missiles for a given "% Surviving

" mttack.




: | Example 1 Example 2
Cost TD Number Reliable Missiles % Surviving Population
. Regquired 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%
U i
.-qui"'




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.

100 T

ost TD ($ Billions)

80

60

40 I8 {FFO) \

ITA and ]YAhare BMD Max.,
R . V
- 20
N | | :
0 200 400 600 800 1000
Number Reliable Soviet Missiles Attacking U,S. Cities f
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% SURVIVING U..S. POPULATION .vs NUMBER OF RELTABLE SOVIET MISSILES
. ATTACKING U. S, CITIES FOR SELECTED TOTAL EXPENDITURES ON TD -

. == SHOWING MAXTMUM EFFECT OF EMD --

Seme as Figure 8 except Curves II A:and IV. A &re a.dd.ed to show.a

possible maximm effect of BMD. Maximim effect occurs :when Soviets. attack.
{ targets in order of worth, paylng the price for each defended ares befjoré

-attacking undefended targets.

Basic Polints

(1) For small to moderate size.attacks, the -Soviet strategy of
attacking targets in order of worth can result in up to &n

additional 14% saved .or a total saving by EMD/TED of up to 22%

for TD expenditure of 15.1 billion (Curve IT A).

expenditure of $35 9. billion {Curve IV 4), this Sorviet strategy
. can result in up to an. additional 10% or.a total. sa:\red. 'by
mm/'mu of up-to 25¢
o {2) Thus due to either (a) poor.Soviet attack planning, or (b)
e | u.nwi_'l_]_'l.ngness o.f the Soviets to attack lower worth underenﬂed

ta.rgets, le&rving high wrbh ta.rgets in major cities intact,

the effecb-pf BEMD could be much larger than is shown in -
Figure 8. .TMs:-holds. for attacks of up to 200 to 40O missiles.
The reasl case.may be scmewhere between . the two limits . discussed

in paragraph 1.above.:’
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(3} Despite.the fact that U. S. damage might be-e;onsiderably less
'with poor Soviet attack.fian.ning,. the subsequént' analysis,
- unless pthe‘rwis.e': specified, aésumes good a.ttg.ck Planning on
the part of the Soviets. In the final scemarios (Flgure 27
and 28) this.f:.cltcr.will be inéluded_‘bo show the range.of

S possible results.
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Figure 9 .
% Surviving U.S. Pop. vs % Surviving U.S. MVA
Fuil Fall-out Shelter Program - All BMD Programs

% Surviving Pop. (U;S.)

100%
Does not go to 100%
due to Collateral SN
. — | Damage from Mil. Att,
C 80%
60%
-
40%
. 20% ———
‘-"'ﬂ“‘t
0 | EE L ' | |

0 - 20% - 40% 60% 80% 100%

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




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

From Figures 7 and 8.

Note: Curve holds (within 2%) for all sizes of EMD programs -- 0 --60 target
areas defended.
{ (With full fallout shelter Program -- principal damage agent for both

population end MVA is blast:).

Basic Points

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

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

same as the percent of MVA surviving. For example, 61t:30%
surviving MVA there is ‘45% surviving population.’. ... For 90%

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

P
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Figure

Population

10 “.

Ratio of % Surviving VA

Ratio

Pop. -
V

vs % Surviving MVA -

FROM FIGURE 9

PRE-ATTACK RATIO = 1.0

| 2.0

S

Collateral
Damage

From Military _|
Attack -

20% 40%

% Surviving MVA

100%

60% 80%




FIGURE 10

. SURVIVING POPUTATION .

Derived from Figure 9.

Cet

»
-

Basic Points

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

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

(3) The main cause.for theée-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 ($ Billions)

40 ——————— MILITARY - CIVILIAN ATTACK
% Surviving U.S. MVA
. 80% 70% - 60% 50% 40%
e o ]
;
‘ 30
30% |
20 /
15 /
,_  10 $ /
:-“—'
S I B CXO Edhiet| S N I S SNNCTLTLID $5.8 Billion
5 on FFO
0 ] | J ] J
0 200 400 600 800 1000
Number of Reliable Soviet Missiles Attacking U.S. Cities




FIGURE 11

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

Allocation of U. S. Defense Dollars

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

s Note

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

(SOF) on figures to £ollow.. (Optimum SOF attack on Soviet

forces will reduce.Soviet éttack on U.. 5. cities to less than
400 missiles: )i

(3) With a full Pallout shelter program a particutar "¢ Surviving

. Population™ is uniquely relasted to a particular "¢ Surviving MyA™.

