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PREFACE

The work described in this
Research Memorandum was under the direction of C. J. Eitch, Chief of the
Economics Divieion of RAND. The Memorandum was prepered jointly by C. J.
Hitch and W. M. Capron.

In this paper an attempt has been made to look at certain of the impli-
catione of the potentiel development of thermonuclear bombs in the next few
years. This has been done in the broadest and most general terms because
time and lack of the necessary data and conceptual tools precluded exhaustive
quantitative analysis.

Many of the numerical estimates included in this paper are approxima-—
tions and are not intended to represent precise figures. In some cases
this results from inadequacies of the basic data, in others from our decision
to use methods that could only give approximate answers since this was all
that our purpose required. Only by the use of quantitative estimates did we
feel 1t possible to sharpen the implications of the new veapon and to compare
thermonuclear bambs with current A-weapons.

We thank the Department of the Army and the Stanford Research Institute
for permission to use basic population data, derived from Census figures pri—
parily for a study to be issued by the Cperations Research Office, Johns

Hopkins University (operating under contract with the Department of the Army).

Iy~
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We are indebted to K. Eanunian and E. Lee of RAND for assembling the dets

and undertaking the computations.
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SUMMARY

This paper examines some of the implications thermonuclear wveapons
('E—bcnbs“) will have for U, S. strategic borbing and netional defense,

For the U.S. strategic bomding mission against the Soviet Union, the
assumed veapon greatly increases the certainty with which we can deal a
erippling blow to Soviet industriel capacity and econamic war potentiaml.

If the target list includes large percentages of the capacity of key indus—
tries such as steel, aluxinum, petroleum and military equipment, a very smsll
number of H-~bombs will completely destroy the indicated targets. CEP becomes
inconsequential and delivery costs to accomplish any given level of damage
are greatly reduced.

Hovever, the major conclusion of ocur consideration of the relation between
the E=bomb and various possible target systems,!is that no matter how the
exact DGZ's are selected, this weapon ie inevitably an area wveapon.

Whether the target system consists of selected industrial plants, indus—
trial concentrations, or large urban arezs, the effect will be much the pame:
casualties running to many millions, widespread damage to industry, whole
cities virtually leveled, so that even those industrial plarts on the outskirts
of attacked cities which survive complete destruction will be inoperable because
of loss of labor force, utilities, etc.

Soviet possesegion of the H~bomb will be of great significance because it
will provide a capability of striking a major strategic blow against the con—
tinental U.S. The extent of damage they can do with A-bombs, while extremely
serious, is probably not of the same order as our ability to retaliate with

A=bombs .
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Two factors limit the Soviet capability of etomic attack. Both would be
offset by their poesession of the B—=bamb. Firet, our over-ell economic capa—
city is much larger than theirs, which gives us & much larger "cushion" of
nonessential capecity (frcm a ver materiel point of view) ip most industries.
Becond, their delivery problem is greater and their capability less well—
developed than ours. Howaver, even a relgtively smell number of E—bombs
{50 — 100) delivered over the target areas could deprive us of ma jor propor-
tions of our capacity in important industries, destroy & large nmumber of our
industrial concentrations, level large sections of our important urban areas,
and cause fantasticaelly high casualties.

The conclusion 1s, then, that the comparative mdvantage of E=bomb possess—
ion lies with the Soviet Union, assuming both nations develop this weapon.
More important, strategic air power armed with this weapon can do damage and
cause cagualties on & scale which is difficult to comprehend.

The over=all implication of thie weapon for mir defense ig clear: our
vulnerability is much greater than we have thought and there is now a real
urgency for us to do what we can to meet the potential threat. The best
defense, of course, is to prevent the B~bomb from being used against us. Even
if war cannot be avoided, our possession of a strong SAC capable of delivering
8 retaliatory attack with B=bombse, should they be used against us, is, in our
view, our most essential defense weapon, since such a force may effectively
deter the Soviets from employing this bomb against us.- And if they should
disregard our capability, then a retalietory force will be urgently required if
ve are not to lose the war, The protection of SAC thus becomes of central
importance.

We consider several defense possibilities and conclude thet: 1) Active
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air defense can and should be strengthened, but we cannot expect all attecking
planes to be stopped — we must expect serious damage. 2) General disperszal
of our industries and cities is not feasible and probably would not give us a
sigaificant reduction in our vulnerability. Selective dispersal of certain
facilities is undoubtedly called for. 3) A program of stockpiling a var
reserve so that our military force in being at the time of attack could be
sustained largely from stocks for a pericd of & year or two appears to us to
deserve serious consideration. This is especially true of our strategic air
pover. Since we probably cannot prevent major loss of industriel cepacity, the
United States cannot expect to follow her traditionsl policy of mobilizing
after the war begins. 4) Measures to reduce the vulnerability of our popula-—
tion are urgently required. The construction of shelters to reduce casualties
in cur urban centers seems fully warranted providing e shelter can be designed
at reasonable cost to give protection from the effects of thermonuclear wveapons.
In addition, consideration should be given to planning evacuation, and plenning
for the post~etteck care of survivors, including the provision of shelter and
food. 5) Our military force in being must be protected by dispersal, protec—
tive construction, ete.

The Soviets face an equally serious defense problem and it will take a
proportionately lerger share of their resources to accomplish comparable levels

of defense.
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IMPLICATIONS OF POTENTIAL WEAPON DEVELOPMENTS

FOR STRATEGIC BOMBING AND AIR DEFENSE

A Preliminary Study

C. J. Eitch and W. M. Capron

1
Implications for U.S. Strategic Bombing Capability

We define "strategic"bombing to mean attack on en enemy's industrial
mobilization potential and on military targets (for example, counter—air)
requiring deep penetration. The development of moderately cheap and light
B=bombs would enormously strengthen the strategic eir offensive in reletion
to air defense. We will first consider the implications of this development
for our strategic bombing of the USSR.

The major implication of this weapon for the U.S. strategic air mission
is that any uncertainty as to our ability to destroy the industrial base of
Soviet war potential isremoved and the cost to us of causing any desired
level of damage is greatly reduced. We think that with the conventional
atomic weapons now stockpiled we can strike s crippling blovw at the Soviet
econony, provided we have an adequate force to deliver these weapons. We
think we can destroy, or at least damage severely, Soviet air bases and other
military installations requiring deep penetration into the Soviet Union with
the same weapon. But there are doubts about this capability which are widely
held and which are not entirely unreasonable. These doubts are based on the
related consideration of target vulnerability and bombing accuracy. Are we
underestimating, &8 many did in World War II, combat degradation of bombing

accuracy? Are ve overestimating the physical vulnerability of SAC targets?
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The answers to these questions are critical to the success of the SAC opere—
tion. If pessimistic sssumptions are made as to accuracy and vulnerability —
that 18, if ve assume & large CEP and relatively "tough" targets, then to
accomplish destruction of the order generally conceived to be necessary, &
very large pumber of stockpile-type bombs must be delivered by SAC. If, in
addition, we credit the Soviet with a high level of air defense, this means a
very large SAC delivery capability will be required.

Effect on Coverage of Individual Targetis

The incresse in certainty of accomplishing the SAC mission, whick is
promised by the development of the E—bomb, is illustrated by Table I which
contrasts the probability of covering point targets of different vulnerabili—
ties with 20 and 150-KT A-bombs on the one hand, and 1-MT, 5-MI, and 25-MT
E=bombs on the other. This comparison is made assuming good bombing accuracy
(defined as CEP = 3,000 ft.), average accuracy (CEP = 5,500 ft.) and poor
bombing sccuracy (CEP = 8,000 £t.).

TABLE 1

Effect of CEP on Probabilities of Destroying a Point Target
With 8 Single Bomb*
(Target is IGZ)

CEP TARGET A-BOMB E—BOMB
{feet) 20=XT 150-KT 1-MT 5=MT 25—MT
3,000 Hard .10 .32 T .99 1.00
’ Soft .23 .63 97 1.00 1.00
5,500 Bard .03 B EI .35 .72 .98
’ Soft .07 .26 65 . .96 1.00
8000 Bard .02 .05 .19 h5 .B3
! Soft .0l .13 .39 N .99
- Appendix

Table 1 transletes the above into the number of bombs
required to destroy a point target with certainty.
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Chart I highlights the contrast by comparing the 150-KT and 25-MT weapons
for the extreme CEP assumptions. In the most favorable case, where accuracy 18
good and the target “soft,” 2/ the probability 1s slightly above 0.6 tbat a
150-KT bombd will destroy the target. The important gain in this case which
would accrue to us if we used the E-bomb would occur when the target in question
{8 located in & city with multiple targets in the area. The much lerger aree
covered with destructive effect by the E—bamb would meen not only certaeinty of
destroying the target in question but a tremendous amount of additional damage
to other installations in the area, plus the destruction of housing within
radii up to more than 7 miles in the cese of the 25T baomb.

If either bombing sccuracy is low or the target "hard,” then even for the
{ndividus) target the probability falls off substantially that & 150-KT bomb
will get the target. And if hard targets are attacked with low accuracy, some—
thing like 18 150-KT A~bembs will be required to destroy each target with
certainty.

The effect of having the 25-MT H—bomb is to remove any doubts of the suc—
cess of our strategic bombing operation based on considerations of bombing
accuracy or target vulnerability. Even with smaller BE—bombs there is a great
increase in the probability of destiroying any target.

Another advantage of the E~domb over the A-bowb will be the important
reducticn in total campaign costs because the need for reconnaisance will be
virtually eliminated. Pre—strike reconnaissance will_freqpently not be neces—
sary using a weapon with such a large lethal radius, nor will there be as ruch

need for post—strike damage asaessment.

g/ The overpressure requirements assumed for destruction of "goft" and "hard"
targets are high, in that they assume complete destruction of the two types
of targets. A "soft" target is defined es one requiring 20 p.s.i. for des—
truction (Zone III), a "pard" target SO p.s.i. (Zone II}.
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Effect on Target Selection and Expected Damage

We bave seen that the E-=bomb will assure practically certain destruction
of any particulear target installation. We have alsc pointed out that & major
difference betveen this weapon and the stockpile A-~bamb will be the much greater
area of the destruction from & eingle bomb. This difference suggeste a new
approach to target selection. Since the B—bomb is an area weapon, the particu—
lar criterie by which exact DGZ's are selected ceases to be of such crucial
importance. This is fllustrated, we feel, if one firet proceeds to apply
target selection criteria currently employed, considering the H-bomb as the
weapon.

