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.._....,.....,.....,.....,....._. __ ..._...._......,.......,.. ......... ........,are ten miles or more from the DGZ. and damage 

probabilities from blast and thermal effects are very low. 

are 9. 15, and 7 miles from the DGZs. Attacking for 

with Type A or B Minutemen gives essentiallv zero damage probabilities for the ;· 

can 
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zilllill:' ,s, ew, I 

reiativel~· intact after the eountE>r{orce strikes. and since much of the skilled 

required to handle the capacity _would also survive: and sin<'e th~re 

the Soviets could probably reorganize otnd recuper;~tE> if the 

war ended with the counterforce phase. provided that the organizational structure 

remained intact and there was no adverse soc-iaJ behavior. 

I STRIKES 

Should U.S. rt>sidual forreos bt" used in t;Mn':l strikes. 

would. deptmd on the absolute losses. the ratio Of 

other- vtords. there ts no wlique lP.vei o( ctamage below whirh a nation is 

viable and above whi<'h it is not. 

Figur~ F -1 presents a rough idea ot some oC 

a feasibility calculation for a given industry 

numbers from 8 to 322 shows the percentage 

s involved in n1akin,; 

the residual forces in the OSD posture. The same eurve holds approximately 

for the USAF posture. The numbers indkate the number of 

The ercentage of 

~._~ .. ~~~--~--------------------~~ t of the capacity aSSO<'iated with each urban :n-ea attarked is destroyed. 

(Assumption 2 a~ve.l The numbert-d dots to the right of the su~tv:~-1 <'urve indi-

Jl, , ··· ':· mip:ht he like if 1 00 lltor c-e-nt 

The straight lines beginning on the ordinate indic-ate a Sflt'rifif"d final d•mam.l 

on surviving capacit~· -- th3t is. direct plus indirPrt de-moUld -- fnr Px.::mq>ie. the 

40 pe~ .. cttnt . Ci~~~,!~~,;~7i[~~:~~~nt },i~~.,,~.~;;:,~, !,~~~!: .. 4.,1:.;~,~:~!s,;~ prE-3tt~<·k 
IMl:Jit~t). ··.·~ :':c:r :\!2_:·'. :,',··: ',' .·:.'';~'''''r~f''l'~X'. ::· ~ '"i :;;'~(~) An~· pnant on or 

above the- 40 per <."t"nt line satisfies this c-ondition. Con-t~t-QUE'ntly . .!!. the Soviets' 
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This fact ts illustrated by the intersection of 

th~ 80 per e~nt Civilian Requirement Hne and tbe survival curve. • 

According to our definition. however, an economy merely capable of supporting 

the population is not. viable. Suppose that 10 per cent of initial 

lioiooo......,......,......,......,~-~~~~This situation is presented by the ao· per cent Civilian 

plus 10 per cEmt Fixed Military Hequirement line. Obviously with such require­

ments, OSD or USAF forces would be adequate to prevent viability. 
~~~~~ 

.....__ ....... ~_... .... and the residual OSD and USAF forces are large enouch to carry out 

this kind of attack. n . 

FiJtUres F-2, F-3, F-4~ and F-5 present the same kind of analysis for c::r~:J 
e~!f!$!2!!ffl!H!!; , ,:; · , . ,, . ;::;·"'" ... · ··"' : :·,~1 ,~,~:;; . 1 The survival 

curve indicates that it would be very difficult to create bottlenecks in the 

1\~~~l~~~ The requirements lines indicate that even an attack 

•The .4 ratio of surviving capacity to population Is suggestive because it is 
the minimum to which capacity may fall and provide the entire 1958 U.S. popu­
lation with a 1929 standard of ·living. The .8 ratio is used he reo to indicate an 
upper bound, showing how difficult it would be to maintain such a standard. For 
extensive discussion of postatta~k requirements for the U.S. population. see 
D. V. T. Bear and P. G. Clark. Which Industries Would be Most Important in a 
Postwar U.S. Economy (Ul, The RAND Corporation. RM-2443-PR. September 
1 §59 (Coillidenual): S. G. Winter, Jr.. Economic Vtabilitv After Thermonuclear 
War, The RAND Corporation. RM-3436-PR. forthcoming; Civil Defense- 1961. 
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Fiq. F-4·-oso versus SU posture I-residual 
U.S. economic otential 
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Fig. F-5~050 versus SU posture I- residual U.S. 
economic damage potential 
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Of course. this would not be. true assuming 100 per cent capacity pe 

were destroyed. Tbe dots to the right of tbe survival t"'urve indicate 

requirement wouJd be prevented by an attack orat~;)J But even at 

level ol resource destruction the Soviets could easily alford the "40 ... 10" 
requirement. 

lt is extremely di!fic;ult to create bottlenecks 

;:g~t ~~t::~~::~c~3J:::. residual OSO or !be Imp::: 
U.S. forces still permits the Soviets to rneet an 80 per cent civilian requirement 

(.8 per cent surviving ca.paeity for every 1 per cent 0( sUrviving ~uJatlon) plus 

a ftxecs 10 per cent military requirement. Given an impo~ 25 per c11nt !UfK2 

military requirement~ the Soviet Union could meet a ciViuanf!ltl.ltg=Jr•­
quirement at 58 per cent. And this, by estimates tor a postattack U.S. economy. 

is still fairly large. 

Figure F-5 shows that the OSD or USAF residual forces would not be ade-

quate in creating bottlenecks if civilian requirements are below a ratio 

of .5 and if there are postattack military requirements. 

Soviet prospects for viabllUy are somewhat different when we consider the 

residual forces of the improved u.s .. posture. The survivtnc population is larcer 

than in· the other cases because collateral damage ts low. In this 

surviving· population~ the Soviets become more 

~~~~rwe omit dts~ussion orr!~~~~~~!m~~!~~~ 
results are similar to the OSD and USAF cases. 

shows that if the Soviets attempt to maintain a .4 ratio of sur­

~;au plus a 10 per cent fixed military requirement. an attack on 

Would prevent the requirement from being met. An attack .on 

ould be required in the OSD and USAF cases. However. in all 

three cases, if the Soviets attempt to satisfy 

near the .4 level, the United St-ates could not prevent it. assuming tbe 80 per cent 

<lestruction criterion. • 
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The same situation occurs !lith re.spe~t 

•·40 + 10'' requirement implies th~t an. attack 

neck With the improved U.S. forces. But induci 

and USAF cases requires an attack on 

There are many permutations ot L'ivU!an and milJtary rttquirements that can 

be tried using Figs. F-1 through F-7. The conclusion to be drawn is that U.S. 