. | " (see Figxu‘e 9o

Corresponding % Surviving

PRY ORI o el Tps
T S ey
) —rp . T5%
TR T 6o
| .06 . - 62%
v | (4) cost Q# Re..'i.ia'bleﬁSoviet' Missile is taken as $25 mi1lion,
. 23

e
—d
'
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. Basic Points

£

(1) A given increase in "% Surviving" for & given attack becomes in-
creasingly expensive at higher levels of "% Surviving MVA". ﬁ.g.,

for 2 300 missile attack:

% Surviving MVA Cost
Lot 0
50% | $15 B
~ 60% - $31.5 B
708 | (off graph). |

(2) It is increasingly expensive, at higher levels of % Surviving,ﬁfo
offset or negate the effects of an edditional attacking missile;
Note: .To maintain a given level of % Surviving against an
increased threat ;equires TD expenditures at a roughly constant
ratio of defense cost per additional missile. (This holds over a
vide range &s shown by the nearly straight lines on Figure 11).

4 MVA _ I Cost to Offset QOne
Additional Missile

50%"_ ] $80 M

SR . 60% o $ll"0 M
L T aebo
M(BO% L $500 ¥

(3) Highe;-$ Surv}z}pg-levels.are.at an increasingly unfevorable cost
ratio.to the U. S. .(Essentially same point as gbove but repeated

Por Emphaéis);’j'ﬁ'” PR




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:
. 500 Targetable plus 100
Non-targetable Missiles
\. 80% 9 |
35 3 Missiles/Aim Point
in. TD 80%
\"M'"TB Sov. Reliability = 0.8
30 ' U.S. SOF a
- A, on Soviet Sites =0,6
25 '
20 \
R ¥~V .
R | 5\ \ '-_-Km% Min. TD 70%
:\.
. 5/ H0%+60%
A0% .

0 5 10 15 20
Cost SOF ($ Billions)
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FIGURE 12

COST TD vs COST STRATEGIC OFFENSIVE FORCES (SOF) FOR CONSTANT
% SURVIVING U. 5. MVA

Soviet Inventory

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

Missiles are in bard silos with 3 missiles/aim point. Reliaﬁility =
0.8. |

Non-targetable missiles that cannot be attacked by U..S. SOF include:
() 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 EMD/TED, as described on
Figures 5 and 11,

- Strategic Dffensive Forces (SOF)

- U. 8. SOF Pk on Soviet sites =

Five year system cost per relisble MINUTEMAR = $12 million.
A B, SN

General

. B S
- " !

fi“: The purpdse of this greph is. to.examine the relative wtility (in

F“j?fn camﬁinstion) of "pegating™ the effects of the attack through

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




e

L

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

surviving.

i Basic Points

(1) In combimation, TD and SOF often yield improved effect for given
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 :force,.high "% Surviving" camnot be

| attaiped 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;uming ratio of reliable U. S.
missiles per Soviet aim point can be derived by dividing the
cost SOF (m.bmions) by 2. Programming ratio at bptiﬁm point
varies with %Sm-r.wing, up +to a maximm of 4:1. This is a.ratio
of sliglrtly more than 1 relisble. missile/ Sonet missile -- |

assum.nk 3 Scnriet Bﬁssiles per aim point.

O o od iy i, gl

[ !




Figure 13
Cost TD vs Cost SOF for Constant % Surviving U.S. MVA

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

U.S. SOF Pk =0.6
Cost TD 50
($ Billions)
— \70%
o
40 3
Min, TD
L Y 60%
30
20 N
R Min. TD
10
0 i !
0 10 20

Cost SOF ($ Billions)
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- : FIGURE 13
COST TD vs COST.SOF FOR CONSTANT % SURVIVING U. S. MVA

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

250 non-targetable missiles.

