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ABSTRACT

THE. PURPOSE OF THIS STUDY IS TO DEVELOP, OPERATIONALIZE, AND
APPLY A MATHEMATICAL MODEL WHICH MEASURES THE THEORETICAL
CHANGE IN THE DETERRENT EFFECTS OF EACH OF TWO STATES IN A
DYAD (AT TIME PERIOD T) PER UNIT CHANGE IN THIIR RESPECTIVE
(PREVIOUS PERIOD) WARHEAD DEPLOYMENT LEVELS¥ “THE MODEL IS
SPECIFIED SOLELY IN TERMS OF THE VARIABLES AND PARAMETERS OF
AN INDEPENDENTLY FORMULATED XCTION-REACTION ARMS ACQUISITION

MODEL WHICH DESCRIBES THE WARHEAD DEPLOYMENTS OF THE TWO

STATES IN THE DYAD AT TIME PERIOD T. WE THEREFORE SIMPLY
ESTIMATE_THE PARAMETERS OF THE LATTER MODEL USING ACTUAL
~ WARHEAD DEPLOYMENT DATA AND SUBSTITUTE THE RESULTS INTO THE

FORMER THEREBY OPERATIONALIZING IT. .WE ESTIMATE THESE
PARAMETERS FOR THREE DISTINCT ARMS RACE PERIODS: 1967-1972,
1973-1979 AND 1980-1984.

‘l
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Introduction

The development, operationalization and apﬁlicdtion'&f
consolidated theories is an af% of all practitioners of the
mathematical approach to the sthdy of thq international
relations. The purpdse of this study is to dqulopf
operationalize and apply a consolidated Arms—Building-Arms-
Using Model'(ABAU Model). To. begin, an *Arms-Building
Model" is one which "directly addresses the arms level
question by describing 'how much effort is heing sbentJ
The model itself can vary from a Richardson-type action-
;eaction process to a pure model‘of a domgstic buregucratic
'ﬁprocess;‘fn mosé’fdses, it inyolves ces [Qimplifying]f
assumptiohs~abogt how. armament efforts are influencga by
various parameters:Ql An “ifms—Usiﬁg Model," on the oﬁher
hand, "addresses the arms lewvel qdestion indirectlyzgy
attempting to desc?ibe 'how much effort is needed’ to aésurg
victory, deterrence, second strike gapability,xnational
survival, stability, or some ‘other (presumably) rational
Y

?urpose. —

-

More specifically, we shéll‘devblop, operationalize and )
apply a consolldated mathematical model conslstinq of two
sxmultaneous dlfferentlal equations which moalurc “the -

theoretical chenges in the deterrent effects ot cach of two

states in a dyad (at tlme period t) par unit chango in tho£r '.:V

; respective (previous period) nucloar warhoad dopleymcnt:

. S ‘ ) o //’_,
L ‘ ) C o 1' S
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levels, holding cohstant all othgr factors herein posited to
impinge thereon constant.® The. value of such an undertaking
is clear. 'Arﬁs ﬁuilding aﬁd Arms Using Models "could be
joined. together,” write Moll and -Luebbert, "by a link that

defines the national defense criterion. "Such a threefold

-

model, never actually implemented in the literature, . should
providg a new and hitherto unknown analytical power for
consideriﬁg'the full fange of each nation’s security.ﬁ This
modei could provide the following unique services: (1) a
comprehensive*means of conéidering the interrelétionship of
goals in the data systeﬁ)(Z) a means of evaluating changes
in’ syst‘m Stgblllty or the security of one’s own arms (3)
the ability to evaluate armdment changes as they occur in
‘real tlme.ﬁ3 In particular, our model should p;ov1de a’
theoretical and empirical basis from which -we may

"evaluat(e] changes in system stability or the security of

Do

Norﬁally, at about this point in the introduction of a

one’s own arms."

thesis, one might éxpect to find a fairly comprehensive
literature review and-some indicatioﬁ qf tné place of the,
thesis within the field. But}because'a consolidated ABAU
Model has never been~;mplemented in the literatﬁré we -have
- no bhsié frém’which to moﬁﬁt suéﬁ‘a revféw. We could,»dn‘
the 6ther‘hand, review the rather substantial llterature on