all three cases would be capable ot 

TARGETING ECONOMIC RESOURCES 

During the middle and late stages of a general war. it may sometimes be 

prudent to make limited but credible threats by implying that residual forces 

would be used against economic targets. The purpose of strikes against economic 

targets would be to introdu~e an intermediate level in tht escalation process . ' 

between rounterforce strikes and. counterpopulation strikes and to cripple post~ 

attack Soviet power without destroying population. • ~-

Table F-2 presents resour<'e raakings by per cent capacity and shows the 

collocation of population on a conservative 15-mile radius. For example, the top 

Some idea 0( the effects ot targeting the resources in Table F-2 at the end 

of the counterforce strikes in· the four cases ~an be obtained if we assume that 

all resources targeted are destroyed and aU the population associated With the 

•In the recent book. Soviet Militarv Strategy, the Soviets emphasize strikes -
at U.S. eeonomir targets and political control centers~ but do not expltc1tly 
mention pure pq:,ula.tion strikes. See RAND Report R-416-PR of the same title-. 
April 1963. 
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Table F-2 

CONCENTRATION OF SOVIET( RESOURCE RANKINGS61 

Notes: - 3
Cullocaled tXJpulallon includes pupuhltion wHhln a 15-mile radius from the resource and summed '~umu-

lative;l~Y~·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~AT~~7r~~~~~ 

... 



(b)(1),(b)(3):42 
usc §2168(a) 
(1)(C)-(FRD) 

(b)(1 ),(b)(3):42 
USC§2168(1l}' 
(1)(C)-(FRD) 

(b)(1),(b)(3):42 
usc §2 1'66{8) 
(1)(C)-(FRD) 

(b)(1),(b)(3):42 
USC §2168(a)· 
(1)(C)-(FRD) 

~EC!tEY 

resources is also destroyed. Tbe economic targets have Q vulnerability numbers 

and are, therefore, sensitive to airburst weapons. Conuquently, the only popu­

lation mortalities from tbe economic targets would be from t>last. Obviously, 

on a 15-mile collocation radius we are deliberately overatating bla.st mortalities, 

but the reBtllts would -not be very dif!erent if we had precise calculations of blast 

mortalities from economtc strikes. 

Figures F--8 through F-12 present a feasibility calculation for alternative 

"bottleneck" strikes at Soviet industry after the counterforce strike. The 40 

per cent requirements line ls the only one drawn, except those for I!JWJI}:J 
IJ~Jsince it is evident tbat the Soviets would have great difficulty satisfying 

any requirements above that. Forf'ffl!!!f!!~J,~!t~~-!f!rl~~~;~,r~~~2)would make 

.... Jt i_~p~ssible to satisfy th~ 40 per cent requirement. 
~--~~~~-~ ~-~tl.!2:j?~~;···~-:;~~;::··""~,.:~'~;";'!i''' .... ~ ....... ", > >c•·~··· .. . \:•1'• .;:m~:J 

... ~b...:.-~~:..:.: .... ;-c ' .. · ~4would make it impossible to satisfy the 40 per cent require-

ment in these industries. However, Fig. F-3 shows that it would (b)(
1
).(b) 

mmm .on ... about.tiSf~-:-~1·L.··.;,~.:~~.·=:Iin OSD versus Soviet posture I or OSD ~~~~~) 
versus Sovlet posture n to reduce the Soviet Union to a "40 per cent ciV1li~ .... .JC).-(~) 

+ 10 per cent fixed militaryt• requirement. An attack on aboutl···~·.~'~/:1;• ~~"~~fi~~;f:;;~{;~:1tJ 
.... {L~;~.l..,..;.,,..... ·-·····•· •tn OSD versus Sovtet posture I or BnJ!n..~~ed U.S. versus Soviet 

posture II ~ld not allow the Soviet Union to satisfy "70+--lO~~ .. r!~~:ement. (b)(
1
).(b) 

In all four cases, the United States has sufficient residual !orces to.attick · .. ·~i~~f 
any on.e of these J(O~· or all of them simultaneously While ~~ 

. Since other industries are more sensitive to direct attack, weapons should 

not be allocated to~§Lf1!"~~,~ The payoff from targetinC other re-
sources would be big er. · 
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SUMMARY 

In all four above-mentioned cases U.S. residua.lforces, if used to their fullest 

extent purely against =·~·tJ are capable of preventing the Soviet ·union from 

operating its economy at a high level. The Soviet Union would not be able to support 

both high consumption levels and large military forces. 

!MI~~tnilitary forces after the war would ~ to push 

but adverse effects on productivity could be exp 

conditions. 

however. would not be able to prevent the Soviet Union 

N:W.I!MI~'"'were attacked. Even when all residual forces 

e Soviet Union could still allocate moderate 

amounts of resources for militarv fort>es while maintaining 

r!!~i!~~t!E!:~'W~ttf~~.;:;;.:(:·~\ci·;;"1. :I This is true if the organizational structure 

oC the Soviet Union is adequate to handle postwar problems. 

The to be acutely sensitive to dirtoct attacks 

175 



-176-

(This page intentionally left blank) 



ll. SOVIET UNION 

INTRODUCTION 

Given four cases, three time periods~ and several alternate Soviet respon1es, 

many contingencies would have to be examined in making a complete analysis of 

realized and potential damage to the U.S. economy. Fortunately. the economic 

effects of Soviet second strikes tn the OSD and USAF cases tend to be similar. 

As a representative case, we Will use Soviet posture I -- second strike -· versus 

OSD (no ABM). As a contra£t to this case, we will consider Soviet posture II-­

second strike --versus improved U.S. (with moderate ABM defense). 

For several reasons, we will restrict pur analysis ot urban or countervalue 

strikes in the two cases to the period after the u.s. bomber strikes. Before the 

bomber strikes, the Soviet residual damage potential is in a range where uncer­

tainties about the ecological consequences of the war and the survival ol a national 

organizational base begin to dominate feasibility calculations. In other words, the ... 
"scale" effects of the war -- the consequences of losilll large numbers of people 

and resources in absolute terms -- may make reorganization and recuperation 

impossible even though the balance between surviving resources ana surviving 

population permitted subsistence or better." 
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Should the Soviet Union employ its damage potential after the U.S. mlsstle 

strikes, the United States: would face very serious problems in reorganizing its 

economy, given any of the three postures -- OSO, USAF, or improved U.S. 

