INTRODUCTION

The core of this book is a 71-page, mimeographed, paper, The Flaw in Deterrence, that I wrote

in 1982 to gain entrance to the University of Chicago's political science Ph.D. program. Since I had no
word processing equipment then, I wrote it with an IBM Selectric typewriter, and the paper contains a
number of typographical errors that I did not have time then to detect and correct. That paper, including
its errors, is reproduced here (some errors are indicated, but uncorrected). In turn, the paper was
developed from two letters of mine that were published in “Harvard Magazine” (Harvard University's
alumni magazine) in its April-May, and July-August, 1982 issues. I wrote the letters as a contribution to
a discussion of the probability of accidental nuclear war that “Harvard Magazine” was carrying on at

that time. Copies of these letters are in Supplemental Appendix 1 of this book.

Since I wrote the paper, The Flaw in Deterrence, I have elaborated on its main ideas.

These elaborations are mainly in showing graphically how large numbers of missiles affect the
probability of nuclear accidents. These elaborations are in Supp. Appendix 2, a copy of the leaflet, “The
Enola Gay and the Apocalypse Equation.”

The central idea behind all of these studies is that, Probability is a function of time. This is a
fundamental principle, similar to the law of gravity, that is neglected by all of the deterrence strategists
whose work is analyzed on pages 16-43 (Examples), of this study. The neglect of this principle I think
may destroy the human species. I want everyone to understand this danger, and why, because of it, the
thermonuclear arsenals, that are supposed to make deterrence work forever, should be deactivated at
once, by all nations, regardless of what other nations do. Antagonistic thermonuclear arsenals spell the
end of the human species, not permanent peace. People should be devoting their minds to developing
non-lethal, non-violent, means for resolving human conflicts, not to “improving” nuclear, and other,
weapons of mass destruction.

Supp. Appendix 4, “The Name of the Game,” shows how mathematical probability analysis and
game theory (which is a branch of rational choice theory) fit together to prove that unilateral nuclear
disarmament is the most rational policy.

Supp. Appendix 5 is a 1986 “Parade Magazine” article by Stanford University professor of
electrical engineering Martin Hellman (now emeritus professor), that makes essentially the same

argument about the probability of nuclear war as The Flaw in Deterrence.

Bradford Lyttle, 2/11/17
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"The universe of data out of which reasonable military decisions have to
be made is a vast, chaotic mass of technological, economie, and political
facts and predictions. To bring order out of the chaos demands the use of
scientific method in systematically exploring and comparing alternative
courses of action. When the method is true to its own scientific tenets,
it is bound to be more reliable by far than the traditional alternative

method, which is to solicit a consensus of essentially intuitive Judgements
amo ie N . . .
ng experienced commanders - Bernard Brodie, Strategy in the Missile Aze

(1)

"Some people appear to be very suspicious of calculations - and correct-
ly so. I have written extensively...on how quantitative analysis can lead
either wittingly or unwittingly to error, but that does not mean that non-
quantitative analyses are any less misleading. There is another reason for
using numbers. The only way in which we can communicate even intuitive noe
tions with any accuracy is to use quantitative measures,"

~ Herman Kahn, On Thermonuclear War { 2 )

"The numerical illustrations are intended simply to set out as starkly
as possible the essential logic of deterrence; there is no intent to light a
torch for the "quantifiability" of the factors involved, which are, of course,
highly intangible, unpredictable, unmeasurable, and incommensurable except in
an intuitive way. It is worth keeping in mind, hovever, that decision-makers
do have to predict, to measure, and, in some sense, to make incommensurable
factors commensurate if they are to reach wise decisions. Although, in prac-
tice, the factors cannot be given precise numbers, it is legitimate, for
theoretical purposes, to pretend that they can be in order to clarify the
logic or method by which they should be weighed and compared. The logic is
Just as applicable to imprecise quantities as 4o precise ones; to express it
in mathematical terms can provide a useful check on intuitive Jjudgment and
may bring to light factors and relationships which judgment would miss.”

- Glen H. Snyder, Deterrence and Defense

(3)







THE FLAW IN DETERRENGE

by
Bradford Lyttle

"No purpose of government is more central than the protection
of its citizens' i ity."
n physical security - Richard Smoke { 3 )

I. THESIS

The purpose of this paper is to demonstrate that the body of thought known

as "deterrence strategy" includes a false assurption that invalidates it as a
reliable foundastion for national policy.

The assumption is that it's possible to repeatedly risk a catastrophic event
without the event becoming probable.

When the demonstration is complete, it will be seen that deterrence, far from
being the safest policy possible, the origin of greatest security for the nation,
is an exceedingly dangerous strategy, one that threatens the existence not only of
the nation as a social unit, but perhaps of world civilization itself.

The heart of the demonstration will be the mathematical probability principle
that if a small risk is repeatedly taken over an extended veriod, the probsbility
of the event being risked occurring approaches certainty. Since probability the-
ory can be tricky, and sometimes at first can seem to defy "common sense", it may
be helpful to examine some "everyday" examples of the principle in question.

Suppose that we want to know the probability of an event over an extended
period if we know what that probability is over an interval less than the per-
iod. Perhaps the simplest example of this problem is offered by the flipping
of a coin. TIt's evident that the chance of flipping one "hesd" in one flip is
% or .50 or 50%. Also, it's true that flipping a coin several times in no way
changes the 50% probability of flipping a head on each flip. But, what's the
chance of flipping at least one head in two flips? An jmmediate reaction might
be that it's % + %, or 1, 100%, but a little thought will show that that's in-
correct, for we know by experience that we can flip a coin twice and not get a
head.

Another guess might be that the probability is % x %, or %. But reflection
shows that that's not the right answer either, for if the chance of flipping at
least one head in one flip is 50%, then the chance of flipping at least one head
in two flips must be greater, not less, than 50%.

These considerations suggest that the chance of flipping at least one head
in two flips must be greater than %, and less than one, Also, we suspect that
there's a mathematicel formula, a probability equation, that will enable us to
exaectly calceulate that chance.
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The equation is this: P= ,-'("'f’) where P is the probability of

flipping at least one head in a sequence of flips, p is the chance of flipping
a head in one flip (% or S50%), and n is the number of flips in the sequence

{ 2 ). Without engaging in a formel derivetion of this equation here { 3 J,

a brief analysis of it cap give insights into why it "works."

The probability of the event in one interval is p. The expression (|~1>)

therefore is the probsbility that the event will not occur in that interval. If
we ralse(p. ) to the nth power, we are simply multiplying the likelihood that

the event won't happen, by itself, for the number of intervals in the sequence.
This gives us the probability that the event won't happen over the sequence.
The probability that the event will happen over the sequence is then one minus
the probability that it won't happen.

To gain a feeling for this equation and the relationships it represents,
let's perform several calculations with different probabilities and sequences.
Rather than taking my word that the numbers given in this paper are correct, the
reader might perform the calculations him or herself. Any pocket calculater with
a ten digit display, and 37Fo§;<71=nd ff;?“or 4 X > functions will handle the

caleulations. I use a Sharp EL-506H; about $25. To start off, let's return to
our first problem. What's the chance of flipping at least one head in two flips?

P:-. 50%2‘50
n= a

P I-(1=) = (- (5) = 1= 5= 755 75%

The equation shows that in two flips we have a 75% éhance of flipping at
least one head.

What's our chance of flipping at least one head in ten flips?
P= 506%=.50
n

P

n

10
(- (1=50)"= |- (:50)"= [~ .00097¢ =.999= 99.9%

The equation shows that in ten flips we have a 99.9% chance of flipping at
least one head.




_ Now let'’s graduate from a coin, in which p is 50%, to a die (one of a pair
of dice). Being a cube, a die has six sides. Therefore, the chance of any given
number coming up when we throw the die is 1/6 or .167. Suppose that we want to
know the chance of throwing a five in two throws:

P= .1e7

ns: A
P=if=(1~167)= [~(.933) = |~.69= .31 = 31%

Let's try ten throws:
P= . 167
h=1lo

Pei-(1=0e1) = |- (833)"= |- .16 = . 84= 4%

While we're thinking about the chances involved in throwing g die, let's
also consider the game of "Russian roulette." In Russian roulette, the players
put one bullet into the chamber of a revolver. Each player in turn then spins
the chamber, presses the revolver's barrel to his or her head, and pulls the
trigger. The player who survives the most turns "wins." Since most revelvers
are six-shooters, that is, their chambers hold six bullets, the chances of being
shot in any turn are the same as those for throwing s given number with a die.
In ten turns, a player would have an 84% chance of being killed.

Finally, let's assume that we are throwing a geometrical solid that has one
million sides rather than six. In this case, the chance of throwing a five in
one throw is | /[,¢e0,000 or .000001. The chance of throwing at least one five
in 10,000 throws is then:

P =.06006006i1
h= /0,000

P-i- (;m.wooan)

to, 00 10,000

= [~ (av993) © = (~.97 =.01= [%

If we throw the solid one million times, the chance of getting at least one
five is:
P = .000001

= (000,000 _
1,800 000 1,800,900

P=i- (l~.ooaool) ’ = [~ (9719%9) = [~.37=.€3 =637

Te gain a further sense of the equation, the reader might perform more cal-
culations, choosing p and n t¢ his or her fancy.

These numerical experiments show us how the equation works. A further sense
of the equation can be galined by asking, What class of mathematical equations does
this equation represent? It's an exponential equation, because of the exponent,
or power sign, "n'". If plotied on a graph, exponential equations produce curves
that approsch, but never reach, a certain limit. The eguastion we've been using
can be graphed this way:
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The graph shows that as n increases, the probability of P approaches certain-
ty.

Goirg back to our coin, we can see how the probabilities produced by d4if-
ferent sequences of flips fit this curve. Two flips give a 75% chance of getting
a head. Ten flips give a 99.9% chance of seeing at least one head, but even if
we flip the coin ten thoussnd times we'll never get a 100% chance of a head
(In 10,000 flips, P = .9999999...%).

With tﬁis probability equation and its curve in mind, let's now see if it can
be used to gain insights into the fallure probability of deterrence.

Deterrence is generally thought of as the policy through which the United
States prevents the Soviet Union from attacking us or Western Europe with nuclear
weapons. The hesrt of the policy is a threet we make, to the effect that if we
are attacked, we will retaliate in such a way that the Soviet Union will suffer
a net loss from its aggression. There is more to deterrence than this. The no-
tion can be applied to situations involving conventional as well as nuclear wea-
pons, and deterrent policies can be employed to try to prevent attacks on parts
of the world other than the U.S. and Burope. In all of these situations, the
principles are the same. Deterrence involves a threat. The nation that is being
threatened refrains from an asggressive action efter calculating that losses that
?ill ?e suffered from the retaliation exceed the possible gains from the attack

For the deterrent threat to be effective, it must be backed up by a means of
retaliation, the "hardware.” In our time, this consists, primarily, of nuclear
weapons arsenals. If a nation makes a threat without possessing the hardware to
implement it, then the threat 'is a bluff, and runs the danger of being understood
as such by the "enemy." When the "enemy" realizes. that the threat is a bluff,
he or she is no longer deterred.

It's evident from these considerations that deterrence depends on creating a
certain mental state in the "enemy." Deterrence strategy is primarily specula-
tions about what conditions are necessary to keep the "enemy" convinced that ag-
gressive behavior is unwise. ILooked at this way, it appears that with the proper
-strategy, an appropriste threat,and the right kind of hardware,it should be possi-
ble to keep the "enemy" deterred forever. Deterrence strategy therefore becomes
an intellectusl "balancing" exercise depending on intelligence and knowledge.




None of this thinking involves attempting to apply mathematical probability
analysis to the fundamental assumptions of deterrence. Deterrence strategists
merely speculate, in the following manner, sbout the probability that the "enemy™
will be deterred by a given strategy: "Because our land-based missiles have be-
come vulnerable to the Soviet Union's $8-20, a "window of vulnerability" has open-
ed, and there's s possibility that the Soviets will attack us. We must close the
"window" by installing the invulnerable MX."

Th? aprroach of mathematical probability analysis is somewhat different. Tt
asks, "Is there actually a chance that one or more battle-line missiles will be
launched, and, if there is, exactly what is the probability in quantitative term?"

Answering this question first involves examining several of the basic assumptions
of deterrence.

As we've seen, deterrence involves a threat, and the means to implement the
threat. The threat's made because U.S. leaders believe that there's a possibility
that the Soviet Union will attack the U.S. They seem to believe that this possi-
bility exists because Soviet leaders have expressed hostility toward the U.S.,
have the nuclear weapons capable of implementing an attack, have expressed con-
tempt for "bourgeois " moral seruples, and have invaded a number of other countries,
such as Poland, Finland, Czechoslovakia, Hungary, and Afghanistan. Deterrence is
designed to make this possibility of an attack as iow as possible. The problem
is, if the possibility's assumed at all, the probability equation shows that the
probability of an attack will approach certainty. Putting the matter mathemati-
cally, in the equation, P= !_(,_P)R , if p is greater than zero r)o ) , P

will approach certainty. The only way to prevent this is to assume that deterrence
can make the probability of an "enemy" attack zero. But this assumption makes
deterrence unnecessary, and is never made. In other words, the assumption that
makes deterrence necessary, also makes its failure approach certainty.

There's more to the contradiction than this. The threat that makes deterrence
"work" involves creating the possibility of an attack, If there was no possibility,
the "enemy" wouldn't be deterred. But, as soon as the possibility of an attack
is created, the equation shows that the probability of an attack will appreach cer-
tainty.

Perhaps this second contradiction has never been seen by deterrence strategists
because they believe that their side will never attack. TFor instance, a SAC gen-
eral might say, "No. There's no possibility that we'll attack the Soviet Union.
Our bombers and missiles are only for retaliation.' The difficulty with this claim
is that it can be made also by the other side for its arsenals. If we take this
perspective, there's no chance that either side will attack the other, no matter
how large their arsenals may be. In that case, deterrence is unnecessary for any-
one. : :

The arms race testifies to the reality of the situation. Both sides see the
arsenals of the other as a threat, as the possibility of an attack. Therefore,
they constantly "upgrade” their own arsenals to keep the possibility as low as
possible.

Another objection to the anlysis might be that it misrepresents how probabili-
ty operates. A critic might say, "Well, I sgree that there's a chance that the



Soviet Union will attack us, but by keeping the chance very low, we can prevent
an attack forever." This criticism fails to recognize that the idea of probabi-
lity always involves an interval of time. If I say that there's one chance in
50,000 that I'11 be hit by a car if I cross the street, I'm saying that during
the time it takes me to cross the streetthere's a one-in-50,000 chance of being
hit by a car. Tt makes no sense to say that the chance of being hit is independ-
ent of time, for,if it were, it wouldn't make any difference how many times I
crossed the street.’

Deterrence strategists seem always to make the mistake of not recognizing
that risk is related to time.

The mistake is natural unless one is conscious of mathematical probability
theory. A substantial amount of our thinking is involved in trying to minimize
risks for ourselves. However, we don't think of it as minimizing risks, we
think of it as eliminating risks. For example, we say, "If I put on this sweat-
er, I won't get cold." Or, "If I put gas in my car's tank I won't stall on ‘the
expressway.” The reality is that by .doing these things we reduce or minimize
the probability of the unwanted experience. Because in our lifetimes we may
never have had the experience, we assume that our actions make its probability
zero. The mistake in thinking isn't serious because the unwanted experience
isn't very important. Section II of this paper will show how the mistake involves
a philosophic error. If made in regard to deterrence, its consequences can be
disastrous.

Insights concerning when deterrence will fail

What we've been considering is the probability of the breakdown of strateglc
deterrence, the likelihood that the highest authorities on one side or the other
will decide to attack. This kind of breakdown can be called "en authorized mis-
sile launch." However, there's another way that war could break out, and that's
by the unauthorized launching of missiles by one side or the other. An unauthor-
ized launch couwld occur because of a mechanical or electrical breakdown in a
launch mechanism, the psychological instability of missile base crews, or mis-
takes and psychological instabilities on the part of persomnel in strategic
command centers. Unauthorized launches are a more precise way of describing what's
popularly called "accidental war." ( 6) Some people believe that the unauthor-
ized launch of a missile inevitably would trigger a full-scale general nuclear
war. Others believe that by means of the "hot line," and other communication
devices between the superpowers, an unauthorized launch could be prevented from
resulting in geners]l war. Whatever the true probabilitles of the situation may
be, everyone would agree that any unauthorized launch could be extremely des-
tructive, and could have very dangerous implications. Once launched, battle-line
missiles can't be destroyed or "aborted" in flight { 7 )}, and anti-ballistic mis-
sile (ABM) systems to intercept them either don't exist { 8 ), or have a low
probability of effectiveness. Furthermore, most strategic missiles have more
than one warhead; they may have ten. Therefore, the unauthorized launch of even
one missile could destroy many important centers in one of the superpowers. The
unauthorized launch of a salvo of missiles, say the 15 Minuteman missiles from
one base, or the 24 missiles from one Trldent submarlne, could devastate a coun-
try.




In addition, unauthorized launches could "decapitate” a nation's command
system, and thus make it very difficult for hot-line restraints to work ( 9 ).
Under some circumstances, they could be as destructive as authorized launches.

Mathematical probability analysis provides somewhat different insights when
applied to authorizied angd unauthorized launches, and therefore will be discussed
separately.

Authorized launches

What's the probability of an authorized launch? Consider the bipolar
U.5./8oviet deterrence relationship, As we've seen, there's always some chance
that one side or the other will attack. - During any given interval, this chance
will be different for each country, but we can combine the two chances into an
average chance of some attack during that interval. We can then let the letter
p stand for this average chance of some attack, and let our interval be 2L hours,
or one day.

Consider now the probability equation: f3=|'&”?) . If we want to know
p's value, we must re-arrange the equation so that p is the dependent variable,
and P one of the independent variables. We can do this in this way:

Pz i-(1-p)"
= (-p)"= P

"W~P

1P -1
@ pe-YCP

Given this equstion, 1f we want to know p's value, we must have values for
n and P. A key bit of information that enables us to set values for n and P is
that no nuclear attack has takern place since bipolar nuclear arsenals have come
into existence. Nuclear arsenals have been operational for about 34 years. To
simplify our calculations, let's round this off to 30 years. Thirty years is
10,950 days. Therefore, n=10,950,

t '
e
N 1]

The independent variable P is the probability of an attack in 30 years. Since
no attack hes occurred, we can assume that P has been less than probable. There-
fore, we can let P=49%, or .LoO.

Now, we are prepared to calculate P:
n= fo,'?'ﬂ’
P=.41

7
Pai= " 1w = = S = 1 11994 = 00006 = 004 Y




These calculations show that since bipolar deterrence came into effect, the
average daily chance of a U.S. or Soviet attack has been no higher than six one
thousandths of one percent. It can't have been much higher than this, or an
attack would have become probable. I could be lower.

This insight concerning the probability of an attack has several implications.
First, it shows that for deterrence tohaveworked as long as it has, the proba-
bility of an attack must have been kept very low. That means that both the U.B5.
and the Soviet Union must have been remarkably restrained and peaceful in their
actual attitudes toward each other. This belies the picture of bellicosity
painted by aggressive extremists of both sides, who often suggest that one side
or the other is itching to attack. It's encouraging to realize that despite
their often hard language toward each other, the leaders of both the U.5. and
the Soviet Union have been trying to keep matters from getting out of hand.

Another implication is that we can't expect deterrence to work for a long
time if we permit p's value to climb to any degree. For example, we can't take
high risks with deterrence and expeect it to keep on "working."

To illustrate this last principle, let's assume a series of international
crises, like the Cuban missile crisis, in which the probability of an attack is
high. Let's say that in crisis #1, the probability of an attack is 40%, in cri-
sis #2 it's 20%, in crisis #3, it's 50%. We can calculate the probability of an
attack over the three crisis period in this manner:

P= |~ (1= 40)(t=.20) (1~ 50)
P 1 (-60)(.20)(-#?)
Pz |—.29 =.76 = 76%

The calculations show that we probablyY wouldn't have survived the three
crises. : ' i

It should be pointed out before summarizing these points, that the approach
can apply to deterrence situations with any number of "poles," such as uni-polar,
or multi-polar deterrence. In any case, it shows us what the daily probability
of an attack has been. Thus, the nuclear arsensls of Great Britain, France,
China, India, ete. could be inecluded in the analysis.

To summarize what we nowrknoﬁ about the failure probability of strategic
deterrence: '

1. It approaches certainty;

2. For any given day, it must have been no more than .006% for bipclar de-
terrence to have "worked" for 30 years;

3. Leaders of both the U.S. and the Soviet Union have shown great restraint.
They haven't often seriously considered attacking;

L, The daily strategic launch probability already is so low that severe in-
ternational tensions easily could make a launch probable;
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5. Ft's i@possible to run repeated high risks with deterrence without
incurring a high probability of catastrophe.

Unauthorized launches

An analysis of the probability of unauthorized launches, similar to the one
that we've just applied to authorized launches, can yield additional insights.

First, it's unnecessary to closely examine the assumptions at the foundation
of deterrence strategy to realize that the probability of an unauthorized missile
launch is greater than zero. We know that once a missile is battle-ready, it
could be launched in a variety of unauthorized ways. Therefore, an unauthorized
missile launch will become probable,

Once this is established, there are g variety of other insights about upau-
thorized launches that can be gained through probability anslysis, among them, the
upper limit to the probability that any given missile will be launched on any
given day, and when it's probable that a missile will be launched.

In regard to the launch probability for any given misgile, we can use an
anelysis similar to that which we employed while investigating authorized laun—
ches. The main difference ig that when investigating unauthorized launches, the
variable that most interests us is the chance of a single missile launch rather
than that of a strategic salvo. What is the probability of the unauthorized
launch of a single missile? .

We can begin the analysis by letting p stand for the probability that any
given missile will be launched on any given day {overany 2lL-hour period). There
are many missiles, which means that the chance of at least one of the total number
of missiles being launched is greater than the chance of just one missile being
launched. If we let m stand for the totail number of missiles, the equation that
gives us the probability of some missile being launched over the extended period

iss nm
P=1-(-p) (10)
We are most interested in the value of P. ©Solving the equation for p, we get:
hm -
p=1-vi-F

What are the probable values of our independent variables? We know that
together, the U.5. and Soviet Union have about L, 000 strategic missiles; m=h,000.

Also, we know that these missiles have been battle-ready for at least ten years:
n=3,650. . .

Since no missile has been fired, we can assume that P is probably no larger

than 49% (.49). So:

f= }.... 3,650 x 4 oeo ,—-—‘_-l.—.ngq - !, 14,600, 000 r-*-—';l . ’_.?7?7??7

;- 7

= o3 = =
L 0000004 70,000, 000 /0
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From these calculations, we see that the probability of an unauthorized mis-
gile launch cannot have been greater than about one chance in ten million for
the likelihood of a launch to have remained improbable over the past decade. This

is a very low probability. It suggests that efforts to further reduce the proba-
bility of an accidental attack may huve little effect, particularly when we con-

sider that few quantified insights exist regarding how any safety measures ac-
tually affect the probability of a launch.

When will a Jaunch become probable 7 Answering this question by means of a
direct mathematical approach requires solving our eguation for n:

P=|-(-p2"™
(i"f)n":: - P
nim = igg_gt;fl.

Jeg (1-p)
@ h= 19 (1-P°)
. leg (I-p)

In examining equation (:), it's evident that we know the values of all of the
independent variables except p. The value of P is 51% (.51). The value of m
is L,000. In regard to p's value, our first 1nvest1gatlon showed that p must bhe

very small, no greater than one chance in ten million (IO ), but it could be
emaller than ,o-f .

One thing we definitely know sbout p's value is that p has some definite
value . That is, there's a real, rather than an imaginary probability that a gi-
ven missile will be launched on any given day. This means that there's a date in
the future when a missile launch will become probable. Because of the potential-
1y catastrophic consequences of such a launch, I've called the eguations that

have to do with the ealeulation of unauthorized launch probabilities "Apocalypse
FEquations™ ( 11).

While it would be interesting to establish pfs real value, and thereby be
able to approximate the date of an Apoecalyptic nuclear wespons accident, there's
no way to do this except by statistically analyzing the failure probabilities of
all of the mechanical, electrical, and human systems that control missile lasun-

ches. While this is technlcally possible, it's also enormously complicated and
expensive. { 12),

Despite these con51deratlons, it's thought provoking to realize that if we
assume that p is as small as jo”® (one chance in one-hundred-million) a missile
launch will become probable within 50 years:

nh = {5’,1&‘0
p =107
m < 4,000
' ) -’) 19,450 x 4,000 73,000 00 .
Pai-(l=10 I—(menn) = [~.42 3 529




Anotherinsight provided by the Apocalypse Equations is that the more mis-
siles there are, the sooner one of them will be fired. This is because m, the
- humber of missiles, is an exponential factor, as shown by equation P=)-(-p)™"™.
Increzsing or decreasing m will vary the slope of the curve generated by the
equation. This can be shown graphically in this way:

P

s
{00/0 ————————————————— ——
mn; mg
m
2 -
© >n
In the graph, m, > M, >m3 } my ( 13).