=\

4
Arma-Buxldlng Models and the rather substantlal llterature\\

-

|
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on Arms-Using Models. Yet this is easier said than done.-

The reason why no.consolidated ABAU Model has to date been
implemented in the literature is because developments in the
two component'field}, arms-building and arms-using

Y

modeling, have occurred in isolation of each other. As such

N

no'methodological basis, hitherto, existed whereby both
e ¢ .

models could be consolidated. The essential message here is

that we had to rework, from first principles, certain

aspects of these component fields in accordance with a

~‘conslstent cross- cuttlng methodology. . The technical

problems involved in such an undertaking were enormous, but,

obvxously,_not insurmauntable. Por fear that a thorough

understanding of these technical problems and the solutions

'ye‘offer would require a more substantial context than could

be provided in this introduction, we have decided;

therefore, to merge our llterature rev;ew w1th the

preseaiatlon or rather development of our consolldeted ABAU 8

Model. Some prellminary comments can at this. poznt be made, |

‘however, regarding the nature of the final result, thefm

"
o

.differentiel equations which measure the theoretical chengee

I 4

tonsolidated'ABAU Model.

. The model, to relterete, conEists'of two'elmulteneous

¢ -

in the" deterrent effects o& eech of two atetes in a dyed (et

" time’ period t) per unit chiige in thei} reepective (previonl'°

period) nucleer'werhead deployment 1evels, helding conetent
U U T T T L -,.,-‘, -e.‘;g;-=:;,:j_a:Hyﬁ




all other factors herein posited to 1mpinge thereon
copstant. - The critical feature of these equations 1s that
they will be specified entirle in terms of the variables

i}
and\parameters of a Richardson-type Arms-Building Model.

What’is critical is this: given time series data on Soviet
and American.warhead deployments we can estimate the
parameters of the Richardson-type model for each state
independently of the consolidated ABAU Mcodel. Thereupon ve
can simply substitute those parameters estimates into the
<
consolidated model -thereby operationalizing it. That there
is a complete 'lack of empirical data concerning deterrence
levels over time, then, does not hampe? our attempt to

operationalize the consolidated ABAU Model.Y

]
<

Before this could be attempted, however, ;t was
nécessary to develop an Arms-Using Model which functionally
related a state’'s deterrent effect (dependent variable) to
its adversary’s estimate of the former’s deliverable
retaliatory capability‘(independent Qariable,
operationalized as delivéq@ble MTE) and also to its
adversary’s estimaﬁe of thé‘for@er's intent or willingness

s *
to retaliate (independent variable). Developing guch a
model is the principal concern of‘tne first chapter. It was
;E?n necessary to develop an Arms-Building Model showing the

adversary’'s estimate of his potential victim’s retaliatory

capability (later estimated for warhead deployments). But

{

N



it was critical that this model be methodologically
compatible with the former model such that the two could be
readily integrated in the third chapter thus yielding, via
partial differential calculus, our consolidated ABAU Model.
In the fourth chapter, we estimate the parameters of the

model and-interpret the results. r,,

The aim of this study is compatible with the efforts of
Hollist and Guetzkow (and indeed many others) to in effect
begin the process of unifying both overtly compatible and
otherwise seemingly disparate piec57 of knowledge of
international phenomena into a comprehensive whole. "[T]he
ultimate aim ... of our research program,"” writes Hollist,
"is to 1incorporate explanations (ﬁodels) of arms processes
and other empiriéally researched modules of theory into
comprehensive theorgtical statements. These models of
middle-range theories and the combined, general model of
ihternationai relations are or will be specified ... as
computer simulations. The scheme of the research is to
build combrehensive theories (computer simulations) of
international affairs by in:egr;ting empiricaliy tested,
middle-range theories [emphasis .inclhded]."4 No doubt a
place in this scheme could be %ound for a model such as the

one proposed here.
Q :
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\

Throughout, we will be guided in part by the principles
set out in Moll and Lueﬁbert’s “Arms Rafe and Military
Expeﬁditure Models: A Review," regarding the development of
a‘consolida‘f.\e\%ABAU Mocjel, although to a large degree we
will be saiiing in uncharted waters, for as they point out,
a consolidated Arms-Building-Arms-Using Model has never,
yet, been implemented in the liéeraturé.‘ In that regard,