Selected Industrisl Targete and Industriel Concentrations

We now are virtually certain to destroy with & single weapon delivered over
the target installations selected on the baeis of the "vertical industrial
bombing” criteria. This means, for example, that about 60 25-MT bowds, properly
pleced, would destroy B0 percent or more of the following vital industries in
the Soviet Union: steel, aluminum, petroleum, aircraft engines, and airframes.
This target list is used here only for illustrative purposes and is not
intended to represent a "recommended” target system. The industries included
are all relstively important to Soviet Union economic war potential, but we
recognize that many other considerations must be brought to bear in selecting &
target system, such s&s the particular strategic situation at the time of atteck,
knovledge of Soviet stocks of variocus types of equipment, operationsl factors,
and so forth. Taﬁle II indicates the number of plants included in each indus—
try and the total percent of cepacity accounted for. The "multiple kill"
potential of this weapon is illustrated in this example: While there is & total
of 72 installatjone represented by this target list, the number of DGZ'e required

is less than 60.
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TABLE IT

Belected Plants in Certain Soviet Industries

and Percent of Capacity Accounted For

Industry No. of Plants Percent of Capacity
Steel 26 82

Aluminum 9 82
Petroleun 10 80

Aircraft Engines 10 86
Airframes 17 8o

Total No. of Plants T2

While much longer industrial target lists are often considered in offi-
cial planning, 1t is our view that the completeneses of the destruction
anticipated to the installations attacked, coupled with the destruction of
the bundreds of other plants located within the lethal area covered by H-~bombs
aimed at this selected list of plants, 18 such that, given avahort list of the
sort examined here, the productive potentiel of the Soviet Union would be
effectively eliminated.z/ The recuperation burden placed on the Soviet economy
resulting from such widespread destruction would be so great as to require
years before Soviet output could be restored to its pre-attack levels. Some
would go so far as to argue that the destruction of 80 to 90 percent of only
steel, aluminum, and petroleum might be sufficient to assure ultimate Soviet

defeat,

2/ However, we are not saying that such an attack would automatically elimi-
nate the S.U. from the war. Her military force in being at the time of
such an attack might well fight an effective ground cempaign out of stocks
on hand for & considerable period of time. If this campaign secured a
large part of Western Europe for the Soviet, she might be able to make
good much of the damage to her own industrial capacity.
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Wkile the delivery capability and total pumber of conventionel A—-bombs
required to effect comparable dazage to this same target list will depend
critically on the vulnerability and bombing accuracy assumptions one makes, it
{5 clear that a much greater effort vould be required.

Of equal significance, however, is the major difference between the two
weapons vhen one compares the incidental effects of their use against such 2
target list. The important conclusion here is that, whatever the criteria
used for selecting targets and DGZ's, the 25~MT Bomb is inevitably an area and
not & point target weapon. For the sample target list suggested in Table I1I,
ve have estimated the mortelities which could be expecied if the h—bombdb were
exployed. Attack sgainst all 72 instellations in the five industries with the
25T bomb would result in about 15 million mortalities. ITf only the steel,
aluminum, and petrcleum targeis were attacked, mortalities would be an egti—
mated 10 million. Based on vhat information we have about the location of the
dvellings of the Russian labor force relative to the plants in which they work,
guch an attack would not only level the plants but kill & very high proportion
of the workers.

If, as in the case of recent recommended target lists, we selected
several hundred industrial plants as our Gi's, thies vould result in the virtual
destruction of almost every Soviet city and a death toll of 30 or 4O million
or more.ﬁj For if this weapon i used against industrial installetions, even
vhere they are on the periphery of the city except for the very largest cities,
complete destruction of housing and most other buildiﬂés can be expected. The

comppanion RM- estimates that with the 25-MT bomd all housing will be

k/ Assuming no evacuation and no gpecial shelter program. See gection on
mortalities, p. 1k,
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collapsed within a radius of 7 miles from ground zero, vwhich 1s greater than
the diameter of the gignificant built~up areas of most clties. Extensive
damage would be experienced well beyond the 7 mile range.

'Even vhere mortalities are materielly less than esiimated in Table III
(velow, p. 16) because of the extensive use of shelters, evacuation and other
casualty-reducing measures, the complete elimination of almost all large
cities as existing entities, coupled with the resulting industrial damage,
would have consequences beyond our ability to assese in any meaningful fashion.

Suppose that we wished to minimize casualtiee and still accomélish the
same strategic bombing mission against industrial installations. We could
deliberately give preference to target industries and plants which are well
outside major centers of population. As &an example, we estimate that it would
be possible to destroy nearly 80 percent of the capacity of the Soviet steel,
petroleum, and sluminum industries and cause heavy incidental damage to other
industries while inflicting "only"™ about T:million mortalities.zf Atomgrads
and many counter-air targets and other military installations could also be
attacked without adding significantly to civilian casualties.

If ve consider a more extensive target list, we might still refrain from
usicg the E—bomd against such targets as the Moscow aircraft industry installa—
tions, since & large proportion of the estimated casualties would result from
the attack on this city. We might, in this case, use conventional A-weapons
against these plants. It should be noted, however, that unless CEP's are good,
the large number of A~bombs of currently stockpiled size which would bave to be

dropped to get & high probability (on the average) of destroying the target

2/ It should be emphasized that this tactic involves attacking e very short,
select list of industrisl targets. This list differs from that cited above
{Table II) by the exclusion of a few plants near large population centers.
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plants, would result in very extensive damage in the areas surrounding these
plants. If, to take an extreme case, 6 to 8 150-KT bombs were required before
a given plant in Moscow were knocked out, then the total expected mres of des—
truction (but not the mortalities) would be comparable to that caused by a
single B—bamb.

Another possible method of reducing urban casualties would be to warn the
target population in areas to be attacked to permit evacuation, use of shelters,
etc. The prospect of
megaton yield bombs makes it much more urgent that wve obtain ansvers to the
folloving questions: How much vould warning cost us in losses? To what extent
wvould it endanger the puccess of the SAC operation? How would our national
objectives best be served — by killing tbe Russian urban population or by
scattering it, demoralized, over the countryside and then destroying its fac—
tories and homes?

Urban Destruction and Mortalities

We have indicated our view that no metter how DGZ's are selected, the
E-bomb must be regarded as an area veapon. Thus, e;en though the exact aiming
points are determined with reference to & selected industrial target system, the
primary cbjective being the destruction of major proportions of the capecity in
a relatively small number of key industries, the effect will be not only wide-
gpread damage to other, non—target, industrial installations, but the wholesale
devastation of Soviet cities and very high civilian mortalities.

To 11lustrate the "kill potential™ of the E-bomb, we have estimated the
casualties which would result from bombing S.U. cities, selected in the order

of their population, with the city centers as GZ's. The purpose here again is
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tc indicate orders of magnitude. In this case, we ignore CEP (see below, p. 21)
for its effect cn the results) and ve assume no warning and no special shelter
program and no evacuation. Essentially, this means that ve assume simultaneous
attack against all urban concentratione considered. We do not present these
mortality estimates (nor those presented later for the U.S5.) as a realistic
assessment based on a careful carcpeign anslysis. Rether, we wiph, first, to
indicate the tremendous difference between this weepon and the A-bombd; second,
to erphasize the general range within which the absolute numbers are expected to
lie if the B—bomb is employed; and, third, to present a standard against which
ve can asBests various measures to protect the population, discussed belovw on

p. 36 ff.

In the Appendix, the reader will find a teble listing scme 50 of the larger
Soviet cities. Ve have made some rough calculations estimating the distribution
of the population in these cities in & central core and two or three annulil
around this core. The Appendix describes the method used in this operation.

R¥— describes the derivation of the relation which indicates the expected
percentage of population at risk at various distances from ground zero who would
become mcrtalities. This relation has been approximated by the mortality dis—
tance relations indicated in the Appendix. Applying these expected mortality
rates, which assume no warning, no shelter, and no evacuation, we get the

results summarized in Teble III.



\ RM-868
Page 16 of 60 pages

TABLE III

Mortalities Resulting From An E—bomd Attack Against

large Scviet Cities
(142 millions)*

>-MT 25-MT
Ko. of Bombs Mortalities Cumulative Mortalities Cumlative

5 6.9 6.9 8.k 8.4
10 3.1 10.0 3.5 12.0
15 2.5 12.5 2.7 1.7
20 2.2 14.7 2.4 17.1
25 1.8 16.5 1.9 19.0
30 1.k 17.9 1.5 20.5
35 1.4 19.3 1.4 21.9
L0 1.5 20.5 1.3 23.2
L5 1.0 21.6 1.1 2L.3
50 .8 22.% .9 25.2

* The spums of the mortality estimates for each 5 bombs do not
necessarily add to the cumulative totals due to rounding.

Ia Moscow and Leningrad, under the assumptions made here, ve estimate that
with 25-MT bombs mortalities would be about 7 million. (In this case we shose
two DGZ's in Moscovw &nd one in Leningrad so as to maximize mortalities.) The
Tirst five bombs delivered on this basis would cause 8.4 million mortalities,
the first 10, 12 million, while 50 bombs would cause more than 25 million. The
total populmtion in these SO cities is about 27 millions, so that this weapon,
on these apsumptions, kills & fantastic 93 percent of the total. The table
illustrates the ranges to be expected under the same assumptions with the S=MT
bomb. While not quite asg lethal, the results are of t£e same general order.