However, the differences between the postures are great ~the U.S. bomber 

strikes. These differences will be analyzed below. 

DATA BASE 

Some of the industrial categories that we will employ in studying tbe U.S. 

economy differ from those used in studying the Soviet eeonomy, because the avail­

ability of data on a geographic basis differs. For the United States we Will consider -the recovery and military support industry (RMSI), survival industry (SUHVI). 

government control centers (GOVCC), petroleum reftninr capacity (POL), power, 

and ports. RMSI is an aggregate made up of various three· and four digit SIC (Stan­

dard Industrial Classification) manufacturing industries considered essential for 

economic recovery and the support of military forces. SURVI is an aggregate of 

industries considered essential in the support of surviving population, such as food 

processing, textiles, medical supplies, and so on. GOVCC is defined as the set ol 

Federal offices and state capitals providing public services and insuring political 

continuity. • 

RMSI and SURVIeapacity aremeasuredby manufacturing value added. GOVCC 

capacity is me·asured by assigning arbitrary ,.importance" units to rovernment 

offices. Petroleum refining capacity is measured by thousands ot barrels per ,. 
calendar day; power capacity is measured by kilowatts ot installed capacity, and 

port capacity is measured by number of berths. 

It should be emphasized that our calculations of realized and potential damage 

to these industries are only illus1rattve of tbe economic damage the United States 

might suffer in a general war. The original data are very highly aggregated, •• 

and because some urban areas in Quick Count are a composite of. many cities, it 

was necessary to aggregate the economic data still further to correspond to the 

•Data on these categories are provided by National Resource Evaluation 
Center, Organization of. Risk (U), JWle 30, 1961 (Secret). 

*"'See Winter, op. cit., pp. 195-202,for a discussion of the economic data. 
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Quick Count urban areas. Con~~quently, we can derive only very gross estimates 

of the concentration of resources per urban area. However~ some quantitative 

perspective can be achieved by proceeding parametrically; that is, by comparing 

the loss of population in a given area and specifying a given fraction of resources 

in that area as also destroyed. 

We make thE' following specific assumptions: 

1. All industrial capacity Within 15 miles of a military target is assumed 

to be associated With the target. Each military target system is treated 

independently. 

2. The population is prepared to take shelter on warning. 

3. J! an urban area has -ballistic missile defense. then a port associated with 

the urban area also has balUstic missile defense. 

4. In countertorce plus counterurban strikes. 20 per cent of resources per 

port in a defended area are assumed destroyed~ and 50 per cent per port 

in an undefended area. 

5. Resources destroyed in urban strikes are roughly proportional to population 

destroyed. In the OSO case this means that approx!mately 80 per cent of. 

resources per urban area attacked are destroyed. In the improved U.S. 

case, 60 per cent of resources per urban area attacked are destroyed. 

6. Industrial and agricultural problems created by fallout are ·solvable once 

the population emerges from shelter, up to a level o! 50-60 mUUon 
.:.-

mortalities. 

SOVIET PURE COUNTERFORCE STRIKES 

Table F-3 presents. ·the percentage of industrial capacity collocated with the 

OSD target system, given a 15 mile collocation radius. There is no double counting 

within a target system~ but there is double counting between target. systems. 

The 52 bomber fields~ 9 tanker bases. and 34 recovery bases exhibit only a 

slight degree of collocation. The 51 alternate bomber bases have a greater collo­

cation since many of them are in cities. Eight of the alternate bomber bases con­

tribute most of the collocation. These eight are Lambert (St. Louis)~ O'Hare 

(Chicago), Idlewild {New York), Westchester (New York), Cleveland, Dobbin 
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Table F-3 

PERCENTAGE OF INDUSTRIAL CAPAClTY COLLOCATED W1TIJ U.S. TARGET SYSTEMS 

Recovery & Govern-
Military ment Petroleum Total 
Support Survival Control Refining Power Total 
Industry Industry Centers Capacity Capacity Ports 

9 Tanker bases 1.1 0.8 0 0 0.6 5.2 I!J 
52 Bomber fields 3. 1 2.6 5.9 3.4 3.5 6.6 Ul i 
51 Alternate bomber bases 16.4 15.4 15.1 11.3 9.3 36.6 

8 Alternate bomber bases 11.6 13.0 3.6 4.4 6.6 ~22. 8 
29 ADC fighter bases 3.9 4.3 2.0 7.5 2.4 7.3 
24 T AC fighter bases 3.8 4.5 1.8 2.7 2.7 7.8 
89 Alternate T AC fighter bases 33.0 30.'1 14.9 32.9 17.7 55.3 -

14
: ;ir····;~~?:t r1~j·· b•••• 15.5 13.3 3.1 24.0 6.4 23.0 

~ 1.7 1.4 1.2 0.1 1.0 3.3 
3.8 4.4 1.1 7.0 4.4 8.1 :: =:~~t;:on;r~H.;ijlla1"ters 26.1 24.2 59.6 21.4 14.9 48.4 

.lO MiUtary control headquarters 11.8 11.5 45.9a 19.0 8.7 41. 'l 
~a-Communications centers 9.8 7.7 3.2 5.8 4.6 1.2 

-=ccr ,·/62 Ports 43.3 37.9 6. 1 59.6 24.9 81. 4. 
:X ~:X .. () ~ ./ 9 Defended ports (improved U.S.) 29.0 25.1 5.9 24.8 12.8 46.4 
T<O>=-'./ 
-t-.:>~ 9 Largest ports 13.4 16.9 3.9 20.6 9.6 50.9 Tl-" 
;u~t» 0 .,.,. 108 Alias launch sites 0.3 0.1 0.2 0.9 0 0 
~.a~ 

20 Titan I 0 0 0 0.3 0 0 

56 Titan ll o. 1 0 0 1.4 0.2 0 

1300 Minuteman sllos 0.1 0 0 0 0.1 0 
130 Launch control centers 0 0 0 0 0 0 

34 Recovery bases 16.4 9.6 2.6 5.9 5.2 12.1 
3 Major recovery bases 

,. 
13.7 8.1 1.4 4.3 3.'l 8.4 

Note; 
aWashington contains 41.9 per cent o( goverament control centers. 