—

there are substantial benefits to approaching theJtask at
hand from a mathematical perspective. To begin, Jog writes:
"[a] model c?nsists of a set of assumptions about behavior
from which oné mayvlogigglly derive statements that describe
the beRavioral properties or outcomes to oe expected as
resulﬁé of the process."5 Statements such as these are what
constitute advancgs ig kngwledge and we will want to be
extremely careful 4in how we go about deriving them. How can
. ~a
mathematics aid in this effort? A "way in which formal
langudges [such as‘mathematics] cag aid us in political [or
more generally, social scientific] inquiry," writis
Gillespie, "is that they help us to spegify relationshfps
between ideas [or assumptions]. Often a fo;mal language
will give us some precise logical connection between a énd b
that allows us to see more clearly what we are talking Fbout
and how we are thinking"."6 This is no small benefit. As no

consolidated 3BAU Model has yet been implemented in the

literature we lack a standard against which we may measure

our progress. . Furthermorey; writes Gillespie, "the logic of



(
the language [of mathematics] helps us to see that nbt onl
can a and b be rélated, but a and b can be related to ¢ and
d through a series gf'steps. ...[F]lormal languages give us
a way of making defuctions from our ideas (or gssumptions])

that we otherwise might not/contemplateﬂ7
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. Chapter 1: Develdping an Arms-Using Model

Holsti‘has’posited thatzat~its most basic level a
. state’s geterrent effect is a function of the le;el of its
dgliverable destructive ca“!bility‘(we shall PQ mord
specific as to the sESstance of this term presently) qﬁh its
willingness to retaliate in the‘event that it becomeés the
victim of a surprise nuclggrﬁétrike. But more than that it
is dependent not upon the actual levels of those vagiableb,
but on an eséimate of those level's by an adversﬁry wh.ich_may
or may not equal the actual values. Now “[t]he simplest and
most sb{aightforward means of counting [not to be cohfuseq'
with the term estimation (statisticalAestimatqr)]A
capabilities,” writes Snow, "is simply to add up the number
of strategic delivery vehicles each side has. and compare the
resuit.”! "Qlthoughbit is the éimplest-ﬁorm of Eomparisqn,
counting launphers can aiso be the most deceptivé: Because
of the ability of @ single launcher to carry MUré tnqp one

A

.warhéad and because tpepcpunt iglnot sensitive to'the size
or accuracy of qarheads,.thié simple,cbunb-does not yield
much precision about»th; déadl%nes of an arsenal."? Nér do
-%aw megatonnﬁge figurn@ e pravide“an eﬂtirqu
s;£isfactory measure of destructive capability ... because -

)

'beyond a certain point, lafze: nuclear bomb;'do..
n' smaller weapons,’ and

proportionately less damage tha
'beyond d certain yield, no more explosive{Yield is'hoodud~

p
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to deeeroy a. given target’“3 The best measure, which
incorporates 1nformatlon regarding the number of launchers,
the number warheads, and the megatonnage contained in an
arsenal, is meeaton equivalent (MTE)?, "Total MTE Ti,e,
total destructive capability (as distinct “from delivereble
destructive capability and as distinct from estimations

thereof by an adversary)] for a country is derived by

applying the basic formula"

<

|

MIE = i"i‘iz/3 : (1)
‘where N; is the number of we;bons in a class [1i] and
Y 2/3 is the derivation of yield expressed in megatons (og?
-fractions theredf) and adding the products for each weapons
class."* Dpeliverable destructive capability ig obtainbd’b}
multiplyingﬁiﬁe MTE of each weapoﬁs class by a EOrresponding
variable T; (measured as aipropabilit;) which indicates *he
'offensive-defensive technology ievel of thaﬁ class and hepCe
the likelihood that'the“weapons in that class could survive
a first strike and subsequently penetrate enemy defenses and

¥

then.adding the products. for -each weapons class:
] .

