



































































































































































































































































































































































































































































































































reiatively intact after the counterforce strikes. and since much of the skilled
population required to handle the capacity would also survive; and since there
the Soviets could probably reorganize and recuperate if the

war ended with the counterforce phase. provided that the organizational structure
remained intact and there was no adverse social behavior.

Should U.S. residual forces be used in

1 strikes. Soviet vi
would - depend on the absolute losses. the ratio of

other words. there is no unique level of damage below which a nation is

viable and above which it is not.

iables involved in making
'I‘he curve marked with

Figure F-1 presents a rough idea of some of the
a feasibility calculation for a given industry --
numbers from 8 to 322 shows the percentage of [ :
the residual forces in the OSD posture. The same curve holds approximately
for the USAF postu. e es indicate th

“

The straight lines beginning on the ordinate indicute a specified {inal demand

on surviving capacltv -~ that is. direct plys indirect demand -- for exampie. the
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Fig. F-1—0SD versus SU posture 1 — residual U.S.
e potenﬂal
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: .. L This fact is illustrated by the intersection of
the 80 per cent Civilian Requirement line and the survival curve.*
According to our definition. however, an economy merely capable of supporting

AR A

Suppose that 10 per cent of initialf,

the population is not.viable.

: | This situation is presentedby the 80 per cent Civilian
plus 10 per cent Fixed Military Requirement line. Obviously with such require-
ments, OSD or USAF forces would be adequate to prevent viability. If we impose

and the residual OSD and USAF forces are large enough to carry out

this kind of attack.** : -
Figures F-2, F-3, F-4, and F-5 present the same kind of analysis for {a

curve indicates that it would be very difficult to create bottlenecks in
BT TR § §
3 The requirements lines indicate that even an attack on

Even greater aifficulty is eny

F-3 indicates that an attack on

6%

*The .4 ratio of surviving capacity to population is suggestive because it is
the minimum to which capacity may fall and provide the entire 1858 U.S. popu-
lation with a 1929 standard of living. The .8 ratio is used here to indicate an
upper bound, showing how difficult it would be to maintain such a standard. For
extensive discussion of postattack 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 (U), The RAND Corporation, RM-2443-PR. September
1950 (Confidential): 8. G. Winter, Jr.. Economic Viability After Thermonuclear
War, The RAND Corporation. RM-3436-PR, forthcoming; Civil Defense - 1961.




Fig. F~2—0SD versus SU posture I -residual U.S.
economic damage potential
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Fig. F-3—O0SD versus SU posture I —residual U.S.
economic damage potential
3
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Fig.F-4——0SD versus SU posture I-residual
potential
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level of resource destruction the Soviets could easily afford the "40 + 10"

requirement, ;
It is extremely difficult to create bottlenecks just
as it is extremely diffic aate hottlenecks inki From

Fig. F-4, an attack on B216§ , with the residual OSD or the improved
U.8. forces still permits the Sovtets to meet an 80 per cent civilian requirement
(.8 per cent surviving capacity for every 1 per cent of surviving popu!ation) plus
a fixed 10 per cent military requirement. Given an imposed 25 per cent fixed
military requirement. the Soviet Union could meet a civilianf f

quirement of 58 per cent. And this, by estimates for a postattack U.S. economy,

is still fairly large.
Figure F-§ shows that the OSD or USAF residual forces would not be ade-

| bottlenecks if civilian requirements are below a ratio

quate in creating f’;ﬂ £3460(e
of .5 and if there are pustattack military requirements.
Soviet prospects for viability are somewhat different when we consider the

residual forces of the improved U.S. posture. The surviving population is larger
orting mxs

than in the other cases because collateral damage is low, Insup
larger survwing population, the Soviets become more sensn

results are similar to the OSD and USAF cases.
Figure F 6 shows that if the Soviets attempt to maintain a .4 ratio of sur~

would prevent the requirement from being met. An attack on
would be required in the OSD and USAF cases. However. inall

three cases, if the Soviets attempt to satisfy onlyl) A
near the .4 level, the Umted States could not prevent it. assuming the 80 per cent

destruction criterion,*

*If 100 per cemt of ¢
then an attack on FEXDY
quate to do this,
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Fig. F-6 — Improved U.S. versus SU posture IL-
residual economic d potential
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The same
would create a bottle-
the same hottleneck in the OSD