Even if we recognize that these figures may be overestimates due to our
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failure to allow for warning, evacuation, and shelter protection,l/ it 1s
clear that the structural damage would be so widespread as to leave the sur—
viving population without bhousing, and the city without most of its service,
distribution and governmentsl structures. Except for the largest cities,
almost all the built—up erees lie within the zone (7 mile radius for the 25-¥T
bamb) in which &ll housing is collapsed if the city center is the ground zero.
It 418 our view that it may be meaningless to draw a sharp distinction
between an attack directed at cities, as such, with city centers as DGZ's, and
attacks directed against selected industrial targets (if the mumber of such
targets is comparable to the target lists of recent wvar plans). A large pro—
portion of the capacity of major Soviet ind.stries is located in or near the
larger cities, It is true that "tough" industrial installations may survive
complete destruction if the 25-MT bombs go off over the city centers. But the
genersl devastation of the cities would be on such a scale that it seeme to us
doubtful if the physical survival of part of the plants' facilities would be of
great significance, especially if such ettacks occurred more or less simultane—
ously against all major industrial centers. The large number of casualties
among the industrial labor force enforces this view. 1In brief, a single 25-MT
bomb would probably end the existence of all but the largest target cities, at

least for & period measured in years rather than months.

l/ Hovever, as the Appendix indicates, the "population at risk" figures are
underestimates in many cases because our population data is based, in most
cases, on the city population, the city defined along conventional
political sub—division lines. Contiguous, urbanized areas and thelr popu—
lation are not in general included.
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11
Implications for Soviet Capabilities for Strategic Bombing of U.S.

The implicaticns of this weapon for Boviet strategic bombing capabilities
are qualitatively the same as for our own. But from & long-run point of view,
it helps them more. To us it is a luxury which increases the certainty with
vhich we can accomplish a mission. But the Soviets are today at 8 considerable
disadvantage in eny attempt to launch a strategic attack on the U.S. 1In the
first place, they have had no experience in strategic bombing and would, we
hope, lack finesse in selecting targets and in conducting the operation. In
the second place, they have no advance bases: the only way in vhich they can
nov deliver their A=bombs on most U.S. targets is by flylng oné—éa} missions
with TU=k's. TFinslly, they would be attacking a much larger and more resilient
economy, so that they require many more bombs on taerget to knock out our indus—
trial potential than we would require to destroy the Soviet potential.

If they should have H-bombs with megaton yields, there are at least two
ways in vhich it becomes feasible for them to knock us out — at least in the
gsense of preventing effective mobilization of our industry after a war begins
and after the strategic bombing strike has been made.

Selected Industrial Targets and Industrial Concentrations

First, they could direct an attack against key industriee such as steel,
petroleum, aluminum. In the U.S., 42 plants account for BO percent of steel
ingot production (and, because of integration, comparable percentages of semi-—
£inished and finished steel products as well as most of the pig iron and coke
facilities in the country). Sixty plants account for 90 percent of steel
output.

In petroleum, about 60 refineries account for 70 percent of capacity, 90

for 80 percent. In aluminum, concentration 1s much higher. Some 12 plants
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account for all aluminum output while five produce all our alumina. Fewver
than 10 plants account for wirtually our total jet and piston airecraft engine
output. The mumber of E—bombs required to destroy these very large propor—
tions of such vital industries would be fewer than the number of individual
plants, even allcwing for CEP, and the destruction of these plants would be
accompanied by wide—spread destruction of thousands of other industrial
installetions and the cities in which they are locatedeg/

Urban Destruction and Mortelities

The second way in whichtbe Soviet could lnock us out ie by destroying our
mejor cities. Suppose the Soviet H—bomb attack is so designed as to achieve
maximup casuslties to the U.S. population? With relatively few bombs they ecan
destroy most of the built-up areas in our cities, causing mortalities of
staggering proportions and, in fact, wiping out our urban civilization. Table
VI in the Appendix lists the largest population concentrations in the United
States. The primary ordering in this table is by "urbanized areas” as defined
by the U.S. Bureau of the Census. The same areas are alsc ranked by population
in "metropolitan areas,” by the population of the main city of tha area, and,
finally, our estimates of the population living witbin a 6 mile radius of the
center of the city. We selected all urbanized areas with a population of
250,000 or over, of which there are 49, containing 55 principal cities. The
total population in the listed urbanized areas is 55 millicns, or more then

1/5 of the total U.S. population. -

8/ Thirty of the L2 largest steel plants are located in the 50 largest metro—
politan areas which contain the bulk of ocur industrial capacity. Two—
thirds of the 60 largest refineries are found in these large metropolitan
areas.
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We have estimated the expected mortalities assuming an attack with 5=-MT
and 25-MT E-bombs against the largest urban areas, with ground zero's selected
so as to maximize the death toll, using the same mortality-distance relation
applied above to the Russian data. If ve spply these expected mortality rates
to large U.S. populetion eenters, we get the estimates indicated in the

following table.g/ Appendix I describes in detail the method used in obtaining

thepe eptimates.

9/ Attention is called again to the remarks on p.l5 above es to the significance

=  of these casualty estimates. They are not intended as & realistic forecast,
but are presented here to demonstrate the nature of this veapon and the impli-
cation of its possible employment against this country. Specificelly, in this
case where we consider the use of the H-~bomb ageinst U.S. urban centers by the
Soviets, we are not implying any judgment as to their delivery capabilities.
In other words, we are not predicting tnat they could or would direct a simul-—
taneous attack against our 50 or so largest urban areas. That they might be
able to do this is sufficient for us, since the results of such an attack,
indicated by ocur estimates presented here, highlight the urgent necessity of
our preventing such an occurence. This will be discussed below when we
consider defense.
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TABLE IV

Mortalities Resulting from R-Bomb Attack

Agrinst Large U. 5. Urban Aress }Q/
(in millions)*

ST 25-MT
No. of Bombs Mortalities Cumulative Mortelities Cumulative

5 6.6 6.6 11.9 11.9
10 3.3 10.0 5.1 17.0
15 2.8 12.8 3.9 20.9
20 2.1 1k.9 3.2 2k.0
25 1.7 16.6 2.5 26.6
30 1.5 18.1 2.0 28.6
35 1.3 19.4 1.6 30.2
ko 1.2 20.6 1.5 31.7
45 1.1 21.7 1.4 33.0
50 1.0 22.6 1.2 34.3
55 .9 23.5 1.1 35.3

* The sums of the mortality estimates for each 5 bombs do not always
add to cumlative totale due to rounding.

By way of comparison, Table V shows the mortalities that we might expect
from an attack using various numbers of large A-bombs (CEP is ignored as in the
E~bomd estimates. In this case the results are much more sensitive to this
factor than with the lerger yleld bomb). Casualty estimates fram A=bombe are
subject to very great uncertainties but we believe these figures are of the
right order or magnitude if the attacks are made without warning, The large
numbers of A-bombs required make it more probeble than in the B-domb case that

evacuation prior to some attacks will substantially reduce casualties,

&g/ Bombs are ranked in Table IV above in order of mortalities caused. The
following urban areas receive more than a single bomb: New York — 3,
Chicago — 2, Los Angeles — 3, San Francisco — 2. Not included in the
above is the expected mortality figure for a single 25-MT bomb with GZ
at Nev York's Central Park. This one weapon, under the assumed conditions,
would cause an estimated 7 million mortalities. Instead, the three GZ's
in the New York area vere so selected as to infliet maximum total mor—
talities 4in the whole area, and no single bomb would cause quite as great
& number of mortalities as this one detonated over Central Park.
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TABLE V

Estimeted Mortalities from Variocus KNumbers

of Large A—bombs

No. of Bombs Mortalities éi/
(millions)
10 21/2
25 6
50 9
100 13
150 16
200 19
250 20

Chart II compares the expected number >f mortalities which would result
if 150~XT A-bombe and 5T or 25-MT E—bombs vere detonated et grournd zero's
selected so as to maximize casualties in major U.S. urban areas, Again, 1if
CE? were considered, the A-bomdb results would be much more seensitive to this
factor than E-bombs of either yield.

As in the case of cur use of the E~bomb against the Soviet Union, if the
Soviets use it sgainst the U.S. on & lerge scale the results obtalined will not

be much affected by the particular choice of ground zeros. As they drop more

11/ These figures were derived from an estimaied relaticnship belween the num—
ber of bombs delivered against U.S. citles and the number of persons
rendered homeless,

The bombs were stated to be 50-XT
but more recent RAND investigestions indicate thet bombs producing the
assumed damage patterns would, in fact, be mt least 150-KT.

To the estimated number of persons made homeless we applied & ratio of
killed to homeless (0.6) based on data in The Menhattan Engineer District,
The Atomic Bombings of Hiroshima and Negasaki (194%6), pp. 13-19, and in the
U.S. Atoric Energy Commission end the U.S. Department of Defense, The
Effects of Atomic Weapons (New York: McGraw—iill Book Compeny, 1950),

Fig. 12.15, p. 376.
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bombs on more targets, the effects of & city attack and a selected industry
attack merge. The important point is that wvith small numbers of megatop—yleld
E-bomds and with no great finesse, they can accomplish against us the sort of
strategic bombing mission which ve assign to SAC.

In the sbhort run, the Soviets have a delivery problem that might be quite
serious. The only long—range bomber which they now possess in operstional
quantities is the TU-L, which could not even 1ift the heavier of the expected
E-bombs. If a production model H—bombd weighs on the order of 20,000 pounds, it
could presumably be delivered by the Type 31 plane seen in Moscow in May, 1951,
in the same manner that the TU—4 can deliver the A-~bomb. In the slightly longer
run, it is certainly not beyond Russian capabilities to solve the delivery
problem. If they learn to make the bomb, they can certainly develop scme means
of delivering it 1in the‘qnantitien required, vhich are not great. It is also
important to remember that Weshington and cities containing one=third of our
var industry are located vithin fifty miles of an ocean coast — within easy
lobtbing distance of Soviet ships and submarines.