«

4

A

(deliverable) MTE = ,E N; 212/‘?1'5_ ' : - (2)

-4

Furthermore, Holsti posits a state’'s deterrent effect

3

to be a product of those estimates, not a sum. It is a.
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sensible proposition. The specified relationship is given
immediately beloyi’.5

.

Deterrent = Estimated x Estimated { (3)
Effect Capability Intent ‘ ‘

-
Immédiately after presenting this model Holsti writes:
"{a)lthough this formula oversimplifies a complex
relatiJhsh}p.(a point to which we will return later in
\‘considering the deterrent effect of ‘overkill’ capaéity), it
does highlight the key point that if either perceived

capability or intent is zero, deterrent ef?éct is also

zero."6 In effect Holsti is con;erned here that while his

spgpifidétioh is structurally accurate (in that the
dependent variable depends on a multiple of t@e independent
variables and not, say, the sum thereof, éfbropdsition which
we accept throughout this strﬂy) it may not have been
appropriate to have specified the equation in linear form
'where-each of the iﬁerendent variables has a directly
propqrt§onal.impact on the dependent variable. .This is a
- critical matter, indeed, the prxnczpal matter at issue'ln
this chapter. We must ask.‘ what, in theory, would be the
proper funcﬁfon&l form o ‘this.equation, of the relationship
between a staté'; detslrent effect and an adverséry?é
estimate of the former s dellverable destructive capability'
and willxngnefg_ge rgﬁﬁliate? ‘The remainder of. this chaptor

“will be spent in addressing this very qucstion. ; -

s
-
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To begimu Holsti would surely agree that the variable

Y .
"estimated intent" be measured as a probability.

A

“«

0 £ estimated intent £ 1 . (4)

AN

Our principal concern in this study, however, 1is %ith
! '
estimated capability levels and their impact on deterrence.

Now given the structure of Equation 3 and the value range
just placed on the estimated intent variable, for any values

4

of the estimated intent variable less than one, -the "full"

«

impact of estimated- capability on deterrent effect will be

N
o 4

mitigated and indeed newtralized when estihateq intent is
equal to zero. Indeed, ;n the lattef'circumstance,’there‘
would be no basis for the current study (in more ways than
oné). Accordingly and also because we wish to study the
unmitigated effect of estimated capability on deterrent
effect we will at this point impose the value of one on the
est}mated intent variable thereby reducing Equation 3 to the

following form.

' Deterrent = Estimated - : (5)

Effect ~Capability

£

»
It should be noted that Equation 5 does not constitute a

simplified form of Equation 3 as the term ls usually

~»
-
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appliea. Instead Equation 5 continues to respect the
importance of estimated intent in regard to deterrent
efféZt. Thé.eqﬁation should be read as giving the impact on
a state’s deterrent effect of the estimate by its adé;rsary
of the former’s deliverable destructive capability given
that the adversary expects (if the need ariséé) that the
former possesses full resolve to respond to any attack
(actually to a nuclear first strike). From the perspective

. N - o
of the adversary, this corresponds to the rgal %Prlé

practice of planning on the basis of worst case scenarios.

We will maintain this inkerpretation throughout this study.

Now, to continue, we must note that an Arms-Using Model
“describe({s] how armaments, military forces, or national
resources are consumed in battle."’ Mére specifically we
are interesﬁed in ho& a potential aggressor might conceive
of these matters. How do changes in his estimation of the
level of é potential vicﬁzm's deStfucéive capabdlity afféct
his decision to launch a first sfrike? The objective here’

is to postulate the general functional fotm of that

relationship.