The same situation ocours with respect tof
"40 + 10" requirement implies that an attack orfs
neck with the improved U.S. forces. But induci
and USAF cases requires an attack onf o anialt

There are many permutations of civilian and military requirements that can
be tried using Figs. F-1 through F-7. The conclusion to be drawn is that U.S
forces in all three cases would be capable otk

TARGETING ECONOMIC RESQURCES

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. Thepurpose of strikes against economic
targets would be to introduce an intermediate level in the escala;ion process
between counterforce strikes and counterpopulation strikes and to cripple post-
attack Soviet power without destroying popﬁlation.' O

Table F-2 presents resource rankings by per cent capacity and shows the
collocattoﬁ of population on a conservative 15-mile radius. For example, the top

“‘Some idea of the effects of targeting the resources in Table F-2 at the end
of the counterforce strikes in the four cases can be obtained if we assume that
all resources targeted are destroved and all the population associated with the

gy i ’ trikes
*In the recent book. Soviet Militarv Strategy, the Soviets emphasxze [
at U.S. economic targets and political control centers, but do not explicitly

mention pure population strikes. See RAND Report R-416-PR of the same title,
April 1963, '
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Table F-2 -~

CONCENTRATION OF SOVIET - RESOURCE RANKINGS®

891

Notes:

Acuiiocated population includes poputation within a 15-mile radius from the resource and summed cumu-
latively.

List ends at 55 with 71 per cent total
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resources is also destroyed. The economic targets have Q vulnerability numbers
and are, therefore, sensitive to airburst weapons. Consequently, the only popu-
lation mortalities from the economic targets would be from blast. Obviously,
on a 15-mile collocation radius we are deliberately overstating blast mortalities,
but the results would not be very different if we had precise calculations of blast
mortalities {rom economic strikes.

Figures F-3 through F-12 present a feasibility calculation for alternative
"bottleneck" strikes at Soviet industry after the counterforce strike. The 40

any requirements above that. For[” _ e
..it impossible to satisfy the 40 per cent requirement.

An attack on about ~
ould make it imposgsible to satisfy the 40 per cent require-
ment in these industries. However, Fig. F-3 shows that it would reuirg an attack
on__about lin OSD versus Soviet posture 1 or Lot extiee

(bX1).[0)
{3)42USC

USC §2168¢a)
{(1HCH{FRD)

{bX1).[bX3)42

USC §2168(a)—"""""

{1XC}-(FRD)

55 §2168(a) (1)
versus Soviet posture I to reduce the Soviet Union to a "40 per cent civilian (CH(FRD)

+ 10 per cent fixed military" requirement. An attack on about
o ~ In OSD versus Soviet posture I or uimproved U.S. versus Soviet
posture II would not allow the Soviet Union to satzsfy 010", reqmrement.

(bX1).(b}
In all four cnses, the United States has sufficient residual forces to attack""»n-w-g’z’;'gsgfc

or all of them simultaneocusly while %8))*

any one of these b1
still maintaining a capabmty to inflict |

. Since other industries are more sensitive to direct attack, weapons should
not be allocated to e ol The payoff from targeting other re- .

sources would be higher.