-~ ~· 
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FORMERLY RESTRICTED DATA 

HANDLE AB 1\EBTRICTED DATA IN FOJIIBION DIS8&MINATION 
SECTION l44b. ATOMIC ENB.I\GY ACT OJ' 1964 

(Atlanta), Seattle, Stapleton (Denver), and Andrews (Washington). These fields, 

however, are at a distance fro·m DG Zs where blast and thermal damage to industrial 

structures should be small. • 

Twenty-nine ADC fighter bases, and 24 TAC fighter bases also bave low collo­

cations. The 89 alt_ernate TAC tighter bases, like the alternate bomber bases, are 

highly collocated. Eleven of them contribute a large fraction of the total collo­

c aU on. The distances of the urban areas from the DG Z are such that some damage 

to the resources could be expected primarily from thermal radiation. 

Missile collocation is almost nonexistent. The 1300 Minutemen in the OSD 

posture were not targeted at all. Even with the larger numbers of Minutemen f.n 

the USAF and improved U.S. cases collocation remains zero. 

If the counterforce strike were limited to the target systems discussed above, 

the United states would probably experience only moderate difficulty 1n reorganizing 

the economy. But in both cases military control headquarters and ports are also 

targets. The 70 military control headquarters naturally have very high d~_grees of 

collocations because many of them are in major cities, for example, Washington, 

New York, and Los Angeles. Ten of the control headquarters contribute most of 

the collocation. Only these ten were attacked in Soviet posture I ver8us OSD 

whereas all· 70 were attacked in Soviet posture II versus improved U.S. A few 

control headquarters are in. cities with ballistic missile defenses in improved U.S. 

•It should be remembered that the total amount of resources per urban area 
is considered concentrated at a i].ven point. It is the distance from the· resource 
point to the DGZ that we are measuring. In reality resourcesarespreadabout the 
DGZ. 

181 

SECRET 



S:BCRE'f' 

The 62 ports have t>ven a hi~~er degree of collocation than the control head­

quarters. In both cases, all 62 ports were attacked. However. in Soviet posture 

II versus improved U.S., nine of the ports are at cities with ballistic missile de­

fense. The collocation pattern of the nine defended ports is shown below that of 

the 62 ports. For comparison. the collocation patterns of the nine lar,est ports 

(ranked by berths) are also shown. The nine defended ports contain almost as 

much port capacity _as the nine largest ports. Five ports are in both categories -­

New York, Philadelphia, Los Angeles-Long Beach, Detroit~ and San Francisco. 

They account for a large part of the collocation in either category. 

It is, ol. course, extremely difficult to make economic damage assessments 

for the strikes on control headquarters andports. There is no model that permits 

us to compute economic damage the way we compute mortalities.• Howevert we 
.• 

can make some rough comparisons. We know that in Soviet posture I versus OSD 

the total mortalities suffered in counterforre strike would be about 38 million. or 

21 per cent. 

If we assume that the counterforce strike in Soviet posture l versus OSD 

acainst all target systems except control headquarters and ports caused minimal 

_economic damage, then a rough estimate of the total economic damage from the 

strike can be derived by taking different fractions of the resources associated 

with the ports as being·destroyed, since the ports and control headquarters (par­

ticularly the major ones) are collocated. 

Assuming that 50 per cent of the resources associated with the.ports (ti~i~~ 
criterion overstates damage from the port attack alone) the United States would 

have a ratio Of surviving resources to surviving population of .98 ·in RMSI, 1.02 

in SURVI, 1.23 in GOVCC, .89_in POL, 1.1 in power~ and .50 in ports. Estimates 

suggest that these ratios are far in excess of those required to support the sur­

viving population at even a relatively high standard of living. •• Assuming that 

•The PARM model of the National Planning Association promises to do this. 
See F.W. Dresch, Review ol. Research on the Supply-ReQ\!irements Problem~ Stan­
ford Research Institute, February 1962 . 

.. Winter, op. cit., pp. 96-115. The ports could be a bottleneck if imports of 
some commodities were required. But it should not be dif!ieult to rind ways of 
landing commodities even where port facilities have been destroyed. 
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100 per cent of the resources: collocated with ports are destroyed, the ratios are 

. 72 for RMSI •. 65 for SURVI. 1. 19 for GOVCC. ! 50 for POL .. 94 ior power. and 

. 24 for ports. The ratios here are still well above the levels that might be re· 

quired to support the population at an austere standard of living, although it could 

not aCCord a standard close to the current one. • 

Even U capacity were needed Cor military requirements, the surviving popu­

lation in Soviet posture I versus OSD should be able to enjoy more than an austere 

standard olliving. For example, suppose, in an extreme case. that 100 per cent 

of the resources in ports are destroyed, and 25 per cent of preattack capacity is 

needea- for postattack military requirements. Then we have ratios of surviving 

usable resources to surviving population of . 40 in RMSI. . 47 in SURVl, . 87 in 

GOVCC .. 19 in POL. and . 64 in power. Except for POL these ratios would permit 

the population to live at, say. a 1929 standard of living and devote large quantities 

of resources to military purposes. Petroleum by assumption could be imported. 

and it should be possible to either stockpile or build portable oil refineritts . . 
In Soviet posture II versus tmprovttd u.S. (no pindown). should the Soviet re-

sponse be a counterforce strike. U.s. prospects should be even better because 

some of the control headquarters and ports have ballistic mi.SsU.e defenses. AJs~ 
. . 

suming that 20 per cent of capacity associated with defended ports iS destroyed 

and 50 per cent of capacity in undefended ports. ratios of surviving resources to .... 

surviving population are . 99 in RMSI. 1. 0 in SURVI. . 83 in POL. . 02 in power. 

and . 83 in ports. Since the surviving U.S. population ls larger in Soviet posture 

n versus improved U.S. than in Soviet posture I versus OSD, and the ratios are 

similar. this means that the United States would be able to support a larger sur­

viving population at a relatively high standard of living. Furthermore, in absolute 

terms. not as much damage has been done to the civilian organizational structure 

as was done in Soviet posture I versus OSD. 

•Petroleum might be a bottleneck, but it could probably be imported. 
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COUNTERFORCE PLUS COUNTERURBAN STRIKES 

Figure F-13 shows what would happen if, after the Soviet counterforce strike 

in Soviet posture Uversusimproved U.S. (nopindown), remainiii&' forces were used 

to attac .'-4Th~e..;:su~rvi.:.,·~~~~~~~~ 

levels of resources surviving. latter were computed using the followinc 

assumption: For New York, Chicago, and Philadelphia~ which are the three de­

fended __ cities attacked, 20 per cent of resources are assumed to be destroyed. 