The direct relationship that the number of missiles has to the probability
of an unauthorized launch is neglected by deterrence strategists, who hold that
large numbers of missiles on both sides invariably help to produce "stable" de-
terrence systems.

To summarize what we now know zbout the probability of an unauthorized
missile launch:

1. It approaches certainty;
-7
2. It's upper limit can be no more than about 10 » & value so low that efforts

to improve the "safety" of missile systems mey have little effect;

3. The probability of an unauthorized launch has a real value that could be
epproximated by statistical analysis. This means that it's possible to
approximate when an unauthorized missile launch will occur;

=

If it's assumed that the probability of a given missile being launched over
" any 24-hour period is_,o~9 » a launch becomes probable within 50 years;

5. The more missiles there are, the sooner an unauthorized launch is likely
to occur.

While we've separated the analysis into two parts, authorized and unauthorized
missile launches, it should be remembered that actually, the probability of a mis-
sile launch at any given moment is a combination of the two factors. Since the
unauthorized launch factors are sitable and quantifiable, we could consider them
base factors. The factors related to authorized launches then would be added to
these, The added factors might fluctuate considerably as international tensions
varied.




In addition, the argument that establishes an unauthorized launch protabi-
lity for one missile eventually leads to a proof of an unauthorized launch pro-
bability for a salvo. If there's an unauthorized launch probability for one
missile, there's a probatility for two missiles, ten missiles, the misziles in
& Minuteman base, in a Polaris submarine; the entire arsenal. Since at sone
point unsuthorized launches would equal strategic salvos in destiructive power,
there's little practical difference between the two.

We've already seen that the more missiles there are, the greater is the like-
lihood of an unauthorized launch. What effect has the number of missiles on the
probability of an authorized launch?

This gquestion is one of the main issues of conventional deterrence strategy,
which, as we've seen, is primarily a body of speculations about how an "enemy's"
mental state will be affected by different kinds of threats. Most strategists
have come to the conclusion that a ‘'stable” deterrence system, one in whiech no
one will be strongly tempted to launch an attack, will have several character-
istics, one of which is large numbers of missiles, Large numbers of accurate
missiles, based in ways that would make them difficult to destroy, would insure
that g substantizl part of a deterrence force could survive a surprise attack,
and be zble to retaliate effectively against a variety of "enemy" targets. This
is one of the main reasons why strategic missile systems have grown so large.
The main guestion isn't whether or not a missile force would be able to destroy
the cities of an "enemy." A handful of misgilezcould do that. The most im-
portant question is, How many missiles would have survived a surprise attack,
and be able to effectively retaliate? Since surprise attacks can be devasta-
ting, it's necessary to have large numbers of missiles to insure the survival
of a necessary minimum for retaliation. Large numbers of missiles helps to make
deterrence "eredivle.”

This last insight provides us with the ability to see what deterrence really
means for the United States and world civilization. Conventional deterrence
strategy has brought into existence huge arsenals of very accurate, well protect-
ed nuclear missiles that have the capacity for quickly obliterating civilization
as we krow it. The view that these arsenals can compose a stable deterrence sys-
tem, and the missiles will never be deliberately launched in a strategic attack,
is an iliusion. ©Probability analysis shows that the probability of a strategic
attack approaches certainty. In addition, +the analysis shows that the probabi-
lity of unauthorized missile launches also approaches certainty, and that this
Prouabititywill inerease as the number of missiles increases. These facts mean
that deterrence, far from being a wise national policy that can insure national
security, is about the most dangerous policy that can be concelved within the
present scientific and technological state of civilization.

Deterrence can be considered irrational partly because it inexorsbly tends
to generate a catastrophe - a nuclear war that could destroy civilization and
perhaps the human species -~ which is greater than the catastrophe it's intended
to prevent.
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II. A PHILOSOPHIC ERROR

Before analyzing the works of various deterrence strategists to see if they've
taken into consideration mathematical probability analysis, I'd like to explain
a philesophic error that frequently crops up in deterrence strategy., As wa've
Seen, deterrence strategy is largely speculstion about psychological states, how
various configurations of weapons will affect an "enemy's" inclination to attack.
Once g strategic model has been created, discussed, adopted as national policy,
and given expression in hardware, strategists have tended to evaluate it entirely
on the basis of whether or not it's "worked." Since no battle-line nuclear bombs
have been exploded since 1945, strategists naturally have come to the conclusion
that deterrence has worked. TFrom that belief, it's an easy step to the convietion
that deterrence will continue to work. A concise way of putting this view is
that, "Deterrence will work because it has worked."

That way of making predictions about policies is natural. It's based on the
assumption that patterns that can be detected in the past will be repeated in the
future. Such an assumption underlies most of owr conscious behavior. We've
learned how to act in the worla by thinking about our experiences, our personal
history. A child refrains from putting his or her finger intec a fascinating can-
dle Tlame because he or she remembers the paein that resulted from the first ex-
Ploration. An adult may pul on a woolen sweater before going jogging, because
he or she remembers how unpleasant it was to jog in the cold of the day before,

As s rule of thumb, believing that what's haprened in the rast will cccur in the
future is a wise way of approaching life. It's called "learning from experience.”

Buf, as an iron-clad rule, it's risky. It shoudn's always be considered the
most relisble way for predicting the future. This is because it involves what
philosophers call the error of "induction." Induction involves establishing the
likelihood of an event in the future by noting that the event has occurred in the
past. Philosophers point out that although it's natural to believe that patterns
of past evengs will repeat themselves, there's no logical reason why they
shoutd. ( 1 : ' '

Patterns repeat themselves because of reasons, conditions, not because of
logic. If the conditions change, the Patterns may not be repeated. A simple
example of this is the driver of a car who expects the car to stop when he or
she puts his or her foot on the brake. The expectation is rooted in past exper-
ience, which, in turn, depends on the car's brake system being mechanically
sound. If a brake line rusts through and allows brake fluid to leak out, the
driver may be unpleasantly surprised when he or she depresses the brake pedal on
coming to an intersection. :

Because of this, it's simply not philosophically sound to proclaim that, "De-
terrence will work because it always has worked," or that, "Deterrence has worked
for thirty years, therefore it will continue to work." Conditions may change, or
probability factors may be operating of which we're unaware.
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ITY. A THEQRY OF HISTORY

The probability equations and the curves they generate provide insights re-
garding history. Historians often have noted that history seems mainly a record
or wars, and the rise and decline of nations. Wars imply competitive arsenals,
and competitive arsenals imply military strategy - deterrence strategy ( 1).

A study of political thought will show that concepts of deterrence always have
preoccupied national leaders. They've been interested in presenting so strong
a face to "enemies" that the "enemies" won't attack. Yet, wars have repeatedly
occurred. The reascn is that the deterrence strategies have been inherently
unstable, governed by the probability equation,f&,_G_P)n . "Peace" is that per-

icd during which war is improbable , or less than 50%. "War" has occurred
when time has extended to produce a period within which war's probability is
high, more than 50%. Statesmen and historical philosophers { 2 ) have been
perplexed by their inability to prevent war, and by the complexity and subtlety
of the factors that have precipitated war. Actually, the key to the problem
hasn't been in the maze of factors, it's been in the mathematical probability
laws that govern deterrence. Given deterrence and enough time, the outbreak
of war became probable, no matter how skillfully different factors were jug-
gled. : '

At different times in history, different nations have been powerful. These
nations have expended until blocked by other nations. The expansion can be seen
as the rapid failure of deterrence strategies. When the expanding nation encoun-
tered an opponent of nearly equal power, it has taken more time for the deter-
rence policies to fail.

History can be represented by a graphic model showing this repeated failure
of' deterrence:

' h
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I call the last wave "The death curve of civilization."

This interpretation of history suggests that the theory of a "balance of
power" has never been valid. "Balancing power" by means of arms buildups
and the formation of alliances hasn't created peace, it's only postponed war
by driving the variable p to a low level.

Likewise, the phrase, "sf vis pacem, para bellum," "if you wish peace,
prepare for war,"” is exposed as a dangerous deception. Preparing for war can't
guarantee permanent peace, it can only postpone war. '

The durability of nations hasn't been due to their ability to avert war, it's
been the result of their ability to win wars, or not be dismembered if they lose.
The United States has never enjoyed more than a decade or two of peace. It's
geographic advantages, and democratic political system, have been main factors
in enabling it to win all of the major wars it's fought. It's difficult to
see how the U.S or the Soviet Union will "win" the nuclear war implied ultimately
by nuclear deterrence and the probability equations.
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IV. EXAMPLES

This section is made up of analyses of important writings of influential de-~
terrence strategists. It will show that none of these strategists has been
avare of the implications of mathematical probability analysis for deterrence
strategy. All believe that nuclear war can be repeatedly risked without war be-
coming probable . Also, they've been unaware of the philosophie pitfalls inher-
ent in induction. Section IV will show how these oversights have led strategists
into many erronecus beliefs that have dangerous policy implications. The order
of the analyses is roughly chronological in reference to the works being consi-
dered.

John Foster Dulles

Although John Foster Dulles usually may not be thought of as a deterrence
strategist, he was one of the first. He coined the phrase "massive retaliation”.
Defemding his Indochina policies in a January, 1956 Life magazine article, he
suggested the notion of "brinksmanship":

"You have to take chances for peace, just as you must take chances in
war...Some say that we were brought to the verge of war. Of course we
were brought to the verge of war. The ability to get to the verge
without getting into war is the necessary art. If you cannot master it,
you inevitably get into war. If you try to run away from it, if you

are scared to go to the brink, you a lost. We've had to look it square
in the face - on the question of enlarging the Korean war, on the
question of getting into the Indochina war, on the question of Formosa.
We walked to the brink and we looked it in the face. We took strong ac-
tion." ( 1)

A cover-page note calling attention to the story said, "Three Times at Brink
of War: How Dulles Gambled and Won: ( 2 ). The note and story deeply frightened
many people, who could easily see that it was impossible safely to take repeat-
ed large risks. Adlal Stevenson accused Dulles of playing "Russian roulette"
with world peace,

It's clear that Dulles had no understanding of probability theory, or ewven
intuition of its most general principles. He believed in "manipulating risk."
Adlai Stevenson had an intuitive sense of probability theory, but apparently
didn'trealize that the "Russian roulette" principle was imbedded in sll de-
terrence strategies.

Henry A. Xissinger

The main theme of Henry Kissinger's Nuclear Weapons and Foreign Policy (1957)
( 3 ) is that the United States must develop a capacity for limited war, includ-
ing limited nuclear war as well as conventional war, if its deterrence posture
is to remain credible. Kissinger traces the development of atomic weapons,
maintains that their destructiveness has revolutionized warfare, points out that
the greatest danger today can be from a nuclear surprise attack, since such an
attack could be decisive, and maintains that the emphasis thet the U.S. has
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prlaced on strategic nuclear forces has tended to paralyze policy. If the only
response to every "enemy" maneuvre is a threat to unleash all out nuclear war,
such threats soon will become meaningless. Kissinger argues that the U.S. should
develop tactical nuclear forces, and strengthen its conventional ones. In ad-
dition, he argues for strong leadership that can seize opportunities, and won't
be bound by the time~consuming processes of "committees."

Kissinger expresses no understanding of probability theory. He accepts the
idea that deterrence depends upon the manipulation of risk, but doesn't realize
that such a policy makes war probable. For example, here he is discussing the
deterrent effects of a Soviet ballistic missile submarine fleet:

"...Submarines with 1,500-mile missiles will in effect be able to place
any island under siege and threaten portions of the globe which are now
immune to Soviet attack, such as Australia. They will add considerably
to the Soviet strategic striking power even against the continental Uni-
ted States. Over 50 per cent of the population of the United States
lives within three hundred miles of the coastline. Submarines with 1,500
~mile migssiles lying 500 miles off-shore could cause fearful damsge. To
be sure, such an atiack could not prevent our launching a devastating
counterblow against the U.S.S.R. and would therefore not enable the
Soviet Union to win an all-out war. But it will be an additional form
of blackmail. It will increasethe reluctance of the free world to run
the risks of an all-out war and may thereby paralyze resistance to ag-
gression short of a direet onslaught on the United States." (n)

The paragraph suggests that Kissinger accepts "brinksmanship" as a con-
tinuous, national policy. This impression is reinforced by the following para-
graph. Kissinger wants to make "a strategy of limited war stick" by being wil-
ling to risk "Armageddon" :

"Even among the major powers the strategy outlined in this chapter
will not be easy to implement. It presupposes a military capability
which is truly graduated. It assumes a diplomacy which can keep each
conflict from being considered the prelude to a fipal showdown. Above all,
it requires strong nerves. We can make a strategy of limited war stick
only if we leave no doubt about our readiness and our ability to face
a final showdown. Its effectiveness will depend on our willingness to
face up to the risks of Armageddon." ( 5 )

In The Necessity for Choice (1960) ( 6 ), Kissinger revises and expands
many of the positions he expressed in Nuclear Weapons and Foreign Poliey. In
regard to limited war, he acknowledges the growing body of opinion that it would
be extremely difficult tokeep any nuclear conflict limited, and any nuclear war
would devastate the area where it was fought. He shifts from discussing stra-
tegy in terms of preparing for limited nuclear wars, to proposing ways in which
conventional foreces can be strengthened snd backed-up with nuclear ones to main-
tain a strong deterrence posture, and increase the likelihood that war, if it
occurs, will remein conventional.

Recognizing the dangers of the arms race, he discusses disarmament and arms
control. Much of his analysis is noteworthy because its principles and arguments
can be found in most of today's deterrence strategy, and even has spilled over
into the position of the nuclear weapons freeze campaign. For example, Kissinger
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argues that deterrence systems with fairly large numbers - hundreds - of well-
hardened missiles would be more "stable" than complete nuclear disarmament, or
deterrence systems with only a few dozen missiles. Large well hardened arsenals
are more difficult to destroy in surprise atiacks, hence help to insure a retalia-
tory capacity. Small arsenals could be wiped out easily, and both small arsenals
end zero nuclear weapons situations could be completely "destabilized" by small,
clandestine caches of nuclear weapons. Kissinger writes:

"The discussion about nuclear disarmament has revealed the paradox-
ical fact that there is a certain safety in numbers. And this is true
even if both sides scrupulously observe an agreement to limit nuclear
weapons or the means of delivery. Instability is greater 1f each side
possesses 10 missiles than if the equilibrium is stabilized at, say,
500. TFor an attack which is 90 per cent successful when the defender
has 10 missiles leaves him one - or a number haf@ly likely to inflict —
unacceptable damage. An attack of similar effectiveness when the
defender possesses 500 missiles leaves 50 - perhaps sufficient to pose
an unacceptable risk in retaliation. And of course it is technically
more complicated to destroy such a large number. Reductlon of numbers
is thus not an infallible remedy. A very small and vulnerable retal-
iatory force mey increase the danger of war by encouraging the opponent
to risk surprise attack...

If the permissible number of long-range delivery wvehicles is set at
zero - if, in other words, both sides agreed to destroy all ICBM's and
nuclear weapons -~ even a small evasion, say ten hidden missiles or air-
planes, will confer a decisive advantage. And such an evasion is al-
most impossible to discover. If the number is set very low, say at
10, an additicnal 15 may make a surprise attack possible. In such
circumstances, there would be a dual incentive for evasions: fear
of the opponent's evasion and the temptation to deal with the security
problem once and for all by launching a surprise attack.

On the other hand, if the number is set relatively high, say at
500, even a fairly substantial vicdlation would not confer a decisive
advantage. In that case, 50 additional long-range missiles or air-
planes would not enable the violator to launch a surprise attack. A
decisive advantage can be obtained only by so many weapons that the
risk of detection is likely to sppear excessive." (7 )

As was pointed out in Part I of this paper, the difficulty with this posi-
tion is that it ignores mathematical probability theory. When the probability of
a missile launch approaches certainty, even with the most "balanced" strategic
forces , the existence of large arsenals simply insures catastrophic destruction
for everyone. ‘

At the end of Nuclear Weapons and Foreign Policy, Kissinger describes his
idea of political leadershipin the nuclear age. In a lengthy analysis of com~
munist ideology, he comes to the conclusion that the rather simple, rigid char-
acter of Marxist/Leninist thought mekes it easier for communist leaders to arrive
at strategic decisions, than it is for statesmen in the West, who tend to have a
pragmatic, more scientific viewpoint, that wiﬂgllds decisions until "all of the —
facts are in." .Consequently, Western statesmen may be unable to seize opportuni-
ties, and may be left behind in the struggle for strategic advantage.
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"...Policy is the art of weighing probabilities; mastery of it lies in
in)grasping the nuances of possibilities.[ﬂow‘true!] To attempt to con- -
duct it as a science must lead to rigidity. TFor only the rigks are cer-
tain; the opportunities are conjectural. One cannot be "supe" about the
implications of events until they have happened and when they have occur
red it is too late to do anything about them. Empiricism in foreign po-
l?cy leads to a penchant for ad hoe soclutions. The rejection of dogma=~
tism inelines our policy-makers to postpone committing themselves until
all facts are in; but by the time the facts are in, a crisis hag usually
developed or an opportunity has passed. OQur policy is, therefore, gear-
ed to dealing with emergencies; it finds difficulty in developing the
long-range program that might forestall them." (8 )

Kissinger pursues this theme to the end of the book. He concludes:

"...we should be able to leaven Our empiricism with a sense of urgency.
And while our history may leave us not well enough prepared to deal with
tragedy, it does teach us that great achievement does not result from a
quest for safety. Even S50, our task will remain bsychologically more
complex than that of the Kremlin. As the strongest and perhaps the most
vital power of the free world we face the challenge of demonstrating that
democracy is able to find *he moral certainty to act without the support
of fanaticism and to run risks without a guarantee of success.” (g )

Since Kissinger is unaware that repeatedly running risks, and facing Arma-
geddon, will make nuclear war probable, he has congistently, if unconsciously,
carried out this vision of statesmanship in his own governmental career, Quite
the opposite to a "guarantee of success" in the risks he has unfanstically run,
is the guarantee of probable catastrophic failure. Kissinger's career can be
regarded as a quest for national security that's been conducted without an es—
sential analytical tool: an understanding of mathematical probability theory.

Albert Wohlstetter

One of the most frequently cited works in deterrence literature is Albert
Wohlstetter's article, "The Delicate Balance of Terror,” that was published in
the January, 1959 edition of Foreign Affairs (10 ). The article is a compre-
hensive, yet compact summary of deterrence issues that were considered critical
at the time, and the positions that Wohlstetter advocates may be considered spi-
ritual as well as practical guidelines for the subsequent development of deter-
rence strategy in this country. Major points that he makes are:

- Deterrence depends on a second strike rather than a first-strike capa-
bility. For this reason, simply having nuclear weapons and the means
to deliver them isn't enough. It's necessary to have an arsenal that
can survive a surprise attack, and be delivered to its target;

-~ It isn't easy to maintain a credible retaliatory capacity. Many factors,
including the possible loss of command centers and communications, and
enemy defenses, could make very difficult effective retaliation;
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- There's no alternative to deterrence. Since small caches of nuclear -
weapons always could be concealed, safe, inspected disarmament is im- -
posgible;

-~ The U.S. has the intellectual and spiritual resources to maintain an
effective deterrence posture.

Nowhere in the article is there any evidence that Wohlstetter understands
mathematical probability theory. For example, he writes, "Deterrence is s
matter of comparative risks...Deterrence will require an urgent and continuing
effort.” ( 11 ) In terms of the probability equation, the notion of continuing
risks can only have meaning if pro .

Wohlstetter apperently believes that deterrence can be maintained indefi-
nitely by the exertiorn of sufficient intellectual and spiritual energy. In the
paragraph that concludes the article, he writes:

"A generally useful way of concluding a grim argument...would
be to affirm that we have the resources, intelligence and courage to
meke the correct decigions. That is, of course, the case. And there
is a good chance that we will do so. But perhaps, as 2 small aid toward
meking such decisions more likely, we should contemplate the possibili-
ty that tdey may not be made. They are hard, do involve sacrifice, are
affected by great uncertainties and concern metters in which much 1is
altogether unknown and much else must be hedged by secrecy; and above
all, they entail a new image of ourselves in a world of persistent dan-
ger. It 1s by no means certain that we shall meet the test.” ( 12 )

Mathematical probability analysis shows that no matter how much intelligence,
energy, and courage are expended on deterrence, in a world of persistent danger,
the probability that the "tests" won't be met approaches certainty.

Perhaps the title of the article is the most striking example of Wohl~
stetter's lack of awareness of mathematical probability theory. What makes
a balance "delicate"? Surely, the high possibility at any given moment that
" it will upset. Therefore, the probability that a delicate balance will be
upset rapidly approaches certainty.

Bernard Brodie

Bernard Brodie's book,Strategy in the Missile Age ( 13 ), is considered
one of the seminal works on deterrence. The main theme of the book is that
nuclear, particularly thermonuclear weapons, have drastically changed the nature
or warfare. While in pre-nuclear times a society could be actively protected a~
gainst destruction during warfare, in the nuclear age this no longer is true.
Therefore, what's most important is to prevent nuclear war. This best can be
done by deterrence. Brodie argues that deterrence requires a "rational enemy ,"
who weighs the gains and costs of every situation, and decides not to attack as
long as the costs exceed the gains. For this reason, deterrence depends on ha~
ving a reliable second-strike capsbility. Brodie recognizes that carrying out

retaliation in the event that deterrence fails can be considered irrational and
vindietive.
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. M?ny passages in the book show that Brodie is unavare of the mathematical
pr?bgblllty factors that affect the success of deterrence. For example, in
writing about the ultimate philosophical justification for deterrence, he writes;

?...there are some things which we want very much (for example, national
integrity and independence) and which we do not know how to defend against
external menace except by threatening certain actions which do risk na-
tional suicide. We Justify or rationalize this posture on the ground

that our threats will suffice to hold the menace in check and will not

be challenged.” (1)

In the following passage, he writes that stable deterrence can be maintained
over "the long term": :

"Deterrence after all depends on a subjective feeling which we are
trying to create in the opponent’s mind, a feeling compounded of re-
spect and fear, and we have to ask ourselves whether it is not possible
to overshoot the mark. It is possible to make him fear us too much,
especially if what we make him fear is our over-readiness to react,
whether or not he translates it into clear evidence of our aggressive
intent. The effective operation of deterrence over the long term re-
quires that the other party be willing to live with our possession of
the capability upon which it rests," ( 15 )

In both passages, Brodie assumes that it's posslible to continue to take
risks indefinitely without facing the growing likelihood of nuclear war.

In Brodie's article, "On the Objectives of Arms Control,” (16 ) there are
other passages which show that he isn't aware of probability theory. Here, he
writes about a "probability of war" continuing to be extremely low:

"I find the Kahn-Weiner statement provocative because of their
view of priorities. My own contrary view is that in s pragmatic ap-
proach to arms control the object of saving money really deserves a
superior rating to that of saving the world. The conclusion must im-
ply, among other things, either s high confidence that the probability of
war between the two superpowers will continue t© be extremely low, or the.
conviction that in any case we cannot do much sbout that probability
-through arms control. To make explieit and thus also to clarify what
is otherwise ambiguous, let me record that T subscribe to both propo-
sitions.™ ( 17) ' '

In this passage, he expresses puzzlement over why arms races lead to war:

"...Why the pressures of an arms competition, however costly, irri-
tating, or even alarming they may become, should move one of the compe-
titors to try to resolve it all by resorting to the immeasurably more
costly and hazardous arbitrament of war is not easy to 3ee, unless he
happens to be greatly superior, in which case the competition should n »
. not bother him. If the competition is downgraded to being only a po-
tent contributing cause, then we should focus on what comes first and
consider how much the arms competition really contributes. It may in
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fact derive from the prime cause, which we must assume to be political,
in which case it is simply part of the working out of the animosity, :
that is, it is more an effect than a cause.” (18 )

Arms races lead to war because deterrence 1s governed by the probebility
equation, and is inherently unstable.

~ Here, he expresses disbelief that the cruise missile can cause g nuclear
war:

"But the fate of ourselves and of the world is not going to hang on

what we do or fail to do about some object like the cruise missile.

Not long ago the alleged fate-determining object was the ABM, It

sometimes helps to remember the several invesion panics in England in

the mid-19th century, when the adoption of steam propulsion by war-

ships was supposed to have created "a steam bridge across the Channel."(lg )

The probability equations relating to unauthorized missile launches show
that installing thousands of cruise missiles cannot help but increase the like-
lihood of an unauthorized missile launch. Brodie inverts the error of induction.
He assumes that what has not happened in the past won't happen in the future. He
has forgotten his own argument that thermonuclear weapons have revolutionized war-
fare. :

Because Brodie just isn't aware of probability analysis, he continues to
express doubts that arms races are dangers in themselves:

"Tf arms competitions are not in themselves dangerous, which is to say
significantly provocative of an inclination to war, they are certainly
costly."” ( 20)

Brodie's thought is an excellent example of the thesis of this study. He
loocks at armamentspurely in terms of conventional deterrence anslysis, and has
no awareness of mathematical probability considerations.