If one of our measures of coercive power is the maximum amount of addi-
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SUMMARY

In all four above-mennoned cases U.S. residual forces, if used to their fullest
extent purely against : | are capable of preventing the Soviet Union from

operating its economy at ahigh level. The Soviet Union would not be able to support
ourse, one way to

both high consumption levels and large military forces. c

conditions.
U.S. residual forces. however would not be able to prevent the Soviet Union
ToNaAL US!
from recuperatxon if el _|were attacked. Even when all residual forces

e Soviet Union could stxll allocate moderate

| This is true if the orgamzatmnai structure

of the Soviet Union is adequate to handle postwar problems.
'I'he Sov1et Union does seem to be acutelv sensitive to direct attacks ‘
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. _SOVIET UNION

INTRODUCTION

“Given four cases, three time periods, and several alternate Soviet responses,
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 in the OSD and USAF cases tend to be similar.

As a representative case, we will use Soviet posture | -- second strike -- versus
OSD (no ABM). As a contract 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 our analysis of 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 of a national _
organizational base begin to dominate feasibility calculations. In other w?rds, the
"scale” effects of the war -- the consequences of losing large numbers of pecple
and resources in absolute terms -- may make reorganization and recuperation
impossible even though the balance between surviving resources and surviving

population permitted subsistence or better.*
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Should the Soviet Union employ its damage potential after the U.S. missile
strikes, the United States: would face very serious problems in reorganizing its
economy, given any of the three postures -- OSD, USAF, or improved U.S.
However, the differences between the postures are great after the U.S. bomber
strikes. These differences will be analyzed below.

DATA BASE

Some of the industrial categories that we will employ in studying the U.S.
economy differ from those used in studying the Soviet economy, because the avail-
ability of data onageographic basis differs. For the United States we will consider
the recovery and military support industry (RMSI), survival industry (SURVI).
‘government control centers (GOVCC), petroleum refining capacity (POL), power,
and ports. RMSI isanaggregate 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 of
Federal offices and state capitals providing public services and insuring political
continuity.* ‘

RMSI and SURVI capacity are measured by manufacturing value added. GOVCC
capacity is measured by assigning arbitrary "importance” units to government
offices. Petroleum refining capacity is measured by thousands of bﬁ:rels per
calendar day; power capacity is measured by kilowatts of 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 illustrative of the 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), June 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. Consequently, 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. X an urban area has ballistic missile defense. then a port associated with
the urban area also has ballistic missile defense. ' V

4. In counterforce 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 inurban strikes are roughly proportional to population
destroyed. In the OSD case this means that approximately 80 per cent of
resources per urban area attacked are destroyed. In the improved U.S.
case, 80 per cent of rescurces 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 of 50-80 mil},{on

b

mortalities.

SOVIET PURE COUNTERFORCE STRIKES

Table F-3 presentswthe‘percentage of industrial capacity collocated with the
OSD target system, givena 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 CAPACITY COLLOCATED WIT!? U.S. TARGET SYSTEMS

Recovery & Govern-
Mititary ment Petroleum Total
Support Survival Control Relining Power
Industry Industry Centers  Capacity Capacity
9 Tanker bases 1.1 0.8 0 0 0.6
52 Bomber {ields 3.1 2.6 5.9 3.4 3.5
51 Alternate bomber bases 16.4 15.4 15.1 11.3 9.3
8 Alternate bomber bases 11.6 13.0 3.8 4.4 6.6
29 ADC fighter bases 3.9 4.3 2.0 7.5 2.4
24 TAC fighter bases 3.8 4.5 1.8 2.7 2.7
89 Alternate TAC fighter bases a3.o 30.1 14.9 32.9 1.1
et 11 Alternate TAC fighter bases 15.5 13.3 3.1 24.0 6.4
3 1.7 1.4 1.2 0.1 1.0
3.8 4.4 1.1 7.0 4.4
ililary control headquarters 26.1 24.2 59.6_ 21.4 14.9
10 Muuary control headquarters 17.8 11.5 45.9% 19.0 8.7
22 ‘Communications centers 9.8 7.1 a2 5.8 4.6
3gg - 62 Ports 43.3 37.9 8.1 59. 6 24.9 :
Loz _ 9 Defended ports (improved U.S.) 29.0 25.1 5.9 24.8 12. 8 .
732 ® Largest ports 13.4 18.9 3.9 20.6 9.6 50.
88 108 Atlas launch sites 0.3 0.1 0.2 0.9 0 0
20 Titan § 0 H 0 0.3 0 0
56 Titan [1 0.1 0 0 1.4 0.2 0
1300 Minuteman silos 0.1 0 0 0 0.1 0
130 Launch control centers 0 0 0 0 0 0
34 Recovery bases 18.4 9.6 2.6 5.9 5.2 2.1
3 Major recovery bases 13.7 8.1 1.4 4.3 3.1 8.4