Effect of CEP on Mortality Estimates

The estimated mortalities resulting from attack against Soviet and U.S.
population centers indicated above are not paterially reduced if one takes
account of the effect of CEP. We estimate that with a CEP of 6,200 ft., mor—
talities with the 25-¥T bomd would be reduced by about 5 percent in either
country, if attack vas directed at the DGZ's assumed above, With the 5=-MI
wveapon, the effect of CEP is, as expected, greater, with an estimated B8
percent reduction in mortalities in the Soviet cities, 10 percentiin the U.S.
Smaller CEP's would, of course, result in even smaller reductions. We thiok

1t appropriate to conclude that when estimating the effect of B~bomb employment
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against urban areas cr 4pdustrial concentrations, CEP can safely be ignored,
and this 1s true even where ve are gnterested in particular "point" targets,

as Table I, p. T» 11lustrates.

111
Comparison of the Implications of New Weapons for U. S. and S. U.

We bhave indicated tbat in our view the comparative position of the U. S.
vig—a=vis the S. U, from the strategic bombing standpoint will be,uofsened it
both nations develop the F-bomb. It is true that Soviet economic vulnersbility
to ap attack is grester thanm ours vecause of our larger industrial base and
much greater "oushion" of output in most industries representing production of
non—essential items, the larger number of installstions accounting for any
given percent cf cepacity in most U.S. industries, and the fact that our large
industrial concentrations appear to account for a smaller part of total indus—
trial capacity than & gimilar puxber of USSR concentrations.

Eovever, we must not be misled by this apparent relative advantage since
the importent point ise that with the H~bomb the Soviet Union would have the
capability, even if she could cnly deliver a relatively small number of bombs
over U. S. targets, of striking e devastating blow at our economy, and there 1is
gserious question as to her ability to do this with the A-bomb. Since ve may
glready be able to do something 1ike this to her with the A-bombd, the B=bomb
represents less of a gain to us and our comparative-advantage will be greatly
reduced.

Moreover, our population is much more concentrated in large urban centers.
A given pumber of E—bombs, especially the largest size considered here (25-MT),

will caupe more casualties in the U.S. than in the Sovlet Union. There are an
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eptimated 27 millien people living within 6 to 8 miles of the tity centers of
the largest 50 Soviet cities, while in the U.S. there are at least 40 million.
As 8 consequence, we estimate, for example, that twenty-five 25-¥T bomba could
cause an expected 27 million mortalities in the U.S. as compared with 19
million in the USSR, while 50 bombs would result in about 34 million in the
U.S. and 25 million in the USSR. Eowvever, due to differences in population
@istribution between cities in the two countries, the smaller B—bamb of 5=MT
wvould cause approximately the same number of casualties in the two nations.

In general, U.S. urban ereas have larger total populations than Russian cities
but cover & wider area, so that the density of populstion, especially close to
the city centers, is considerably higher in Russim than in the U.S. The effect
of autcmotive transportation and the resulting prevalence of suburbia in the

U.S. account for this difference.

Iv
Implicetions for Defense

One conclusion of the preceding sections is that at some date, perhaps
five years hence, plus or minus,.the Soviets may be able to drop bombs on us
over & short period of time (even poesibly in a single night), vhieh would, at
a minimum, prevent ocur industriel mobilizetion, wipe out many, if not all, of
our large metropoliten centers, and cause casualties in the millions. At s
maximum, such an ettack may prevent us from carrying on the war at all,

We aseume that we will be able to do the spame or worse to the Soviets,
‘but we have elways won our warsg in the past by mobilizing our superior indus—
trial strength after war begins, relying on our inaccessibllity and invulnera—

bility to give us time to do so. This concept still appears to dominate most
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of our strategic planning. If, after »mitual E-bombing of the sort discussed
above, the war goes oo in any sense, 1t will be fought with wen, military
forces in being, mnd stockpiles of wvar regerves — in all of vhich the Soviets
now outoumber us. How, in the broad sense, can we defend the United States
and our Allies from this catastrophe?

Ve bave no answer, This Bection 1s devoted to an exmsminstion of some
poseible ansvers, and suggests that, in our view, some programs which have been
proposed are impossible or impractical, while others look so promising as to
deserve serious consideration.

The best way to aveoid such e catastrophe — and the only way of avoiding
any serious damage — is to keep the attack from being made, We do not propose
in this paper to explore all the problems and possibilities for effecting thie
result. We do suggest that the strongest military deterrent to such an attack
on the U.S, 1is a strong retalistory force in being ermed with B=bombs. The
abeolute priority for the defense of the U.S. is, therefore, the effective pro—
tection of SAC from a surprise Soviet attack.

The deterrent effect of our retalimtory force can be reinforced by measures
which at least raise doubts in Soviet minds about the success of their own
attack. These are the defense measures proper, of which we shall consider four:
active air defense, dispersal of industry and population, the stockpiling or
accumuletion of war reserves, and other measures to reduce the vulnerability of
our population. It is important to note one charactgristic which these four
measures have in common: while we think the threat of H=bomb ettack is five
years in the future, plus or minus, it would take five yemrs to achieve & sub-
stantial defense using any of these meaaﬁres if we started immediately and

acted with the utmost vigor.



RM-868
Page 28 of 60 pages

Active Air Defense

The RANRD Study concluded that there was & chance
of erecting a defense system within, say, five yeers, vith a very high "ki11
potential” against jet bombers. Whether this "kill potential”™ would result in
actuel mttrition rates high enough to keep the damage inflicted by A-bombs
wvithin tolerable limits would depend on intangible factors which are very
difficult to evaluate. Most of these intangibles are mssociasted with the
initial degradstion of the system due either to surprise tactics on the part
of the epemy or simply less than perfect alertness on our part. But at least
such e defense seems possible. If the attack is assumed to be made with E—
bombs, the task of the defense is obviocusly more difficult. We may be able to
absorb & large number of A-bombs and recover, particularly if the targetis
pelected are not optimal or if bombing accuracy is poor; we cannot stand fifty
25-MT borbs if they ere well placed, and the results are not very sensitive to
the placing. So defense which achieves & tolerably high attrition rate with
present A-dombs 15 inadequate ageinst an H~bomb sttack.

There are two problems in achieving higher attrition rates — one rela—
tively easy and one difficult. The relatively easy problem 1es to raise the
"kill potentisl™ — i.e., the number of bombers shot down if all goes as planned
and if all our defenses are engaged. This involves pushing the warning network
out and increasing the number and deployment of the most efficient defense
veapons. It would cost & great deal of money and resources, but appears wvell

within our cepabilities, Even if it costs ten billion dollars a year, that is
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only three percent of our Gross Nationel Product, and it may be argued that
we spend comparable sums to achieve less vital objectives.

The more important and difficult problem is to teke the extraordinary
measures required to defeat the intangible enemies of any successful defense.
The problem is & familiar one and is being worked on by others in RARD. We
do not know whether any practical measures can provide insurance against a
sneak attack employing unconventional tactics. The measures which appear to
be necessary present special difficulties in a democracy in time of peace.

If the E=bomd is the threat, it is essential to build up active air
defenses to the point where further improvement in the systems' kill potential
becomes prohibitively expensive. For we feel that the deterrent effect on the
Soviet Union of an active air defense which could exact & high cost on their
strategic striking forces may prove very important — vhether the limiting fac—
tor on their effort is bombs or means of delivering them. On the other hand,
wve cannot place sole reliance on active defenses since even a very few B—bombe
vhich get through can do such fantastic damage.

The poesibllity that the Soviets may develop the capability of delivering
E-bombs in missiles launched from submarines or employ other non—conventional
delivery techoiques, cemnot be ignored. Such developments might mean that cer—
tain regions of the country, particularly coastal areas, are especially
vulnerable., We have not attempted to consider here the special problems intro—

duced by this threat.
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Dispersal lé/

Many vill be tempted to meet the threat of this bombd by dispersing our
cities with their population and industry. Dispersal can take many forme. It
can, in the firet place, be general or selective. A general dispersal wvould
include major cities and everything in them, while selective dispersal might
be confined to military instellations and certain very critical industries or
plants. Industries can be dispersed with or without a reduction in the average
size of plants. Dispersal can be within the same metropolitan area or county,
the objective being simply to insure & distance between any twvo important
plants related to the expected lethal radius of & bomb and the reduction of the
density of capital and population; or it may involve moving to the interior or
to regions of low industriml density. The vorths and the costs of these different
kinds of dispereal vary enormoucly. The subject is extraordivarily difficult and
complicated and hes been little studied. This section vill merely outline some
reasons why general dispersal is not the major part of the answer to the threat
of the H—homb.lﬁ/

The first resson is that genersl dispersal is fantastically expensive if ve
attempt to accomplish it within e few years. Dollars represent economic re—

sources and & general dispersal of our cities would require so many dollars and

12/ In the following discussion of dispersal and stockpiling a war reserve, we
have borrowed freely from work done on these subjects by G. Cooper and R.
McKean of the RAND Economics Division, though they do not share responsi-—
bility for our conclusions, Their study empbasizes the necessity of our
devoting considerable attention to the many passive defense policies open
to us, 80 &8 to arrive at the best combination of measures designed to
reduce our vulnerability, within the limits imposed by our capabilities.

l&/ Selective dispersal, particularly of military installetions, is an impor—
tant part of the answer. See p. 39 below.
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resources that it would prevent us from doling anything else that is important
during the next decade. We estimate that if we used our entire surplus over
current consumption levels (including that part of the surplus novw going into
new military procurement) to disperse generally our industry and population,
ve could have, by 1960, & new dispersed economy somewhat gmaller than our
present one.