In all other cities, 50 per cent of resources are assumed to be destroyed. These 

percentages were selected to allow for destruction of resources in the counter­

force strike and to parallel population losses. 

The requirements lines have the same meaning asin Figs. F-1 through F-12. 

All survival curves are well above the 50 per cent CR ... 10 per cent FMR line. 

This means that the United states could, after the Soviet strikes are over, provide 

consumers with an austere standard of living and still provide for military forces. 

However, this analysis gives too much weight to the loss of port facillties. The 

inportance of port facilities in the reorganization effort is open to question, 

because improvised facilities may be adequate. I! ports are ~!'ored, then with 

the same 10 per cent military requirement the United states could satisfy a .64 per 

cent civilian requirement, that is, .64 capacity in ~ industry for eve~: ,l per 

cent of surviving population. And this level is estimated to be above subsistence. 

Jf petroleum imports are available or there ·are large stockpiles, petroleum 

also may be given too much weight. Petroleum bottlenecks may be easy to handle. 

Ignoring the survival curves for petroleum and ports, then the maximum civilian 

requirement the economy could meet after the counterforce plus counterurban 
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CR = civilian requirement 

FMR = fixed. military requirement 
Gov ccr 

Gov CC = government control centers 

RM S I =recovery and military supPOrt industry 
SURV I= survivo I industry 
POL= petroleum refinery capacity 

RMSI or 

U.S. population survivin9 (per cent) 

Fig. F-13- SU po·sture II second strike versus Improved U.S. 
( conterforce + counterurbon} 
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response would be 78 per Cf:'nt. or .78 capacity for every 1 per cent of surviving 

pOf>Ulation, which is relatively high. 
Tht> 47 pe-a· <'~nt en .. 25 per C'f:'nt FMR line shows thott the United States could 

meet a C"ivilian requirE>ment of a ratio of .47 surviving resources to .&"Urvtving Pt1N­

lat1on while maintaining 25 per cent of initial capacity Cor military purposes or 

other governmental activities. Iflletroleum is not a bottlene<"k and the United states 

wishes to retain a 25 per cent fixed requirement. then the ratio of surviving re-

sources to population <.'an rise to .65. 

Since surviving resources in the United States probably would be adequatf' to 

proYide a standard of living above subsistence. and since the government eontrol 

centers are relatively intact after the counterforce plus counterurban strike is 

completed, the United States should be able to carry out an extensive reorganization 

effort and sustain rapid economic growth. • Such a condusion should of course 

always be qualified by noting that the effect of a general war on the U.S. organiZa· 

tional structure and on behavior of the population is uncertain. Because of the 

ballistic missile defpnse and the small Sovietforce. however. only three of the top 

ten largest cutes were attacked. Only 24 cities in all were attacked. Many of the 

public and private institutions that direct the economy arP ·in the ten largest cities. 

And cities below the top ten are not entirely destroyed. Consequently~ it would 

be diffirult to ~rgue that organizational problems might make_ reorganization and 

recuperation impossible even though it was economically feasible. 

PURE COUNTERURBAN STRIKES 

Figures F-14 and F-15 present the Soviet residual damage potential :Uter the 

U.S. bomber strikes for Soviet posturP I versus OSD and Soviet posture II versus 

improved U.S. In both cases~ the Soviet Union fires 111 SLMs in an urban attack 

designed to maximize mortalities. The di!ferences in the shapes of the survival 

curves result from the different urban areas attacked in each case. Because there 

*It should be remembered that RMSI and SURVI are both aggregates! and there 
may be bottlenecks in the specific industries composing them. However~· substi­
tution possibilities probably would alleviate thP problem. 
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Gov CC = 90vernment control centers 
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Fig. F-15-SU posture II second strike counterurbon 
only versus Improved U.S. 

(after U.S. bomber strike) 

188 

!IE CitE I' 



are no ballistic missile defenses in Soviet posture I versus OSD~ roughly the !,9: 
40 cities ranked by l>opulation· were attacked. Sixty undefended cities. rank 11-70 

in population, were attacked in Soviet posture II versus improved U.S .• because the 

optimal tacti(' with small numb~rs of SLMs facing ballistic missile defense iS to 

attack only the undefended cities. 
Eighty per cent of resources per urban area were assumed to be destroyed in 

Soviet posture 1 versus OSD. except for ports. where 100 percent per urban area was 

assumed tobedestroyed.• The survival curves in Fig. F-14 re!lect this assump­

tion. For simplicity not all of the curves are shown, but the petroleum and power 

curves lie close to the SURVI curve. The box around the curves indicates :1 "zone 

of viability·· in which all curves except ports are contained. 

Many capacity and requirement combinations c:ln be explored with Fig. F-14. ' 

It is clear that the United States can meet the 40 per cent CR ... 10 per cent FMR 

requirement even when lOOper cent ol the ports are destroyed. •• Ignoring ports, 

all survival curves lie above the 70 per cent CR .;. 10 per cent FMR line indicating 

that this relatively steep requirement can be met. 
The r~quirements line marked 25 per cent FMR .,. 53 per cent CR max is 

dertved in a different way from the lines used previously. Given the survival 

curves. we may ask what maximum civilian requirement the United States can met!t 

if a fixed military requirement is specified. For a 25 per cent FMR~ the economy 

can provide a 53 per cent CR. that is~ a ratio of .53 of surviving re~rces to sur· 

viving population. u * This ratio is well above the .4 ratio estimated to give tile 

surviving population a 1929 standard of living...... .... 

Figure F-14 should be compar:ed With Fig. F-15. Because of lower population 

densities and resource concentrations in the undefended cities. the survival curves 

*The port facilities are heavily concentrated in the top nve cities. An 80 per 
cent destruction criterion for ports would shift the port survival curve up and to 
the left but would not change the analysis. 

••The ·port survival curve is almost tangent to the 40per cent CR •10 per eent 
FMR line. It artually cuts the linewhen 35 cities are attacked. For reasons pre-
viously given. we will ignore ports. 

•••Fora lOper cent FMR, the maximum civilian requirement that can be lllf!l 
is .72 . 

........ A 1929 standard of living is obviously well above subsistence. 
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in Fig. F-15 are based on a 60 _p~r cent destruction ~riterion includi!,! ports. 

Again, not all of the curves are drawn since they lie very close to each other. and. 

in fact, one curve serves for both RMSI or SURVI. 