Basic Points

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

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

EG.: % Surviving Cost to Get X% Surviving
Figure 12 Figure i3

60% j . $1 B $27 B

70% $22 B $49 B

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

;27
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Figure 14
Cost TD vs Cost SOF for Constant % Surviving U.S. MVA -
Soviet Inventory :500 Targetable Missiles;
200 are planned ogainst U.S. U/I Tcrgei's and
250 Non-targetable Missiles,
3 Missile/Aim Point
U.S5. SOF Py on Soviet Sites = 0.6
Cost TD 90
; ($Billions)
i o 70%
Min. D
N
Min. TD
10 — :
» e FO?/&
0. 10 20
) Cost SOF (5 Billions) .




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

Conditions same as Figures 12 énd l3Iexcept Soviet inventory now 500 target-
able missiles, 200 of which are planned against U. S. cities (u. s.
dées not know which), plus 250 non-targetable missiles planned against
U. 8. cities. (In Figures 12 and 13 it was assumed that the totel
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 of 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 ageinst U. S. cities 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 be@gviqf-as iﬁ‘Figures 12 and 13, but slightly less
_alloé;ééd_to SOF?Jéinéé it ig less effégtive with so—called;“émpfy .
__holes preBi?m .. ﬁfg., optiﬁum allocatio; for T0% surviving on
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 ;4programming ratio of reliasble U. S. missiles/Soviet aim

point from 4:1 to 3.8:1.




£

(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.

29 o,

<ipbea izt




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
J
\ 70% |
40 - Min. TD 70% —
B
-
\ | -
30 =)
- 60%
‘ \ Min. TD 60%
i1 | ‘|
o - 10 20 30 40 50

SOF Cost ($ Billions)




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

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

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

Basic Points

. (1) SOF effectiveness reduced if Soviets improve planning.

- (2) U. S. costs to achieve a given "% SurvivinglMV " 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). Programming ratio of reliable U. S.
missiles/Soviet aim point reaches a maximum of 3.3:1. (With one
m;sgile per aim point-ﬁbis programming ratio can be derived by
dividing SOf_césgxiﬁ Biliions by 6. In this case (one missile/
aim:PQint), a %gtio:pf_3.3 U.lS. missiles/Soviet missile is |

L)

imﬁﬁéﬁ} whereas, optimim expenditure in Figures 12-14 (with

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

Dl e BF o
bl

over 1l:1 -- on & missile to missile comparison.
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. FIGURE 16

% SOVIET POPULATION/MVA SURVIVING vs KUMBER OF RELTAELE U. S.
MISSILES ATTACKING SOVIET CITIES FOR TWO CD POSTURES

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

E Attack
Or Soviet MVA tergets in order of worth destroyed/missile. Percenmt MVA
surviving is shown by dotted line. Percent population surviving

is shown by solid lines.

Weapons: POLARTS A-3 or MINUTEMAN.| = = PR S I
.o e am e e - — L . ’
\ T T "¢ Includes collateral damage (shown here by

less than 100% surviving for zero wespons sttacking Soviet cities)

from 5000 MT delivered on Soviet militery targets. This condition

& &assumed for ell subsequent analyses.

~

Civil Defense fostures

Curve Elast Criterion = Radigtion PF Description
A 6.5 psi RS- No civil defense
AT S - 6.5 psi : .10 Incressed protection

factor, modest investment

" A11 Pollowing Soviet graphs will be besed on this military-civilian attack and |
. : Y . - _ . - :

_ _ assume CD posture B

'-'4':(1
Basic Points
(1) Modest CD investment may incresse "¢ Populetion Surviving” by up to

:@E ¥‘ o lh%.?