A second reason why general dispersal is not the mejor part of the ansver
i that a great deal of dispersal may buy very little protectiorn. If dispersal
assumes any perticular form, the attacker can, within limits, simply change his
eiming points and attack & different target system. There are alternative ways
in which he can knock out our industrial mobilizatior potentiel. If ve decide
thet the greatest threat is to our major cities, we could spend the next ten
years dispersing our cities and it would still be possible for him to leunch a
completely successful "vertical" attack ageinst basic industries which are
essential to war production, the location of which might scarcely be affected
by city dispersal. Conversely, if ve put a tremendous effort into dispersing
and reducing the size of plants in our basic industries, our cities and their
populations would remain almost as vulnerable as they are now. Moreover, unless
dispersal is combined with a very active air defense, 1t merely increases the
nuzber of bombs required on target: these bombs are apparently cheap and
bacause they are cheap they will, in time, be plentiful. TIr attrition rates are
low, delivery is mlso cheap. The Soviet could easlly keep ahead of us by making
pore E—bombs and more planes if we did nothing but disperse.

Finally, there is & serious question whether a general dispersal program
which would achieve any significant degree of protection could be implemented

and still be consistent with free enterprise and democracy. There seem to be
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only tvo vays in vhich general dispersal might be accomplished, both of which
are, in our opinion, unacceptable. The first is by detailed planning and
direction from Washington, with the govermnment deciding where every plant
should be, how large it should be, etc. The other would be to educate or
frighten people sufficiently to induce them to dieperse on their own initie—
tive. We doubt whether this could be done; if it were, it would result in s
great deal of inefficient, damaging, irrational actlon.

Stockpiling Wer Reserves

A partial ansver to the threat of the E—bomdb may lie in a massive stock=—
piling policy with special emphasis on the stockpiling of finished military
equipment and supplies. We have a policy called stockpiling nowv, and have
spent or are about to spend the sum of four billion dollars on 1t. But it 1s
designed to protect us from a lesser danger — the danger that imports of strea—
tegic rav materiasls will be cut off in an emergency.

For a war in which massive strategic air blows are exchanged (this 1s the
only kind of war we have to think about in this context because othervige we
retain our mobilieation capebility) we certainly need & SAC, an Air Defense
Command, and porsibly the forces required to hold in the major theatre
(presumably Europe) — ground forces, TAC, and & Favy. We estimate that the
present build-up of forces, when completed, say, in 1955, will leave us with
military equipment worth about 100 billion dollars at present prices. This is
a very large sum, Our cumuletive munitions and equipment production during
World Wer II was only about 250 billion dollars at present prices., This 100
billion dollars could be regarded aes the beginning of a stockpile for an atomic

war which vould prevent us from mobilizing and producing more after war began.
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It could be supplemented with-nore of the expendables to make each of our major
commands capable of operating on an austerity basis for an extended period with
co fresh supplies from the economy.lé/ Perhaps something like this is the
planning concept that we need in an H-bamb mge. Of course, both the 100 billion
dollars of equipment and the rest of the war reserve must dbe protected by die~
persal or by storage in underground locations. This 18, we think, an entirely
feasible policy and well within our means.

We have not been able to estimate what 1t would cost to put this concept
into effect. This would involve determining the amount of materiel required
and the rate of obsolescence.lé/ Before ve could make such an estimste we would
have to think through the problems of the ground battie. Our tentative opinion
is that i1t would cost much less than encugh general dispersal to give us an

equivalent amount of 4invulnerability.

15/ Some of the expendables (food, ordinary petroleur products, and perhaps

~  clothing) are produced in facilities which are so dispersed and, in
general, so far from mejor population centers that some continued supply
could be counted upon even following a successful E-bomd attack.

16/ 1In the cese of materiel subject to very rapid obsolescence, like some

T electronics equipment and, perhaps, some combat aircraft, it would possibly
be desirable to rely in part on the selective dispersal or underground
construction of manufacturing facilities and the stockpiling of the
moteriels required by the facilities, rather than exclusively on the
stockpiling of the finished equipment. 1In addition, once & war reserve
vas accumuleted, a "first in, first out" inventory policy of replacing
part of the stockpile each year could be established. In this way,
late—model equirment would be incorporated into the reserve as it became
evaileble. Finally, obsolescence in this case is a relative matter, and
we can expect that our stockpile vis—e-vis the Russian's will be, at
worst, no more out of date.
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Our view that stockpiling 8 war raperve possibly repreeents en effective
passive defense measure, is, as we bave said, not based oo a detajled exami—
netion of such & program. We urge that such detailed exemination be under—
taken. It may well prove true, that an *acrose—-the=board"” war reserve is not
called for, but instead & much more selective program. 1In sny case, there are
certeinly priorities in such a program. Specifically, it seems to us that
whatever the final conclusion on a war reserve for all commsands, we must have
either in reserve or as & force in being a strong strategic air force. We
have discuesed this need already.

An advantage of war reserves over dispersasl and many other passive defense
measures, designed to protect our ability to fight e war if it should come and
ve should be subjected to mir attack, 1s that & stockpiling program of the sort
suggested here may give us this capability regardless of the particular target
system chosen by the enemy, the exact magnitude and effectiveness of his
attacking force and weapon, etc., while a dispersal program can be rendered
more or less useless by & change in enemy strategy or capabilities.

Comparison of Various Messures

Which combination of these three defense measures — active air defense,
general dispersal, war reserves — will be the most efficient in deterring a
Soviet ettack by raising doubts about its effectiveness, or 1in protecting us so
we can fight if deterrence fails and the attack is made? Let us turn the
question around and ask which of these measures, that either have been or might
be pursued by the Soviet, raises the gravest doubts in our minds about the
success of our own strategic bombing. In our view the answer is () var
reserves and (b) active air defense, in that order. What we feer most and can
do least sbout is that the Russians will bave men and equipment to achieve tbeir

military objectives from stockpiles in spite of our strategic bombing. Next,
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we vorry very much about the ability of our bombers to penetrate. We may

vorry excessively; it may be that the bombers will always get through; but

ve cannot be sure that MiG~15's or wWasserfall's or something will not shoot

them dovn in droves when they try. To summarize the comparisons of these

defense measurct:

But:

{1)

(2)

(3)

(&)

Active air defense appeare to be the most economical of the three
if 41 can be made to work. Morecver, it does have special value
ac 8 deterrent. If the Soviet ettack fullps because of active
defenses, tbey lose not only their bombs but also their elite
crevs and very valuable bombers. The deterrent value of an active

eir defense probably Justifies a substantial investment.

We can never be sure that our defense system will be effective
against sneak etiacks and unconventional tactics. Therefore, we
cennot place full, and prrobably ghould not place major, reliance on
active defense.

Active air defense and dispersal (including dispersal of our mili-
tary forces as vell &s of industry and population) are not alterna-—
tives but complement each other. Dispersal in itself merely
{increases the mumber of bombs reguired on target; active air defense
reduces the number of bombs delivered on target. Dispersal may
intensify the active defense problem by creating more areas requiring
defense.

General dispersal on a scale to provide real protection appears
impracticable, and, if practicable, prohibitively expensive 1in the

ghort Tun. It involves building most of the United States in a
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different place, and 1f we sttempted this during the next decade we
could dc nothing else.

(5) Stockpiling var reserves of equipment and supplies and trained men
to enable us, at a minimum, to carry on a straiegic air var and
poseibly to enable our major commands to fight on an austerity
basis for an extended period eppears within reason economically and
would provide some deterrence and some protecticn.

Reducing the Vulnerability of :wur Population

I+ must be recognized that & mixed policy along the lines suggested above
—~ active air defense, selective dispersal, and stockpiling a war reserve —
would do litile to reduce the terrible vulnerability of our cities and their
populations. There is apperently no practicel means of eliminating this vul—
nerability, but there appear to exist measures which would reduce it at
relatively moderete cost.

&) Dispersal of our cities, as we have indicated, appears to be out
of the question beceuse of the magnitude of the job, its adverse impact cn our
productive potentisl and economic efficiency and the limited time probably
availeble to us. Eovever, there is a trend in urban development away from city
centers into suburbe and smaller cities and towns. The least we can do 1s to
stop fighting this trend. It is questionable whether the erection of huge
apartment buildings in the downtown areas of New York, Los Angeles, and other
major cities is desirable, faced es we are with the threat of an fi-bomb attack.
For it is certainly true thet th= higher the density of population per square
mile, the greater the number of deaths any given bomb will cause. In addition,

vhen building density is high the incidence of casualties

from indirect csuses, such as fire, are expected to be much higber than in
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lover—density areas.

We cap even give this "spreading out” itrend which is apparent in
meny cities a push. That is what the current National Security Resources
Board diepersal policy amounts to: trying to get nevw industriel facilities,
which are going to be built anyway, loceted well away from present heavy con—
centrations. There are other ways which should be explored; for example, the
locetion of public housing projects, and differential rates for war risk
insurecce. In & period of ten yeers or even longer, not much protection can
be achieved from such meesures, but they ecould give ue some.

b) The kind of measure discussed above may serve to reduce mortali~—
ties per EEEE' ‘out they do rot afford protection for the population ﬁt risk
from eny given bomb. Several measures, looking in this directlon, still make
gense when the E=bozb is the threst., Ope which urgently reguires attention is
the desaign end construction of shelters adequete to give protection from the
increased iethality of the E—bomb. Blest shelters of conventional design could
be provided chcaply,ll/ but they are not very effective against the thermal
radiation of the E~bomb, and voul@ be death traps vhere building density is
high enough to create firestorms. Shelters vhich would provid- a measure of
protection in these circumstances, while certainly more expensive, are feapitle

18/

to design.—~

17/ We estimate for about $150 per person for communal shelters in most urban
ereas, or $5 billion for the entire populetion of our major cities. The
necessary equipment and materlals are apundant.

18/ We estimate
crudely that conventional blast shelters, assuming adequate warning, would
reduce mortalities from the S—NMT bomb by one—third, but from the 25-MT
bomb by less than 10 percent. (See Appendix, Teble II, Cese 2.)
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¢) Another program which deserves attention is the preparation in
advance for largs—scale evacuation (exmpecielly of childrén, old people, and
others not in the labor force, assuming thet adequate shelters can be pro-
vided for those not evacuated). We recognize that many objections have been
raised sgainst evacustion and time has not permitted a careful analysis of
the desirability of such & policy. We feel that the magnitude of the H-bomb
threat is such as to require reassessment of all our decisions regarding
pruelve defense.