Fortunately, Brodie's sense of history, and respect for the scientific me~

thod, seem to prevent him from being dogmatic about his ideas. Toward the very
end of his book he writes:

"The Unpredictability of the Outecome - "Consider the vast influence
of aceident in war, " Thucydides reports the Athenian ambassadors as
saying, "before you are engaged in it...It is a common mistake in going
to war to begin at the wrong end, to act first, and walt for disaster to
discuss the matter." These words, written more than 2,300 years ago,
might have saved much grief in the world if taken to heart by those
who were tempted to believe otherwise. In wars throughout. history,
events have generally proved the pre-hostilities calculations of hoth sides

sides; victor as well as loser, to have been seriously wrong. "Wars" as
a modern writer puts it, "are the graveyards of the predictions concern-
ing “them."

Each generation of military planners is certain that it will not mske -
the same kinds of mistakes as its forebears, not least because it feels
it has profited from their example, Our own generation is convinced it
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has an additional and quite special reason for being sure of itself:
it is more scientific than its Predecessors. Today the American armed
forces are eagerly exploiting science anf scientific techniques not
only to avail themselves of new military tools of increasingly bizarre
characteristics, the enthusiasm for which is itself a departure from
former ways, but also to predict and analyze the tactics and gtrategy
of future wars. It seems alsoc to be a fact that in this repect the
armed forces of the United States are considerably in advance of those
of other nations, including our enemies. If 80, it is an advantage of
very large proportions.

The universe of data cut of which reasonable military decisions have
to be made is a vast, chaotic mass of technological, economic, and po-
litical facts and predictions. To bring order out of the chaos demands
the use of scientific method in systematically exploring and comparing
alternative courses of action. When the method is true to its own sci-
entific tenets, it is bound to be more reliable by far than the tradi-
tional alternative method, which is to solicit a consensus of essentisl-
1y intuitive judgements among experienced commanders.” (21 )

This attitude toward the scientific method is encouraging, and suggests
that deterrence strategists may be willing ro)recognize that the entire stra-
tegy of nuclear, deterrence can be shown by scientific analysis to be unviable.

Herman Kshn

Herman Kahn's two books, On Thermonuclear War (1960), and On Escalation
(1965) ( 22 } are a strange mixture of insights regarding deterrence. Kahn
has a talent for following-out idess to their logiecal conclusions, which makes
many of his thoughts and proposals seem outrageous to less imaginative and con-
sistent readers. Alsa, he has a detached sense of humor, that in discussions
of the excruciating tensions that can be created by nuclear arsenals, and the
horrifying effects of nuclear war, often can be interpreted as callous. Probab-
1y because he has a background as s mathematiéian and physicist, Kahn uses math-
ematics more than any other deterrence strategist to make his points. He defends
this practice in the preface to On Thermonuclear War:

"Some people appear to be,very suspicious of calculations -
and correctly so. I heve written extensively elsewhere...on how
quantitative analysis can lead either wittingly or unwittingly
to error, but that does not mean that nonguantitative analyses are
any less misleading. There is another reason for using mummbers.
The only way in which we can communicate even intuitive notions with
any accuracy is to use guantitative measures.” ( 23 )

The central theme tc both books probably follows from his consistency. Kabhn
realizes that if deterrence is to be more than a bluff, a nation that adopts it
must be prepared to fight 2 nuclear war. He analyzes in great detsil the condi-
tions that might lead to such a war, the ways in whiech the war could be fought ,
and what levels of destruction the war might effect.

On the other hand, as we shall see, the books have a sirong minor theme of
pessimism about the abilitly of a protracted nuclear arms race to preserve peace.
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Kahn realizes that deterrence always implies some probability of war {In
our terms, that p)o0 ). In discussing the credibility of threats, he writes:

"Tt should be realized that a wery low additional probability of war might
not deter the Soviets. It is not as if there were no probability at all
of war and their action had created this probability. It would be much
more ressonable to say that just the existence of the U.5.-5.U. rivalry
means that somehow there is always a probability of war or, say, one in
fifty every year, and that if the Soviet action increased this by, in

any one year, 50 per cent - from the assumed .02 to .03 - that this might
not be, for many reasons, as deterring ss raising the probability from
zeroc to .0l. As the engineer would put it, the increased probability of
war must dominate "the noise level” to be deterring.” {2k )

But, he doesn't fully realize the most important consequence of this in-
sight, that deterrence makes war probable. His lack of clear understanding of
probability theory is strongly illustrated by the calculations that appear on
page 4O of On Thermonuclear War:

How Much Tragedy is “Acceptable™?

BEFORE describing postwar probiems, let us consider what we mean
by an acceptable level of risk. We could start by asking, “How much
tragedv can we live with and still not have ‘the survivors envy the
dead’?”, but we will start with a more moderate question: “How
dangerous or hostile a world would we be willing to live in and
still call it a reasonable facsimile of a Russian or American standard
of living?”

Nobody in either country would worry about a situation in which
one thousand workers were engaged in some hazardous occupation
which inflicted on each worker one chance in a hundred thousand
per year of a fatal accident. Over a full year there would be approxi-
mately 99 chances in 100 that none of the workers would be hurt
(see Table 5). Over a fifty-year period there would be better than
an even chance that no worker would have been hurt. However,
this attitude may change if the entire world population is subjected,
as a result of some governmental action, to the same level of risk.

TABLE &
ACCEPTABILITY OF RISKS
Peace
1 thousand workers X ——L— = 0.01/ye

ousand workers X 100,000 0.01/year
001 X 50 years = 0.5 workers

3 billi } S .
on people X 100,000 30,000/year

30,000 X 50 years = 1,500,000 people
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Postwar
180 millior i L ‘
on Americans X 100,000 Ijkxyy@nr

1,800 X 50 years == 80,000 Americans

Because the world’s population is so large (about three billion),
one chance in a hundred thousand of 2 fatal accident per year means
that on the average, 30,000 extra people per year would be killed,
Over fifty years, 1,500,000 would die prematurely., While these are
large numbers, something like this might result if many govern-
ments engaged in vigorous programs of weapons testing. Many peo-
ple feel that any peacetime government action that could result in

such a large number of casualties is intolerable. (25)

Notice that Kehn assumes that if the chance of a fatal accident is one
chance in a hundred thousand per hear, then in 50 years the probability of ~
the accident calculates this way: Pa NP 2 §0 % —pp—pus = .0008 .

He's mistaken. The accident probability isn't a simple broduct of multiplying
the probability for one year by the number of years, it's the more complex
relationship given by the equationf&l-(hr)" . In this case:

P= .o0001
ne go

P = )-(1~.oooqs)5°= 1-(.‘!1‘1‘!?)50.—. .0004999

While it's true that the difference in the results produced by the btwo
methods for calculating P isn't great, what's important is that Kshn gives no
indicatlon that he knows that his assumptions about how probability is calcula-~
ted are in error. He did what seemed "natural," and the results gave him no
¢lue about the error. :

Kehn's partial understanding of mathematical probability theory may be the
resson why he frequently expresses fear of accidental war:

"The accidental war is the one war in which both sides are most likely

to get destroyed, partly because the war plans are likely to be inap~
propriate.” (26 ) ‘ :

And:

"...both for normal considerations of public safety and because of the
possible catastrophic effects on our Type I Deterrence, it is erucially
important that the operation of the force contesin safeguards against the
occurrence of an unauthorized explosion, safeguards which reduce the pro-
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bability of this event to as close to zero as is humanly possidble. This
must be done even though it results in serious compromises and ineffi-
ciencies in the operation of the force. I use the words "unauthorized
behavior" rather than "accident” because we must guard against many types
of events - psychopathic or irrational individuals, mechanical or human
failure, sabotage, irresponsible behavior, and so on. Some proposals
(for example, unmanned space bombardment platforms or decentralized de-
cision msking on the issue of war or peace} do not take sufficient ac-
count of the necessity to prevent unauthorized behavior of either men

or equipment.” (27 )

Kehn's uncertainty about probability theory is again suggested by the fol-
lowing passages about how the number of weapons, among other factors, affects
accident proneness; f

"Accident proneness may increase somewhat simply as a by-product of the
number of alert weapons. However, the really dangerous intensification
is likely to come from the proliferation of independent capabilities,
each with its own standards of training, reliability of personnel, and
safety practices.™ (28 )

hm
The eguation, P=f‘(“?) , tells us that increasing the number of wea-
pons slways will, not may, increase the chance of an accident.

Kahn's concern about the dangers of accidental war are expressed also in
his analysis of the origin of World War I. He believes, as do many other his-
torians, that the War is best understood as the culmination of a process of
military preparedness that got out of hand. Europe's major powers had designed
their war plans around railway timetables, and when one nation began to mobi-
lize, a chain reaction led others to mobilize, and then to war. Whether or
not one views this as the cause of World War I, or believes instead that the
War was a deliberate act of aggression by Germany, there seems little doubt
that all involved believed in "deterrence.” Xshn gquotes the British historian
A.J.P. Taylor, writing in an Observer article:

"The statesmen of Furope with one accord accepted the theory of
"the deterrent': the more strongly and firmly they threatened, the
more likely they were both to preserve the peace of Europe and get
_their way...

...the German rulers werefirmly wedded to the theory of the deter-
rent. A resolve to go to war, loudly proclsimed; and the other side
would give way. In Jagow's words: "The more boldness Austria displays,
the more strongly we support her, the more likely Russia is to keep
quiet." (29 )

Kahn's uneasiness with deterrence alsc is suggested by this discussion
of nuclear proliferation, which uses the example of a bzll balanced on a cup
to illustrate the problem of stability:

"The widespread possession of nuclear wespons and delivery sys-
tems strikes many observers as simijar to g situation that the phy-
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sicist would describe as "semistable equilibrium.”" For example, ima-
gine a ball balanced on top of a small cup so that small movements

of the ball can be tolerated but not large ones. If this ball and

the cup are isolated, it might sit there on top of its cup forever,
but if it is submitted to the vagaries and chances of s sufficiently
uncontrolled environment one ecan guarantee that sooner or later it
will fall. This can be true even though every "reasonable" analysis
of the situation that looks at probable or plausible disturbances
showed that the forces were in close enough balance so the ball should
stay were it is. It takes an improbable or implausible forece to topple
the ball. But some improbable and implausible events will occcur and,
barring a secular change in the situation, almost with certainty the
ball will eventually fali." ( 30 )

A few pages later, he expresses concern sbout an "uncontrolled arms race':

"...It should be clear to the reader at this point that the existence

of an uncontrolled arms race, particularly one Jjoined in by many na-

tions, represents a very serious danger to both the U.S. and the S.U."
(31)

In the same wvein, after discussing the weapons systems that probably will

have been built by the mid-'70s, he writes:

and:

"...there are few who would believe that the kind of world just described
could be stable for very long." (32 )

"I have been discussing the instabillity of deterrence in the face
of a deliberate act on the part of the aggressor. On top of this must
be added, unfortunately, instability due to the possibility of accident,
miscaleulation, sabotage, agents provocateurs, or the acts of mentally
unbalanced individuals, or other kinds of unpremeditated war such as the
catalytic, escalation and reciprocal fear of surprise attack. I think
very few in 1950 would have been willing to predict that we would come
to live in a world with 50,000 or even 5,000 buttons and never have a
few of them pushed. Today, some believe it is possible, partly because

experience has shown that such a situation is safer than we would have

predicted, but mostly because they have to believe it or be very unhap-
py sbout the immediate future." (33 )

Toward the end of On Thermonuclear War, Kahn becomes even more pessimistic

about deterrence's ultimate ability to generate peace. It's specially suggest-
ive that the following passage probably was written before 1960:

_ "...Tt is most unlikely that the world can live with an uncontrol-
led armms race lasting for several decades. It is not that we could
not mateh Soviet expenditures; it is simply that as tachnology advances
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and as weapons become more powerful and more diverse, it is more
likely that there will have to be at least implicit agreements on
their use, distribution, and character if we are not to run unaccept-
ably high risks of unauthorized or irresponsible behavior. No matter
how antagonistic the Soviets feel toward us, they have common interests
with us in this field. This does not mean that they will not try to
exploit the common danger to obtain unilateral advantages;it simply
means that there is an important area for bargaining here, one that we
must fully exploit." (34 )

Despite the doubts about deterrcnce's ultimate stability that Kahn ex-
pressed in On Thermonuclear War, five years later he published On Escalation.
On Escalation is a systematic, theoretical discussion of threat-making,
risk-taking, and war. Kahn sees hl levels of conflict - an "escalation lad-
der" - along vhich nations in conflict can "progress", from "Ostensible Cri-
sis™ (Rung 1): "Political, Economic and Diplomatic Gestures: {Rung 2); and
"Solemn and Formal Declarations” {Rung 3), to "Counter-value S8lvo" (Rung L0),
"eivilian Devastation Attack" (Rung 42), and "Spesm or Insensate War" (Rung
44). Iike Tom Schelling, he believes that deterrence depends on making threats
and taking risks. In On Escalation, Kahn is more optimistic about deterrence's
ability to keep the peace than he was in On Thermonuclear War, perhaps because
five more years without the explosion of a nuclear weapon in anger had led him
to believe that "deterrence will work because it has worked."

In several passages, Kahn comes very close to expressing an understanding
cﬁ)the inherent instability of deterrence. Here, he shows again that he real- —
irzes that deterrence means that there's always a probability of war, end that
this probability has some gquantitative value within a given interval, in this
case a week:

"In its most extreme form, the manipulation of the fear of in-
advertent eruption might go as follows: Let us assume that two na-
tions have such strategic systems and war plans that all-out war be-
tween them would be mutual homicide. Let us imsgine that these two
systems are built so that in a tense situation there is some proba-
bility, say one chance in a thousand per week, that they will go off
accidentally. Assume also that both nations insist on maintaining
this probability of total and mutual homicide until the other side

- backs down or compromises. We now have a situation in which there
is an intense "competition in risk-taking.”

An actusl crisis situation would noit be this stark. Nobody real-
1y knows what the probability of war is under different circumstan-
ces. We do not even know whether it goes up or down in a tense sit-
uation. It is, for example, quite conceivable that the extra care
and concern associated with a tense situation might more than make
up for the seeming extra danger that arises from weapons being on
alert, from men operating under strain, and from the weakening which
takes place in that important safeguard against accident, that high
degree of'"nuclear incredulity" which influences operators and de-
cision-makers to disbelieve orders or signals that a nuclear war is
under way. In practice, this strategy depends on an apparent in-
crease in the probability or the risk of war, whether or not this )
actually occurs: it gives the impression that it is dangerous to al-
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low the situstion to drag out. In some cases, this apparent pro-
bability may in fact be a good objective estimate of the actual sit-
uation. In other cases, large and frightening as the apparent pro-
bability might be, it might be a serious underestimate of the actual
risk of war. And in still other cases, it might be an overestimate
of it. '

" While this concept of manipulating the risk of war in order %o
obtain foreign-policy advantages seems bizarre, the bizarreness comes
from the scale of the threat and from its being made explicit. The
tactic itself is used regularly, as the name of the threshold, "Don't
rock the boat," suggests. Short of absolute surrender, or unilateral
disarmament, there is always some probability, no matter how small,
of inadvertent eruption, and whatever a nation does must affect this
probability. It is also clear that affairs cannot be conducted in
such & way as invariably to minimize this probability. Indeed, it
sometimes is impossible to know for certain what actions would, in
fact, minimize such a probability.

Fear of inadvertent war can be a very effective pressure partly
because everybody knows that neither side really understands its
Present weapons systems or really appreciates the various ways in
which an inadvertent war could occcur. A rigorously realistic esti-
mate of the risks that are run dally is impossible.” (35)

As we've seen in Section I, a."rigorously realistic estimate of the risks
that are run daily” isn't impossible.

Another example is this passage:

"The last objection to the upper rungs of the ladder of escalation
concerns the long~term instability of such a system of international re-
lationships. It is argued that if nations try to settle their disputes
by climbing the escalation ladder, they eventually will find that they
have climbed once too often, and an eruption will occur. This seems to
me less an objection to the model than a valia objection to a process
that is part of the real world.” ( 36 )

Contrary to what Kahn perceives, the deepest strategic objection to deter-
rence is to its theoretical model, to the notion that security can be maintained
by a repetition of thrests and risks, not to "a process that is part of the
real world." The "real world" test of deterrence would seem to validate it as
a strategy, "It will work because it has worked for more than 30 years." If a
person wasn't aware of the actual operation of probability relastionships, as
shown by the mathematical model, P’f’("f) 7, he or she might believe that

deterrence could provide security forever.

Kahn's discussion of the game of " chicken" also treets with the topic of re-
peated risk-taking. The game involves two drivers, each in a car, speeding to-
ward each other. The driver who swerves to avoid a collision loses the game.
Kshn believes that nuclear escalation differs from “"chicken":
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"Tn international relations, escalation is used to facilitate
negotiations or to put pressure on one side or both to settle a dis-
pute without war. If either side wanted a war, it would simply go
to war and not bother to negotiate. For this reason, the common ob-
servation that "neither side wants war" is not particularly startling,
even though it is often delivered with an air of revealed truth. Néj:
ther side iz willing to back down, precisely because it believes or
hopes it can achieve its objectives without war. It may be willing
to run some risk of war to achieve its objective, but it feels that
the other side will back down or compromise before the risk becomes
very large.

"Chicken" would be a better analogy to escalation if it were play-
ed with two cars starting an unknown distance apart, iraveling to-
ward each other at unknown speeds, and on roads with several forks so
that the opposing sides are not certain that they are even on the
same road. Both drivers should be giving and receiving threats and
promises while they approach each other, and tearful mothers and
stern fathers should be lining the sides of the roads urging, re-
spectively, caution and manliness.

There is ancother way in which escalation differs from these ana-
logies. In escalation situations, both sides understand that they are
likely to play repeatedly. Therefore {as discussed below), "sys-
tems bargaining" is impoxrtant. Neither side wishes to gain an ad-
vantage at the cost of créating a psychological or political sifa}ion
that will make eruption probahle on the next play. Indeed, both
sides may become anxious to work out some acceptable metheds of
adjudicating the game or to adopt general rules embodying some prin~
ciples of equity or fairness. In fact, both sides may become so in-
terested in getting such rules of procedure or rules of adjudication
accepted that either side might be willing to lose a particular is-
sue occasionally simply because trying to win that issue would set
a precedent that would reduce the applicability of the basic rules.

In any case, the balance of terror is likely to work well e~
nough to induce some degree of restraint and prudent behavior on
each side. Precisely because both sides recognize that deterrence
strategies are unstable, they are 1likely to refrain from testing the
stability of the situation too often or too intensely, and to avoid
the kind of behavior that might provoke an imprudent response from
" the other side., Both sides will understand that a strategy of de-
terrence requires the support of precedents and depends on widely
understood and observed threshelds if it is to be reliable for any
length of time."

(37
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The- passage contains contradictions and vagﬁaries. If the players recognize
that deterrence strategies are unstable, why would they be playing them at 117

What is the "length of time" during which the unstable balance of terror can be
expected to be "religble"?

Most of the book could be cited as an illustration of Kahn's lack of clesr
?nderstanding of probability theory. Presumably, it is rationsl calculation,
in, as Kahn calls it, "the Byzantine attitude of professionalism without hercics"
{38 ), that enables nations to restrain themselves at different rungs of the
escalation ladder. It seems more likely that the confusion and terror created
by hundreds of nuclear exploSions, and the radiocactive "fog of war," would ele-
vate the risks and chances of missile launches so rapidly that the progress up-
ward-along the ladder from rung to rung would be a spasmodic surge.

Glenn H, Snvder

The title, Deterrence and Defense, of GlemH. Snyder's book ( 39 ) proclaims
one of its main contributions to the literature of nuclear strategy. Snyder at-
tempts to distinguish two main strategic problems that other strategists have
tended to combine and confuse: deterrence and defense. "Deterrence” he defines
as, "...discouraging the enemy from taking military action by posing for him a
prospect of cost and risk outweighing his prospective gain.” ( L0 )} "Defense"
means, "...reducing our own prospective costs and risks in the event that deter—
rence fails." ( 41 ) Snyder then goes on to describe differences in strategy and
weapons systems that are peculiar to problems of Geterrence and defense, and how
these interrelate.

Another contribution Snyder makes is to analyze the cost-gain "ecaleulus" of
both sides in a deterrence situation by means of mathematical models. These
models involve positive or negative "payoffs." They don't take into consideration
the fundamental probability_considerationS'expressed in the equation, f)=l"O‘P)n'

Footnote 11, page 16, which refers to the models, makes abundantly clear
that Snyder is unaware of the insights that mathematical probability analysis
cen provide in relation to deterrence:

. "The numericel illustrations are intended simply to set out as

starkly as possible the essential logic of deterrence; there is no

~intent to light a torch for the "quantifiability" of the factors in-
volved, which are, of course, highly intangible, unpredictable, unmea-
surable, and incommensurable except in an intuitive way. It is worth
keeping in mind, however, that decision-makers do have to predict, to
measure, and, in some sense, to make incommensurable factors commeri-
surate if they are to reach wise deceions. Although, in practice, the
factors cannot be given precise numbers, ‘it is legitimate, for thereti-
cal purposes, to pretend that they can be in order to clarify the logic
or method by which they should be weighed and compared. The logic is
Just as applicable to imprecise quantities as to precise ones; to express
it in mathematical terms can provide a useful check on intuitive Judgment
and may bring to light factors and relationships which judgment would
miss." -
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Tn the very first sentence of his section on "The Logic of Deterrence,"
Snyder assumes that deterrence situatlions involve a "probability of enemy mili-
tary attacks":

"The object of military deterrence is to reduce the probability of
enemy military attacks, by posing for the enemy a sufficiently likely
prospect that he will suffer a net loss as a result of the attack, or
at least a higher net loss or lower net gain than would follow from his
not attacking.” (42 )

As we know, once he has done this, the factor p in the probability equation for
authorized missile launches is greater than zero, and war will become probable
within the strategic system being considered.

Snyder is unaware of the probsbility implications of his assumptions, in re-
gard to both authorized and unauthorized missile launches. Later, he makes the
familiar claim that a missile race can become more "stable" ag the number of
miggiles incresses. He doesn't acknowledge that increasing the mumber of missiles
will always increase the likelihood of an unauthorized launch, or that large
numbers of missiles will increase the destruction when war comes:

" . .Thue, when the number of missiles on both sides is reasonably
large, the requirement for a sufficient first-strike capability will
be some multiple of the requirement for a minimum strike~back capabili-
ty, and the multiple itself will be greater, the larger the number of
the defender's missile sites...It is thus characteristic of the missile
grms race, in seeming contrast to traditional arms races with conven-
tional weapons, that it becomes more stable as it proceeds. The incen-
tives to contipue the arms race diminish rapidly as the numbers of wea-
pons increase on both sides. The country which wishes to have only a
minimum deterrent need have one that amounts to only a fraction of the
opponent's striking force wﬂ@h the former's number of dispersed wea-
pons is large relative to the number of weapons which could cause un-
acceptable damage to the opponent's cities...By similar reasoning, the
country which contemplates a first strike can provide itself with the
necessary capability only by resource expenditures very much larger
than the expenditures the opponent must make to counter and re-—establish
‘the deterrent balance.” (43)

Thomas €. Schelling

Thomas Schelling's book, Arms and Infiuence (1966) ( ik ), emphasizes that
deterrence is psychological, and relies on "the power to hurt." Many passages
and even sections in the book show that Schellimg is entirely unaware of mathe-
matical probability analysis. A startling example is Chapter 3, "The Manipulation
) Risk.”" In passage after passage, it's evident that Schelling doesn't under-
stand what will tend to be the consequences of repestedly threatening ~ taking
risks with - nuclear war. He begins the chapter by describing an ideal situation

——
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. that he believes would make nuclear war impossible, but actuslly would make its
outbreak approach certainty:

"If all threats were fully believable (except for the ones that were
completely unbelievable) we might live in a strange world - perhaps a
safe one, with many of the marks of a world based on enforceable law.
Countries would hasten to set up their threats; and if the violence
that would accompany infraction were confidently expected, and sufficient-
1y dreadful to outweigh the fruits of transgression, the world might get
frozen into a set of laws enforced by what we could figuratively call the
Wrath of God. If we could threaten world inundation for any encroachment
on the Berlin corridor, and everyone believed it and understood precisely
what crime would bring about the deluge, it might not matter whether the
whole thing were arranged by human or supernatural powers. If there
were no uncertainty about what would and would not set off the violence,
and if everyone could avoid accidentally overstepping the bounds, and if
we and the Soviets {and everybody else) could avoid making simultaneous
and incompatible threats, every nation would have to live within the rules
set up by its adversary. And if all the threats depended on some kind
of physical positioning of territorial claims, trip-wires, troop bar-
biers, automatic alarm systems, and other such arrangements, and all
were completely infzllible and fully credible, we might have something
like an c¢ld fashioned western land rush, at the end of which - as long
as nobody tripped on his neighbor's electric fence and set the whole
thing off - the world would be carved up into a tightly bound status
quo. The world would be full of literal and Tigurative frontiers and
thresholds that nobody in his right mind would cross." (45)

In this often guoted passage, Bchelling states that the effectiveness of
deterrence depends on taking risks:

"Therz is just no foreseeable route by which the United States
and the Soviet Union could become engaged in a major nuclear war. This
does not mean that a major nuclear war cannot occur. It only means that
if it occurs it will result from a process that is not entirely foreseen,
from reactions that are not fully predictable, from decisions that are
not ‘fully under contrel...it is hard to see how a major war could get
started except in the presence of uncertainty...
This ie why deterrent threats are often so credible. They do not
need to depend on a willingness to commit anything like suicide in.the
face of a challenge. A response that carries some risk of war can be
plausible, even reasonable, at a time when a final, ultimate decision
to have a general war would be implausible or unreasongble., A country
can threaten to stumble into a war even if it cannot credibly threaten
to invite one." (h6)

Here, he deseribes a "real" situation in which the probability of war alsoc
approaches certainty. Schelling doesn't understand that. continuous "competition
in risk taking" means that war becomes probable:
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"...there is a genuine risk of major war not from "accidents" in the mili-
tary machine but through a diplomatic process of commitment that is itself
unpredictable. The unpredictability is not due solely to what a destroy-
er commander might do at midnight when he comes across a Soviet (or Ameri-
can) freighter at sea, but to the psychological process by which particular
things become identified with courage or appeasement or how particular
things get included in or left out of a diplomatic package. Whether the
removal of their missiles from Cuba while leaving behind 15,000 troops is

a "defeat" for the Soviets or a "defeat" for the United States depends

more on how it is construed than on the military significance of the troops,
and the construction placed on the outcome is not easily foreseeable.