R . (2) Soviet MVA is more concentrated, tihms more essily destroyed than




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)
‘ 100 ] ]
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2 MVA — — — Soviet MVA
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. Soviet populaticn.
. (3) Comparison with Figure 1 for the U. S. shows that about equal

vercentages 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 muéhaiﬁgher percentage of Soviet MVA than of Soviet

population. This is a basic asymmetry in U. S./Soviet urban/

industrial distributions.
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Figure

Cost of BMD vs Number of Reliable U.S. Missiles Attacking

Soviet Cities for Constant % Sowet MVA Survwmg
%05\‘ Soviet BMD (5 Billions)
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) COST BMD vs NUMBER OF RELIABLE U. S5, MISSILES ATTACKING
SOVIET CITIES FOR CONSTANT % SOVIET MVA SURVIVING

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

Attack

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

equivalent of 1 M + T objects. (POLARIS B-3 which should be

-

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

BMD Characteristies

(1) NIKE-X type system assumed, identical with U. S. system desgribed
on Figure 2 (and same costs).
(2) =BMD deployment optimized for 40O missile attack. If defense

kv ‘ 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%igurviving | Cost Incrementsl Cost
uoh -
st - ¥ B $6 B
EO%= " $17 B | $11 B
% $31 B $14 B
(extrapolated )

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




SI@IRIAL

- . Soviets to negate the effects of an additional missile. (Curves
are progressively steeper). Note: To maintain a given level of
defense against an increased sttack 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 - $140 M.

T0% $310 M C $e60 M

80% ys0M $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

G ‘ the relationship reverses for higher "% Surviving". Several com-
: g g

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

cbncentratioﬁ 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 is l3$ in the Soviet Union, 4% in the u. s. Thus, for
cw g

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

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

I
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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 7
80%
20 70% /
65%
15
/ 60%
10 7
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Number of Reliable U.S. Missiles Attacking Soviet Cities
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FIGURE 18

+*

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

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

than MVA.

Basic Points

(1) 60%-80% of Soviet population survives for wide range of attacks,
and/or wide range of BMD expencb_tu.re. o

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

‘million at 80% surviving.




Figure 19

Cost BMD vs Cost SOF for Constant % Survwmg
Soviet MVA

U. S Inventory:

1000 Targetable MISSI]BS‘
] MISSIleZAIm Point
Reliability = 0 75

Soviet SOF: Pk =0. 6 ‘Readiness x Reliability=0,6 - 0,65
Cost BMD ($ Billions)
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FIGURE 19

COST BMD vs COST SOF FOR CONSTANT % SURVIVING SOVIET MVA

Figures lb through 21 correspond to Figures 12 to I5 _for the U. S. case.

: U. 8. Inventory
1000 targetable missiles of type descriﬁed in Pigures 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-

—

cluded 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 -

i well. Final results are independent of this assumption).

Soviet Missile Readiness X Reliability = 0.6 - 0.65.

"' Cost péf'ié%;ableﬁsb%iet missile = $25 million.

Arrbws indicate points‘of optimum expenditure (least cost for given

" Surviving ™y ¥

PR L T .
-

Basic Points
(1) Again, &s in the U. S. case, combinstions of BMD end SOF often

yield given "4 Surviving" at lower cost than either alone.:




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

e

have about the same Py a8 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. 8. 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.

B
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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
Retiability = 0.75
1 Missile/Aim Point
Soviet SOF: P & = 0.6; Readiness x Reliability = 0.6-0.65
Cost BMD (% Billions)
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. E : , FIGURE 20
- ' COST BMD vc 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'plﬁnned for attack of Soviet cities.

Basic Points

(l). Soviet SOF damage limiting effeciiveness is diminished when more
U. S. missiles are targefe& by Soviets than are actﬁally Planned
to be used égainst Soviet cities. (Soviets have an "empty.hdles
problem"). | |

(2) In this case Soviet SOF‘is leés 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 & considerable

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

- Soviet ICEM's -- this makes Soviet SOF damage limiting opera-
tions even less effective.
(%) "It is never optimel under these conditions for the Soviets to

- employ SOF fdr damage limiting.
.\ A L.




Figure 21 v

Cost BMD vs Cost SOF for Constant % Survmng

Soviet MVA
U.S. Inventory: 1000 Targefcble Missiles
Reliability 0.75. .
] MlSSlle/Atm Point

Soviet SOF: P_ =0.3. Readi e _
Cost BMD (S Billions) k i Readiness x Reliability = 0.6-0.65
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FIGURE 21

Pl

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

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

rather than 0.6.

Basic Point 7
If Soviet SOF Py is less than 0.6 and/or the U. S. plans. only &

fraction of its missiles egminst Soviet cities (Figure 20), 1t

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

» g f?_

Y

39




Figure 22

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

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

U.S. SOF: P, =0.6 |

Cost U.S., Damage Limiting !