61 JO

Note;
Washington contains 41.9 per cent of government control centers.
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(Atlanta), Seattle, Stapleton (Denver), and Andrews (Washington). These fields,
however, are at adistance from DGZs where blast and thermal damage to industrial
structures should be small.*

Twenty-nine ADC fighter bases, and 24 TAC fighter bases also have low collo-
cations. The 89 alternate TAC fighter bases, like the alternate bomber bases, are
highly collocated. Eleven of them contribute a large fraction of the total collo-
cation. The distances of the urban areas from the DGZ are such that some damage
to the resources could be expected primarily from thermal radiation.

Ty -

Missile collocation is almost nonexistent. The 1300 Minutemen in the OSD
posture were not targeted at all. Even with the larger numbers of Minutemen in
the USAF and improved U.S. cases collocation remains zero.

If the counterforce strike were limited tothe target systems discussed above,
the United States would probably experience only moderate difficulty in reorganizing
the economy. But in both cases military control headquarters and ports are also
targets. The 70 military control headquartersnaturally have very high degrees of
collocations because many of them are in major cities, for example, Washington,
New York, and Los Angeles. Ten of the control headquarters contribute maost of
the collocation. Only these ten were attacked in Soviet posture I versus 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 given point. It is the distance from the resource
point to the DGZ that we are measuring. In reality resourcesare spread about the
DGZ.
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The 62 ports have even a higher degree of colloéation than the control head-
quarters. In both cases, all 62 ports were attacked. However, in Soviet posture
Il 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 largest ports
(ranked by berths) are also shown. The nine defended ports contain almost as
much port capacity as the nine largest pbrts. 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, of 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.* However, we

can make some rough comparisons. We know that in Soviet posttire I versus OSD
the total mortalities suffered in counterforce strike would be about 38 million, or

21 per cent.

If we assume that the counterforce strike in Soviet posture I versus OSD
against all target systems except control headquarters and ports caused minimal
economic damage, then a rough estimate of ihe total economic damage from the
strike can be derived by taking different fractions of the resources assoclated
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 (thi;
criterion overstates damage from the port attack ak;me) 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 of Research onthe Supply-Requirements 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 difficult to find ways of
landing commodities even where port facilities have been destroyed.
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100 per cent of the resources: collocated with porfs are destroyed, the ratios are
.72 for RMSIL. .65 for SURVI. 1.19 for GOVCC. .50 for POL. .94 for 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 afford a standard close to the current one.*

Even if capacity were needed for military requirements, the surviving popu-
lation in Soviet posture I versus OSD should be able to enjoy more than an austere
standard of living. 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
needed for postattack military requirements. Then we have ratios of surviving
ysable resources to surviving population of . 40 in RMSI, .47 in SURVI, .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 couldbe imported.
and it should be possible to either stockpile or build portable oil refineries.

In Soviet posture II versus improved 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 missile defenses. As-
suming that 20 pe:l cent of capacity associated with defended pdrts 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 is larger in Soviet posture
I 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 ata 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 Iversusimproved U.S. (nopindown), remaining forces were used ‘
| The survi i '

{ The sur-
and with various

vival curves begin with}
levels of resources surviving. The latter were computed using the following
assumption: For New York, Chicago, and Philadelhhia, 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 facilities. The
inportance of port facilities in the reorganization effort is open to question,
because Improvised facilities may be adequate. If ports are ignored, then with
the same 10 per cent military requirement the United States could satisty a 64 per
cent civilian requirement, that is, .64 capacity in every industry for every'l per
cent of surviving population. And this level is estimated to be above subsistence.