The resulting international relations often have the character of &
competition is risk teking, characterized not so much by tests of force as
by tests of nerve. Particularly in the relations between major adversar-
ies - between FEast and West - issues are decided not by who can bring the
most force to bear in a locality, or on a particular issue, but by who is
eventually willing to bring more force to bear or able to make it appear
that more is forthcoming." (47)

Schelling continues, comparing deterrence to Russian roulette. He's right
that it's like Russian roulette, but what he doesn't realize is that the tenden-
cy for deterrence to end in nuclear war follows the same kind of probability curve
as the tendency for Russian roulette to end in the death of one of the players:

"There are few clear choices - since the close of World War II there
have been but a few clear choices - between war and peace. The actual
decisions to engage in war - whether the Korean War that did occur or
a war at Berlin or Quemoy or Lebancn that did not - were decisions to
engage in a war of uncertain size, uncertain as to adversary, as to the
weapons involved, even as to the issues that might be brought inte it
and the possible outcomes that might result. They were decisions to em-
bark on a risky engagement, one that could develop a momentum of its own
and get out of hand. Whether it is better to be red than dead is hardly
worth arguing about; it is not a choice that has arisen for us or has
seemed sbout to rise in the nuclear era. The questions that do arise

» involve degrees of risk - what risk is worth taking, and how to evaluate
the risk involved in a course of action. The perils that countries face
are not as straightforward as suicide, but more like Russian roulette.

The fact of uncertainty ~ the sheer unpredictability of dangerous events -
-not only blurs things, it changes their character. It adds an entire
dimension to militery relastions; the manipulation of risk." (48)

Schelling's comments sbout the Cuban missile crisis display the same mis-
understanding:
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"...The Cuban crisis was a contest in risk taking, involving steps that
would have made no sense if they led predictably and ineluctably to a
major war, yet would also have made no sense if they were completely
without danger. Neither side needed to believe the other side would
deliberately and knowingly take the step that would raise the possibili-
ty to a certainty.

What deters such crises and makes them infrequent is that they are gen-
uiﬂ:hly dangerous. Whatever happens to the danger of deliberate pre-
neditated war in such a crisis, the danger of inadvertent war appears
to go up. This is why they are called "erises." e essence of the
crisis i1s its unpredictability. The "erisis" that is confidently be-
lieved to involve no danger of things getiing out of hand is no crisis;
no matter how energetic the activity, as long as things are believed safe
there is no crisis. And a "erisis" that is known to entail disaster or
large losses, ox great chenges of some sort that are completely forsee--
able [sic.] » 18 also no crisis; it is over as soon as it begins, there
is no suspense. It is the essence of a crisis that the participants are
not fully in control of events; they take steps and make decisions that
raise or lower the danger, but in a realm of risk and uncertainty." (49)

—

Actually, a crisis is a situation in which risk is high, in which the value
for p in the probability equation is large. Deterrence always makes p greater
than zero. A erisis makes it greater than it usually is. That's why a nation
is unlikely to survive many crises with nuclear deterrence. Schelling, unknow-
ingly, puts his finger exactly on why deterrence is not a rational policy:

"...a contest in risk taking, involving steps that would have made no
sense if they led predictably and ineluctably to s major war..,"

In the following passage, Schelling indicates that he understands that war
results from a process, but he apparently doesn't realize that the "process"”
is deterrence, a continuum of risk, in which p is neither zero nor 100%, but
alwaye bas some value greater than zero:

"The idea, expressed by some writers, that such deterrence depends on a
"eredible first strike capability,® and that a country canrot plausibly
threaten to engage in a geneml war over anything but a mortal assault on
itself unless it has an appreciable capacity to blunt the other side's at-
tack, seems to depend on the clean-cut notion that war results - or is ex-
pected to result - only from a deliberate yes-no decision. But if war tends

" to result from a process, a dynamic process in which both sides get more
and more deeply involved, more and more expectant, more and more concerned
not to be a slow second in case the war starts, it is not a "credible first
strike” that one threatens, but just plain war. The Soviet Union can indeed
threaten us with war: they can even threaten us with a war that we eventually
start, by threatening to get involved with us in = process that blows up
into war."” (50)

Schelling understands that "Brinksmenship" involves the manipulation of risk:

"If "brinksmanship" meens anything, it means manipulating the shared risk
of war. It means exploiting the danger that somebody may inadvertently
go over the brink, dragging the other with him." (51)
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However, he doesn't write that a continuous strategy of brinksmanship will
quickly make war probable.

Further on, he begins & chavter section with the title "luclear Weapons and
the Enhancement of Risk" ( 52 ). Enhancement of risk ultimately means increasing
p's value. It means that war will become probable more rapidly.

Schelling expects the Soviet Union to compete in risk-taking, too:

"...we have to expect the Soviets to pursue their own policy of exploiting
the risk of war. We cannot expect the Soviets to acquiesce in our unila-~
teral nuclear demonstration. We have to be preparsd to interpret and to
respond to a Soviet nuclear "counterproposal.” Finding a wey to terminate
will be as important as choosing how to initiate such an exchange. (We

should not take wholly for granted that the initiation would be ours.)" ( 53 )

And this passage is particularly noteworthy because it shows that Schelling
doesn't realize that the principle of deterrence's inherent instability governs
deterrence by conventional as well as by nuclear weapons. A1l of history that
predated the invention of nuclear weapons can be seen as a series of wars that
express the inherent instability of deterrence:

M. ..And it is the character of weepons as much as their quantity, pro-
bably more than their gquantity, that makes the military environment sta-
ble or unstable. The character of military forces is partly determined
by geography, partly by the way technology wnfolds over time, partly by
conscious choices inthe design and deployment of military force.

If all nations were self-sufficient islands with the pre-nuclear
military technology of World War II, mutual deterrence could be quite
stable; even a nation that had determined on war would not care ito in-
itiate it." ( 5% ) :

In the same vein, consider the next quoted paragraph. It's certainly true
that in a disarmed world people could re-create nuclear weapons in a time of
orisis. But the re-creation of nuclear arsenals would simply bring back into
existence nuclear deterrence and the nuclear arms race, which would serve no
one's interest. If large numbers of people came to understand the mathematical
mobability laws that govern antagonistic nuclear arsenals, they likely will
simply lose interest in all military sclutions to international conflicts. On-
ly & few decades ago, people believed in blood-letting as a cure for many di-
seases. Oince medical science has shown that blood-letting decreases rather
than increases the chance of recovering, the procedure has been abandoned. It's
not that physicians don't know how to do it. They don't let blood because they
know it won't achieve the desired results. Military force will be used as long
as it's considered a route to security. When it's widely seen that it's a route
to mutual annihilation, it will be discarded:

"Much of the interest in arms control among people concerned with mill-
tary policy became focused in the early 1960s on the stability of mutual
deterrence. Many writers on arms control were more concerned sbout the
character of strategic weapons than the gquantity, and where quantity was
concerned their overriding interest was the effect of the number of wea-
pons on the incentives to initiate war, rather than on the extent of des-
truction if war should ensue. A fairly sharp distinction came to be drawn
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between "arms control" and "disarmament.” The former seeks to reshape
military incentives and capabilities with a view to stabilizing mutual
deterrence; the latter, it is alleged, eliminates military incentives
and capabilities.

But the success of either depends on mutual deterrence and on the
stability of that deterrence. Military stability is just as crueial in
situations between unarmed countries as between armed ones. Short of
universal brain surgery, nothing can erase the memory of weapons and how
to build them. If "total disarmament” could meke war unlikely, it would
have to be by reducing incentives. It could not eliminate the potential.
The most primitive war could be modernized by rearmament, once it got
started."” ( 55 )

) Schelling' & lack of understanding of mathematical probability theory leads
him into numerous errors, Perhaps the greatest is his belief that the caliing
of the nuclear strategist is to "manage risks."” Risks certainly can be "man-
aged," the value of P can be varied, but doing so isn't the route to permanently
preventing nuclear war, No matter how intelligent, well informed, and thought-

ful, the managers of the risks of deterrence are, nuclear war will become ro-
bable.

Samuel P. Huntington

In his article, "Arms Races: Prerequisites and Results" { 56 }, Samuel P.
Huntington distinguishes between gquantitative and gqualitative arms races. In
quantitative arms races, states increase the number of existing srms. In
qualitative arms races,the weapons are improved, or replaced by more effective
weepons. Huntington believes that quantitative arms races are more likely %o
€nd in war than are qualitative ones. Also, he believes that war is more like—
1y at the beginning of an arms race than later on: :

"The danger of war is highest in the opening phases of an arms race,
at which time the greatest elements of instability and uncertainty are
present,” (57 )

He generalizes these conclusions this way:

"Assuming a fairly egqual distribution of grievances, the likelihood of
an arms race ending in war tends to vary inversely with the length of

- the arms race and directly with the extent to which it is quantitative
rather than gualitative in character.” (58 )

Since he believes that armaments are an inherent characteristic of nation
states, and, in the present situation, there are no international institutions
for providing security in the place of individusl national arms establishments,
Huntington sees arms competition as inevitable. He believes that the greatest
hope for peace lies in making the srms race between the United States and the
Soviet Union qualitative rather than quantitative.

Huntington shows no awareness of the insights into arms races provided by
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n
probability laws. The eguation, P=1- (P'P) , shows thet the longer an
arms race goes on, the more likely is the outbreak of war. It may be that the
greater number of uncertain factors at the onset of an srms race can make an at-
tack by one side or the other more likely than during a similar interval later omn,
but this probability can never be as great {unless it results in w§r) as that
which can be generated eventually by the exponential equetion. This being the
case, the advantages of qualitative over guantitative competition eventually
are obliterated. New and more effective weapons sre more destructive wespons.
This means that the qualitative arms race, although it may go on lenger before
resulting in war, will result in a more destructive war than a quantitative arms
race. Late 19th and 20th century history offers an illustratiom. The exponential
development of science and technology have meant that 19th century arms races
tended to be guantitative, and those of the 20th century, quelitative. World
War I was more destructive than the Franco-Prussian War, and World War 11 was
more destructive than World War I, because of the increased power of weapons.
World War III, if it occurs, will be far more destructive than World War IT,
although a greater period of time has elapsed since the end of World War 1T
than batween 1918 and 1939.

Huntington's unawareness of probability theory seriously flaws his analysis.

Robert Jervis

Tn his article, "What Deters? The Ability to Inflict Assured Destruction”
{ 59 }, Robert Jervis notes that in a situation where both sides have nearly
equal nuclear forces, and hold each other's cities in hostage, the effective-
ness of deterrence will depend more on veriations in resolve and "wili" than
on marginal increases in destructive hardware. Strengthening one's will means
being willing to take greater risks. He writes:

"The American deterrent is deterred by the fact that its cities are vulner-
able, not by the fact thai the Russians have some supposed military advan-
tage. Since neither the United States nor the Soviet Uniecn can take its
cities out of hostage, the state that is willing to run the greatest risks
will prevail. Many of those who call for the United States to match or sur-
pass the Soviets' nuclear arsenal are trying to have the United States com-
pensate for what they feel is a weakness of resolve by an excess in weapon-—
ry. But such a deficiency, if it exists, cannot be compensated." ( 60 )

Jervis recommends "competition in risk taking" as the best way to make de-
terrence credible:

"Even if both sides recognize the greater determination of the side
defending the status quo, aceldents and miscalculations are still possi-
ble, especially in situastions growing out of a crisis in a third area.

Te rely solely on assured destruction may be too dangerous. Some degree
of insurance can be purchased by a continuation of the present American
posture, which incliudes the availability of limited nuclesr options. But
these should be demonstrations, keyed to competition in risk taking, not
attempis tc wage a war of attrition; thus, the United States would not
have to match the Soviets on any of the standard measures of nuclear po-
wer. It does not take a superior or even an equal military force to show
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by limited use that one is willing to take extreme measures rather than
§uffer a defeat. Buch costs and risks are the trading chips of bargain-
ing in the nuclear era; even if the United States had the weapons and

doctrine for a flexible response policy, it could not avoid relying on
them." ( 61 )

Apparently, Jervis has neither intuition nor understanding of the realities

that are the subject of mathemstical probability analysis. He believes that the

risk of catastrophe can be "intelligently" manivulated indefinitely without the

;gta:?rophe becoming probable. His mistake has appalling implications for civi~
izatien.

Patrick M. Morgan

Patrick M. Morgan's book, Deterrence ( 62), begins with a careful examination
Sf the various definitions of deterrence. He starts with the simple notion that,
TDeteFrence invelves manipulating someone's tehavior by threatening him with
harm." { 63 ) After discussing various elaborations of this idea, he distinguish-
253 between "pure deterrence" and "general deterrence":

"In the previous chepter a distinction was drawn between immedi-
ate or pure deterrence and general deterrence. The latter is the pri-
mary objective of military rreparedness (when a state has no aggresw—
sive intent). The idea is to convince other states that, in principle,
Lo use force against that state would not be congenial or rewarding. Of
course a state glso wishes to be militarily prepared to practice pure
deterrence, but only when the outer barrier to attack posed by general
deterrence has broken down. A pure deterrence situation emerges when a
government realizes that another government is seriously considering an
attack and mounts more specific threats of retaliation in an attempt to
forestall it." ( 64 )

Later, he discusses how bureaucratiec processes, and the psychological char-
acteristics of leaders may affect deterrence, and a variety of theories about
vhat kind of deterrence is best. He comes down in favor of what he calls "sensi-
ble deterrence," expresses the view that it's unwise to trust peace to deterrence
strategles, and concludes on g mild note of optimism:

"Revision of our thinking should proceed in the direction of reducing
- our own and the world's reliance on deterrence where we can, developing
other types and patterns of international influence, and encouraging
complexes of inter-dependence wherever possible coupled with reductions
in nuclear and conventional forces. It is widely accepted that strategic
nuclear arsenals have cancelled out their pelitical/military wutility, so
that international political and military struggles proceed as if they
were not even there. Many also believe that fears of escalation have made
tactical nueclear weapons almost impossiblé to use as well. As g result, we
may be in danger of complacently accepting the presence of such weapons.
One key benefit of a sensible decision maker wpproach to deterrence is the
recognition that government can be senseless, which could lead to a wider
appreciation of the need for arms control to the point of substantial cut-
backs in nuclear forces,
In this respect there are grounds for modest optimism. We may hsve
turned the corner into an era in which, as Nixon liked to assert, a
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"generation of peace" is at hand. The implication is that the gener-

al deterrence relationships at the heart of the contemporary international
system will be much more stable, not because deterrent threats are increas-
ingly effective in the abstract but because the context has been altered.
Key elements here would be a decline in great power challenges to the le-
gitimacy of the international system, greater precccupation with domes-

tic matters for most system members, and increasing domestic stability for
most political systems. Under such circumstances, there would be fewer
occasions where immediate deterrence was put to the test, particularly

as confrontations among great powers gave way to the atmosphere of detente.

If all this comes to pass and is self-sustaining, then it will mean
we have - luckily, accidentally, improbably - passed through an era of
extreme instability in domestic systems due to the aftermath of war, the
collapse of empires, and the emergence of new states. And it was dominated
by widespread challenges to the legitimacy and structure of the interna-
tionzl system. To get through the recurrent crises and confrontations
of this century, the world's governments increasingly relied on deterrence
via weapons of stesdily rising destructiveness, guided by a doctrine that
fortified our confidence in deterrence just as thepotential consequence
of its collapse reached outlandish proportions. It was confidence badly
misplaced.

Having gotten through thisera , we should not permit continued reliance
on deterrence on such a scale to continue. We should work toward dismant-—
ling a good part of nations' deterrence machinery while stressing other
kinds of international relationships. If instead we permit reliance on
deterrence to spread, in the end we can predict further periods of danger
and instability when deterrence somewhere breaks down, periods in which
some or all of civilization is immediately at risk.” ( 65 )

Like other deterrence strategists, Morgan regards deterrence mainly as a
psychological phenomenon, in which rational decisions are made as the result of
caleulations of gains and losses. While he recognizes that deterrence can be
a dangerous policy, he doesn't employ mathematical probability analysis to try
and find out how dangerous.

Morgan's lack of awareness of probability theory is strikingly evident in
his examination of definitions of deterrence. Here, he accepts the notion that
govermments that are thinking about an attack make the attack "possible":

"Deterrence then becomes an attempt to use threats of retaliation
to induce "sensible" decision making in a severe crisis, to get an
opponent to make a decision on whether or not to attack in a way that
would pretty much rule out taking such a drastic and uncertain step.

A signal defect in deterrence is that it is practiced on governments
that have already given some thought to an attack, that is, some set of
circumstances has had the effect of making it entirely possible that
such a non-incremental step could be taken." ( 66 )

He defines a "pure deterrence” situation as one that includes these four




conditions. Note that condition (3) includes the idea of "distinct possibili-
ty," & notion that means that in the probability eguation, sz_(hp)" s p7o;

"(1) In a relationship between two hostile states the officials in at
least one of them are seriously considering attacking the other
or attacking some area of the world the other deems important,

(2) Key officials of the other state realize this.

(3) Realizing that an attack is a distinct possibility, the latter set of
officials threaten the use of forece in retaliation in an attempt to
Prevent the attack.

(L)} Leaders of the state planning to attack decide to desist primarily
because of the retaliatory threat({s)." ( 67 )

Had Morgen understood the insights regarding deterrence theory that are Pro-
vided by mathematical probability theory, he might have been less optimistic
that the worid has passed through the most dangerous vhase regarding deterrence's
"stability,"ana even more arxious to have the machinery of deterrence dismantled as
quickly as possible.

Richard Rosecrance

Richard Rosecrance's article, "Strategic Deterrence Reconsidered" (1975}
{ 68 ), is largely a review of the history and theory of deterrence. Rosecrance
emphasizes a point made by Robert McNamars in 1968, that the ability to deter is
a function of the relationship between “assured destruction capability” and cre-
dibility. Rosecrance argues that these factors must be kept at a minimum level,
If one or the other decreases, the other must increase to maintain the level.
Rosecrance points out that it's unlikely that the U.S. sgain will have over-
whelming weapons superiority, and therefore the Tactor of credibility will tend
to be emphasized. He cites Schelling's theory of risk manipulation as an approach
to increasing credibility, and observes that such a policy places one on the
"slippery slope to the abyss,” and may involve "taking serious risks to protect
less than fundamental vaiues."

Rosecrance devotes considerable space to analyzing "bipdlar" {two-country)
deterrence, in distinction to "multi-polar" {many country) deterrence situations.
He notes the dangers of accidental war, and concludes that if multipolar deter-
rence is to succeed, the powers that are friendly toward each other must augnent
their deterrence postures with strong political +iez. He concludes that = malti-
volar werlid will become very violent if the riajor powers do not ccoperate with
one another.

Rosecrance's analysis is unusual because it points toward the conclusions of
mathematical probability anslysis without involving probability equations.
Rosecrance senses that there's something wrong with a policy of trying to achieve
security by manipulating risk, and sees that proliferation, increasing the number
of independent nuclear arsepals, will increase the risks. His analysis doesn't
leave him confident about deterrence's ultimate ability to prevent nuclear war.
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Paul H. Nitze

Tn an April 13, 1982 New York Times article opposing a nuclear weapons
freeze, Paul H. Nitze, long-time governmental deterrence strategist and arms
control specialist, wrote:

"Neterrence has worked. To remove the egsential prop of nuclear gde-
terrence prior.to rectification of the conditions that led to its fash-
joning would be 4o tempt fate.” ( 69 )

Nitze makes the philosophic error of believing that deterrence will work
because it has worked. In regard to "tempting fate,” a perscon who rolls
dice, or plays Russian roulette, is a perfect example of someone who tempts
fate. HNitze's lack of awareness of how mathematical probability theory re-
lates to deterrence strategy leads him to support extremely dangerous poli-
cieg, ard oppose policies that might reduce the risk of catastrophic war.

Alexander M. Haig, Jr.

In a speech delivered April 6, 1982, at the International Club of George-
town University's Center for Strategic and International Studies, then Secre-
tary of State Alexander M. Haig, Jr. made a number of statements that showed
that he was unsware of the implications to deterrence theory of mathematical
probability analysis. Essentially, the speech is a defense of deterrence.
The main reason Halg gives for believing in deterrence is that deterrence
"works™: '

"Deterrence has been supported because deterrence works. Nuclear
deterrence and collective defense have preserved peace in Europe, the
erucible of two global wars in this century. Clearly neither improve-
ment in the nature of man nor strengtihening of the international order
have made war less frequent or less brutal. Millions have died since
19k5 in over 130 internstional and civil wars. Yet nuclear deterrence
has prevented a conflict between the two superpowers, a conflict which
even without nuclesr weapons would be the most desgtructive in mankind's
history."” {70 )

andg:
"The strategy of deterrence has kept the peace for over 30 years. It

has provided the basis for arms control efforts. And it offers the
best chance to control and reduce the dangers we face." (71 )

Haig sees international relations management as taking a series of risks,
sometimes very high risks, with nuclear bargaining chips:

"Let us also recall that nuclear deterrence must work not just in
times of peace and moments of calm. Deterrence faces its true test at
the time of meximum tension, even in the midst of actual conflict. In
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such extreme circumstances, when the stakes on the table may already
be immense, when Soviet leaders may feel the very existence of their
regime is theatened, who can say whether or not they would run massive
risks if they believed that in the end the Soviet state would prevail,”

( 72)

Apparently, Haig was prepared to repeatedly take "massive risks." The
Spirit of brinksmanship lives on.

. Haig makes the philosophic error of induction in believing that a policy
will work because it has worked. He makes a scientific error in believing

that a stable policy for avoiding catastrophe can include repeatedly risking
the catastrophe.

Colin 5. Gray

Colin Gray is director of national security studies at the Hudson Institute,
tha research cenmter founded by Herman Kahn., It's therefore natursl to expect
Gray's thinking and writing style to resemble Kehn's. Like Kahn, Gray believes
that for deterrence to be more than a bluff, the U.S. must be prepared to fight
& nuclear war. Therefore, he advocates civil defense, as well as the installa-
tion of accurate counterforce weapons such as the MK, He believes thst

U.S. strategic thinking is poor, in that it tends to accept a balance of terror
and "mutuslly assured destruction” as the best of poesible situations. Gray
wants "victory." He wants to defeat the Soviet Union, to destroy totalitarian
communism. He believes that this can be done without waging nuclear war by con-
taining Soviet aggressive tendencies by means of military threats, and applying
eccnomic and military pressures to force Soviet society to "erack."