(S Billions} 4¢
> 70%
50 /
. //
I
’I » 60%
30 1
/
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|
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' COST U..S. DAMAGE LIMITING vs COST SOVIET ATTACK ON U. S. CITIES FOR
CONSTANT % SURVIVING U, S, MVA

3 SOVIET MISSILES/ATM POINT

#P Boviet inventories lnclude 250 non-targe£able missiles (Shown in Figure as
first $5 billion spent by Soviets). Non-targetable missiles include:
(a). ICBM's of unknown location; and (b) SLEM force, etc. {on ICEM
equivelent payload basis).
Soviet costs are $20 million per deployed missile of .8
7 rellablllty.
Figure.depends on Figures ll,.lS and relsted calculations.

U. 8. SOF P, = 0.6.

Basgic Points

(1)_ This graph may be ﬁiewed as the compefition bétween "U. 8. Damage
Limiting" and "Soviet Demage Inflicting”.

(2) . Ajlarge 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. 8. /Sov1et

v 1ncre;ental cost ratio (cost to offset additional Boviet

expenditnrq) is ebout 1:1. The total cost ratio (total U. 8. vs
total Soviet.. costs) 1ncludes the accommodation of the non-

1targetable force end varies with the % Surviving.




i+ 4 Surviving ¥ % Sﬁrviviﬁgf o wI¥¥ Incremental Cost ** Approx Total

< C.U..S. MVA U. S. Population Ratio U.S./Soviet Cost Ratio
L0o% she 0.5:1 0.5:1

i 50% ' ' 62% 0.9:1 0.9:1
6% | 69% - 0.9:1 1.9:1
T0% ' 75% 0.9:1 3.3:1

¥  From Figure 9.

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




Figure 23
Cost U.S. Damage Limiting vs Cost Soviet Attack on U.S. Cities .
for Constant % Surviving U.S. MVA
Cost U.S., Damage Limiting ' -
($ Billions) g0 / :
‘ 70% All Soviet Inventories Include:
250 Non-targetable Missiles
1 Soviet MtSSl[e/Alm P
70 U.s. SOF:
/ R, =0.6
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COST U. S. DAMAGE LIMITING vs COST SOVIET ATTACK ON U, S. CITIES FOR
CONSTANT % SURVIVING U, 5. MVA

1 SOVIET MISSITE/ATM POINT

£ Same s Figure 22 except with better Soviet planning -- 1 missile/aim point

rather than 3 missiles/aim point.

Besic Points

(1) Deployment at 1 missile/aim point raises U. S./Soviet cost

ratios:

% Surviving ¥ % Surviving U. S. ° ** Incremental *¥% Total U. S./Soviet.

U. S. MVA Population . U. S./Soviet Cost Ratio
Cost Ratio
ho% 546 | o1 | 0.9:1
50% . 6249 1.8:1 1.6:1
60% - 69% . 2:1 - 2.6:1
% 5% | 31 k.3:1

* Froﬁ'Figure 9. o
¥* A1l ratioé_ﬁéasﬁred at $15 billion Soviet cosﬁ.
; }“}' {,_(2).-Incréa%ﬁtglcos£ ratio’ is now much more dependent on the
EigiTTV - | é Sufvi{ing; and is 2 to 3 times larger than for the case of |
. ngiét‘deptsfmént of 3 missiles/aim point.

. st
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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)

30

70% 60%
20

10

) o 10 ¢ 20
Cost, U.S. Attack on Soviet Cities ($ Billions)




FIGURE 24

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

. Notes

(1) This corresponds to Figures 22 and 23 for the U. S.

(2) Figure calculated directly from Figure 17 with costs of $30 million
per U. S. relisble on-station missile (mixture of POLAKIS 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.

i Basle Points

_(l) Defense/ offgnse cost ratios for damage limiting are higher for the
Soviets than for U. S. 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

“yog . 1.9:1 - - 0.8:1
sof 7 2.m ' 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 Cou

for 0, 30 and 60 Defended Targets (BMD)

Figures denote % surviving MVA in both countries,

Number, Reliable U.S. Missiles

ntries and

1000 40 DT '
/
/
/
/ //30
800 A0 y; ) 30%
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| , | p
400 / 0 DT
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FIGURE 25

NUMBER OF RELIAELE 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 17.