If petroleum imports are available or there are large stockpiles, petroleum

also may be given too much weight. Petroieum 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

*The counterforce plusf
- [IIOILd BEION W

“{can be shown tobe above austere levels.
se that, if attacked with remaining forces,
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Fig. F-13— SU posture II second strike versus Improved U.S.
(conterforce + counterurban)
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response would be 78 per cent, or .78 capacity for every 1 per cent of surviving
population, which is relatively high.

The 47 per cent CR + 25 pei' cent FMR line shows that the United States could
meet a civilian requirement of a ratio of .47 surviving resources to surviving popu-
lation while maint;iining 25 per cent of initial capacity for military purposes or
other governmental activities. If petroleumisnota bottleneck and the United States
wishes to retain a 25 per cent fixed requirement, then the ratio of surviving re-
sources to population can rise to .85.

Since surviving resources in the United States probably would be adequate to
provide a standard of 'living above subsistence. and since the government control
centers are relatively intact after the counterforce plus counterurban strike is
completed, the United States should be able to carry out an extensive recrganization
effort and sustain rapid economic growth.* Such a conélusion should of course
always be qualified by noting that the effectof a general war on the U.S. organiza~
tional structure and on behavior of the population is uncertain. Because of the
ballistic missile defense and the small Soviet force. however. only three of the top
ten largest cities were attacked. Only 24 cities in all were attacked. Many of the
public and private institutions that direct the economy are ‘in the ten largest cities.
And cities below the top ten are not entirely destroyed. Consequently, it would
be difficult to argue 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 after the
U.S. bomber strikes for Soviet posture I versus OSD and Soviet posture II versus

improved U.S. In both cases. the Soviet Union fires 111 SLMs i{n an urban attack

designed to maximize mortalities. The differences in the shapes of the survival

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

]t should be remembered that RMSIand SURVIare both aggregates, and there
may be bottlenecks in the specific industries composing them. However, substi-
tution possibilities probably would alleviate the problem.
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are no ballistic missile defenses in Soviet posture I versus OSD, roughly the top

40 cities ranked by population were attacked. Sixty undefended cities. rank 11-70

in population, were attacked in Soviet posture [Iversus improved U.S. because the
optimal tactic with small numbers of SLMs facing ballistic missile defense is t0
attack oil\_ the undefended cities.

Eighty per cent of resources per urban area were assumed to be destroyed in
Soviet posture [ versus OSD, except for ports. where 100 per cent per urban area was
assumed tobe destroyed.* The survival curves in Fig. F-14 reflect 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 a "zone
of viability” in which all curves except ports are contained.

Many capacity and requirement combinations can 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 100 per cent of 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 requirements line marked 25 per cent FMR - 53 per cent CR max is
derived in a different way from the lines used previously. Given the survival
curves. we may ask what maximum civiltan requirement the United States can meet
if a fixed military requirement is specified. For a 25 per cent FMR, the economy
can provide a 53 per cent CR, thatis, a ratio of .53 of surviving resources to sur-
viving population.*** This ratio is well above the .4 ratio estimated to givethe
surviving population a 1929 standard of living.*>** g