Gray believes completely in the ancient precept, "If you want peace, prepare
for war." He's unconvinced that the arms race is a serious danger, "Even if
this author is incorrect in believing that the arms race should not be reified
as a danger to mankind..." ( 73 }, and "...the idea that there is a malevolent
"arms race" that is the danger is almost entirely misleading." ( 74 ) Also,
he believes that the arms race isn't inherently unstable:

"The most obvious deficiency in the arms race instability theory is
the fact that nobdody, inside or outside of government , has yet designed
a convincing model of the dynamics of the Soviet-American arms compet i~

tion." (75 )

Gray can write this sentence because he has no understanding of mathema~
tical probability theory. Like Thomas Bchelling, he believes that threats
and risk can be "managed" indefinitely without catastrophe occurring. Absent
insights into why repeatedly taking risks makes war probable, Gray's worldview
seems airtight. It enables him to observe jauntily that the MX will give
"cardiac arrest to Soviet targeteers.” ( 76 ) Once it's understood that de-
terrence is inherently unstable, that suthorized and unauvthorized missile
launches become probable, that increasing the number of nuclear weapons lincreases
the likelihood of at least an unauthorized missile launch, his position is re-
vealed t0 be about the most dangerous possible to U.S. institutions and values.
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While Gray 1s accumulating enormous arsenals of accurate missiles in the con-
fidence that "victory” is just a matter of time, the reality is that time is
steadily increasing the probability of catastrophic nuclear accidents and ca-
tastrophic war. Gray's position is a striking example of the possible dangers
in an incomplete anelysis, one that ignores mathematical probability theory.

V. Conclusions

"Wars occur out of chains of often highly improbable events..."

- Colin 8. Gray ( 1 )

It's evident from this review of the writings of eminent deterrence strate-
gists that none has been deeply aware of the mathematical probability principles
that are the core of this analysis. All have made the mistake of believing that
risk can be manipulated safely, that it's possible to repeatedly risk catastro-
phe without the catastrophe occurring. Indeed, the spiritual heart of deterrence
can be described as the conviction that through intelligence, knowledge, disci-
pline, sacrifice, and courage, the world can be kept safe forever by threaten-
ing and being prepared to conduct, nuclear war.

Why have strategists made this error? Possibly because their psychological
speculations have seemed to produce convincing insights., Possibly because some
of them have wanted to believe that deterrence will work, snd this has distorted
their perceptions. Possibly because it's not been obvious that deterrence is
ruled by mathematical probability laws.

The equations model a deceptive situation. They show how the probability of
an event proceeds from zerc to near certainty. Until the event occurs, there's
no evidence of it at all. Furthermore, if the probability of the event is looked
at over a small interval, that probability may always appear low, or " safe." As
we've seen, the daily probability of strategic deterrence failing can be no higher
than about .006%. Without an understanding of the probability equations, who
would believe that we would be in a dangerous situation if the daily chance of
a given missile being launched is only one in one-hundred-million?

I the probability of an.event always seems very low, it's natural to feel
that the event won't occur. The curve below shows this:
P .

) .
,‘obl’ L‘-'— ——————————— R e e ) Gt G M e e s wem Gw e e e

50/‘ e o e - — 0OV

] F 3 1
I3 1 ] q o " 23 13
YEARS




ks

The event being modeled is improbable within s period of five years. In a
period of ten years, it's highly probable.

Still another reason may be relsted to technological development within our
civilization. As we've seen, calculations based on the probability eguations
can involve raising decimal fractions with large numbers of digits to very high
powers. This is difficult to do without the aid of an electronic calculator
(2. Early calculators were huge computers, so expensive that few people could
own them. These computers were used only for projects that were judged to have
& high priority for business or the military. It's only in the last ten years
that it's been possible for nearly everyone to purchase pocket calculstors with
the needed calculating power. It may be that the task of deriving quantified
results from the equations has looked so formidable that people haven't under-
taken it. I know that my interest in the equations was stimulated greatly by
being able to make some assumptions concerning n's and p's values, punch them
into a caleculator, and have a result within a second or two.

Whatever the reason or reasons may be, nuclear arsenals that have the capa-
city to quickly destroy civilization have been created, and their use approsaches
certainty. What is the rational response to this situation?

A variety of responses are possible. One is to continue deterrence and the
arms race in the hope that the "enemy" will collapse before nuclear war breaks
out. The Yfree world® version of this strategy, that can be represented by the
thought of Colin Gray and Richard Pipes { 3 ), is that the rigid, totalitarian
political system, and inefficient socialist economy of the Soviet Union will be
unable to sustain the drains and pressures of a prolonged, high-~technology arms
race. Eventually, class tensions, and the grievances of only partially absorbed
ethnic and nationality groups, will lead to revolution and the overthrow of com-
munism. ;

The communist version is that capitalist societies inevitably will develop
severe internsl class conflicts, undergo revolutions, and evolve into socialist
societies.

These models are remarkebry similar. Both resort to historical analysis, —
include a great deal of speculation, and are invigorated by large doses of hope.

Neither has a foundation in mathematical probability analysis.

Continuing deterrence in the hope that either of these models will "pan out”
involves risking the extirction of the human species. The rational nature of
such an activity is dublovas. Some people might feel that it's better to termi-
nate the human experimert rziherthan risk world domination by communism or ca-
pitalism. It seems liksly i:2% most people would rather create a situation that
would guasrantee human exis*zauo and hence the possibility of a continuing struggle
for political liberty and econocmic justice., Once everyone is dead, value prefer-
ences, moral erguments, and political activity are impossible as well as pointless.
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A second strategy is to let deterrence run its course, and to try and sur-
vive nuclear war. Two strategies exist for surviving nuclear war. One is to
build impregnable defenses against nuclear weapons. The other is to try and
reduce the damage of the war as much as possible, "win" it, and rebuild the na-
tion afterwards.

Building impregnable defenses against nuclear weapons is so difficult that
most authorities believe it impossidle { 4 }. Any defense must be nearly 100%
effective to prevent devastation. For example, the Soviet Union has approxi-
mately 2,000 strategic missiles., One percent of these could destroy the 20
largest cities in the United States, and radioactively contaminate vast areas.
Such destruction would be a national catastrophe. Ten percent of the missiles,
or 200 of them, could virtually obliterate the United States as a social unit.
Yet, defenses that permitted only ten percent of the missiles to get through
still would be 90% effective. Such a high level of effectiveness is unheard of
in the history of anti-aircraft defense( 2 ), the only kind of widely field-
tested defense that we have to compare with anti-missile defenses. In World
War II, anti-aircraft defenses that destroyed ten percent of attacking forces
were effective enough to make continued attacks prohibitively costly. That le-
vel of effectiveness was achieved in only a few places, although most World
War II planes flew less than 300 mph, and nations had several yesrs to field-
test their anti-aircraft weapons. Anti-missile weapons would have to be nearly
100% effective without field testing against targets travelling 20,000 miles an
hour, and capable of a variety of tacties for penetrating the defenses.

Penetration tactics could include launching swarms of missiles to "saturate"
or "override" the defenses, giving missiles and warheads evasive maneuvg® capa-
bilities, launching dwmy missiles to fool the defenses, broadcasting radio-
reflective materials such as tiny bits of tin foil to "blind" defense radar
sereens and guidance systems, and using the electromagnetic pulses from explod-
ing nuclear weapons to destroy the®olid -state circuitry of defense detection,
guidance, and communications systems.

Laser and particle-beam defense systems, that have been heralded as poten-
tially perfect missile-killers, have fundamental weaknesses { €). If they are
land-based,cloudy, rainy, or snowy weather can disrupt them. If space-based,
they can be destroyed by hunter-killer missiles and satellites, saturated, or -
frustrated by covering attacking missiles and warheads with rotating, reflective
shields.

, Tn sum, despite President Reagan's optimistic pronouncements, no sufficiently
effective defenses against missiles exist, or are in prospect.

Even if effective anti-ballistic missile defenses could be built, an attacker
still would have a nearly endless variety of methods for delivering warheads.
Air-breathing, "eruise" missiles can carry large warheads, deliver them with
pinpoint accuracy, and are inexpensive compered to ICEMs. An attack might con-
sist of tens of thousands of cruise missiles launched at night or in bad weather.

Or, if all missile defenses were "airtight,” an "enemy" still could -febri-
cate monster bombs of hundreds of megatons power, and install them off the coasts
of the United States. Such weapons would be inexpensive, and only a few of them,
by generating great tidal waves, and radioactive elouds, could destroy all coast-
al areas.
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5till another way of delivering weapons to their targets is to smuggle
them into cities, and aress near military installations, before the war ocecur-
red. Thermonuclear bombs of great power can be made so small that several could
be stored in a closet. Bombs also could be put{?i)automobiles, vans, packing-
cases, trunks, and even large suitcases. o

Bver since the invention of nuclear weapons, the advantage has s
favor of the offense and against defense. Bombs now can be made of any size, o
and delivered by many techniques. For every defense that's created, an off-
setting attack can be devised, and the means of atiack are less expensive than

the means for defense. Devising defenses against nuclear weapons is a losing
battle,

Wnat would a strategy of mitigating the effects of nuclesr war, "winning"
the war, and rebuilding the nation afterwards, involve? Some 20 years ago,
Herman Kahn discussed such a strategy in On Thermonuclear War. The strategy
divided the nation into an A country thet was destroyed by the war, and a B
country that survived, and rebuilt the nation afterwards. An attack today could
eilther completely destroy the B as well as the A country, or leave so little
left that recovery would be impossible.

Bven if highly effective missile defenses could be built, preparing to sur-
vive, "win", and recover after a nuclear war would reguire a major national
effort, far greater than the efforts exerted to win the first and second world
wars. It would be necessary to relocate or duplicate underground, key adminis-
trative, military, and industrial facilities, and large amounts of strategic
materials. Beyond that, itwomuld be necessary tg. sell the population on exper-
iencing and trying to survive a nuclear war. égt's)highly unlikely that the peo-  _
bPle of the United States would accept such a s tegy. They support deterrence
because they believd 1t will work. If their govermment told them that deterrence .
was going to fail, and they should begin preparing to survive a nuclear war fought
with thousands of missiles, it's unlikely that many would still support deterrence
or the government.

Aiso, preparing for nuclear warwould make war more probable. It would great-
1y weaken diplomatic efforts to prevent the war, and would frighten the "enemy"
into a similar program. Preparation on both sides would ternd to become "crash"
programs. If war fvag) seen as inevitable and imminent, prefmptive strategies -
would dominate. i

. In addition, the strategy of "weathering" nuclear war has no long-run value.
If the principle of deterrence remains, and nations continue to build nuclear
weapons, the probability equations show that nuclear war I would be followed by
nuclesr wars IT and III. The limited power of conventional weapons has permitted
world civilization to survive cycles of wars, even world wars,ci
cles of nuclear wars can't be survived. At some point, the radidgetivity in
the atmosphere and on the groundwould reach levels lethal to all but the most
primitive living things.

If trying to cope with nuclear war isn't realistic, what strategy is? A
strategy for preventing nuclear war.

Arms control 1s such a strategy. Arms control strategies seek to prevent war
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by bringing the arms race "under control." Examples are the Salt I and Salt II
treaties, and versions of the proposal to "freeze' deployment and development of
nuclear wespons systems, None of these sirategies tekes intec consideration the
probability equations. Therefore, all represent misunderstandings of the situa-
tion. Their advocates regard an uncontrolled nuclear arms race as the great dan~-
ger to peace. In the main, they accept deterrence and believe in "stable deter-

rence.” 'They don’t acknowledge that all deterrence strateglesﬁgead toward nu-
clear war mdﬁ?ﬁﬁ?ﬁ@ e e

Nevertheless, arms control is correct in recognizing that an uncontrolled
arms race is a great danger in itsel?. It meansmore missiles, and more vulnera-
ble retalistory capabilities. Alsoc, it means nuclear proliferation, putting
nuclear weapons into the hands of governments that may be "irresponsible." All
of these developments will hasten the OWbreak of nuclear war. Even though arms
control strategies don't fully recognize the limitations of deterrence, they
would at least "buy time" if adopted.

The best arms control strategies would reduce arsenals the most and the qulck-
est. This is because the probability of an unauthorized missile launch is decreas—
ed by decreasing the number of missiles, as the equation,FE'_O_P)ﬂin , and graph

(:EL page 1 show, and because small arsenals will cause less damage than large
ones. Rapld reduction is necessary to reduce the effect of the time factor, n,
in the equation.

Another difficulty with arms control strategies lies in their need for veri-
fication and inspection. There are two main kinds of inspection. "National
technical means" can be carried out by means of satellites, airplanes, and seis-
mographic equipment. They work best when there are large numbers of large nu-
clesr weapons that can be readily detected. Arguments for the freeze are that
silos of the current, large, land-based missiles can be easily photographed, and
that there are zo many missiles that small infractions or "cheating" won't sig-
nificantly affect the weapons balance.

"Cooperative" inspection is " on-site,"” and can involve people inspecting

weapons and weapons bases, to make sure thet there are agreed-on numbers of wea-
pons and warheads.

As nuclear arsenals are reduced, both kinds of inspection become more diffi-
cult. Also, as Henry Kissinger and other strategists have pointed out, small ar-
senals make small numbers of weapons decisive. Therefore, at some point in arms
control, inspection simply won't gusrantee equality and security.

The probability equations show that the only way to prevent nuclear war is
to de-activete all nuclear weapons. If strategies of continuing the arms race,
-and arms control, can't de-activate nuclear weapons, we are left with disarmament
strategies as the only possibilities.

Disarmament strategies are of two kinds, multilateral and unilateral. Multi-
lateral strategies are similar to arms control, and rely on verification and
inspection. In regard to nuclear arsenals, they break down when the presence or
absence of nuclear weapons can't be ascertained. Because of this, the complete
deactivation of nuclear arsenals is possible only through unilateral disarmement.
Nations must decide to de-activate theilr nuclear arsenals regardiess of agreements
or verification arrangements.




Unilateral disarmament has two slightly different forms, "unilateral
initiatives,” end unilateral disarmsment. Being aware of the differences be-

tween these strategies helps in understanding the literature sbout dis—
agmament and arms control, particularly that written in the late '305 and early
| B o

us,

Unilateral initiatives' is g technical term used to describe a unilateral
disarmament brogranm undertaken as a gesture to encourage trust between nations,
and to set the stage for disarmement negotiations. In this context, an "initia-
tive" doesn't jeopardize the military posture of the nation undertaking it, and
is reversible. An example would be NATO or Warsaw Pact troop reductions. The
problem with unilatersl disarmament of this kind is that it can be regarded as
8 ruse, and therefore probably won't have much effect.

Usually, "unilateral aisarmament is meant to mean disarmament by one side
that isn't reversible, and will wesken its military posture.

Unilateral nuclear disarmament immediztely raises questions about the prac-
ticality of conventional forces. Since conventional forces are no mazitch for an
"enemy" avmed with tuclear weapons, there would seem 1ittle point in retaining
conventional forces. As Japan found out in 1945, waging war with conventional
forces against & nuclear power invites a nuclear atback as well as certain de-
feat., In addition, conventional forces are expensive. In view of this, a na-
tion that embarked on unilateral nuclear disarmament might as well continue dis—

. arming down to the police level.

Therefore, pursuing national security in the nuclear age has brought us to

. complete unilateral disarmament. This isn't strange, if it's remembered that
nuclear armamenis are the exted:)ons of conventional ones, and nuclear deter- —
rence is an extension of the deferrence strategies that have governed the devel-
opment of conventicnal srsensls throughout history. Once it ean be shown that
nuclear deterrence will result in the destruction of civilization, and even-
tually the human gpecies, conventional arsenals, and the principle of military
force, are no longer rational.

It's this understanding that must lie at the foundation of any realistic and
rational national securlity program. Military force is obsolete as a route to
national security. In a highly sophisticated scientific and technological so-
ciety, deterrence and military competition lead to the destruction of the nation,
civilization, and the species.

If abolishing military strategies and institutions seems impossible and
unwige, perhaps the knowledge of how to make nuclear weapons and missiles can be
wiped out. The world then could wreturn to conventional armies, conventional
deterrence, and conventional wars. No one has suggested that this is poseible.
As Herman Kahn has pointed out, only lobotomizing the entire human race could
eliminate the knowledfe of how to manufaciure nuclear weapons. Furthermore,
the growth of scientific and technological knowledge is exponential. FEver more
powerful weapons are on the horizon, and no end can be seen to weapons develop-
ent. There is no way to avert nuclear war other than the abandomment of all
forms of military force, and the creation of political, non-military institu-

; tions that can resolve conflicts without war.
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There are three main theories for achieving justice and security without the
use of military force: Democratic world govermment, sometimes called "liberal
political theory"; Marxism/Leninism; and humanitarian anarchism. Liberal poli-
tical theory sees war as the inevitable conseguence of "international anarchy";
independent nation states pursuing their interests with private armies. Peace
can be achieved only if the nations are willing to give part of their sovereign-
ty, and all of their military force, to a single world authority. This world
authority, or govermment, would have the power to make and enforce laws, and
would seek the interest of all of its citizens - the world population. The idea
that peace depends on government is found in the writings of Hobbes, Locke,
Rousseau, and other 17th and 18th century political philosophers, and is at the
heart of the political thinking that's crested the western, constitutional demo-
cracies. Its outstanding success was the joining of the Ameriean colonies into
the United States.

Marxism/Leninism sees all sociml conflict and injustice as the result of
the class divisions generated by capitalism. It explains war as the consequence
of imperialism, the struggle between capitalist states over resources and markets.
According to Marxist/Leninist theory, once communism has replaced capitalism,
classes will be abolished, competitive, wasteful economic practices will be sup-
rlanted by cooperative, efficient, social ones, and there'll be no occasion for
wars. Although Marxist/Leninist theory sees a need for military force for revo-
lutionary purposes, and to protect communist states against counter-revolution-
ary attacks by cspitalist ones, 1t predicts that when communism's universal, -
there'll be no internaticnal conflict, and the need for armed forces will fade
away. Along the same lines, Marxist/Leninist theory predicts that in a classless
society, without conflict of economic and social interest, there'll be no need
for the police and other internally coercive state institutions. In timé, these,
too, will "wither away."

In practice, communist nations have proven bellicose toward each other. Rus-
sia and China are enemies; China is more of an ally of the United States than e
friend cf the Soviet Union. China and Vietnam have fought one major war, and
another seems imminent. Vietnam has overrun most of Cambodia.

All communist states have large police forces, and other powerful institu-
tions for regimenting their people and repressing dissent. The decrease of po-
lice terrorism in the Soviet Union since Stalin's death, and the current Chinese
regime's denouncement of the coercive policies of the "Cultural Revolution," and
"Gang of Four," are examples of progress in these societies toward less severe
coercion. There's little evidence that coercive state institutions will die out
entirely in the communist countries.

Humenitarian anarchism has slways been a significant strain ir the Christian
tradition. Protestant sectg, such as the Mennonites, advocate it. Other exam-~
ples are Tolstoi's religious writings, and the Catholie Worker movement founded
by Dorothy Day and Peter Maurin. Thoreau's writings suggest it. Gandhi's nonvi-
olent movement in India, which included the idea of a nation made up of hundreds
of thousands of self-governing, self-sufficient villages, implied it. Humani-
tarian anarchism seeks to generste social justice znd stazbility purely by non-
physically coercive means. These movements tend to be pacifist, not admitting
the need for military force. Although it's worked in small communities, human-
iterian anarchism has known no large~scale successes.
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These different political theories are rooted partly in different appraisals
of "human nature." Liberal political theory has a pessimistic view. Tt sees
human nature as always ineluding strong selfish, egotistical motivations ( 7 ).

It regards selfishness as inherent, perhaps genetic. While it can be reduced

by favorable social conditions, it can never be entirely eliminated. In the
absence of government, people live competitively, like predatory beasts in the
Jungle. Govermnment tames and channels the selfish, egotistical, violent impulses.

Marxism/Leninism sees humar nature as malleable, entirely the product of
conditioning, of culture. People brought up in capitalist societies will be
competitive, individualistiec, egotistical, and cruel. Those reared in socialist
ones will be cooperative and caring.

Humanitarian anarchists see humen nature as basically loving, generous, kind-
ly and sociable. The selfish, egotistical, and cruel characteristics that are

50 commonplace they regard as corruptions wrought by coercive and exploitative
institutions.

Nonviolent resistance is a political power theory developed in the humani-
tarian anarchist tradition. EtiennedelaRottie, Tolstoi, and Thoresu suggested
it. Gandhi systematized and experimented widely with it. Nonviolence proposes
to overcome or transform the selfish, violent and cruel characteristics of an
"enemy's" attitude by means of "truth force," courageous, nonviolent confronta-
tion.

People who are aware of these different outlooks usually regard the social
goals of humanitarian anarchism as desirable ideals that for various reasons
can't yet, or never can be, attained. This suggeste that if we wish to progress
from a world that's burdened with nuclear s ents, and threatened with catas- __
trophic nuclesr war, to one that's not threatened by war and has a chance to e-
volve, the evolution we want is in the direction of humanitarian anarchism.

If this evolution is to occur, it must be motivated by the analysis of milita-
ry pover and deterrence that we have undertaken, for without it, there will be
no incentive for advocates of the liberal political theory and Marxist/Leninist
viewPébts to change their peolicies.

Although disarmament can reduce the likelihood of cataclysmic nuclear war,
it can't prevent military force from being used to blackmail, or to invade ano-
ther country. Therefore, any society that adopts unilateral disarmament also
would be wise to develop programs to decrease the likelihood of, 8nd to resist |
blackmail and invasion. The best program probably would include at least four
elements: s

1. Worldwide publication of the realities revealed by the probability equa-
tions. This would demonstrate the need to deactivate nuclear weapons, and
pursue nommilitary solutions to conflicts;

2. A call for democratic world govermment;

3. Lerge scale economic ald programs to end involuntary poverty;

4. Preparation for nohviolent resistance to cope with the possibility of in-
vasicn and occupation. .
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World govermnment would offer at least an intirim political structure within
which conflicts could be resolved justly without military force. Also, it would
provide for the evolution of soclety in a non-coercive direction as far as social
and bioclogical realities would permit. Although different political perspee-
tives are rooted to & large degree in different theories of "human nature," there's
no way ultimately to test these theories. For example, ig selfishness a cultural
or genetic phenomenon? What test can tell? Culture can be attributed to genetic
factors. Genetic factors can be attributed to natural selection within a given
enviromment or culture. Since the problem’s unsolvable, the most that can be done
is to set up a structure that can evolve as far as possible in the direction of
unselfishness. Democratic world govermment can do this. Once established, it
would either stabilize itself at some balance between coercion and freedom, if
selfishness had a genetic origin, or its coercive elements would "wither away,"
as the cultural causes of selfishness and violence were progressively removed.
World govermnment could achieve this while national governments have been unable
to, because it would be free of the pressures generated by military institutions.
In both democratic and communist societies, the coercion and cruelty implicit in
military institutions has set a limit beyond which the society can't evolve in
s non-coercive direction. In order to maintain their positions in arms races,
and to sustain deterrence policles, all nations have had to profoundly compro-
mise their humanitarian traditions.

In regard to the programs to eliminate poverty, all three perspectives tend to
regard involuntary poverty as a major cause of violence and war. The economic
aid programs would be administered through the United Natioms to both insure that
they wouldn't be used to promote narrow nationalist interest, and to strengthen
the U.N. as a nucleus for world govermment.

Any nuclear superpower could couple such a four-point program with unilateral
disarmament. If it did, what consequences could it expect? It probably wouldn't
suffer a counterforce attack. There'd be no forces to destroy. In this regard,
it helps to remember that the surprise attack on Pearl Harbor was a counterforce
blow directed at the Seventh Fleet, and its supporting installations.

Also, the nation probably wouldn't suffer a countervalue attack against itis
cities. Such an attack would be gratuitous cruelty, and would cause immense,
worldwide political harm to any country that undertook it. Also, the attack
would destroy resources that a "hostile" country might wish eventually to con-
trol, and it would release radicactivity into the atmosphere that eventually
would harm the atbacking country.

Rather than nuclear surprise attack, the disarmed nation more likely would
face blackmail threats, occupation attempts, and "nibbling" at the edges of what
once had been its military zone of influence. Blackmail in the form of bombing
threats would be unlikely. Making and carrying out such threats against a dis-
armed neighbor would be very costly politically, and less costly alternative forms
of pressure would be available. In general, bombing threats could be ignored.

Occupation attempts could be countered with nonviolent resistance in the
tradition established by Gendhi in India. The resistance would be characterized
vy noncooperation and strikes. These would be designed to raise as high as
possible the psychological, political, and economic costs to the invading power.

-
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"Kibbling" also would involve occupation attempts, and could be countered
with nonviolent resistance.

Nonviolent resistance might not work perfectly, or be without risks and sac-
rifices, There are many historical examples that suggest that it could be ef-
Tective (8 ), and there's no evidence whatsoever that nonvioclent resistance
would result in casualties and destruction more than a tiny fraction of thosze
troduced by nuclesr war.