Note

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

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

comparison.

Basic Points

(1)

(2)

As both countries increase BMD the ratio 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 Soviets. At O targets
defended, more Soviet missiles then U. S. missiles are required;
at 60 targets, slightly more U. S. than Soviet missiles are
réquired to effec% equai damage.

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

1 MT whereas Soviet missiles are the eguivalent of 5 MI.




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‘)?j
1000 ™35 Ta0% {5 7
Bf JA&C /
‘ - X : 7
/
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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 es Figl;tre 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. | B

Note

It is not assumed that "Equal Damage" is a valid Measure of Merit.
Lines of "Equsl Damage" are presented only a5 a means of

comparison.

Basic Points

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

(2) Bigh IGVels of fallout protection swing the. ratlo toward fewer

- U. S unissiles than Soviet mlssiles to effect equal demage.
- But eyen at 100% protection from fallout (blast fatalities
onlyj, ;;;1ch1et missile has about the same effect on populs-

[ N

tioﬁ aé‘thgee'ﬁ; S. missiles.
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Figure 27

rviVing U.S. MVA vs Number of Soviet (Inventory) Missiles
| Against U.S. Cities

Soviet Inventory: 500 Targetable 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
: ID & SQF
BMD MAX.
80% Ragged Attack
. X
L \\ Design Point
60% \\\‘Q SOF
- \ Scm
40% TD only
Al No Damage
i ' Limiting '
20% [
: .O. 1 | ] ] '
S0 200 400 600 800

Number of Soviet Missiles (Inventory)
Planned Against U.S. Cities
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FIGURE 27

% SURVIVING U. S MVA vs NUMBER OF SOVIET INVENTORY MISSILES PIANNED
- AGAIRST U. 8. CITIES

Soviet Inventory

500 targetablé plus 250 non~targetéble missiles. The latter are always
reserved for use against U/I targets -- all attack sizes below 250
missiles are made up of these missi;es, and they are 81l used
(plus targetable missiles) for larger attacks.

3 missiles/aim point.. |

Reliability = 0.8.

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

Soviet threat described above provides for 60%lU. s. MVA surviving.

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

described in Figures 2, b, 5, and 13. The ellocation is as follows:

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

$14.3 B, (25 Terget Aress Defended).

55:_55

$o 6B (Interlocked with BMD)
SOF: Y- $7.4 B (About 1000 MINUTEMAN in inventory for attack of
g . Boviet missile sites. This is exclusive of

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

Notes

(1) "ID only curve represents = 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.




(1)

" (2) "SOF only" curve represents the case where BMD/TED is completely

ineffective.

(3) "D and SOF curve represents the case.in which both TD and SOF

(%)

(5)

(6)

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

MVA destroyed.

For this Figure and Figure 28: When less than the full inventofy
is planned against cities, it is assumed that the sgme,fraction
of total available forces are ﬁsed'against.qities before or after
SOF 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

1" they had "preplanned" the new fractiom.

"TD & SOF, BMD Maximum" curve represents the case of attacks
against the defended area in order of MVA value desﬁite the fact
that these high priority tergets are defended (i.e., the attacker
is willing to pay the price). It denotes an uﬁpef limit of

possible effectiveness of & BMD system.

"Ragged Attack" mark denotes dsmsge from attack assuming: (1)

Sovi;tp cannot retarget after disruption by U. S. SOF; and (2)
B S T ’ : . . :

' Targeétable and non-targetable Soviet missiles are randomly

distritated among U. S. targets -~ i.e., high worth targets are

attacked by both Soviet targetable missiles and non-tergetable
missiles. The utility of U. S. SOF is, of course, greater for

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




"expected" return Soviet attack would probably be somewhere between

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

curves.