Figure F-14 should be compared with Fig. F-13. Because of lower population

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

*The port facilities are heavily concentrated in the top five 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 40percent CR+ 10 per cent
FMR line. It actually cuts the line when 35 cities are attacked. For reasons pre-

viously given, we will ignore ports.
x==Fora 10per cent FMR, the maximum civilian requirement that can be met

is .72,
s=av4 1920 standard of living is obvicusly well above subsistence.
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in Fig. F-15 are based on a 60 per cent destruction criterion including 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. If ports are ignored, the United States, given a 10 per cent FMR,
could satisfy a civilian requirement of 80 per cent, which should provide a standard
of living close to the present one. and this for a larger surviving population than 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 implies that a larger surviving population could enjoy a higher postattack
standard of living compared with the standard that might occur given the OSD (and
USAF) postures. Furthermore, the economy inthe improved U.S. posture probably
would have fewer organizational problems than the economy in the OSD (and USAF)
postures, because the largest cities were not attacked. '

TARGETING ECONOMIC RESOURCES

The residual Soviet forces in either case are not large enough to target
large quantities of resources as well as population. However, if 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 superior to the OSD

{and USAF) postures in limiting economic damage.
The top ten urban areas ranked by RMSI contain five areas with ballistic

missile defense, and as In targeting population with small 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 in the

improved U.S. posture. Should the Soviets target according to SURVI, the ballistic
missile defenses of the improved U.S. 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 small numbers of missiles.
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Power and petroleum capacity are not as highly collocated with major urban
areas as RMSI and SURVI. But the top ten urban areas ranked by power cépac,it?‘
contain four areas with ballistic missile defenses in the improved U.S. posture.
And the top ten urban areas ranked by POL contain three areas 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.

SUMMARY

The United States probably could reorganize its economy after a Soviet second
strike __givgn any of the three postures --QSD, 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 of 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 reestablishment of a
viable national economy.

Should the Soviets use their residual forces after the U.S. bomber strikes. then
the improved U.S. posture dominates QSD and USAF postures with respect to the
balance of surviving resources and population and with respect to organizational
and social 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
postures. And organizational breakdown ought to be less pronounced in the im-
proved U.S. posture. because absolute losses are less. Consequently, feasible

economic possibilities are more likely to be realized in the improved U.S. posture.
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Appendix G

TWO RELIABILITY RETARGETING SCHEMES

THE PROBLEM

SECTION 4 includes a discussion of the importance of ICBM retargeting capabil-
ity adequate to realize the potential benefits of reliability monitoring and to meet
the requirements of flexible forre usage from the beginning through the terminal
phases of the war. It has heen questioned if eight targets per missile is an ade-
quate capability or if some larger number of targets per missile. or even com-
plete retargetability bv explicit guidance. is required, One of the possible
problems with the constraint of eight targets per missile is that there may be no
adequate compromise between force effectiveness and efficiency on the one hand.

and operationally usable targeting dactrines on the other.

This Appendix discusses two retargeting schemes to put lower and upper limits -
on the capabilities of reliability retargeting in the context of attacking a sizable
number of identical soft targets where this isthe only mission of the missile force
involved. The lower limit is defined by a very simple targeting doctrine for a
missile force with eight targets per missile. It has been suggested that the simple
doctrine would perform almost as well as unlimited retargetability. The upper
limit is given bv full retargetability.

If it is desired to give alternate missions to the force, either to get some use
out of those missiles not actually launched at prime targets or to have the flexi-
bility of other strike nptions. then additional demands would be placed on missile

retargeting capacity. These considerations are not incorporated in the mathe-

matics to {ollow,
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THE MODEL

The mathematical treatment is limitedto retargeting onthe 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 certafnty 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 us_gd. This is a tolerable approximation if one is comparing salvo versus
retargeting policies, retargeting under different constraints on the number of
retargeting cycles (that is, number of "looks”), variations in the quality of the
information received in the looks. or different penalties for delay in kills caused
by looking.

However, we are interested here in constraints on the pumber of 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 of
missiles 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 arefired until one
proves reliable. The number of missiles used will be as low as in the unlimited
retargeting case. However, the missiles committed. in the sense of being tiéd 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.