Any superpower that adopted such s Program could expect & period between the
program's inauguration and the establishment of world govermment during which
world public conscicusness would rise concerning the inability of military power
to provide security; the anti-poverty programs were eroding the desperation and
cynicism that help to generate oppression, and nonviclent resistance was raising
to high levels the political costs of military aggression. The disarmed nation
might have to endure occupying forces, and the distortion of normal economic
bProcesses. However, time and scientific reslity would be on its side, and even-
tually the advantages of democratic world government, and procedures for peace-
fully resolving conflicts, would become universally clear.

The world govermment would have to be adjusted to accommodate the dominant
values of the two main blocks. Its democratic and constitutional character would
come from the "free world." Its economic preference probably would come from
the communist and third world members. Having a world government that inclined
to favor the less efficlent socialist economies would be a small price to pay for
freedom from the threat of nuclear war. :

But why, if one or the other of the major power blocs disarmed unilaterally,
would the armed bloc have to settle for a compromise? If the communists remained
armed, couldn't they impose a world communist govermment controlled by a central
committee operating under "democratic centralism" ? ( 9 ). And, if the commu-
nists unilaterally disarmed, couldn't the U.S. and its allies impose a world
goverment that favored capitalist policies?

Strong incentives would exist to make a compromise preferasble to seeking hege-.
mony. One would be the prospect of sustained nonviolent resistance from helf the
world's population. Another would be the scientific realities described by the
probability equations. Any natiom or group of nations that was tempted to im-
pose its will on the rest of the world would know that this could result in new
nuclear arms races, and the renewed probability of nuclear war. For example,
with the U.8. out of the picture, Russia and China might throw their full energies
into mutual deterrence and a nuclear arms race. But, where could it lead? Only
to nuclear war. The probability equations are like the law of gravity. Their
predictions apply to everyone. Rather than risk such a catastrophe, all nations
would be wiser to seek nonmilitary, political resolutions of their differences
through a world goverrment.

Once established, a world government would be given a mnonopoly of nuclear
technology. This would prevent the development of antagonistic nuclear arsenals,
and permit the evaluation of all applications of nuclear energy in terms of glo-
bal interests. :
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While world government could end the immediate threat of nuclear war, it
would pose dangers of its own. One would be hegemony, or domination by one
interest group or snother., This danger exists in all constitutional democracies,
and usually has been adequately handled through constitutional guarantees of ci-
vil rights and civil liberties, executlve, legislative, and judicial instlfutions

that check and balance each other, and the creation of well-educated electorates.

World govermment also would permit world culture to flourish on a much great-
er scale than at present. There would be no competitive military institutions
draining away productive resources. Science and technology could be guilded %o
improve living conditions for the species as a whole. Environmental quality
problems could be dealt with on a global scale. As science developed, the poten-
tial for weapons of ever greater destruective power would grow, always underlining
the need for cooperative, global institutions, and the folly of returning to a
situation dominated by antagonistic weapons systems and deterrence.

In such a situation,coercive institutions could be expected to decline
within a few decades to a level representative of whatever genetic component
of selfishness exists. Then, as culture continued to be characterized by in-
stitutions that de-emphasized coercion, and emphasized cooperation, the genetic
composition of the entire species could be expected to change in the direction
of ever lower levels of selfishness and cruelty. Once freed of its need for
military force and deterrence, society would be able to develop ultimately with-
out limit. From the time that reliance on military deterrence ended, civiliza-
tion levels could be expected to progress indefinitely upward.

Vi. A note on method

This paper has employed mathematic:] probability analysis to apnalyze deter-
rence theory and strategy. For the following reasons, I believe that this form
of anazlysis ran provide the most helpful insights.

One of the tasks of political science is to find laws that permit the pre-
diction of the the outcome of social policies. Social phenomena are complicated,
and several philosophers have claimed that neither sccial nor political science
exi§ts {1 ). Nevertheless, some progress has been made, notablyin,the appli-
cétlon of statistics to election prediction and other problems, and in econo-
mics, in building a body of laws that produce relisble predictions.

. There are several ways for discovering scientific laws. The most reliable
is laboratory experiment. An hypothesis is formed, predictions are made, and
then controlled experiments are undertaken to see if the predictions hold true.
This approach is a process of elimination. It rejects hypotheses that don't
produce accurate predictions. Economic programs such as the New Deal, the Mar-
shall Plan, and "Reaganomics" are examples.
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A second approach is statistical prediction. Tt's based on extrapolating from

Measurements taken of event patterns. TIt's approprizte when the event whose fu~
ture occurtgpce we're curious about is very similar to the events in the pattern.
Elections predictions, and Charles M. Komanoff's miltivariate analysis of the
comparative costs of nuclear and coal power ( 2 ),are examples.

~ A third approach is mathematical probability analysis. We can use it when

we know that the phenomena we're studying involve risks, '
A fourth spproach is historiesl analysis. It looks at history to see if

patterns of events can be perceived. It's based on the principle that, "What's

happened in the past will happen in the future." Marxism iz an example of this
approach. :

And the fifth, and least reliable technique, is intuition. It relies on
"hunches" rather than on intellectual analysis. Japan's attack on Pearl Harbor,
Russia's 1919 invasion of Poland, and the Bey of Pigs invasion, are examples,

A1l of these methods for discovering laws and making predictions have some
Place in political science. The problem is to use the best approach possible.

The best approach is determined by the kinds of information and problems being in-
vestigated.

Nuclear deterrence is a theory about how to prevent nuclesr war. Since nu-
clear war is an extremely important phenomencn, it's important that we investi-
gate deterrence in the most effective manner possible.

As vwe've seen, most deterrence strategists have employed the historicsal test
to evaluate deterrence: Deterrence will work because it always has worked. This

test isn't the best we can apply. The test itself can be evaluated only by risk-
ing catastrophe.

We can't use the laboratory method. We can't test deterrence until it fails.
It's the failure that we want to prevent. :

A statistical approach isn't compelling because there're no historical ex-
amples of nuclear arms races. We can say that gince most conventional arms races
have ended in war, it's likely that the nuclear one will, tooe. But, because
the nuclear arms race is different, it may not.

Intuition, "hunches"”, aren't relisble enough. They're too subjective.

What's left, mathematical probability analysis, is appropriate because de-
derrence involves risks,
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I. Thesis

(1) From "The Evolution of American Defense Policy", by Richard Smoke, p. 94
in American Defense Policy (ADP) (fifth edition), ed. by John F. Reichert
and Steven R. Sturm.

{(2) Many probsbility models usethe concepts of p and (1-p). To my knowledge, the
only previous use of this equation in political analysis appears in a foot-
note at the bottom of page 1272 in Volume II of Quincy Wright's, A Study of
War. The footnote reads:

"The probability of war between two states during a period of
time is not the product or the sum of the probabilities of war in
all of the crises anticipated in their relations during the period,
nor is it the probability of war in the most serious crisis. Rather

y it is cne minus the probability of war being avoided during the per-

iod. This is the product of the probabilities of war being avoided
in each crisis...Assume that A and B during a period of ten years
passed through three crises of which the prq@bable eventuations of e
war were, respectively, 50,60, and 70 percent and that states C and
D had, during that period, only one crisis with a war probability
of 94 per cent. It should be said, at the beginning of the period,
if these probabilities were known, that the probability of the mem-—
bers of the two palirs being at war with each other within ten years was
equal. With A and B the probability of avoiding war in the succes-
sive crises was 50, 40 and 30 percent. The product of these percent-
ages is 6 per cent, giving a war probability of 94 per cent. If

A P fs ete., indicate the probability of war in successive cri-
ses in the relations of two states and P indicates the probability

of war for n crises, then
P=t-(1-2)(1-8)(t=p3)--- (I=Pn)
If an average probability of war is assumed for each crisis,
P=1-(1-p)"

Even though p is very small, as n approaches infinity the probability
of war approaches certainty."

In 1942, when A Study of War was published, and nuclear weapons hadn't -
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been developed, the equation was of little more than academic interest.
Nuclear arsenals, and, particularly, recent developments in missile seo-
curacy, have given the equation considersble importance,

(3) The equation may be derived mathematically in this way:

The event we have in ‘mind, the accidental lalinching of a mié.sile, can either
occur or not occur on a given day. Let "O" indicate that it does occur, "DO"
indicate that it doesn't océur. If the event does occur, then that is the
end ‘of our story, If it doesn't occur, we move to the second day. On the
second day, the event can occur, ‘or not occur. If the event doesn't occur on
the second day, we move to the third day, and so on for as many days we wish

("N" days). 4 model of these possible events might look like this:

o Do DAY |
»

Do DAY &

po DAY 3 -

o " Do DAY N
With this model in mind, let us use the letter "p" to stand for the proba-
bility thet the event will happen on a given day, and the letter "q" to stand for
the probability that it won't happen on a given day. The number "{" indicates a
chance of 100% or certainty. Then:

+¢i= 1
1

-

F
- 1-9
Now, the AP on day one is P. The AP on day two is the gxp (The accidenf
4idn't occur on day one, therefore its probability is q, Ve multiplyrz pbecause
the days are sequentiél, and the events are part of the same syatem,) '

On day three, the 4P ¢ ¢xqxp,er f P

-{
On the Nth day, we see that the AP would be f ¥ xP
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But, we are intereaied in the total probability over all of the days. We
therefore must add together the probabilities for each °§ ';he days. The mathema-
tical _symbol for adding up quantities in this wey is Z ("i" is called an
"index"., 1=1 means that we first put 1 into our equatii;r{‘ and evaluate the result,
then 2,. etc., all the wajr to ¥.) Let us use the letters "APT" to represent this

accident probability over a tipe period of one or more days. We can write:
APT = Z (37" <F)

Since p is in each day's calculaticn, we can "factor" it out and re-write

our equation in this way: L. 'l (wg will call this
APT -
P CZ "Bque tion #1“.)

==l
Ve know the value for p. but the value Zcz"'r cen requirs N calculations.

1
However, .we can simplify Z%' -1 by means of the following mathematical "trick."”

[£51

We Xnow that: i 1;-1" p+qrgirgie
And that: 7 (f ‘;:] 9+4* +q

&
Subtracting: N AR -

28 “‘[.ﬁ ]-1 ‘i
Factqri.ng: _(;; 3) Z (cci' 2y = - GZ_.H

i=1 .

Dividing both sides of the equation by (1-—q). we have the simplified expression
'A- — ”
that we were seeking. Z ity -3

A ———————————

=1 "1
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Multiplying both sides of this equation by p, we have:

o ZH 1‘.‘-1‘]. P[l:q"] (.We will call fhis
f=1 =9

"Bquation #Zf‘.)

Substituting Bquation #2 into Equation #1

APT = .____._.‘”‘f"]
=3

s We have:

Now, since p=]_~1, thens

art = -9) |28 < 1=

1-9
And, since g=1-p, our final equation, that we might call "the aceident probabili-
ty equation, is: APT = '1_ (l’P)"

(k) In Deterrence and Defense (Princeton University Press, 1961), Glenn H. Snyder
analyzes how gain/lossconsiderations enter into deterrence. See particular-
ly the models on p.17 and the subsequent discussion of them.

(5) Herman Kahn mskes the distinction between authorized and unauthorized missile
launches in On Thermonuclear War (Princeton University Press, 1960), p.154.

(6) Most people believe that the launches of battle-line missiles can be aborted
in the same way as the test launches of military missiles, and the launches
of rockets carrying {zltellites and astronauts. While I've found no Penta-~
gon or SAC statemenis concerning this notion, there are an sbundance of infor-
mal statements by government authorities and deterrence strategists implying
that battle-line missile launches can't bg asborted. For example, in a May
13, 1982 news conference, Pregident Reag(fa said:

"one of the reasons for going after ballistic missiles, that is
the one that is the most destabilizing. That is the one that is
the most frightening to most people, and let me just give you a little
reasoning on that, of my own, on that score.

That is the missile sitting there in its silo in which there could
be the possibility of miscalculation. That is the one that people
know that once that button is pushed there is no defense. There is
no recall. And it's a matter of minutes, and the missiles reach the
other country." :

On page 100 in On Thermonuclear War, Herman Kahn wrote, "...The bomber
has some advantages over missiles: it is recallsble..."

Writing of missiles on page 19 in The Necessity for Choice, Henry A,
Kissinger wrote, "Once launched, its [e missile's ] flight cannot be im-
peded except by internal malfunctions whose freguency is statistically
known..."

I can thirk of two reasons why batitle-line missiles probably don't have




(T)

(9)

(10)

(11)

(12)
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abort mechanisms, both due to the necessity for using coded radio signals
to activate the mechanisms. One is that the codes might fall into the
hands of enemy agents, who then would be able to de-activate the U.5. stira-
tegic arsenal. Another is that in wartime, the electro-magnetic pulses
generated by nuclear warheads exploding nearby might activate the destruct
mechanisms.

The 1972 "Salt I" treaty banned all but very limited ABM systems.

This problem is discussed in John Steinbruner's articles, "National Security
and the Concept of Strategie Stability,” published in The Journal of Conflict
Resolution, Vol.22, #3, pp.411-k23, and, "Nuclear Decapitation", in Foreign
Policy, #b5, winter 1981/82.

The exponents are multiplied together. A discussion of the laws governing
the probabilities relating to independent events may be found on page 19 of
Engineering Statistics, A.H. Bouker & G.J. Lieberman; Prentice Hall; 1959.

nm

Actually, I've called a varistion of P=l'0‘P) the "Apocalypse Fquation"
(AE). In the AE, P is replaced by AP and m by (U+S), in which U represents
the number of U.S. missiles, $ the number of Soviet missiles. The eguation

then becomes: B (uss . Versions of the equation that aren't
AF""‘ ("’ P) (v+%) n

quite as accurate, but involve smaller exponents, are: AP ]-[}-p(U-I'S}J ’
~np (u+s) .

and, AP: ,'fe . In the last equation, e is the natural log

base 2.71828...

One approach could be similar to that employed by a team of Massachusetis In-
stitute of Technology scientists under the direction of Dr. Norman Rasmussen,
to estimate the catastrophic failure probability of a nuclear power reactor.
That research is reported in the Reactor Safety Study, prepared for the
Nuclear Regulatory Commission, and published in 1975 (also known as The
Rasmussen Report, and by its documentary code nane, WASH-1400). The Ras-
mussen team's research cost the government about $10 million.

The problem of cag culafing the mechanical and electrical accident proba-
bilities of nuclear .gﬂ-ns is discussed in a letter from Joel E. Cohen, "Too

_many nuclear weapons", in the September-October, 1981 issue of Harvard Maga-

zine,pp.17-19.

Calculating the psychological instability of the personnel directly re-
sponsible for nuclear weapons is discussed in the monograph, "National Secur-
ity Policy and Human Reliability in Military Systems", by Lloyd J. Dumas, in
Papers in Science and Public Policy I; Annals of the New York Academy of
Sciences; Vol.368; 1981; p.103.

Appendix II consists of graphs in which curves are plotted on the basis of
different assumptions concerning the value of m, the number of missiles.
Appendix III shows how the curves can be used to compare different deterrence
strategies.

——
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A philosophic error

(1) Aristotle was aware of the problem. David Hume and Emmanual Kant analyzed

IIT.

it in detail. Bertrand Russell, A.J. Ayer, and Alfred North Whitehead, are
modern philosophers of science who've discussed it.

A theory of history

(1) See George H. Quester's book, Deterrence before Hiroshima; John Wiley & Sens,

(2)

(3)

Iv.
11)
(2)
(3)

(11)
(12)
(13)
(14)
(15)
(16)

RYC; 1966

See the guotations from Thucydides and Bernard Brodie, pp.2h-25 of this
paper. '

The original phrase probably is Vegetius's, "Qui desiderat pacem, para
pacet bellum."

Examgles

Strategy in the Missile Age; Bernard Brodie; Princeton University Press; 1959.

Ibid., p.216

Nuclear Weapons and Foreign Policy; Henry A. Kissinger; Harper & Bros., NYC;
1957

Ibid., p.116
Tbid., p.173

The Necessity for Choice: Prospects of American Foreign Policy; Henry A.

Kissinger; Harper & Row, NYC; 1960
Tbid., pp.217-218

Tbid., p.bol

Ibid., p.h36

"The Delicate Balance of Terror"; Albert Wohlstetter; Foréign Affairs, January,
19593 pp.211-235

Tbid., p.222
Ibid., p.23h

Strategy in the Missile Age; Bernard Brodie; Princeton University Press; 1959

Ibid., p.306

Ibid., p.397

"On the Objectives of Arms Control"; Bernard Brodie; International Security;
Pp. 19-33




(17)
(18)
(19)
(20)
(21)
(22)

(23)
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Tbid., p.19

Ivid., p.29

Ibid., p.33

Ibid., p.33

Strategy in the Missile Age; pp.L05-406

On Escalation; Hermen Kshn; F.A. Praeger, NYC; 1965

On Thermonuclear War; p.ix. The ¥ footnote reads:

Ivia.

Ibid.

Ibid.

Ibid.

Tbid.

Ibid.

Ibid.

Ibid.

Ibid.

Ibid

Ihid

"Herman Kahn and Irwin Mann, Technigues of Systems Analysis, The Rand
Corporation, Research Memorandum RM-1829-1, June 1957; and Ten Common

s

+* 3

Pitfalls, Research Memorandum RM-1937, July 17, 1957."

pp.33-3h
Pp. 40-h1
p. 14k

p. 154

“p.228

p.358
p. 493
r. 501
p.521
PE. 536-537

.57k

On Escalation; pp.63-6k

Ibid., p.226

Ibid., pp.12-13

Ibid., p.22

Deterrence and Defense; Glenn H. Snyder; Princeton University Press; 1961

Ibid., p.3

Ibid., p-.3
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(k2) Tbid., p.12

(43) 1vid., pp.100-101

(bh) Arms and Influence; Thomas C. Schelling; Yale University Press; New Haven,
Ct.; 1966

(h5) Tbia., p.92
(46) Thid., pp.9h-95
(47) Ibid., pp.93-9k
— (48) Toa., p.ob h
(49} Tvia., pp.96-97
(50) Ibid., p.98
(51) Ivid., p.99
(52} Ibid., p.109
(53) Tvid., p.113
(5k) Ibid., p.248
(55) Ibid., p.2L8

(56) "Arms Races: Prerequisites and Results"; Samuel P. Huntington; The Use of
Force; Art & Watty

(57) Ivid., p.520
(58) Ibid., p.512

(59) "What Deters? The Ability to Inflict Assured Destruction"; Robert Jervis;
ADP; pp.161-170

(60) Ibid., p.169
(61) Ibid., p.169

(62) Deterrence; Patrick M. Morgan; Vol.h0 of Sage Library of Social Research;
Sage Pubs., Beverly Hills, Ca.

(63} Ibid., p.9
{64) 1vid., p.h7
(65) Ibid., pp.21h-215

(66) 1bid., p.1k

. (67) Ibid., p.36




(68)

(69)
(70)
{(71)
(12)
(73)
(T4)
(75)
(76)

"Strategic Deterrence Reconsidered!i)Richard Rosecrance; The International
Institute for Strategic Studies; London; Paper #116:; 1975. On microfilm at
Regenstein Library, University of Chicago

The New York Times; April 13, 1982; op ed page

The Kew York Times; April T, 1982; p.6

Ibid., p.15

Tbid., p.16

The MY ICEM and Hational Security; Colin S. Gray; Praeger; 1982} P.95
Ibid., p.h
Ibid., p.97

Ivid., p.58

V. Conclusions

(1)
(2)

(3)

(k)

(5)

(6)

(7}

(8)

The MX ICBM; p.l106

Pencil and paper approximations can be made by means of the binomial theorem.
As previously mentioned, the calculations are easily made on a pocket calcu-
lator that has appropriate functions. A micro-computer will do the job, too.
Appendix I is an article that includes Apocalypse Equation programs for an
Apple computer.

See Gray's "What Deters/ The Ability to Wage Nuclear War", ADP, pp.171-187,

and The MX ICEM and National Security (Praeger, 1982), and Pipes's, "Why The
Soviet Union Thinks It Could Fight and Win a Nuclear War," Commentary, July,
1977, pp.21-3kh. _

In recent years, the Scientific American has carried a mumber of articles a-
bout weapons systems, that bear this out. Authors have included Kosta Psipis
and Bernard Feld.

Bernard Brodie and Herman Kahn are among the military historians who've
noted this.

See Kosta Tsipis's article,"Laser Weapons", in the Dec., 1981 issue of Scien-

tific American; pp.51-57.

Nietsche, who believed that people are basically cruel, is among the political
philosophers in this iradition.

The most comprehensive historical study of nonvioclence is Gene Sharp's
The Politics of Nonviolent Action (Extending Horizon Books, Boston, MA;

1973).
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(9) The Leninist/Stalinist term to describe the decision-making process in Russia
and the Communist Party.

Vi. A note on method

(1) Among the phileosophers who've contributed to this perspective are Stanislav .
Andreski in Social Science as Scorcery (1972), Alfred Schutz in The Phenomeno-
logy of the Social Worid (1932}, and Peter Winch in The Idea of a Social, Science
and its Relation to Philosophy (1958).

(2) See A Comparison of Nuclear and Coal Costs; Charles Komanoff Energy Associates,
475 Park Ave., South, 32nd floor, NYC 10016; 1978.
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Appendix I,

CREATIVE COMPUTING
May, 1983

The
Apocalypse
Equations

The last book of the Bible is that of
Revelation or Apocalypse. It describes
the end of this world with the Battle of
Armageddon and the advent of the next
and perfect world, Engendered by the
growth of nuclear weaponry over the
iast 3§ years and by massive and skillful
Kremiin-fanned propaganda, there is a
widespread fear of starting Apmageddon
by accidentally launching an armed nu-
clear missile from either the United
States or Soviet Russia.

In the. Harvard Magazine for
March/April, 1982 appeared-a letter by
one Bradford Lyttle;of Chicago, present-
ing three forms of an equation which he
says gives the probability of such an ac-
cidental Armageddon. The Apocalypse
program, which follows, presents these
equations so you may investigate the
presumed probability of Apocalypse.

Probability is often expressed as a
decimal between zero and one. A
probability near zero indicates that the
chances of a given event ocurring are
considered very low. A probability near
one says that the chances are very high
that the event will occur. Probabilities
exceeding about 0.95 are often consid-
ered practically certain. Probability is
expressed as a percentage in this pro-
gram: 1009% =1.00, a certainty.

The Equations

The three equations use these
symbols:

AP is the Probability of Apocalypse,
that is, the probability over a period of
time that the accidental launch of one
nuclear missile by either the United
States or the Soviet Union would falsely
trigger a nuclear World War IIL

Howard S. Balsam, 104 Appleside Drive, Nashua, NH
03080,

Howard S. Balsam

U is the total number of strategic mis-
siles in the U.S. arsenal. The program
suggests 1900. You may wish to adjust
this.

S is the total number of strategic mis-
siles in the Soviet arsenal. The program
suggests 2200; again, you may adjust
this vaiue.

P is the probability of the accidental
launching of an armed strategic nuclear
missile by either-the U.S. or the Soviet
Union during any 24-hour period. The
program suggests that there is one

-

"Run the progfam and
find out what the future
holds—if anything.

chance in one hundred million of this: -

1E-8. Change this if desired.

N is the number of days in the period
considered. You may enter whatever pe-
riod you wish: the program suggests
14,600 days—40 years. You may con-
sider that the clock started ticking per-
haps 20 years ago, with a much smaller
number of missiles.

The three equations given by Mr.
Lyttle are:

Approximate:

AP=1-(1-P(U+S)N
Closer approximation:
AP=1--NPU+8)

Exact Form:

AP = 1(1-P}NU~+S}

196

It turns out that the values given by
the first two equations are usually very
close to one another, while the exact
equation gives a slightly smaller value.

Program Structure
The Applesoft program consists of 14

- sections or routines ranging from 1 to 12

lines each in length. In approximate or-
der of operation, the main routines are:
100G-1090 Introduction
800~ 890 Menu
600- 720 Entries
300370 Approximate Equation
400- 470 Closer Approximation
500- 570 Exact Equation
140- 180 Resuits
Brief routines handle such operations
as centering phrases on the screen,
rounding numbers, rejecting out-of-line
values, and beeping three times. The En-
tries subroutine is designed to minimize
number re-entries; after the initial en-
tries, cach re-entry with the same value
can be made with one keystroke. The
program is fairly well bullet-proofed and
includes many REMarks.

Variations

While the program considers strategic
missiles of the U.S. and Soviet Russia
only, the nuclear “club” is growing. You
may modify the program accordingly.

You may wish to take a short-cut, at
least for a minimum-effort trial.- If so,
try  skipping lines  1000-1090
{Introduction}.

If you do this, make line 10 read:
GOTO 810. Of course, you may also
omit the REMs. If you find the beeps
annoying, delete lines 70-80 and
GOSUB 80 in lines 200, 350, 450, 550,
890 and 1100.