Basic Points

(1)

(2)

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

If only helf of the Soviet inventory is used against U. 8. cities,

a damage limiting capability cen make a 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 Pomf
U.S. Allocates $28.1 Billion for 60% Surviving MVA, 69% Surviving Popu[ahon
% Surviving U.S. Pop.
100
TD & SOF, BMD MAX.
80 \ |
%\-TD\&S%DGSEQH Point
60 \\
QBMD
' \ CD only
40 N ~
o \ - No Damage
S | w
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% SURVIVING U, S, POPULATION vs NUMBER SOVIET INVENTORY MISSILES
PIANNED AGAINST U. S, CITIES

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

Basic Points

(1) The figure-shows the.large effecf of & full fallout sheiter
. program -- saves sbout 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/1 attack.
(3) The effects bf BMD and‘SéF,beyond those of CD only are shown

separately. EMD provides an incremental saving over CD alome~of

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

about 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
m1531les but 75% if they plan to use only hOO missiles‘agalnst
‘u/ I )'tz:rgets.

(5) if.ail~&amage limiting measures are effective, the increase in

the number- of-people saved is abouf hS% of the population if

Soviets éttack in an optimum fashion. If Soviet atteck

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

saved. (A total of 86% surviving ).




Figure 29
% Surviving Soviet MVA vs Number of U.S. Missiles(Inventory)-
Attacking Soviet Cities
Soviets Defend 30 Targets with BMD

| u.s. Mislblt—O?S
% Surviving Soviet MVA isstle Rettability
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% SURVIVING SOVIET MVA vs NUMBER OF U, 5. MISSILES ATTACKING SOVIET
CITIES : .
Soviets spend $16.5 billion on BMD (30 terget areas ﬁefended), nothing on
SOF, as described on Figure 17.
Notes

(1) Yo 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 démage.

(3) BEMD meximum curve represenﬂs cese of attacks first egainst the

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

(4) Soviet SOF is sllocated né money for demege limiting. (See
Figure 21).

5
Basic Pcint

A damage limi¢ing capability can make e difference of gbout 20% to
40% in the .amount of Soviet MVA surviving an attack of 200 to

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

A. U. 5.

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 fuil-

fallcut shelter program. This point will be elaborated below.

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

BMD is regarded as the charging of a price in missiles for an exclusion
area; 1.e., an attacker, to be sure of destroying & 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 éhe
expected demage per missile in the defended area. The modified Prim-Read
model used here commits interceptors in such a way that a constant expected
demage per missile prevails for all defended targets and all attacking

missiles. Empirically, it has been found when BMD is optimized, this

expected MVA damage per missile in the defended region is nearly independent

A

of the numberiof‘targets defended, énd, in fact, is approximately .055%. of
total U. S. MVA capacity. Thus, a respectable BMD model for the U. S. is

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

defended area equal to 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
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seen from Figure 5). Since BMD 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 roughly parallel, BEMD has the
same incremental effectiveness per dollar regardless of the size of the
attacking force.

Other calculations, not inciuded 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 plecing an upper limit on the price in
misgiles 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
bgth to be effective, TBD (terminal bomber defense) must be interlocked with'
BMD. When the defense charges & 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 TRD (i.e., the point at which an.
incremental doligr spent on either brings the seme increase in % Surviving)
is consistent witk-the point at which a bomber force is excluded from the
defended region. Bomber-exclusion occurs wnen 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

52
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rlanning 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 sttain high levéls of surviving population 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 Terminal Defense alone suggests the use of Strategic Offensive
Forces to diminish the size of the U/I attack. |

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. S. missiles per Soviet &im point -- optimum in the sense of allocation
of money between SOF and TD -- varies with the "% Surviving". For certain
cases it can 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:bette; planning -- 1 missile per aim point -- éhe ratio on
a missile to mi;sile basis varies upAto about 3:1. Ncte: In'considering
programming rafioeyuit is useful to keep in mind the constraint that one
might also.like.to-mﬁiﬁtain more aim points‘than the enemy has missiles to

avoid his getting a 1:1 programming ratic (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 utiliﬁy cf larger ratios -- but on the
fact that forces not targetable by SOF (ICEM's not located, SLBM's, etel)
mist be negated by terminal defense.

GENERAL REMARKS (U. S.) -

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

bilities for limiting damage. That is, other systems can be compared with
the cost of terminel defense to negate & missile. As with each of the ;
measures considered individually, the optimized soluticons (combinations )
also show decreasing marginal utility for higher leveis of surviving MVA
and population.

B, SOVIET DAMAGE LIMITING .