In the event we have adequate warning before an attack is laun—
clu.d, an evacuation program could be put into operation. 1In addition, it is
possible (some may argue, likely) that the first strike would be ageinst a
relatively few places, and, in this case, those centers escaping initial
attack could be evacuated, It seems to us that study will indicate that such
a careful prearranged evacuation echeme should be in existence if we are to
avoid the very real danger of disorganized panic flight from our cities
following the first attack.

In addition to considering evacuation planning, attention must
be devoted to ecaring for survivors of attack., Cmsuslty care has received
attention in many cities. BHowever, it seeme to us that the stockpiling of
civilinn goods, particularly food, in non-vuinerable locations is equally
important. If our major clties were destroyed, and we were able by measures
such a8 those discussed above to keep mortalities within limits, ve would face
the major task of supporting homeless millions. Plans for feeding and
clothing these people, as well as the emergency provision of shelter are

essential .
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Vulnerability of our Military‘Force in Being

There are some special risks from E-bomb attacks whick ve have not had &n
opportunity to study although they deserve the most sericus consideration and
planning. A threat of critical importance 1s to our military forces in being.
The dengerous extént to vhich SAC and the Air Force Bupply depot systems are
concentrated and exposed to atomic attack are well known within the Air Force.
Our impression is thet the rest of our military forces are almost equally
vulnerable. But here — unlike with cities mnd industries — 1t is feasible to
sesure 8 relative invulnerabdility. The general character of the policies
required — dispersal, multiplicity of bases, active defense, underground
sBtorage, etc. — are known, are only moderately expensive when compared with the
total cost of our weapon systems, and are well within our capability.
Moreover, the measures which would be effective against an B<bomb attack would
elso be effective against an A<bomb attack, which is an earlier and still a
grave threat — perhaps particularly ageinst vitally important military targets.

In discussing stockpiling of war reserves above, ve pointed out that if
the Soviet attack is heavy enough we can do nothing to Prevent widespread
damage to our industrial capacity, The protection of our military forces in
being, therefore, becomes of cruciel importance since we mey be incepable of
meking good losses once the attack has been mede. Again we draw attention to
our view that a relatively invulnerable military establishment angd particu—
larly & strategic air cepability, may serve as one of the most powerful deter—

rents to the use of this weapon by the Soviets.




RM-868
Page 40 of 60 pages

Another serious threat results fram the concentration within e fevw miles
of the Lincoln Memorial in Washington, D. C. of our civil and military authority.
Not only ie the high military commsnd located here, but also the great majority
of the high officials in the executive, leglslative and judicisl branches,
Serious attention should be given to methods for reducing the danger inherent
4n this concentration. Complete protection is 4mpossible but unnecessary. 1In
the restoration of civil and military suthority following attack 1t will make a
great difference if mortalities at all levels are of the order of 50 percent
instead of nearly 100 percent.

Implications for U.S. Air Defense: Summery

In our opinion the possible possession of the H=bomd by the Soviets within
the next few years, coupled with their expected ability to deliver this weapon
in significant mumbers within the continental limite of the United States, B8O
increases the vulnerability of this country as to require much greater emphasis
on our air defense — both active and passive, civil and military — than it bas
8o far received. The urgency of the problems cannot be over—emphasized for,
though it may be five years before the Soviet Union develops this weapon, most
of the programs designed to reduce our various vulnerabilities will require at
least this long before they can be effective, no matter hov high a priority ve
give them.

Soviet Defenses

Whet are the implications of this discussion for Soviet defenpe against our
strategic air attack? Do the Soviets have an equal capability to meet this
threat, or & greater, or a lesser onel Our industrial potential 1s three or
four times theirs when we mobilize to an egquivalent extent. During the war wve

d1d outproduce the USSR, devoting about the same proportion of our resources to
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direct wvar use that they 4id. But, after the war, ocur military budget fell to
10 percent of what it was during the war, while theirs never fell below LO
percent of the wvartime level. There secems to be no doubt that over & long
period of cold war the Soviets can make larger proportionate diversions of its
regources to military purposes than we can.

To provide an active defense, an equi-—proportional diversion of rescurces
by the Soviet is not encugh. If we look at the Soviet defense problem, they
have an area to defend which i1s roughly the same magnitude as the area we have
to defend, Moreover, they have to defend themselves againat attack from more
different directions than we have to. While they have scmevwhat fewver targets
to defend, the number is not very different. The number of cities in each
size category is approximetely the same in the two countries. §o we cen con—
clude that against the same threat they need absolutely about the same sort of
defense that we do. Row absolutely the same defense means that they must
devote & very much larger proportion of their resources to this use than we do.
If it takes 3 percent of our national product to provide a near—perfect active
defense, this would suggest that it would take about 12 percent of thelr
regources. Our estimate is that in 1951 and 1952 they are only allocating some—
where between 15 percent and 20 percent of their resources to all direct mili-
tary purposes. Sc this begins to look like a resource requirement which for
them is nearly infeasible., When we further consider that the provision of a
very effective active defense requires in quantity extremely advanced electronle

equipment, it looks even less feasible, because this 18 one fleld in which we
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Teel confident that we have ; comparative advantage in design and in production
ability.

As far as the other means of defense which we have discussed are concerned,
these are as much within their means as within ours. They can stockpile
weapons and trained men and supplies on & massive gcale and they can disperse
industrial and military targets, at least on a selective basis. We know that
they have been doing & good deal along both of these lines already. In con-—
tinuing, they will face many of the same problems and costs that we do — not
quite all, but many -~ but they will face none vhich a further diversion of

resources cannot overcome.
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Table I in the text presents the probabilities that nuclear veapons of

varicus yield will destroy a point target if a single bomb is aimed at that

target, assuming various CEP's,.

Appendix Table I translates these results

into the number of bambs of various yields required to destroy such a target

with certainty.

APPENDIX TABLE I

Nucbers cf Bombs Needed to Assure Destruction of a Point Target

(Terget Located at DGZ)

CEP ZOKE 20-KT 150-KT 1-MT SMT  25-MT
2 10.2 3.1 1.3 1.0 1.0
3000
3 L b 1.6 1.0 1.0 1.0
2 33,3 9.1 2.9 1.b 1.0
5500
3 13.9 3.9 1.5 1.0 1.0
2 62.5 18,5 5.k 2.2 1.2
8000
3 27.8 7.6 2.6 1.3 1.0

~ Zone 1I is defined as the annulus

around ground zero where overpressure is > 50 p.s.i., Zone III
where it is > 20 psi.

We felt

that a proper understanding of the implication of such fantastically lethal

veapons could only be obtained by looking &t the results which might be
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expected 1f such weapons vwere used against large population centers., We con-
sidered centers in both the United States and the Soviet Unlon.

The results of our computations are summarized in the text., This
Appendix describes the ﬁata and method upon which they are based. The pature
and reliability of the populstion estimates and the data on pcpuletion die—
tribution within cities are quite different for tbe twe nations. It should
be emphasized that because of these differences the results for the two are
not strictly comparable.

We wigh to relterate our injunction in the Preface regarding the tente—
tive nature of our results because of the imperfections in the data and the
methodswe used in dealing with them. Our purpose was to get approximations,
but we do not feel that the inadequarcies are significant and we do not
believe improvement in the data will result in significant modifications of
our results.

Selection of Cities and Distribution of Their Population

For each country we selected roughly 50 of the largest populetion centers
and distributed their populations in a core and several annulil centered on the
approximate center of gravity of the population distribution. The core wvas
2-1/2 miles in radius, the first ring from 2-1/2 to 4 miles, the next 4 to 6
miles. In some caseg, where the slze of the city warranted, an additional
6 to 8 mile annulus was used.

U.5.5.R. The most recent census of population available for the Soviet
Union ies that teken in 1939. Various agencies and individuals outside of

Russia have estimated the population of cities and other subdivieions for post—
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wvar years. We used a variety of lourceagé/ and attempted to select the 50
largest citics.gg/ Because it was necessary in distributing population to
have maps, Karaganda, vhich is emong the largest 50 cities, had to be elimi-—
pated (no map being available to us) and ancther city substituted.

To apportion the population, the;limits of the area to which gveilable
population figures applied vere first delineated on USAF Target Complex
Charts. Within this area, distribution was made eccording to information in
USAF Target Information Sheets. For boroughs and villages on the outskirts
of the city and outside the delineated area (for whichk T.I.S. gave no data),
{t was assumed that average density wes 70,000 pecple per square mile of flcor
space, and that floor space occupled 10 percent of the ground area overprinted
in yellow or Target Complex Charts. Populaetion was then attributed to these
areas on the basis of plenimeter measurements taken in square miles. Subse—
quently, ve estimated the population living in the core and each annulus. In
the cage of Soviet cities the center of the core was selected visually as the
center of the bullt-up area shown on the maps.

U.s. 1t seemed to us that for the U.S. we should rely on the U.S. Census

population figures for "urbanized areas.” The Census defines an urbanized ares

21/ They were: Geography of the USSR, by Theodore Shabad (sometimes with
revisions of estimates made concurrently by the author); U.S.A.F. Target
Information Sheeta; Nationsl Intelligence Survey No. 26.

gg/ Too late for consideration in this study, new estimates of the populations
of all major Soviet cities have been completed (See Population of the
Major Citiles of the USSR, RM-8l5, by Theodore Shabad) which, had they been
avallable sooner, would bave caused selection of a somewhat different
group of 50 urben aress and resulted in their being ordered differently,
both by population and by casualties. It is not thought that over—all
results would have been altered eppreciably, however.
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80 as to include the principal city plus the contiguous built-up areas inclu—
ding satellite cities and towns and unincorporated contigucus areas showing
urban (or éuburban) patterns of population demsity. (The "metropolitan area”
as defined by the Census would have been less satisfactory for our use since
this corcept is defined on & county basis and often rural areas are included.)