. .
»- ) . -

<

There is an impébrtant three—wﬁflrelationship between
the change'in a potential aggrégggé’s project;pn of the’
level of retaliatory damage that he would have to sustain as
a result of 1gun£hing a first-strike (where DL denotes his

—
N .
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N ,
damage level projection and dDL the change therein), the..

change in a potential victim state’s deterrent efﬁgct (where
D dgnotes its deterrent effect and dD the chan&?'therein)
And, finally, changes in the potential aggressor’s
estimation or expectation of the destructive capabiligy of .

his potential victim (where at estimation is denoted €® and

where dC® denotes the change therein). How is €®‘to be

"operationalized? Suffice it to say for now that C® measures

an adversary’s expectation of his potential victim’s
deliverable MTE deploymént level. (For technical reasons,
to be discussed in more deta%l‘£elow, however, €€ uses the
average value of offensive-defensive technology, T. This is
necessary in ?fder to remove T; outdide of the summytién
operator in‘Equation 2 so that the change in the potential
aggressor’'s estimate of his potential victim’s total MTE
deploymeht, dc®, could be calcglatedf’ chordingiy, when,
hereafter, we use phra¥e "holding conStht all other

factors" we are referring to offensive-defensive technology

levels.) To continue, for the sake of simplicity we assume

‘that the change in the potential aggressor’s estimate of

retaliatory damage levels (dDL) takes into accoust the

effect of only.a single retaliatory salvo containing 'the

victim’s full retaliatory might and aimed at population -

centers. (We are in effegt assuming a pdre MAD framework).

<

T 1
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Now .each particular retaliatory damage level projeotion
that the potential aggressor makes ohou%d correspond to a“
particular level of deterrence. As projections chanée
(where'the change is denoted dDL), so too snouid the extent
to which the potential aggreésor is deterred (where this

-~

change is denoted dD). The former should cause a
o) * '

corresponding and directly proportional—-<change in the

latter. In mathematical terms, this relationship can be

expressed as follows.

dD = k(dDL), 0 £ k ( 1 (6)
A proportionality constant (k) has boen introduced so that
(dDL) and dD) could actually be equated. We will take its
‘value, which ranges botween zero and ope inclusive, to
indicate that there may be a lag‘in adjustmont-between
.changes in damagé-level projections and changeo in” the
ei:te.nt-of deterrence. This may be due in part to
psychologlcal or logistical reasons as discussed in Jervis'/:
'Deterrenco‘and Pe;coptlon." For example, a decisior

'maker's perceptions may .be clouded as a consequence of

'preconce;ved and deeply ingrained. notions concerning the

v o
intentions of his advorsary, notions which may distort tho~“

uation,8 or, from a 1oqist£cal:'f

objective reallty of th
perspectxve, simply through lhck of equrionco, aiqugh l‘ckigff

of precedent upon which to base an undorstan

RS

ng of anjé57
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adversary’s behavior.? But it will be assumed in this model

that adjustment is compﬁéte and unimpaired, that (k = 1).

Therefore, Equation 2 may be re-written as follows.

Al

’

dD = dDL . - (7)
|

i

How do changes in damage leveivproiections cbme about?
Holdi&g all other factors wﬁich have been herein posited to
impinge on a stafe’s déter:ent~effect constant; as a
potential aggressor perceives that a change s occurred in
the amount of ;gégi MTE déBloymeﬁt by his prospgctive
victim, . (denoted dc®), he hust,xaccordingly,.reﬁormulate his
projections of: retaliatory damage le:els. 1vhis i; based on
the notién that, according to Holsti, "(a]n increase in

numbers can, at least temporarily, make it more difficult

for the attacker to succeed in a first strike."10 This can

be introduced into Equation 7 by dividing dDL by d€® and to

maintain the equality, by dividing dp by'écg‘also.
. L

-

vy

dp/dc® = dpL/dc® | (8)

'What does Equation 8 state? It proposes that the
change in the leVel‘of retaliatory dam#ge (that a potential

) i .

aggressor may project that he will have to sustain as a

consequence of his launching a’firqt'striké)ias (his

6stimati§n of his potential victim's) total MTE deploymenﬁ
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level changes (denoted dDL/dC®) is equivalent to the change
in the extent to which the potential agéressor is deterred

as his estimation of his potential victim's total'MTE

deployment level changes (denoted dp/dc®). (Again, this

analysis assumes that all other factors relevant to.

deterrence are held constant: namely technclogy levels).