1 ' . ’ .oen ’
Applying the same methods of snalysis -- or optimiza%iﬁaiﬁsu Process --
- %- . . ' .
to the Soviet Union, the following general statements can be made about
suballocations to.the.various means of limiting damage:

FALLOUT  SHELTER .PRGGRAM (U. S. S. R.)

Fallout shelters are very effective for an already dispersed popula-

tion. As 1in the U. S., moderate fallcut shelter frograms show grest

-

utility. ©No datatwere available on the variety of CD progfams end costs as




useé for the U. S., so thet it was not possible to develop a rigorous

optimization between CD and BMD for savihg 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 disadventage of the Soviets.

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

For a Soviet cost of $25 million per reliable missile, with a Pk‘f
0.6, and with & considerable hcn-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). .

o This 3éhavior 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 miséile -- 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. 8.

A
.

attacks. -{f

The utility of SOF depends on: (1) the cost per reliable missile;

(2) the kill proBebility, P,, against hardened sites; and (3) the number

k
of enemy missiles dépi3§§d at each site. It costs the Soviets about

2 times as much per missile destroyed as the U. S. But terminal defense

5\

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

25
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" Figures 25 and .26).

SPIOCIRNE i -

differences 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. Boﬁh

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.

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‘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
maintaining & 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 dlspersed
than is U. S., a;d the large U. S. subgrban populations are more
vulnefable to fallomty Equal terminal defense (CD, BMD) measures on both

sides tend toward equalization of these effects to some degree. That is,

(See

the discrepancy is greater with no defense than with defense.




.Comparison 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 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 and & few MINUTEMAN
. probably average to about $30 million/reliable attacﬁing missile carrying the
equivalent of 1 MI'; Scoviet cost per missile is about the same —-_$25 million
per reliable attacking missile. Each Soviet missile carries thg equivelent
of 5 MI' -- the Soviets pay for this low cost of deployment; their force is
more vulnerable.). .

The 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 meking U. S. SOF less lucrative by the following pegsures:

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

(2) Building a MINUTEMAN type missile -- for a given investment
this increases fhe number of aim points over that inhe¥ent in
the us® of lérger missiles.

- (3) Making ;.large fraction of their force non—targetaﬁle 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 scensrios of a

27




nuclear war. The relatively poor utility of Soviet SOF -- given the U. 5.
deployment of dispersed MINUTEMAN missiles and non-targetable POLARIS
missiles =% has a direct bearing on the iikelihobd of certain scenarios.
This poor utility reduces the likelihood of Soviet pre-emption against U, S.

% forces in a disarming attempt in that the likelihood that the Soviets will

meke a serious attempt to deploy & 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 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 maigtained'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 ﬁopulation, 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.ho%
surviving up to 80% sﬁrvivipg for populatiocn and from about 30% surviving
to 60% surviving industrial capecity. The lower bounds ere set by
concentrated U/i:gttackSAwith no defense measures, the upper bounds by
-unfavorable costﬁ;ﬁdos. It is to be noted that this‘ratio ié not entirely
the option of thé,deiqpse, It represents an interaction between the two
sides. Higher ratios. cap.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.




-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
threat and to how much total money is to be alloéated against it. With
curves of utility versus cost,.this is en iterative-process. One tries a

budget, examines the utility, and then examines the differences in utility

against the differences in cost for other budgets. The finel decision &s
to the total budget is & matter of judgment. The subdivision of this
budget is then & technical sub-optimization problem of the kind treated in

this study.




Pop:

. Rel:

SOF:

SRRPA:

S&P, :

U/I:

GLOSSARY

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

Ballistic Missile Defense.

Civil Defense.

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

Millions.

Manufacturing Value Added (a measure of industrisl capacify).
Ares Penetration Probability (of bembers).

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

Population.
Reliability.
Strategic Offensive Forces.

Bomber Survivebility X Readiness X Reliability X Ares Penétration
Probebility. - ' '

Single Shot Kill Probability.

Tgrminﬁf‘Bbmbei Défense.

Terminal Defense (Combimations of Civil Defense, Ballistic Missile
Defense, agquerminal Bomber Defense.
o SO

Urban/Indust;ia&,“
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