We selected the largest 49 urbanized areas in the U.S. according to pre—
liminary 1950 Census data, which includes 811 urbanized areas of 250,000
population or more. 55 major cities are included in these 49 areas, certain
areas containing more than one major city, e.g., New York area, San Francisco,
etc.

To distribute this population, we had, for over half of the urbanized areas
considered (including 21 of the most populous), worksheets from Stanford
Research Institute which give estimated 1950 population by 1000 yard aquares,
When these were not obtainable (or when they did not extend sufficiently far
into the suburbs) it was necessary to resort to the larger divisions (e.g.,
townships, precincts) for which the 1950 U.S. Census of Population gives data
acccempanied by maps. On the whole, this was fairly satisfactory. At times,
hovever, these units cover large areas and it wvas necessary tc subdivide them,
ettributing part of the population to each division. Such attribution was
eccomplisbed under the assumption that population is evenly distributed over the
entire unit, so that a given fraction of the unit area contains the same
fraction of the unit population. Admittedly, this is at best a rough approxi-
mation; ﬂut it seemed satisfactory for our purposes. '

Cn the basis of these estimates of populaticn distribution, ve estimated
the numbers living in the core and annuli, in this camse centered so as to

maximize the totsl population included,
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Fstimetion of Casualties

With the population distributed as described above, we aasumed that the
centers of the core and annuli in each case were the ground zerc's and estima-
ted maximum expected mortalities using percentages set forth in Appendix Table

11 (for Case 1, assuming CEP = O).

In the cmee of Moscow in the Soviet Union, and New York, Los Angeles,
Chicago, San Francisco, and Minneapolis=St. Paul in the U.S., it was discov-
ered that the size of these urban centers indicated the assurptlion of 2 or more
ground zero's, 1if we wished to estimate maximum possible mortalities.
Accordingly, in these czaes, the two or more points were chosen by inspection
and the population distributed (in the same manner as in the single bomb cases)
in a core and several anmili arcund each of these points, which wvere then
assumed to be ground zero's.

Appendix Table III lists the 50 Soviet cities used in our computations and
gives the population estimates oz which ve relied. Appendix Tables IV and v
present the estimated mortalities for the 5-MT and 25-MT E-bombs for Case 1
(assuming no warning, no shelter) respectively, listed in order of estimated
mortalities per bomb, The ordering differs glightly because variations in the
d4mtribution of population around the assumed ground zerc's affects differently
the resulta for the two weapons.

Table VI liste the 49 largest urbanized areas in the U.S. in order of popu—
lation, and also the population and rank order for the principal cities arcund
which these urban areas are centered, plus the comparable metropolitan area
populations and rank. 1In sddition, the populations estimated to be at risk

within 6 miles of the assumed centers of the areas are preserted,
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Tables VII and VIII present the estimated mortalities for the U.S. in the
same manner &8 the Soviet data is presented in Tables III and IV,

The same method was used in estimating mortalities for Case 2, vhere
shelters are available.

Effect of CEP on Mortality Estimates

Consideration of the very large lethal radii used here, compared with the
size of the cities examined, convinced us that allowance for CEP would not have
a major impact on the mortalities estimated above, where we ignored this factor.
We have checked this hypothesis by & method whose results are not precise but
are accurate enough for the purpose at hand. In any case, the accuracy of the
pepulation distribution data is such that more detailed CEP calculations are not
Jjustified. Our procedure wvas as follows: Representative targets were con—
structed for each country, each representing the aversge pepulation distribution
in a core and several anmuli, and mortalities were computed assuming a 6,200-ft.
CEP.gz/ This permitted us to compere average mortalities for all aiming points
(each country, of course, considered separately) with zerc CEP and with the
assumed CEP, The following table summarizes the results, indicating the percep—
tage of zero — CEP mortalities which would be expected with CEP = 6,200 feet,

assunming no shelters.

Percentage of Zero CEP Mortalities if CEP = 6,200 feet

5-MT Bomb 25-MT Bomb
u.s. 90% 95%
U.S.S.R. 92% 9%

gz/ We used a method suggested by M. Pelsakoff and based on H. H. Germond's
RM=330, The Circular Coverage Function (Unclassified), and alaoc relied on
Germond's tables in carrying out the computationa.
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APPENDIX TABLE IT

Expected Percentage Mortelitles

At Varicus Distances From Ground Zero: S5-=4T and 25%-MT E—bcmd
(CEP = 0)

Distance from Ground Zerc

Bamb Size
0-2.5 mi. 2.5 mi. L4E mi. 68 mi.
Cage 1 -]-'F
5T 95% Bo% 25% -
25T 95% 95% 80% 50%
Case 2 -2-[
S—MT 85% S50% 10% -
25-MT 90% 90% T5% 30%

1/ case 1 — assumes no shelter and nc warning.

g/ Case 2 — assumes warning and conventional shelters htut con—
siderable post=attack mortality among theose
attempting to move from shelters as result of fire,
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APPENDIX TABLE III

*
Estimated Populations of Fiftv Largest Cities in the Soviet Union

Urban Area " Populetion Urban Area Population

{thousands ) {tbousands)
1. Moscow 5,000 26. Zaporozhye 325
2. Leningrad 3,200 27. Yaroslavl 325
3. Gorkiy 900 28. Vladivostok 325
L. Knarkov 900 29. Krasnoyarsk 325
5. Kiev Q00 30. Khabarovsk 325
6. Baku 862 31. Ivanovo 325
T. Novosibirsk 750 32. Irkutsk 325
8. oOdessa 625 33. Astrakhan 325
9. Tashkent Sk 34. Arkganelsk 325
10. Sverdlovsk 550 35. Yerevan s
11. Saratov 550 36. Minsk 301
12. Rostov 550 37- Tula 300
13. Kuybyshev 550 38. Makeyeuka 275
1B, Tobilisi 538 39. Voroshilovgrad 250
15. Riga 530 40. Krivoy Rog 250
16. Omsk 525 41. Kelinin 250
17. Xazen 525 k2. Alma Ata 243
18. Dnepropetrovsk 525 L3. Izhevsk 225
19. Stalino 500 44, Kaliningrad 225
20. Stalingrad k5o LS, Krasnodar 225
21. Molotov 450 46. Zhdanov 225
22. Chelyabinsk 450 L7. Chkalov 225
23. Lvov Las 48. Vilnyus 195
2Lk, Voronezh 350 49. Taganrog 175
25. Ufa 350 50. Groznyy 175

* TFor sources, see Appendix, p. 2.
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APFENDIX TABLE IV

Estimated Mortalities in Soviet Cities

5-MT; CEP = O; Case l

Rank Urban Area Mortali- Accum. Rapk Urban Ares Morteli~ Accum.
ties Total#* ties Total*
1. Moscow  Fo. 1 2.2 2.2 27. Arkangelsk .3 17.0
2. Leningrad 1.8 L.,0 28. Krasnoyarsk 3 17.3
5. Moscow  Fo. 2 1.3 5.3 29. Makeyevka .3 17.6
L. Kbarkov .8 6.1 30. Ivanove .3 17.9
5. Baku B 6.9 3. Astrakhan .3 18.2
6. Kiev T 7.6 32. Kalinin .3 18.L
7. Gorkiy .7 8.3 %3, YVladivostok 5 18.7
8. Novosibirsk .1 8.0 34, Zaporozhye .3 19.0
9. Dmepropetrovsk .5 9.5 35. Tula 3 19.3
10. Sverdlovsk .5 10.0 36, Yaroslavl .5 19.5
11. Tashkent .5 10.5 37. Irkutsk .3 19.8
12. Odessa .5 1.1 38, Khabarovsk .3 20.1
1%. Rostov .5 11.5 39, Yerevan .2 20.3
1k, Tbilist .5 12.0 LOo. Alms Ata .2 20.5
15. Chelysbinsk .5 12.5 41. Krasnodar 2 20.5
16. Omsk .5 13.0 L2, Minsk .2 21.0
17. Saratov .5 135.4 L3, vVilnyus .2 21.2
18. Molotov .5 13.9 44, Chkalov .2 21.4
19. Kuybyshev b 1k.3 45, Izhevsk .2 21.6
20. Kazan A k.7 46, Voroshilovgrad .2 21.8
21. Lvov L 15.1 L7. Grosnyy .2 21.9
22. Stalino b 15.5 48, Krivoy Rog .2 22.1
23, Riga e 15.9 49. Zhdanov .2 22.3
2L, Voronezh .3 16.2 50. Taganrog Jd 22.4
25, Stalingrad 3 16.5 51, Kaliningrad A 22.6
56. Ufa .3 16.8

# Accumulated totals have been rounded i{ndependently,
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APPENDIX TABLE V

Estimated Mortalities in Soviet Cities

. 25=MT; CEP = 0; Case 1

Rank Urban Area Mortali=— Accum. Rank Urban Area Mortali= Accunm,
ties Total* ties Total#
1. Moscow No. 1 2.7 2.7 27. Ufa 3 19.6
2. Leningrad 2.3 k.9 28. KXrasnoyarsk .3 19.9
3. Moscow No. 2 1.8 6.7 29. Zaporozhye .3 20.2
k. Gorkiyy .9 7.6 30. Astrakhan .3 20.5
5. Kharkov .9 8.4 31. Irkutsk .3 20.8
6. Kiev .8 9.3 32. Makeyevka .3 21.0
7. Baku B 0.1 33. Kalinin 3 21.3
8. Novosibirsk R 10.8 34. Ivanovo .3 21,6
9. Tashkent .6 1.k 35. Vladivostok .3 21.9
10. Sverdlovsk .6 12.0 36. Yaroslavl .3 B82.2
11. Dnepropetrovsk .6 12.5 37. Tula .3 22.5
12. Kyubyshev .6 13.1 38. Khabarovsk .3 22.7
13. Odessa .6 13.6 39. Yerevan .3 23.0
14, Tbilisi .5 1.1 LOo. Alma Ata .2 23.2
15. Rostov .5 14,7 41. Krasnodar .2 23.5
16. Saratov .5 15.1 k2. Minak .2 23.7
17. Chelyabinsk .5 15.6 43, Zhadanov .2 23.9
18, Stalino .5 16.1 L. vVoroshilovgrad .2 24.1
19. Omsk .5 16.6 4S. Vilnyus .2 2L.3
20. Molotov .5 17.1 46. Izhevsk .2 2Lk.5
21l. Lvov 4 17.5 k7. Chkalov .2 24,7
22. Kazan A 17.9 L8. Xrivoy Rog .2 24.9
23. Riga b 18.3 49. Grozoyy .2 25.0
2Lk, Stalingrad 3 18.7 50. Taganrog .1 25.2
25. Voronezh .3 16,0 51. Kaliningrad .1 25.3
26. Arkangelsk .3 19.3

* Accumulated totals rounded independently.
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Major U. S. Urban Population Concentrations

Urbanized Area

{Populations in Thousands)

Populatior Rank ‘Population Rank Pop. Std.