Now, RUN the program and find out
what the future holds—if anything. (I

May 1983 © Creative Computing




Program

*“penuuos ‘esdAjesody

3 heno w“”nm:”mu g Cpn e A TRD | 640 PX = 01 IF P THEN FRINT “I§ P= "P" ACGIDENTAL LAUNCH"! MTAE 121 PRINT
30 REM < ROUNDING ROUTINE 5 " PROBABILITY OK?“}i HTAB 32% FRINT “Y/N "} GET A$: PRINT A$1 IF A% =
. I + .S) 7 1007 RETURN “Y* THEN PX = 1! GOTO 480
mW xwmn gmenmzﬂmmnzn MHM4sz F e+ .® P RE 670 UT = FPEEK (37) FRINT “ENTER CHANCE OF ACCIDENTAL LAUNCH OF ! FRINT
60 HTAE ((40 - LEN (78)) 7 2 & 13! PEINT T8! RETURN “ANY GIVEM MISSILE OVER ANY 24-HR PERIOD"! INPUY “(POSSIBLE 1E-B):
70 REM < BEEP ROUTINE 5 C "iF! IF P £ IE - 12 OR P > 1E - 3 THEN GOSUE 2003 GOTOD &
: - : 70
- : - : - ¢ RETURN - ‘
mm it Anauwmzcm“wwz zcmwmzmm»rr 1783 RETUR . : 4RO NX = 6! IF N THEN PRINT “IS N= "N" DAYS OK?";: HTAR 32: FRINT "Y/N "}
100 PRINT “MIT ANY KEY TO CONTINUE "$: GET 26! PRINT ! RETURN : GET A%: FRINT AS: IF A% = “Y* THEN NX = 11 GOYO 700 .
190 REM < KESULTS ROUTINE > (690 VY = FEEK (37)1 FRINT @ FRINT "ENTER NUNGER OF DAYSI": INPUT “(FOSSIE
150 'IF Al THEN FPRINT "AFFROXINATE PROBAEILITY IS "ALUEM D PRINY WMm.Hmmwmwmaa ING PRINT 3 IF N < 1 DR N > 400000 THEN GOSUE
F AZ THEN FRINT "CLOSER APFROXIMATION I8 “AZ"X" Y PRINT 2804
”wu mn nw 4nnu FRINT :mx»%m vxamnmmqu< 1s "a3"Z" s PRINT 700 FLY = UZ + 5% + F% + NZ! REM FLAG INDICATING WHETHER ALL OR SOME CHAN
i ’ GES MADE.
T RN e JECTTON ROUTINE > . | 718 IF FLX < > 4 THEN Al = 01A2 = DIAD = 03 REM IF ANY CHANGES, SUPFRESS
200 INVERSE ! FRINT "PLEASE ENTER A MORE REALISTIC VALUE."! GOSUR BO! FOR FREVIOUS RESUITS TN LINES 130-170, READY FUR NEW RESULTS.
T =1 TD 1500% WEXT T: NORMAL ¢ YTAE VT + 1! CALL -~ 958 RETURN ! REM MMN mmncxz - MENU ROUTINE -
JECT ; 3, BEEFS, HDVE UP AND CLEAR SCREEN BELOW F “ . - .
VISPLAY REJECTION FOR READING, BEEES: 810 HOME 1T$ = “THE AFOCALYFSE EQUATION"! COSUE 60t FRINT iT$ = "HERE ARE
299 REM < THREE FORMS OF EG, ‘ B 3 FORMS OF THE FBUATTON,"! GUSOE™60:T$ = "READY FOR USE."! GOSUE 601
300 HOME 178 = "£A>l APPROXINATE FORM“! GOSUB 46! PRINT PRINT
310 -.:.DM 12 M-_-/.HZA AP = §-" CHES (91)71-F(UsS)IAN"T PRINT - 820 HTAB 18! FPRINT “-& ALGCERAIC FORM"! HTAER 10! FRINT 0> CLUSER AFFRO
: y XIMATION" :
370 GOSU ! REM -GO FOR ENTRIES, :
ww“ oy mmmu REE uhﬁcmm oy Ah PAD HTAR 103 FRINT "<F™ EXACT FORM'! HTAE 108 PRINT “<@> QUIT"! PRINT § FRINT
340 X = A1l GOSUE 40361 = X! REM PER CENT AND ROUNDING. K . . .
250 FRINT ! GDSUE 150! GOSUE 80! FRINT i REM DISPLAY RESULTS, WITH 3 EBEE BAD VT = FEEK 37) 0 13 PRINT "MHICH IS YOUR CHOICE? “jt GET Z$% REW VY
M : = CURRENT VERT SCREEN POSITION,
368 FRINT ! PRINT ! GOSUR 100 ‘ 836 IF Z$ = “G" THIN 1100
IS 370 ©aTo B10: REM  BACK TO MENU. , j Ba0IF 78 = VA" THEN 300
400 HOME 1T$ = "<C> CLOSER AFPROXIHATION"! GOSUE 60% FRINT 870 IF I% = “C" THEN 400
410 T4 = “AF = 1-EXP(-NF(U+))"! GOSUE 60! PRINT A0 IF Z% = “E" THEN 500 ; .
470 GDSUE 620% REM GO FOR ENTRIES. @98 VTAR UT! HTAR 11 CALL - B&B! GOTO B4D: REM IF NDT VALID CHOICE, MOVE
490 AZ » 1 - EXP C - NXFE X (U a5 BACH LF, CLFAR LINT, RE-QUESTION,
990 X = AZ: GOSUE 4D1AZ = X! REM PER CENT AMD ROUNDING. 1080 REH ~ <INTRODUCTION - . I
4%0 FPRINT ! GOSUE 150 GOSUE 80% FRINT § REM DLSFLAY RESULTS, WITH 3 EE - | 1030 TEXT I HOME :7% - ¢ APOCALYPSE ! oo "1 INVERSE, @ GOSUB &0 NORHAL
o ! FRINT @ FOME 34,2!Ts = “THE ‘AFOCALYPSE EQUATION': FROM A"! GOSUE &
. s E: $1T$ = “LETTER TEOM EFADFORD LYTTLE, GHICAGD,"! GOSUE &0
440 -FRINT ¢ PRINT { COSUE 100 : ' !
aw= COTD B10% REM  BACK T0 MEN. 1070 TS = "IN HARVARD MAGAZINE, * MAR-AFR 1982,"! COSUE 60
500 MOME ITS = "<E> EXACT EQUATION™: GOSUE 601 FRINT 1030 T4 = "PAGE 19, THF AUTHOR FRESENTS THREE®! GOSUE &0:T$ = "EQUATIONS
=ip T4 H‘..bﬂ. = Hlau..‘!ﬂ.v A NCH+SY" ! GOSUE 602 PRINT HHICH HF SAYS GTUE THE™T GOSUE 40:T$ = “FPROBAEILIYTT OF AN .}ﬂﬂ,ﬂoﬂz.:»ur
520 GOSUR 6201 KEM GO FOR ENTRIES. EXFLOSTON"! GOSUE 60iT$ = "OF A NUCLEAR WEAFON DVER TIME.": GOSUE 40
B AT = 1 - (1 — F) A (W om (U e B3 1040 T$ = “HE SPCCIFICALLY DEALS WITH THE"! GOSUE 601TS. = “CHANCE OF THE #
S40 X = A2t COSUR 401AZ = X! REM PER CENT AND ROUNDING, COIDENTAL LAUNCH OF A"! GNSUE 60174 = "STRATEGIC MIGSTLE, CONSIDERING
550 FPRINT ! GOSUE 150 GOSUR 80! FRINT ! REM DISFLAY RESULTS, WITH 3 BEL i ONLY THE™: GOSUE ABITS = "U.5, AND THE UBSR."! GOSUR 40
P, AD50 FRENT iT$ = “IT TS BRESUNED THAT SUCM AN ACCIDENT™! GOSUE 60:T6 = W
540 PRINT ¢ PRINT ¢ GOSUE 100 . DG TRIGGER THEY APEALYPSE."! GDSUIE &8
570 GNTO B10: REM BACK TO MENU, 1A PRINT :Y$ = "¥YDIl MAY FLAY WITH THESE EQUATIONS, "3 BOSUER 40:T$ = "CDM
400 EEM ¢ ENTRIES ROUTINE » : FARTNG THETR RESIHTS WITH TATH OTHOR! GOSUE 683T6 = "AND WITH GOD'S
610 REM UX, BX, PZ, AND N% ARE FLAGS TNDICATING NEW (0) OR CHAMBED (0) EM 5o TEAL HORLD.™! GOSUE 631 PRINT i GOSUE 100 .
TRIES OF THE RESFECTIVE QUANTITIES. 1 = NO CHANGE. . 1070 HOME 3T$ = "SYMEOLS USEDI™! GDSUE 484 FRINT ! PRINT ! FRINT "aF = FR
628 UX = 0! IF U THEN FRINT VIS Us "YU U5 HISSILES 0K " OHTAER 3231 FRINT Dﬂhm..w‘..,Hu.a... 0F AFDEAE YESE" L FRINT "(I.E., PROBARILITY THAT ACCIDENTAL »
: +"LAUNCH OF 1 MISSTLE WOULD FALSELY ,"TRTGGER & FILL-FLEDGED NUCLEAR

“Y/N " GET ASE PRINT A%t IF as = "Y" THEN UX = 1! COTO &40

HH
U INPUT " (FDSSIELES

430 VT = PEFY (37)) PRINT "ENTER NO. OF US MISSILE HAF, O

#w:mc FRINT ¢ PRINT "U = ND. 0.5, HISSILES"! PRINT ! PRINT "S = NO., SOVIET

190053 “iu: PRINT ¢ IF U < 1000 OR U > 5000 THEN GOSUE RINT
200! GOTD 4302 REM VT = VERT, POSITION. STLES™: FRINT . .
640 85X = 01 IF G THEN FRINT "I§ 8= "B SOVUIET MISHILES OK2"ji HTeD 32: FRINT | 090 FFINT “F = FROEARTLITY OF ACCIDENTAL LAUNCH",”  OF ANY MISSILE IN
"Y/N GFT A$! PRINT AR IF A% = “Y" THEN 8% = 1! GOTO 660 A ZA-HDWR FERIONDTD FRINT ! FRINT "N = ND. OF DAYS IN TOTAL FLRIOD",”
650 UT = FEEK (37)% FRINT "ENTER NO. OF SOVIET MISSILESS™! INFUT “(FOSSTE i (CONSIDERID™: PRINT @ PRINT @ COSUE 106 GOTO 810
LE: 220008 “3G% FRINT ¢ IF & < 1000 Ok § 5000 THEN GOSus | 1100 UFAR 201T$ = “"END OF *AFDCALYFSE'’": GOSUE 402 COSUE 80% TEXT ! UTAR
70 END

200 GOTD &%0 .

197
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Appendix III,

THE APOCALYPSE EQUATION
AP=|*(|“P)n(U+S)

AP

;ooz

2~ [, IN DAYS

Unauthorized missile launch curves comparing
different deterrence strategies. President
Reagan proposes to increase the number of U.S,

. missiles. George ¥, Xennan has suggested
halving the U.S, arsenal,
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The Apocalypse Equation

In his essay in the September-October
issue (**‘Too many nuclear weapons.’
page 17), Joel E. Cohen has rightly
pointed out that the possibility of the
accidental explosion of a nuclear weapon
may pose a substantial danger to hu-
manity. While his statistical analysis is
a valuable contribution to the subject
of nuclear-weapons accidents, further
insights into the seriousness of the prob-
lem can be gained from mathematical
equations that accurately give the prob-
ability of an-accident over a period of
time. Generically, these equations may
be calied Apocalypse Equations (AE).

To explain them, we might consider
the chance of the accidental launch of
a strategic missile. A form of the AE
that lends itself to simple algebra is:

AP=]~[l-p (U+S))

where AP =the probability of an acci-
dental launch of a nuclear missile over
a period of time; p= the chance of the
accidental launch of any given missile
over any 24-hour period; U= the num-
ber of United States missiles; S=the
number of Soviet missiles, and n=the
number of days. To show how the equa-
tion works, let’s say that we want to
know the chance of an accident over a
one-year period. Then n=365 (days);
U=2,000 (approximately); $=2.,000
(approximately); and we don’t know the
exact value of p, but let’s assume it’s
very, very small, like 107%, or one
chance in one hundred million.

Inserting these values into the AE we
find that the likelihood of an accidental
launch in one year is 1.4 percent. In
forty years. the likelihood is more than
fifty percent.

Since there have been thousands of
missiles in place for more than a decade,
the equation already has been “*work-
ing"* for some time.

Appendix 1

From HARVARD MAGAZINE

March-April 1982

The value of p is the only factor we
don't have the data to approximate. It
may be argued that p is much smailer
than 10~%. On the other hand, it may be
larger. Probably p could be calculated
for missiles in much the same way as
a team of M.L.T. scientists, under the
leadership of Norman Rasmussen, has
calculated the probability of a nuclear-
reactor accident. The data about missile
design and control that would make
possible a calculation of p probably ex-
ists in military files.

It’s obvious that the value of p is of
vital importance to the human species,

for it enables us to calculate how much:

time we likely have to stop the arms
race and abolish nuclear weapons. Peo-
ple concerned about this matter, there-
fore, should demand that the govern-
ments of the United States and the
Soviet Union, and other countries that
have nuclear missiles. make public the
data for calculating p.

The form of the AE given produces
a close approximation. A closer ap-
proximation can be reached by the
equation AP=]—¢ "U*S) where
e=2.71828. An equation that produces
an exact result is AP=]—(]—p)"V+S,

The concept of p can be varied to
mean the possibility of an accidental
nuclear-warhead explosion. In this case,
U +5=50.000.

All these equations produce logarith-
mic curves that approach certainty, and
have a number of political implications.
They show why increasing the number
of missiles increases the likelihood of
an accidental missile launch, and at
least in that respect is not in the interest
of the country. They also show why
there is more to the problem of pre-
venting nuclear war than just keeping
irresponsible fingers off the ‘‘nuclear
trigger.”” That’s important, but as long
as the missile systems exist, the chance
of a catastrophic accident approaches

certainty, no matter whose finger is on

(over)

the trigger. For these reasons, nuclear
‘“‘containment’’ is a policy that may
work in the short run, but in a few de-
cades is likely to produce catastrophic
accidents that could result in nuclear
war.

The equations can be given a religious
interpretation. Nuclear-missile systems
have made it possible to statisticaliy
predict an apocalyptic event. An insight
into the potential magnitude of the event
can be gained by considering the de-
structive power of a Trident submarine,
which within twenty minutes can launch

406 nuclear bombs, each of which has
an explosive power ten times that of the
bomb that destroyed Hiroshima. The
U.S. plans to have thirteen of these sub-
marines on station soon. Presumably
the Soviet Union will have its own fleet
of equally destructive submarines.

When he was in the United States
recently to receive the 1981 Franklin
Medal, Stephen Hawking, the noted
British astrophysicist, had this to say
about accidental war:

Even if the probability of war occurring by
mistake or miscalculation is low in any one
year, the cumulative probability over the
next hundred years is frighteningly high.

This is by far the most fundamental prob-
lem facing our civilization, and it is of much
more importance than any political issues
that divide us. We should press for imme-
diate disarmament, unilaterally if necessary.
We do not want a future archaeologist from
another star to record that the human race
destroyed itself over an argument about the
economic organization of production or over
a few square miles of territory.

‘BRADFORD LYTTLE
Chicago
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From the Letters section

Nuclear-arms paranoia

My heartfelt thanks to Dr. John E.
Mack for his perceptive article, “*But
what about the Russians?’’ (March-
April, page 21). Many of us are con-
cerned about ‘‘nuclear-arms paranoia’
and are trying to persuade our leaders
to do something about it. We have been
stuffed with facts about the dangers of
nuclear warfare, but an understanding
of the unconscious motives of those
who are possessed by this paranoia.
along with a gut realization of what such
warfare would do to millions of pecple.
can do eveu more to get us involved.
Especially moving were Mack’s quotes
from concerned teenagers.

ELizaBeTH S. HELFMAN, M.A. '34
Southbury, Conn

When Mack finally gets around to the
question, ‘*. .. What about the Rus-
sians?’’ he gives non-answers.

He writes: *“We are utterly ignorant
of each other, of our cultures, histories,
and intentions.”’ Is he serious? I am old
enough to recall similar nonsense about
Hitler’s Germany. Wiser heads who
suggested reading Mein Kampf as an
earnest of Nazi intentions were pooh-
poohed. Those who urged a hard line
against Hitler were called hysterical.
Those who saw evil in Fascism and
Nazism were said to be believers in a
devil theory. Germany, we were told.
sees itself ringed by hostile powers.
““‘Once Hitler incorporates the Saar.
absorbs the Rhineland, Austria, the Su-
deten-Germans -. . . Germany will be
content.”

George Kennan, approvingly quoted
by Mack, writes of ‘‘the commonality
of many of their problems and ours as
we both move inexorably into the mod-
ern technological age.”” What common-

>

-

ality? Improved gulags? Are we to take
Kennan's wishful thinking as a surety
of Soviet intentions?

Since the Bolsheviks seized power in
1917, the rulers of the Soviet Union
have murdered, conservatively esti-
mated, some sixty million of their own
people. How many imprisoned? Six

~ million political prisoners at any one
time, Solzhenitsyn estimates. This does
* not count the dead or imprisoned in the

Soviet satellites, in Communist China,
Cuba, North Korea, Vietnam, Cambo-
dia, Afghanistan—wherever Commu-
nism has ruled. How many witnesses,
Dr. Mack, do we need to attest to the
character of Soviet culture, history, or
intentions?

To fear such a system appears to me
profoundly rational. To gonsider it evil
is commonsense. To trust it, foolhardy.
To oppose it, morally imperative. It
does not help the cause of freedom and
peace to paper over Soviet realities. Or
to bury our heads in the sand like the
ostrich and ignore Soviet intentions.

Ours is a difficult task, and the first
priority is to defend the West and its
freedoms. Throughout the postwar era,
the American deterrent has kept the
nuclear peace. Renouncing it now would
bring on war. It is the unprecedented
Soviet build-up of nuclear and conven-
tional arms that has created the present
atmosphere of peril.

It is not “*better to be dead than red,”
it is better to be neither. Sixty million
souls surely attest to that. Deterrence
is not as pleasant as Mack’s illusions,
but it will keep us—and Mack—alive
and not red.

Pace, Dr. Mack. It is not the ‘“‘hos-
tility and fear dominating U.S.-Soviet
relations and the nuclear proliferation
growing out of this fear that most
acutely threaten our survival,” it is the
totalitarian night. *

THoMas R. Brooks ’50
Brooklyn, N.Y. =

Many thanks to Mack. I had begun to
fear that the subjugation of Eastern
Europe and the invasion of Afghanistan
were signs that the Soviet Union might
really be aggressive after all.

MARK C. BUCHANAN ’70
Hyden, Ky.

In his article, Harvard psychiatry pro-
fessor John E. Mack joins Berkeley
professor Michael Nagler in calling for
a ‘‘paradigm shift’’ away from aggres-
siveness and belligerence and toward
peace. Students of the social sciences
will recall that the idea of a paradigm
shift was developed by Thomas S. Kuhn
in his 1962 book The Structure of Sci-
entific Revolutions. Kuhn’s theory is
complex, but in essence it is that the
scientific understanding of the world
progresses by means of sudden shifts

in perspective in which one model or
‘‘paradigm’’ replaces another. An ex-
ample of this idea offered by the phys-
ical sciences is the shift from Newtonian
to Einsteinian physics. In the social sci-
ences Marxists have argued that Marx-
ism is a paradigm shift beyond classical
economic theory. Under any circum-
stances, paradigm shifts become pos-
sible when scientific research has ac-
cumulated enough new information to
make possible a theoretical synthesis
that is more inclusive than preceding
theories, and differs from them in im-
portant ways. The appalling dangers to
the entire human species inherent . in
nuclear arsenals and the arms race cer-
tainly suggest that a fresh perspective
is needed in international relations—
one that can avert nuclear war and open
‘up the possibility of unlimited human
development. Fortunately, while sci-
ence has made possible nuclear weap-
ons, it also can suggest the best ways
to abolish the weapons and avoid nu-
clear war.

A key insight is that it’s now possible
to develop a statistical analysis of strat-
egies for ending the arms race and avert-
ing nuclear war. This makes it possible
to at least partly remove the evaluation
of strategies from the realm of opinion
and conjecture, and place it on an ob-
jective, scientific footing. For everyone
who understands and respects the sci-
entific method, the value in being able
to do this is obviously considerable.

To facilitate analysis, we can divide
strategies for ending the arms race and
avoiding nuclear war into four kinds.
The '‘Establishment™ strategy, which
has United States and Soviet versions,
is to strive for either arms superiority
or arms parity, that is, to continue the
arms race indefinitely on the assump-
tion that the other side won’t be able
to keep up. The U.S. version rests on
the conjecture that because the Soviet
Union has only half the industrial base
of the United States, and an inflexible,
totalitarian political system, the Soviet
Union’s economy will be exhausted by
the military expenditures exacted by
arms competition, and that this will lead
to crippling ethnic and nationality con-
flicts, and perhaps revolution. The So-
viet version stems from the theoretical
Marxist promise that because of its cap-
italist character, U.S. society must
undergo a socialist revolution generated
by class conflict. The parallel between
the U.S. and Soviet theories is striking.

Arms control, a second strategy, pre-
serves the principle of ‘‘deterrence,”
but seeks to control the arms race
through bilateral agreements verified by
inspection. Arms control of the type
expressed by the SALT I and SALT 11
agreements seeks to slow the arms race.
*‘Freeze’’ arms control seeks to halt the
nuclear-arms race at its present arsenal



levels. George F. Kennan has proposed
halving nuclear arsenals. Key to all
arms-control agreements is the inspec-
tion, which is designed to eliminate the
need for mutual trust.

Unilateral disarmament is a fourth
strategy. It can embrace unilateral con-
ventional as well as nuclear disarma-
ment, and also the concept of bilateral
disarmament not contingent upon
agreements and inspection processes.
The strategy of unilateral initiatives has
the purpose of generating trust and en-
couraging an atmosphere of détente
through unilateral, reversible disarma-
ment initiatives that don’t fundamen-
tally jeopardize the military strength of
the nation that undertakes them.

Since the Establishment strategy is
dominant, let’s examine it first. To
prove it unscientific, we must show sta-
tistically that the arms race will result
In nuclear war.

Under present circumstances, a cat-
astrophic event involving a nuclear
weapon could trigger a nuclear war.
Such an event might be the launching
of a missile. Although one hopes that
the leaders of a nation struck by a mis-
sile would remain completely rational
and cool, it’s certainly possible that the
sight of one or more of their country’s
cities or military bases in ruins, and the
dead and mutilated bodies of thousands
of their countrymen and -women, would
stimulate them to make a retaliatory
gesture. Such a gesture could easily
escalate into all-out war. Let the letter
p stand for the chance that any given
missile will be launched during a 24-
hour period.

We are most interested in the chance
of a missile launch over an extended
time. An equation that will give this
probability to a high degree of accuracy
for the values that most interest us and
can be understood by anyone with a
background in high-school algebra is:

AP = 1 — (1 — p)ntU+S3)

where: AP = The chance of a missile
launch over an extended period;
# = The number of days in the period;
U = The number of U.S. missiles; and
S = The number of Soviet missiles.
This equation has two particularly
important characteristics. One is that
it’s an exponential equation that pro-
duces a logarithmic curve such as that
below. AP approaches certainty over
time:” AP
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The other is that we immediately have
values for all of the variables in the
equation except p. We know that U =
2,000 (approximately), and S = 2,000
(approximately), and that the value of
n is a matter of our choice. We can gain
some insights into p’s value by the ex-
ercise of a little imagination and some
mathematical experiments.

The value of p must be very small.
If it weren't, a missile would have been
launched by now, and we'd probably
be dead. If we let

—1
10,000,000

decide that we want to know what AP
will be in ten years (n = 3,650), and put
all of our values into the equation, we
find that AP is equal to about 77%. That
value is probably too large. Thousands
of missiles have been around for more
than ten vears, and one hasn’t been
launched. Therefore, let’s try a smaller
value forp, say,

p=10"7=

—1 .
100,000,000

At p = 1078, in ten years, AP equals
about 14%. That value is consistent with
our being alive. It's therefore reason-
able to believe that p's actual value is
10-8 or less. ‘

It's possibie to learn still more about
p’s value. For example, a missile might
be launched by the failure of some me-
chanical or electrical component in its
launch mechanism. The chance of such
a failure could be calculated in much
the same way that a team of Massa-
chusetts Institute of Technology sci-
entists under Dr. Norman Rasmussen’s
direction calculated the chance of a
power-reactor accident. Some research
along these lines already has been done
(see ‘Too many nuclear weapons,”’
September-October, page 17).