Two targeting doctrines are treated. The first, limited retargeting, is for
use with missiles having eight targets per missile and is designed to minimize
the processing that the monitoring data must undergo. The targets are divided
into T/8 clusters of eight targets each. For each target cluster there is an as-
sociated missile cluster of 8N/T missiles.* All missiles in a missile cluster

*Analysis is restricted to values of N and T for which T/8 and SN[T are
integers. [ntermediate cases could be handled with appropriate changes yielding

intermediate resuits.
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have this same set of eight targets allotted to them. Since there is no interaction
from one cluster to another and all missiles within a cluster are identical so far
as targeting is concerned, the decisionmaking required is quite simple.

The second targeting doctrine treated, full 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 each target, with some random number S of the missiles aborting. leaving
S targets surviving. If S does not exceed the number of remaining missiles, that
is. if S<N - T. then Smissiles are launched at the surviving targets. If S>N-T
then all remaining missiles are fired at surviving targets. The process is re-
peated—;mtil either all targets are destroved 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 the case with full retargeting where either
all missiles are exhausted or all targets are destroyed.

Targeting doctrines undoubtedly exist for a force with eight targets per
missile that are of greater intricacy and that would do better than our limited
retargeting. No analysis is attempted here of how much improvement could be
realized with reagonable complexitv. 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
for more subtle analysis of retargeting will be pointed out. '

Our full retargeting case accepts no restraints on data processing. AS
stated, it implies a central processing of all data on missile aborts. Other ar-
rangements are conceivable that would yield the same flexibility with less depen-
dence on central data processing. For instance, all missiles could be clustered
exactly as in the limited retargeting scheme. However, a hierarchy of higher
level clusterings could be instituted (the hierarchy could be the normal organiza-
tional lines -- flight, squadron. wing, force). All retargeting would be handled at

*Tn the context of the model. which ignores questions of missile readiness;
the T missiles launched first could be pretargeted. In actual operations. 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 destroved) or unittacked targets (all their missiles used up!. 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. .

QUTCOME DISTRIBUTIONS

For given values of N, T, and missile reliability, r. we are interested in
knowing the perf‘axjmance of the retargeting doctrines. However. it is risky to
pick some inde:i otz 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 of 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 linxifé& and unlimited re-
targeting, for reliabilities of 0.5 and 0.8, and for different ratios of missiles to
targets (N/T) 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 constructed is presented in the last section of this appendix.

In Fig. G-1 the ratio of missiles totargets is 1.25. In the limited 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 case in that the

expected number of reliable missiles just equals the expected number of targets.
For r = 0.8 and at probability levels above .5, unlimited retargeting kills abBut 4
to 6 per cent more targets than does limited retargeting. If one were to attempt
to make a cost-effectiveness comparison by taking the ratio of expected targets
destroved to missiles committed. the two retargeting schemes would thus differ by
only 5 per cent. But such a calculation can be quite inappropriate. Notice that

the unlimited retargeting scheme has 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 scheme there is
almost no chance (0.02 probability) of reducing surviving targets to less than 3 )
per cent of the original force. Whether such differences are significant depends
upon the context in which the targets are attacked. Under some circumstances it
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could be verf' useful ta kill the last target. in other circumstances it would not be
so important. In short, conclusions on the relative merit of the two schemes will
be sensitive to the eriteria used, and care must be taken that these are appropri-

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

surviving, the greater will be the difference.

If performance like that of the limited retargeting at the 0.8 reliability curve
of Fig. G-1 is satisfactory, a reduction in the missile-to-target ratio of about 6
per cent would .Iead to an unlimited retargeting distribution curve fairly closely
matching that of the limited targeting curve shown. In other words. under these
circumstances, unlimited retargeting can dothe same job with a 6 per cent smaller

force,

Suppose that itis desired to match the performance of the unlimited retargeting
curve {(at 0.8 reliability) in Fig. G-1 by using limited retargeting und 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 cent increase in
the missile force. Then one gets a better performance in the high confidence
regions (.8 probability or higher) 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 smaliler force of Fig. G-2. As can be seen from these cases. per-
formance of 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 therc 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-4), noteworthy differences. between the two schemes appear again. Expected
survivors are 10 per cent and 2 per cent for the limited and unlimited cases re-
spectively. with again a 50 per cent chance of killing all targets for the unlimited
case. An increase in the force to 2.2 missiles per target would raise the proba-
bility of killing all targets to about 0.98 for the unlimited case.
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EFFECT OF UNCERTAINTY [N RELIABILITY