Rank Eatimated Pop.

Urb. Area Prin. City Metro Area in 6 mi. radius

New York — i

New Jersey 12,296 1 7,892 1 12,832 1 *
Chicago L,921 2 3,621 2 5,476 2 *
Los Angeles 3,997 3 1,970 Y L339 3 .
Philadelphia 2,922 L 2,072 3 3,661 4 2,009
Detroit 2,659 5 1,850 5 2,973 5 1,298
Boston 2,233 6 801 10 2,355 6 921
San Francisco —

Oakland 2,022 7 775 11 2,214 7 .
Pittaburgh 1,533 8 677 12 2,206 8 917
St. Louis 1,400 9 857 8 1,673 9 1,041
Cleveland 1,384 10 615 7 k5 11 631
Washington 1,287 11 802 9 1,458 10 880
Baltimore 1,162 12 950 3 1,321 12 7688
Minneapolis -

St. Paul 985 13 522 17 1,107 13 -
Milwaukee 829 1k 637 13 864 16 658
Cincinnati 813 15 504 18 8e8 15 626
Buffalo 798 16 580 15 1,086 14 731
Kansas City 698 17 Ls57 20 808 17 664
Eouston 697 18 594 14 802 18 534
New Orleans 660 19 570 16 681 22 615
Seattle 622 20 468 19 726 20 329
Providence 551 21 249 37 733 19 370
Dallas 537 22 L33 21 611 2i4 335
Portland 513 23 374 27 701 21 391
tlanta 508 24 331 31 66k 23 L25
Indianpolis 502 25 a7 22 shg 28 Ly2
Denver koo 26 L16 23 560 26 425
Louisvilie L1327 369 28 5Th 25 358
Miami 459 28 okg 38 589 34 255
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APPERDIX TABLE VI (Cont.)

Major U. S. Urban Population Concentrations
(Populations in Thousands)

Urbanized Area Population Rank Population Rank Pop. Std. [Rank Estimated Pop.

Urb. Area Prin. City Metro Area in 6 mi. radius

San Antonio 7 29 Lot 24 kg6 33 295
Birmingham 45 30 326 32 554 27 300
Columbus 435 3 376 26 502 32 350
Ban Diego 433 32 334 29 536 29 280
Rochester (N.Y.) ko9 33 332 30 L85 35 339
Memphis (Tenn.) Loé 3k 396 25 480 36 325
Norfolk-

Portsmouth 385 35 ~Mh L3 410 38 363
Akron 367 36 275 35 408 39 320
Toledo 36L 37 30k 33 3935 L1 307
Springfield—

BEolyoke 357 38 162 L7 ko7 40 276
Dayton 347 39 24k 39 453 37 309
Fort Worth 3L Lo 277 3h 359 44 265
Cmaha 310 kK 251 36 362 L3 290
Hartford 301 k2 177 Ly 356 45 273
Youngstown 293 L3 168 ) 527 30 217
Albany-Troy 292 L 135 48 513 3 200
Oklahoma City 275 ks 244 Lo 325 LB 257
Wilkes—~Barre 272 L6 7 Lg 351 42 171
Syracuse 265 47 221 L2 341 46 262
Nashville 259 L8 174 45 320 L9 240
Richmond 258 k9 230 41 327 Ly 250

55,199 35,686 36,710

* Data not derived for single radius origins in multiple ground zero clties;
total includes populstion within € miles of all ground zeros.

Source: U. S. Department of Commerce 1950 Population Census, Vol. II,
Characteristics of the Population {Washington: Gov't Printing Office,
1952).
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APPENDIX TABLE VII

Estimanted Mortelities in U. S. Citles

zjggiscmb
CEP = 0; Cerme 1

Rank Urbanized Ares Mortali—~ Accum. Rank Urbanized Area Mortali-— Accum.
ties Total ties Totel
1. New York {Bronx) 1.9 1.9 22, Houston .3 15.6
2. Nev York (B'klyn) 1.5 3.4 23. Denver 3 16.0
3, Chicago (Northern) 1.2 L7 2L, Indianapolis .3 16.3
L. Pniladelphia 1.1 5.7 25. Atlenta .3 16.6
5. Chicago (Southern} .9 6.6 26. San Francisco —
6. New York (Newark) .8 7.4 Cexland (Oek) 3 16.9
7. Boston .7 8.1 27. Louilsville .3 17.3
5. croit .7 8.8 28. Los Angeles (No.2) .3 17.5
9. Baltimore € 9.4 29, Portland 3 17.8
10. Washington .6 10.0 0.  Providence -3 18.1
11. St. Louis .6 10.6  o1- Rochester 3 8.k
12, Sen Frencisco — 32. Memphis -5 18.7
Oakland (SF) .6 11.1 33. Akron .3 18.9
13. Milwvaukee .6 11.7 34, Norfolk~Portemouth .2 19.2
1L, 3Buffelo .5 12.2 35. Dayton .2 19.4
15. Pittsburgh .5 12.8 36. Columbus .2 19.7
16. Clevelend .5 13.2 37. Birmingham .2 16.9
17. Minneepolis 38. Hartford .2 20.1
St. Paul {Minn.) .5 13.7 39.  Syracuse 2 0.4
18, Kansas City AU 14.1 40. Toledo 5 50.6
19. Newv Orleans b 14,5 k1. Seattle o 20.8
20. Cincinnatl b k.9 - k2,  San Antonic .2 21.0

21. Loe Angeles (No. 1) h 15.3
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AFPERDIX TABLE VII (Cont.)

Estimated Mortalities in U, S, Cities

Rank Urbenized Area
43, Omaha
L4, Minneepolis—St.Peul
(st. Paul)
45, Richmond
k6. Los Angeles (Fo. 3)
L7, San Diego
L8, Dallas
L9, Oklshoma City

>-NT Bomb
CEP = 0; Case 1

Mortali— Accum. Rank Urbeanized Area Mortali— Accum.
ties Total ties Total

.2 21.3 50. Springfield,
Bolyoke .2 22.6
.2 21.5 51. Miami .2 22.8
.2 21.7 52. Fort Worth .2 23.0
.2 21.9 53. Youngstown .2 25.2
.2 22.1 5L, Nashville 23.3
.2 22.3 55. Albany-Troy .2 23.5
.2 22.% 56. Wilkes—Barre 51 23.6
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Estimanted Mortalities 4in U. S.
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Cities

25-MT Bomb

CEP = 1; Case 1l

Rank Urbanized Area Mortali— Accum. Rank Urbanized Area  Mortali— Accum.
ties Total* ties Total*

1. RKewv York {Bronx) 3.5 3.5 23, San Frencisco—
2. Nev York (B'kKlyn) 3,1 6.6 Oakland (Oak) .5 25.6
3. Chicago (Northern) 2.1 8.7 2k. Houston .5 26.1
k. Philadelphis 1.9 10.6 25. Los Angeles (No. 3) .4 26.6
5. Detroit 1.3 11.9 26. 1Indimnapolis .4 27.0
6. Chicego (Southern) 1.3 13.2 27. Atlenta 4 27.4
7. New York (Newark) 1.0 4,2 20. Denver A 27.8
8. Boston 1.0 15.2 29. Portland b 28.2
9. St. Louis 1.0 16.1 30. Providence A 28.6
10. Pittsburgh .G 17.0 31. Seattle .3 28.9
11. Los Angeles (No. 1) .8 17.8 32. Louisville 3 29.2
12. Washington 8 18.6 33. Korfolk-Portsmouth .3 29.6
13. Baltimore .8 19.4 34. Rochester .3 29.9
14. San Francisco— 35. Columbus -3 30.2
Ca¥lend (SF) .7 20.1 36. Memphis .3 30.5
15. Los Angeles (No. 2) R 20.9 37. Akron .3 30.8
16. Cleveland T 21.5 38, Dallas .3 21.1
17. Buffelo -7 22.2 39. Deayton .3 3.4
18. Milwaukee .7 22.9 L0, Birmingham .3 %1.7
19. Kansag City -6 23.5 L1. Toledo .3 5.9

20. Cincinneti .6 2k.o L2, Minneapolis—

21, Minneapolis— st. Paul (St.P.) .3 32.2
St. Paul (Minn) .6 2L.6 43. San Antonio .3 355
22, RNew Crleans .6 25.2 LL, Omaha .3 35
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APPENDIX TARLE VIIT (Cont.)

Eetimated Mortalities in U. S. Cities

25-¥T Bomb

CEF = 1; Case 1

Rank Urbanized Area Mortali— Accum. Rank Urbanized Area  Mortall— Accux.
ties Total* ties Total#®*

L5, Hartford ) 35.0 51. Richmond .2 3.5
46. San Diego .3 5.3 52. Miami .2 3.7
47. Springfield— 53. Nashville .2 34.9
Bolyoke -2 33->  si. Youngstown .2 35.2

48, Syracuse L2 =hL.3 55. Albany-Troy 2 35,3
49. Fort Worth -2 4.0 56. Wilkep~Barre 2 35.5

50. Oklehome City .2 3L.3

* fAccumilated totals have been rounded independently.