Also, a missile might be launched
because of the psychological break-
down of its launching crew. Here, too,
relevant research already has been done
into the psychological stability of the
personne!l who control nuclear weap-
ons. Calculation of these probabilities
could provide a minimum, or base
value, for p. The chance of other pos-
sible causes of a missile launch, such
as a decision by a strategic-weapons
command center, a national leader, or

p= 10-8=

» a terrorist group, would be more diffi-

cult to quantify and calculate, but could
be added to the base value. The value
of p would become greater in times of
international crisis. .

Still other insights provided by the
equaticn are that the more missiles

there are, the higher is the likelihood

of war, and that although p may be as-
tronomically small, over a period of
only a few years. the chance of war can
become alarmingly high. It's obvious
that p's value is of great importance to

the human species. Governments should
be required to make public ail infor-
mation that could bear upon the cal-
culation of p.

Once we realize that we actually can
calculate the probuability of a missile
launch——the outbreak of nuclear war—
the Establishment strategy. be it the
U.S. or Soviet version, is.no longer ra-
tional. It represents the assumption that
speculations have a higher degree of
probability than the logarithmic curve
of the equation. There's no way to
quantify the conjectures of U.S. or So-
viet strategists concerning the proba-
bility of a collapse of each other’s cul-
tures for economic or political reasons.
On the other hand, it is possible to cal-
culate the probability of the outbreak
of nuclear war. To base policy on con-
jecture rather than on statistical projec-
tion is unscientific.

In addition, the probability equation
shows that the leaders of the U.S. and
Soviet Union are playing a lethal global
game with the human species similar to
Russian rouiette. In Russian roulette,
the players put one bullet into the cham-
ber of a revolver, then in turn take up
the weapon, spin the chamber, place the
muzzle to their heads, and pull the trig-
ger. In U.S. - Soviet roulette, H-bombs
are the bullet, missiles the revolver, the
players point the weapon at each other,
and everyone can be killed when the
gun finally goes off. Also, the players
keep putting more bullets into the cham-
ber, which increases the chance of the
gun firing.

The equation provides still another
insight about the Establishment strat-
egy: A national leader who claims that
he or she can at once maintain a strong
nuclear deterrent and preserve peace
is either unaware of the character of
modern strategic weapons systems, or
is deceiving us.

Of the remaining three strategies,
unilateral initiatives are probably un-
able to stop the arms race. Any revers-
ible disarmament step will appear to
be a deception, a ruse, and won't gen-
eratc trust. No genuine disarmament
step is likely to result from this strategy.

Of the two remaining strategies,
SALT-type arms control can slow but
not stop the arms race. Arms control
will increase the period within which
nuclear war will become probable.
Freeze arms control will lock nations
into the present values of the equation.
That will further increase the period
within which nuclear war will become
probable but won’t prevent nuclear
war. Both SALT-type and freeze arms
control continue the game of roulette,
but at somewhat less risky levels than
the Establishment strategy.

As arms control proceeds and re-
duces nuclear-weapons levels, it can
steadily increase the odds of the roulette



game. Arms control's main difficuity

lies with inspection. The, SALT treaties
have shown how difficult and time con-
suming it is to establish satisfactory
verification of agreements. Freeze ad-
vocates claim that inspection of freeze
agreements would work because large
missile and bomber bases, and missile
and bomber production and assembly
facilities, can be monitored by satel.
lites, and that there are s0 many nuclear
weapons that minor treaty violations
won't matter. This suggests that amms
‘control will work only at levels of nu-
clear arms about equal to-present ones,
and that’s inadequate for preventing
nuclear war. The difficulty of devel-
oping satisfactory inspection proce-
dures for lower levels of nuclear weap-
ons can be understood by recalling that
nuclear weapons can now be made so
compact that hundreds will fit into a
small room, only a few weapons are
needed to give military superiority over
conventional arsenals, the U.S. and the
Soviet Union have téns of thousands of
weapons, and bombs can be delivered,
by many means other than large mis-
siles, such as cruise missiles, subma-
rines, disguised boats, disguised air-
planes, and even trucks, automobiles,
and large suitcases. The temptation for
a-nation engaged in arms control to hide
a cache of weapons would be enormous,
and no way of preventing this from hap-
pening seems available.

Despite arms control’s difficulties,
freeze agreements followed by attempts
to reduce arms levels are plainly more
rational and scientific than the Estab-
lishment's strategy.

Unilateral disarmament would im-
mediately reduce many of the values in
the probability equation by about half
and therefore make war less likely. It's
unlikely that a nation engaging in uni-
lateral nuclear disarmament would suf-
fer a nuclear attack. First-strike atiacks
are made probable by the increasing
armaments of an ‘‘enemy,’”” not by de-
creasing armaments. The present fears
about a ** window of vulnerability,”” and

-l

_the Japanese attack on Pearl Harbor,. - -

which was designed 10 halt the growing
power of the U.S. Pacific Fleet and Air
Force, are examples of this principle.
A nation with nuclear arms wouid have
strong reasons not to attack a nation
that was disarming. An attack would
poison the ecosphere shared by every-

one, risk a retaliatory attack, destroy -

valuable human and other resources,
and wreak great damage to the attacking
nation's global political image. Since
nuclear weapons are inherently dan-
gerous and costly, the rational response
to unilateral disarmament would be to
quickly reduce one’s own arsenals of
nuclear weapons.

Thus, unilateral nuclear disarmament
probably would greatly decrease the
likelihood of nuclear war.

A nation engaging in unilateral nu-
clear disarmament would have good
reasons to reduce its conventional arms
as well. Conventional arms are no
match for nuclear arms, and their use

against an enemy armed with nuclear

weapons would invite a nuclear attack,
as the bombings of Hiroshima and Na-

gasaki show. Furthermore, conven-

tional weapons are expensive and con-

tribute to inflation. .
The principles that make unilateral

disarmament an effective way to end

the arms race between the U.S. and the
- Soviet Union, and to prevent nuclear

war, would apply to arms races between
other nations—for example, to the arms
race between the Soviet Union and
China. -

Any nation that practiced unilateral
disarmament would be wise to pursue
nonmilitary alternatives for defending

" its values and institutions. Massive

economic-aid programs to combat pov-
erty and other causes of cynicism, des-
peration, and aggression; the develop-
ment of global institutions that would
promote political freedom and eco-
nomic justice: and preparation for non-
violent resistance to cope with the pos-
sibility of invasion and occupation are
examples of alternatives.

Additional copies available from the:

MIDWEST PACIFIST CENTER
5729 S. Dorchester Ave.
Chicago, IL 60637
Tel: 773-324-0654
Fax: 773-324-6426

Email: blyttlee@igc.apc.org

international relations conducted in
such a manner might or might not be
expressions of a new paradigm. Cer-
tainly. they would be more rational and
scientific than the strategies based on
conjectures now being followed by the
superpowers, which can be shown by
statistical arialysis to be propelling the
world toward nuclear war.

v BRADFCRD LYTTLE

Chicago
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Appendix 2

The Enola Gay and the Apocalypse Equation
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The Enola Gay was the first plane to drop an atomic bomb on a city. Why the bomb was dropped is a matter of
dispute. A popular view is that Hiroshima and Nagasaki were atom bombed to end the war against Japan as quickly as
possible. Many critics of the atomic bombings argue, with substantial evidence, that the main motive for the bombings
was to intimidate the Soviet Union. Regardless of why the bombs were dropped two facts are indisputable:

First, the bombings violated the moral pnnclples of Chnstlamty and all of the world’s major humanitarian
religions and philosophies. In this, they were similar to-most acts of war. :

Second, the bombings introduced atomic weapons to warfare. Atomic weapons are different from conventional
weapons in that they are much more "efficient"; that is, they are much more powerful, and much easier to deliver. It took
thousands of bombers and the lives of 150,000 Allied airmen to destroy Germany’s cities. One plane and one bomb
destroyed Hiroshima. None of the Enola Gay’s crew was even injured. Today, a strategic nuclear missile can carry as
many as ten warheads, each with an explosive power at least ten times the power of the bomb that destroyed Hiroshima,
and deliver these warheads with pinpoint accuracy. Thermonuclear bombs also can be delivered clandestinely. There is
no defense against these weapons.

The nuclear arms race developed because national "leaders” believed that a strategy existed that would permit
 nuclear weapons to be instruments for preserving “"peace,” without being dropped on an “enemy" in anger. This strategy,

“nuclear deterrence,” is the foundation of United States foreign policy. Déterrence is based on the reasoning that if an
“enemy" can be convinced that a nuclear attack will result in such devastating retaliation that the consequences of the
artack will be a net loss, the attack will never occur. Also, one of the main principles of deterrence strategy is that a
nation should have a large number of well protected nuclear missiles. Such an arsenal will be difficult to destroy in a

“first strike" attack.

What is wrong with nuclear detcrreﬁce? It can be criticized on moral grounds. It is wrong to threaten to kil
millions of people in an act of retaliation. Beyond that, in the long run it will not work. It will lead to thermonuclear war.

The Apocalypse.Equation (AE) shows why.

The AE shows how the probablhty of a nuclear missile launch is related to time. Deterrence strategy ignores time.
It is based on static speculations about the psychological effects of nuclear weapons. But time is crucial to the development
of probability. This is understood in the natural sciences and industry, such as physics, chemistry, biology, genetics, .and
the insurance industry. These fields often use equations that show probability is related to time. Such equations are called

(please turn over)



““stochastic” equations. The AE is a stochastic equation used to analyze a national policy—nuclear deterrence.

In the equation, ‘p” is the probability that any given missile of the thousands that now are deployed will
be launched on any one day. “T” is the period of time being considered. “N” is the number of missiles on
battle-ready status (Read thg exponent of the equation T times n). “AP” (for APocalyptic tragedy) is the
probability over time that a missile will be launched. e

There are two curves on the graph underneath the equation. Each curve.is.produced by a certain number
of missiles. The more misiles, the greater the angle, or “slope” of the curve. The top curve is produced by the
most missiles. It crosses the 50% line earlier than the bottom curve. If a perpendicular is dropped from the point
where the top curve crosses the 50% line, it produces T;. A perpendicular dropped from the point where the
bottom curve crosses the 50% line produces T,. Since OT} is less than OT, , the graph shows that increasing the
number of missiles in strategic arsenals shortens the time before a missile launch becomes probable. More
missiles make nuclear apocalypse more likely. :

The AE shows that, given antagonistic nuclear missile systems, the probability of thermonuclear
accidents and thermonuclear war approaches certainty. Nuclear deterrence is a “Faustian bargain,” that may
generate “peace” for an indeterminate period, but only at the cost of eventual, catastrophic nuclear accidents and
attacks. . _ '

Still another insight that the equation provides is how safe nuclear missile arsenals must be if we are to
live with them for any significant period: This safety factor is found in “p.” p is made up of many factors,
including the mechanical reliability fo the missiles, and the psychological stability fo the crews controlling
them. If it is assumed that p is as small as one-chance in one-hundred-million (10'*) and there are 4,000 strategic
nuclear missiles in the arsenals of the nuclear powers, then it can be calculated by means of the equation that in
50 years the probability of the launch of at least one missile is about 52%. Bven if the daily chance of an
accidental launch is astronomically small, some missile probably will be launched within a relatively short time.

Since nuclear weapons are the ultimate expression of military' force, the AE shows that the ultimate
consequence of attempting found “civilization™ on military force is catastrophic nuclear war.

Our reliance on military force has other destructive consequences. Military institutions and weapons are
impoverishing us. Even in the richest nation on earth, we now are choosing to reduce health care, education,
and other needed services in order to maintain and even increase giant military systems. Also, in order to
strengthen our military posture, we often make alliances with totalitarian and corrupt government. And, we find
ourselves frequently tempted to employ:torture to extract information that we believe may give us an advantage
in military conflicts. M ' - :

Since military systems always are justified on the grounds that they are necessary to defend freedom and
promote justice, the key question before the human species is how these values can be achieved and defended
without military force. Nonviolent resistance is the answer proposed by Mohandas Gandhi, Martin Luther King,
and other humanitarian leaders. Part of nonviolent resistance are worldwide programs to create economic and
social justice, and overcome poverty and all forms of racial, sexual, social, and religious discrimination.

For more information about nonviolent re_éistance and international peacemaking efforts:
Midwest Pacifist Center, 5729 S. Dorchester Ave., Chicago, IL 60637; Tel: 773.324.0654; Fax: 773.324.6426;

Email: byttle@igc.org , or United States Pacifist Party, http:/www.uspacifistparty.org



Appendix 3

4 scientific analysis of the probability of war between nation states can be achieved by the

mathematical analysis of probability over time, techmcally called “stochastic” analysis. Stochastic

analysis is wxde!y used in-physics, astronomy, chermstry, bsoiegy‘ the insurance industry, and

many other fields, As far as I know, its first use.in political science appears on page 1272 (see
below) of Quincy Wright's A Study of War, a two volume, 1352 page work published by the

University of Chicago Press in 1942, Quincy Wright was professor of intemational law at the

University of Chicago 1923-1956, president of the American Political Science Association 1948«
49, and president of the American Assoczauon of University Professors 1943-45 -

1274 A STUDY OF WAR

mdicatmg the gravxty of successive crises, a pcrsasgent pattern might
} emerge. ‘The prabability of war between two states during a period
of time is a function of the number of cnses and the probablhty of
| avoiding war in each crisis.?®
A 'short pohtlcal cycle ef four or five: years is- suggested by the
usual life of & political administration in most countries and the aver-
age duration of a war between great powers 39 A longer political -
cycle of from forty to-sixty ‘years has also been: suggested by ‘the
average dominance of a political-party in- democratic countries and
by the penochcxty of general wars during epochs dominated by an
expanding economy and a balance of-power system, The tendency
"to postpone a new war until there has been time to recover econom-"
v 1cauy from the last, coupled with the waning: ralstance to'a new
war as social memory of the last one fades with the passage of a
generation, may mﬁuem:e thxs tendeney toward pey dodicity .«
Even longer periods of from two to three centuries have been de-
tected, marking the phases of the development of 2 civilization, and -

i The probability of warbetween. two states.during a period of time s not-the prod-
uct ot the sum cf the proba.bﬂmes of war: m alliof th: crises:anth ted i in their rela—

: pfebable é&rentuanons A war were; ‘respective A
G and pes hzd dunng that penod unl’y on €ri

-~ years was equal. Wmh Aznd B the probabiht} of avoxdmg warin-t {
was 50, 40; and 3o percent. The product of thm percentages is fper céhi; giving 3
War pmba.b;hty of g percent. T 2y, P4 P étc:, indfcate the: ‘probability ofwar in-suc-
cessive crises in the relations of two states and P indicates Lhc pxobabxhty of war for #
crises, then

. P-—l"(f'“?x)(!"?a)(i ) ;1(.
Hoan av emge pmbgbshty of war is sssumad for: each cHsls,

: P (x= p)‘ ’

1 Even fhough ;b is very small as# approachﬁ nityl

| certalaty. o e s

33 Above, Vol. T, chap iy sek. 2. Rxchardson suggests thsz a threa—ynr penod is

nccussary both for rearmament and for disarmement (see below,: Appen. XEIT; on. 8

and f‘

«.Abéve! Vol. I, chap. ix; sec. 2d. -




Appendix 4

THE NAME OF THE GAME

by Bradford Lyttle

Ver.
Contrary to what many people might ex-
pect, pacifism is compatible with the most

modern branches of political science. This
can be demonstrated by showing how "ration-
al choice theory," "game theory," and pro-
bability analysis, three fields of politi-
cal science theorizing, fit together to
demonstrate that pacifism's the most rea-
sonable and scientific approach to interna-
tional relations.

Both rational choice and game theory are
based on classical economic analysis, and

make use of a concept called "utility."
Utility is a way of expressing a person's
degree of preference. For example, if a
person prefers lentils to steak, would say
that for that person, lentils have more
utility than steak. If we let U represent
the preference for the lentils, and Ug

the preference for the steak, then the
preference for the lentils over the steak

can be expressed symbolically this way:
LL. ;> LJS

Also, we can express the preference by
assigning numbers to the preferences. For
example, we could say that the number 5
represents the person's preference for the
lentils, and the number 3 the preference
for the steak. This numerical way of
comparing utilities can be tricky, for it
tempts one to treat utilities as if they
can be precisely measured, and manipulated
in all the ways that mathematics manipu-
lates numbers. Doing this doesn't always
make sense. For our purposes, we'll limit
the use of numbers to simply show that a
person has one preference that's greater
than another.

Rational choice theory tells us that a
choice is always rational if a person, when
comparing utilities, always chooses the
higher utility. For example, if the person
who likes lentils better than steak always
chooses the lentils, then he or she is act-
ing rationally, Choosing the steak over
the 1lentils would be dirrational. This
definition of a rational choice must be

*will
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modified by a notion of "reality." A men-
tally ill person might prefer - to believe
him or herself to be Napoleon rather than
Julius Caesar, but because neither idea has
a strong relationship to reality we
wouldn't call it rational even if the per-
son always tried to act like Napoleon.

Game theory is a branch of rational
choice theory. Game theory has to do with
situations in which a person's choices are
reactions to what he or she thinks another
person will do. A situation called "pri-
soners' dilemma" (pd) strikingly illus-
trates game theory, and is the subject of a
great deal of modern political science
theorizing.

In prisoner's dilemma, a district attor-
ney has had arrested and imprisoned
incommunicado in respect to each other two
people suspected of conspiracy in a crime.
The d.a. then goes to each prisoner, and
offers him or her a "deal." If the prison-
er confesses, he or she will receive a
small sentence. If he or she doesn't con-
fess, and the d.a. wins the case, the d.a.
ask for the maximum sentence. The
prisoners also know if that if neither of
them confesses there's a good chance that
they'll go free. What will each prisoner
do? Each knows that if both keep quiet, if
they "cooperate" with each other, they may
go free. However, neither knows that the
other will decide to do that. Both also
know that if he or she decides to "defect"
and confess, he or she probably will re-
ceive .a short sentence. But both also know
that if they don't confess, and the other
does, he or she will receive the maximum
sentence. It's to the self-interest of the
two to cooperate with each other and not
confess, but since neither knows what the
other will do, the most rational course is
to confess. Consequently, both defect and
confess. '

This situation can be symbolized by the
following "matrix," where:

"¢" means to cooperate with the other
prisoner and-keep silent;

"d" means to defect and confess;

"#1=3" means that for prisoner #1, the



utility of not confessing is 3;
"#9_4" means that for prisoner #2, the
utility of defecting is 4, etc.
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It's evident from this matrix that if
both prisoners start in cell #1, they'll be
tempted to migrate to cells #2 and #3. If
both do this, then both will move next to
cell #4.

Many political scientists believe that
prisoners' dilemma can be used to symbolize
the arms race between the United States and
the Soviet Union. They interpret cell #1
as negotiated, multilateral disarmament,
cells #2 and #3 as unilateral disarmament
for one or the other nation, and cell #4 as
continuing the arms race. In cell #4, the
utility numbers represent the advantages of
political freedom less the costs and dan-
gers of the arms race.

Also, they believe that if pd is played
repeatedly, or "iterated" by the same two
players, the most effective strategy for
each players is "tit-for-tat," for each to
make an overture of cooperation, and after
that respond in kind. This analysis sup-
ports disarmament initiatives and contin-
uing the arms race. Tit-for-tat assumes
that the 'game™ can be played repeatedly
for an indefinite period.

Mathematical probability analysis
insights that alter the character of the
game. Since deterrence always has an
instantaneous failure probability that can
be represented by "p", the probability

offers

+

equation P=1-0-p) tells us that, over
time (t) the failure probability of deter-
rence (P) approaches certainty. Since we
have no empirical understanding of how long
it will be before deterrence collapses into
catastrophic nuclear war, the most rational
assumption is "worst case," that its col-
lapse is imminent. The imminent collapse
of deterrence means that it's irrational to
expect that the arms race "game'" can be
iterated indefinitely. This can be
expressed by putting zeros into cell #4 in
the game matrix; the utility of a "move" in

which everyone dies can be represented by
zero. Mathematical probability analysis
therefore makes the game look like this:

. e Pr#zd

2
c _'Jﬂ-,-g '_]’l-'-'
P * #a:3 ¥a=4
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d "Jﬂ1=ﬂ '_4#!'0
#a=l #2:=0
Matrix B isn't prisoners' dilemma.

It's the model for a game of bluff called
"chicken." In the classical example of
chicken, two drivers place their cars on
the center line of a highway and speed
toward each other. If one swerves before
the cars collide, he or she is disgraced
and supposedly loses the game. '

But the arms race isn't exactly 1like
chicken., While the drivers of the cars can
see each other and estimate when they'll
crash, we don't know when deterrence will
collapse into nuclear war. It's as if the
players of chicken couldn't see each other.
We can call this game "blind chicken."

Is it rational to play blind chicken?
The matrix shows that it isn't. For both
"players".in cell #4, the rational choice
is to migrate at once to cells 2 and 3, or
1. In all of these cells, the utilities
for both "players" are greater than zero.

In this way, rational choice theory, game
theory, and mathematical probability analy-
sis combine to show why immediate, uncondi-
tional disarmament, and defense by nonvio-
lent resistance - the pacifist policy - is
the most scientific and rational course.

%* * *

This article originally was
published in the July 12, 1986
edition of the Midwest Pacifist
Commentator. To encourage the
article’s reproduction and

distribution, it isn’t copyrighted.
Additional copies may be obtained
from the:

Midwest Pacifist Center
5729 S. Dorchester Ave.
Chicago, IL 60637
Tel: 773-324-0654
Fax: 773-324-6426
Email: blyttle@igc.apc.org
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Nuclear War Is Inevitable—Unless..

n terms of mathematic
probability, a nuclear war is
inevitable and humanity’s
chances of survival are
pitifully small. So contends

Prof. Martin Hellman of Stanford §
University, a brilliant 40-year-old |

mathematician who is

internationally recognized for his §

expertise in statistics,

probability and cryptography.
Hellman's conclusion that

nuclear war is inevitable is based '

on his analysis of facts through
amathematical process called the
“two-step Markov principle.”
Since this reporter readily

admitted that Markov's principle [

was too complicated for him,
the good professor explained it
in terms of Russian roulette.

“In Russian roulette,” he
began, “you take a revolver with
six chambers and load only one.
You spin the cylinder, place the
barrel against your brain and
pull the trigger. There is one
chance in six of getting killed.
But that'’s if you play the game
only one time. If you play twice,
the two chances of being shot
reinforce each other, and the _
odds are almost one in three of
Klling yourself. After 10 trials,
the odds are 84% that you're
dead; after 20 trials, 97%. And if
you continue to play, the odds
become 100% that you will shoot
yourself. It's inevitable. In
mathematics, we say it happens
‘with probability one.’ It's certain.

“It doesn't matter if your gun
has six chambers or 60 or 600.
The smaller probability of killing
yourself at each trial prolongs
the game, but it does not change
the ultimate outcome. You still
get shot with probability one.”

The professor was then asked
to explain simply the analogy
of Russian roulette to the
inevitability of a nuclear war.

“No one in his right mind,”
he pointed out, “would play
Russian roulette even once. Yet
we are continually playing
nuclear roulette in which the
entire world is at stake. Iconcede
that four decades have elapsed
since Hiroshima and Nagasaki
without another world war,
making people believe nuclear
arms are useful in maintaining
the peace—that deterrence
works. But the real question is
not whether nuclear weapons
have postponed World War ITI;
the real question is whether they
have eliminated its possibility

Prof. Martin Hellman of Snford

forever. It can only happen once

“Yet we keep playing nuclear, A
roulette, pulling the trigger more'
often than most people realize. ﬁ%
Every small war is pulling the
trigger. Every threattouse :
violence is pulling the trigger. o4
Every day that goes by in which
a missile or a computer can fail
is pulling the trigger. Each
action in our old-fashioned way
of thinking generates another .73
chance of triggering the final - §_i
global holocaust.” e

Would a nuclear freeze follm
by the gradual destruction of :
all nuclear weapons prevent the ¥
inevitable death of this planet? . L»‘

“A nuclear freeze,” Hellman .
maintained, “followed by even
total disarmament, isnotthe
answer. Qur knowledge of how i
to build nuclear weapons makes
disarmament relatively useless.
Suppose we outlaw nuclear 3
weapons but don't change o
mode of thinking about war in s“
general; my belief is that we may;
then be more likely to get into 3
a conventional war with the
Soviets. Just think that th:ough
for a minute. Suppose we engage
in a conventional war agamst the
Soviets. The side that islosing
will surely be tempted to quickly
rebuild nuclear weapons in an
effort to save itself.

“T'm convinced the only way to
survive nuclear roulette is to
stop playing the game, to put
down the gun globally, to move
beyond war. If we want to avoid
the world's imminent suicide,
we must shift totally the way we
think about war. We no longer
can accept it as a means of '
settling disputes, as an extension
of politics or as an innate
ingredient in the nature of man.”
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