So far the discussion hasbeen made asif the reliability were precisely known.
There will be significant unceria—inties in this parameter for a first-strike force
and they would presumably be quite large in the second-strike case. Moreover,_.
force commitment would have to be made without knowing which case would arise;

One effect of uncertainty in the reliability factor 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 retarget-
ing would not make the razor thin decision of allocating at the level of 1.375 mis-
siles per target. If he properly includes in his definition of confidence the
possibility- of variations in the reliability parameter, he may have to increasé 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 iive high performance or to hegg__ggainst low reliability the expected
number of unused missiles could be very large.

Design and evaluation of retargeting schemes should :ake unused missiles
into account. These missiles could be useful provided altemate targeting could
be effected. This would seem tobe most simply handled with the explicit guidance
systems. For the case of eight targets to a missile, alternate targetmg might not
be possible except after a period of several days or weeks, unless, say only six
target slots were used for primary targets. The two remaining slots would be
used for back-up targets (such as ;:“ f e 2 108 e | where high assurance
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 missiles below.
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CONSTRUCTION AND FURTHER DISCUSSION OF THE DISTRIBUTION CURVES

Construction of the distribution curves is most simply handled with the un-
limited retargeting case. The important random variable is the number of mis-
siles that are, or would prove to be, reliable. If this number is greater than or
equal to T, then all T targets are destroyed: otherwise the number destroyed
equals the number of reliable missiles. The frequency distribution of the number
of reliable missiles is binomial with mean o, = Nrand standard deviation
o m-[Nr 1- r)] t . Figure G-3 is a schematic of the distribution of number of
reliable missiles expressed cumulatively asthe probability that at least n missiles
are reliable.

The—cumulative distribution for targets destroyed will be identical to that of
number of reliable missiles except it will be truncated atn = 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-§ is a schematic of the cumulative distributions of targets destroyed
expressed in terms of fraction of targets for different values of #m/T and
Um /T. These are just the cumulative distributions of reliable missiles truncated
when n = T (solid curves). For curves 1 and 2 the expected number of reliable
missiles just equals T. The probability of destroying all T missiles is 0.5 in
this case no matter what' ¢ —may be. However, decreasing o ,brings, say, the
fraction destroyed for which one has a 90 per cent confidence closer to 1. I;f,kﬂm
is increased slightly bevond T throughincreasing the missile allocation or thrBugh
increased reliability, then the probability of destroying all targets can become
quite high and is sensitive not only to u_ /T but also to om/T, as can be seen by

comparing curves 2 and 3.

The analysis of the limited retargeting case begins with a single pair of
target and missile clusters. Each cluster pair is a small-scale example of full
retargeting; in particular, the frequency distribution for the number of reliable
missiles in a cluster is binomial and that for targets destroyed is formed by a
suitable “truncation” of this distribution. The mean 4 and standard deviation
o Oof the targets destroyed for an individual cluster pair were calculated directly
with the aid of tables of the binomial distribution. Letting C be the number of
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clusters (C = T/B8), the mean and standard deviation for the target system as a
whole were computed as u = Cu . o= /Co . respectively. Although the effect of
truncation and the small numbe: of targe:s per cluster make the frequency dis-
tribution for individual clusters highly non-normal, the distributionfor 'the targets
as a whole. being made up of the additive effect of 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 o ando inversely with the vT.
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 of 2 with the .50 probability
point rgmaining 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 used in treating lower values of T because the normal approxi-

mation becomes poorer as T i{s decreased.
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