The survival curves of Fig. F-15 are well above the 70 per cent CR +- 10 per 

cent FMR line. U ports are ignored, tbe United States, given a 10 per cent FMR, 

could saUsty a civilian requirement of 80 per cent, whlcb shoUld provide a standard 

oC living close to the present one. and this for a larger surviving population tban in -
Soviet posture I versus OSD. In other words, if the Soviet Union used its residual 

forces in an optimal way (maximizing mortalities in each case) the improved U.S. 

posture lJQPlies that a larger surviving population could enjoy a higher postattack 

standard of living compared with the standard that might occur pven the OSD (and 

USAF) postures. Furthermore, the economy in the improved U.S. posture probably 

would have fewer organizational problems than the economy in the· OSD (and USAF) 

postures, ber.ause the largest cities were not attacked. 

TARGETING ECONOMIC RESOURCES 

The residual Sovtet forces ln either case are not large enough to target 

large quantities of resources as well as population. However, 1f the Soviet 

Union attempted to target some of the SLMs against urban areas ranked by re­

source concentration •. the improved u.s. posture would be superio; to the OSD 

(and USAF} postures in limiting economic damage. 
The top ten urban areas ranked by RMSI contain five areas with balli~~c 

missile defense~ and as ln targeting population with ~forces, the optimal 
tactic would be to attack only undefended resources. which are not as concentrated. 

Therefore, damage would be less. • 
The top ten urban areas_ ranked by SURVI contain six defended areas 1n the 

improved· U.S. posture. Should the Soviets target accordin( to SURVI, the ballistic 

missile defenses of the improved U .5. posture should limit economic damage com-

pared with OSD and USAF with no defenses. 

*Conversely, should the Soviets attack the defended resources. the ballistic 
missile defenses would help in reducing economic damage in two ways. Realized 
damage in the attacked areas would be lower than without the defense, and fewer 
missiles would be available for undefended areas. The conclusion, it should be 
emphasized, only holds for !!!!!.!!. numbers of missiles. 
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Power and petroleum rapaC'ity are not as highly C'Ollocated with ~ajar urban 

areas as RMSI and SURVI. B~t the top ten urban areas ranked by power capacity 

contain four areas with ballistic missile defenses in the improved U.S. posture. 

And the top ten urban areas ranked by POL ('Ontain three area.s with ballistic 

missile defense. While a Soviet bottleneck strike With 111 SLMs is not likely. 

if it were attempted~ the improved U.S. posture would dominate the OSD and USAF 

cases. 

STJMMARY 

The United States probably could reorganize its economy after a Soviet seC'ond 

strike given any of the three postures --OSO, USAF. and improved U.S. It can be 

shown that the balance of surviving resources to surviving population for all three 

U.S. postures would provide at least an austere standard ot living if the Soviets de­

livered a counterurban strike before the U.S. bomber strike. but in such a case 

there are very great uncertainties about ecology. political and industrial organiza­

tion, and social behavior~ enough to cast doubt on speedy ret'stablishment of a 

viable national economy. 

Should the Soviets use their residu:~lforces after the U.S. bomber strikes. then 

the improved U.S. posture dominates OSD and USAF postures with respe-C't to thf 

balance of surviving resources and population and with re!t-pect to organizational 

and SOC'ial factors. The improved U.S. posture implies that a larger surviving 

population could have a higher postattack standard of living than in the other two 

p<lstures. And organizational bre-akdown ought to be less pronounced in tqe im­

proved U.S. posture. bt?r.ause absolute losses are lE>ss. Consequently, !eoastble 

eronomic p<lssibilities are more likely to be realized in the improved U.S. posturP. 
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Appendix G 

TWO RELIABILITY RETARGETING SCHEMES 

THE PFOBLEM 

SECTION 4 includes a discussion of the importanre of ICBM retargeting capabil­

ity adequate to realize thE' potential benefits of reliability monitoring and to me~t 

the requirements of flexible forc>e usage from the hfi>ginning through the terminal 

phases of the war. rt has be>Pn questioned if eight targets pE'r missile is :m ade­

quate rnpability or if somE' largpr number of t.:lrgf"ts pf:'r missile. or even com· 

plete retarp;~tability b\· expliC'it ~idanC'e. is required. One of the possible 

problE'ms with the ronstraint of eight ta~:gets per missile is that there may be no 

adt'quate <"ompromise bt'tween forC'e P[[ertiveness and effic'ienry on the one hand. 

and operationally usable t:artttoting do<'trint'"S on the- other. 

This Appendix dis<'usses two reat:lrp:eting SC'hemf's to put lower and u£Jper limits 

on the c-apabilities t1C rt'li~tbility rPtarp;E'>ting in the rontext of attacking a siz:lble· 

number of identical soft targt>ts wheort! this is thP. only mission of the missile !ort'e 

involve-d. Th~ lowl"r limit is defined hy a vPry simple targeti~W: <(()('trine Cor a 

missile force With eight tar~tets per missile. It has been SUF:gested that the simple 

dortrine would perform almost as well as unlimited retargetability. The upper 

limit b; given b:"-· full retargt'tability. 

If it is desil·t:>d to ~ive alternate missions to the !orre, either to get some use 

nut t>f those missiles not aC'tuaUy laun<'hed at prime targets or to nave the flexi~ 

bilitr nf other strike options. then :Hktitional demands wo~o~ld be plact>d on missile 

retargeting caparity. Tlu~se C'onsitierations are not incorporated in the mathe­

m:ltirs to follow. 

193 

SECRE'f' 



.SBOR:S'f 

THE MODEL 

The mathematical treatment is limited to retargeting on the basis of reliability 

monitoring against a set of T identical targets with no more than one reliable 

missile required per target. The monitoring system tells with certainty whether 

or not each missile launched was reliable. 
Many treatments of retargeting deal with the expected forces used (actually 

launched) in performing a mission With no consideration of the size of the force 

that must be committed to the mission to handle the random variations in actual 

force used. This is a tolerable approximation if one is comparing salvo versus 

retargeting policies, retargeting under different constraints on the number ol. 

retargeting cycles (that is~ number of ''looks''), variations in the quality of the 

information received in the looks. or different penalties for ~elay in kills caused 

by looking. 
However, we are interested here in constraints on the number ol. targets per 

missile and on the processing to be done to the information gained by monitoring. 

For this purpose it is necessary to be explicit about the size of the reservoir ol. 

mi~siles involved in the attack and not merely the expected number of missiles 

used. As an extreme example. with a sufficiently large reservoir of backup 

missiles, only one target per missile will do essentially as well as any other 

system. Many miSsiles are pretargeted to each target, and are·ftred until one 

proves reliable. The number of missiles used will be as low as tn the unlimited 

retargeting case. However .. the misslles committed. in the sense of being tUtd up 

in the reservoir~ will be many times as large. 

Let N be the size of the reservoir or force committed to destroying the T 

targets. Attacking this set of targets is the only task of these missiles. 

TW<> targeting doctrines are treated. The first, limited retargeting_, ls for 

use with missiles having eight targets per missile and is designed to minimize 

the processing that the monitoring data must undergo. Tbe targets are divided 

into T /8 clusters of eight targets each. For each target cluster there i~ an as­

sociated missile cluster of 8N/T missiles.• All missiles in a missile r.luster 

*Analysis is restricted to values of N and T for which T/8 and 8N/T are 
integers. Intermediate cases could be handled with appropriate changes yielding 
intermediate results. 
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have this same set of eight targets allotted to them. Sinre there is no interaction 

from one cluster to another· arld all missiles within a cluster are identical so far 

as targeting is con~erned. the decisionmaking required is quite simple. 

The second targeting doctrine treated. run retargeting. requires. in the pure 

form treated here. that any of the missiles be able to strike any of the targets: 

that is, be fully retargetable. • In this scheme, T of the N missiles are launched. 

one to earh target, With some random number S of the missiles aborting. leaving 

5 targets surviving. If S does not exceed the number of remaining missiles. that 

is. if S !!>. N - T. then S missiles arP launched at the surviving targets. It 5 > N - T 

then a!_! remaining missiles are fired at surviving targets. The process is re­

peated until either all targets are destroyed or all missiles are used up. 

With limited retargetability it is possible that missiles in one missile cluster 

Will be exhausted Without killing all the associated targets. Even though there 

may be missiles left over in other missile clusters. they cannot be used against 

these surviving targets. Such is not tht> case with full retar&"eting where eitht-r 

all missiles are exhausted or all targets are dt>stroyed. 

Targetinr doctrines undoubtedly exist for a force With eight targets per 

missile that are ol greater intricacy and that would do better than our limited 

ret;1rgeting. No analysis is attempted here of how much improv•ment could be 

realized with rea~nable complexity. Hence~ any inadequacies of our limited re­

targeting doctrine cannot. Without further analysis. be interpreted as inadequacies 

of a force with eight targets per missile. However~ at the minimum~ the necessity ..... 

fo1· more subtle analysis of retargeting will be pointed out. 

Our Cull retargeting rase arcepts no restraints on data processing. As 

stated, it implies a central processing of all data on missile aborts. Other ar-. 

rangements are conc_eivable that would yield the same flexibility with less depen­

dence on central data processing. For instance. all missil.es could be clustered 

exactly as in the limited retargeting scheme. However. a hierarchy of higher 

level dusterings could be instituted (the hierarchy could be the normal organiza­

tional lines -- flight, squadrpn~ wing, torce). All retargeting would be handled at 

*In th• context of the model. which ignores questions of missile readiness; 
the T missiles l::~.unched first could be pretargeted. In actual opP.rations. however, 
it would probably be desirable for them to have some retargeting capability. 
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the lower levels unless lower echelons came up with either unused missiles (all 

their targets destroyed) or unattaeked targets (all their missilas used upl. It 

would be just in those circumstances where the limited retargeting scheme would 

fail to cover all targets in a cluster that the higher echelons would be called upon 

to assign targets. 

OUTCOME DISTRIBUTIONS 

For given va.lues of N. T, and missile reliability, r. we are interested in ..... 
knowing the performance of the retargeting doctrines. However. it is risky to 

rick some index_ of~ the outcome without first having an understanding of how the 

outcome- might vary due to chance. In other words. we should look at the !re-

quency distribution or outcomes. 

Figures G-1 through G·4 are plots of the probability that the fraction of tar­

gets surviving will equal or exceed a given amount for limited and unlimited re­

targeting, for reliabilities of 0.5 and 0.8. and for different ratios of missiles to 

targets (N/TI for the case of 800 targets. The dashed lines are the outcome dis­

tributions for the salvo case using the same forces. The means by which these 

curves were ronstructed is presented in the last section of this appendi."t. 

In Fig. G-1 the ratio of missiles to targets is 1.25. In the Umited retargeting 

case this corresponds to clusters of 10 missiles for 8 targets. 

Consider the r ·• 0.8 curves of Fig. G-1. This is a threshold C"ase in that the 

experted number of reliable missiles just equals the expected number of targets. 

For r = 0.8 and at probability levels above .5. unlimited retargeting kills abOut 4 

to 6 per cent more targets than does limited retargeting. I! one were to attempt 

to make a cost-effertiveness ·comparison by taking the ratio of expected targets 

destroyed to missiles committed. the two retargeting schemes would thus differ by 

only 5 per rent. B~t such a calculation {'an be quite inappropriate. Notice that 

the unlimited retargeting scheme bas a fairly high (0. 74) probability of reducing 

survivors to one per cent or less of the original force and a 50 per cent probabil­

ity of destroying all targets, while with the limited retargeting s('heme there is 

almost no chance (0.02 probability) of reduC'ing surviving targets to less than 3 

per cent of the original force. Whether such differences are significant depends 

upon the context in whic-h the targets are attacked. Under some circ-umstances it 
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could be very useful to kill the ~ast target. in other circumstances it would not be 

so important. In short. conclusions on the relative merit of the two sC>hemes will 

be sensitive to the criteria used, and care must be t.aken that thatse are appropri­

ate to the context. The more demanding the requirement on fraction of targets 

surviving~ the greater will be the dilference. 

U: performance like that of the limited retargeting at tbe 0.8 reliability <.'urve 

of Fig. G-1 is satisfactory, a reduction in the missile-to-target ratio of :~bout 6 

per cent would lead to an unlimited retargeting distribution curve fairly dosely 

matching that of the limited targeting curve shown. In other words. under these 

circumstances. unlimited retargeting can do the same job with a 6 per cent smaller 

force. 

Suppose that it is desired to match the performance of the unlimited retargeting 

curve (at 0.8 reliability l in Fig. G-1 by using limited retargeting and a larger 

force. To get a comparable case it is necessary to go to the case shown in Fig. 

G-3. 1.5 missiles per target (12 missiles per cluster)~ a 20 per <'ent inrrease in 

the missile force. Then one gets a better performance in the high confidence 

regions (.8 probability or higherl but there is still only a slight probability of 

killing all targets. Note that at this level of force the unlimited retargeting 

case yields virtual certainty of leaving no survivors. In fact. this is also the 

case of the smaller force of Fig. G-2. As can be seen front these cases. per­

formance oi unlimited retargeting is very sensitive to the ratio of number of 

expected reliable missiles to number of targets when this ratio is near 1. 

Suppose that the reliability is 0.5 instead of 0.8. Now the missile-to-target 

ratios of Figs. G-1 through G-3 are such that the expected number of reliable 

missiles is well below the number of targets. In these cases neither retargeting 

scheme performs well and there is not much difference between the two. 

When the ratio of missiles to targets is increased to 2 to give an expected 

number of reliable missiles equal to number of targets at 0.5 reliability (Fig. 

G-41, noteworthy differences. between the two schemes appear again. Expected 

survivors are 10 per cent and 2 per cent !or the limited and unlimited cases re­

spectively. with again :1 50 per cent <'hance of killing all targets for the unlimited _ 

rase. An increase in the force to 2.2 missiles per target would raise the proba­

bility or killing :111 targets to about 0.98 for the unlimited c:tse. 
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EFFECT OF UNCERTAINTY rN RELIABILITY 

5o far the discussion has been. made as if the reliability were precisely known. 

There will be significant uncertainties in this parameter for a first-strike force 

and they would presumably be quite large in the .second-strike case. Moreover1 
·, 

force commitment would have to be made without knowing which case would arise. 

One effect of uncertainty in the reliability !actor would be to blur the distinc­

tion between the two retargeting schemes. within the context of this model. • If 

planning factor reliability were quoted as 0.8~ a wise planner using full reta~et­

ing would not make the razor thin decision of allocating at the level ol 1.375 mis­

siles per target. If be properly includes in his definition of confidence tbe 

possibility... of variations in the reliability parameter, he may have to increase the 

allocation to, say, two to one to achieve a reasonably high confidence of satisfac­

tory performance. 

THE FATE OF UNUSED MISSILES 

Unused missiles are to be expected under most circumstances using these 

retargeting schemes. Other things equal, there will be more unused missiles 

for limited than for unlimited retargeting. If the missile-to-target ratio has been 

chosen to give high performance or to hectge against low reliability the expected 

number of unus~ missiles could be very large. 

Design and evaluation of retargeting schemes should c:ake unueed lllissiles 

into account. These missiles could be useful provided alternate targeting c~d 

be effected. This would seem to be most simply handled with the explleit guidance 

systems. For the case ol etght targets to a missile, alternate targeting might not 

be possible except after a period of several days or weeks.-unless. say~ only six 

target slots were used fpr primary targets. The two :remainilll slots would be 

used far· back-up targets (such as .,{ where high assur:mce 

of delivery might not be necessary. Such an allocation would force a change in 

the above analysis for the primary targets since there would then be fewer than 

eight targets in a cluster. 

•see, however, the discussion of unused mi.ssiles below. 
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CONSTRUCTION AND FURTHER DISCUSSION OF THE DISTRIBUTION CURVES 

Construction of the distribUtion curves is most simply handled wi.th the un:­

limited retargeting case. The important r-andom variable is the number of mis­

siles that are. or would prove to be, reliable. U this number is greater than or 

equal to T, then all T targets are destroyed: otherwise the number destroyed 

equals the number ot reliable missiles. The frequency distribution of the number 

of reliable missiles is binomial with mean p.. .. Nr and standard deviation 
~ m 

a m·[Nr (1 - r)J 2 
• Figure G-5 is a schematic of the distribution of number ot 

reliable missiles expressed rumulatively as the probability that at least n missiles 

are reliable. 

The-:-:.~mulative distribution for targets destroyed will be identical to that oC 

number of reliable missiles except it will be truncated at n • T. The mean and 

standard deviation of the reliable missile distribution are not the mean and standard -. 
deviation of the distribution of targets destroyed. They are, however, convenient 

parameters for understanding the behavior of full retargeting. 

Figure G-6 is a schematic of the cumulative distributions of targets destroyed 

expressed in terms of fraction of targets for different values of f&m/T and 

t1 m /T. These are just the cumulative distributions ot reliable missiles truncated 

when n = T (solid curves). For curves 1 and 2 the expected numb_er of reliable 

missiles just equals T. The probability of destroying all T missiles is 0.5 ln 

this case no matter what· a may be. However, decreasing a brings, say, the m m 
fraction destroyed for which one has a 90 per cent confidence closer to 1. f!. f&m 

'·' is increased slightly beyond T through increasing the missile allocation or through 

increased reliability~ then the probability of destroying all targets can become 

quite high and is sensitive not only to IL /T but also to t1 /T, as can be seen by . m m 
comparing curve-s 2 and 3. 

The analysis ol the limited retargeting case ~gins with a single pair ot 
target and missile clusters. Each cluster pair is a small-scale example of full 
retargeting; in particular, the frequency distribution for the number ot reliable 
missHes in a cluster is binomial and that for targets destroyed is formed by a 

suitable "'truncation'' of this distribution. The mean ,.,. and standard deviation 
0 

o of the targets destroyed for an individual cluster pair were calculated directly 
0 

with the· aid of tables of the binomial distribution. Letting C be the number ot 
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clusters (C .. T/8). the mean and standard deviation for the target system as a 

whole were computed as IL • C11- • u .. ./Ca ~ respectively. AlthOugh the effect of 
0 0 

trw1cation and the small number of targets per cluster make the frequency dis-

tribution for individual clusters highly non-normal, the distribution for the targets 

as a whole. being made ·up of the additive effect c( many individual and independent 

clusters, approaches the normal for large enough T. Hence~ we have drawn the 

cumulative distribution of the fraction of total targets destroyed for the limited 

retargeting case as if it were normal, using the mean and standard deviation 

computed as stated above. 

For- fixed N/T and r, varying T changes et and u inversely with the l't. m 
Thus, the effect of using~ say, only 200 targets would be to reduce the slopes of 

the curves of Figs. G-1 through G-4 by a factor ol 2 with .the .50 probability 

point remaining fixed. In some of the unlimited retargeting cases this .50 

probability point lies on the extension of the curve beyond zero missiles sur­

viving; that is, into the region corresponding to the dashed lines of Fig. G-'6. 

Care must be us~d in treating lower values ofT because the normal approxi­

mation becomes poorer as T ls decreased. 
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