To continue, we can, therewith, accommodate the proposition

that "(t]he temptation ta launch a first strike should

diminish as the certainty and probable costs of devastating
retaliation increase."!l And vice versa. what is clear
from our argument is that we are treating tne potential

aggressor as a rational calculator. The degree to which he

is prepared to launch a first strike alters gbjectively with

C§anges_in his retelietgry damage level projections (later
to be operationalized in terms of percent Qcpulat’ion
destroyed) The matter of what he cohsiders-as acceptabie
or unacceptable (as dlstlnct from- devastatlng) levele of

damage poses as lnterestlng dilemma for our study We shall

toward the end of thlsvchapter take uP the matter in detail“

but sufflce it to say for’ now thet in what followe there is.
l.no notlon of levels of acceptable or unacceptable demege.v
In effect ve are, hereln, only cons;dering that espect of»xﬂ
deterrent effects which can be ghigg;;gglx esse!eedu'ff
7 Accordlngly, on the bas;s of the-reletionship epecified £n~»3}

:Equatlon 8 we can determine the. functional form«of the :ij

- -

r°1°t1°n9hiP bé*ﬁ%en 2 state B deterrent etfect and an;QK?

- -

- . . Dooel . R T N
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adversary’s estimatk of the former's deliverable destructive

capability.

Clearly, (dDL/dC®) is positive: the level of damage
(that a potential aggressor may expect) increases as (his
estimation of his potential victim's) total MTE deployments
increase. But what of this increase? At the margins, does
each additional unit of total MTE, in theory, contribute
more (denoted d2DL/dC®2 ) 0), less (denoted d?DL/dc®? ¢ 0),
or the same (denoted d?DL/dc®? = 0) to the level of total

damage that the potential vicfim could inflict on the

‘aggfessor than the previous unit of destructive capability?

¥ o8

The answer to this question is critical for it will have a

bearing on the solution to the problem at hand.

There can be no ex-ante definitive answer to the latter

question. In the absence of any empirical data on the

‘destructive effects of multiple-blast only a tentative

answer can be given, an answer based odﬁthe speculations of
experts in the field. Available stwéies apbear to give
support to the contention that each additional unit of
destructive capability, in particular total MTé; contributes
less (dZDL/dCe2 { 0) to the level of totai damage that the
potential‘victim could inflict on the aggressor than the
previous unit of destructive capability. This is made
eminently clear in Enthovgk'and Smith’s oft quoted study of
defence expedﬁitures which rela£é§ various total percentages

J »
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of Soviet population destroyed with corresponding levels of
American MTE.12 Indeed their data, as shayn in Table 1.1,
yields an almost perfect logarithmic relationship with total
percent of Soviet population destroyed as the dependent
variable and total American MTE as the independent variable.
Freedman offers a succinct summary of the data: “"[a]fter &
certain point extra weapons produce few additional effects,
because of the concentration of [for example] Soviet society
into a finite number of lgrge targets. Doubliﬁg the number
of l-megaton warheads from 400 to 800 would.increase the
‘destruction of Soviet population and industry by only 9 per
cent and 1 per cent respectively. All that was therefore
necessary was for US forces sufficient to ride the ’'flat of
the curve’; anything beyond that would be superfluous.“13
Why diminishing returns to destructive capability? In part,
"{o)Jverlap of the ignition zones from neighbouring
explosions would reduce the overall—firé area, although this
may. be counterbalanced by the tendeﬁcy for nearby
conflagrations to ?enerate winds that spread the fires into
gaps between themf Thg dust and smoke caused by one
explosion is likely to block some of tﬁe heat from a
second;ry explosion nearby.“14 In any event, on§ might
reasonably assume that a potential aggressor might forﬁulate
his damage level projections on the basis qf this sort of

1 ‘ : .
information. What, then, can this analysis tell us of the

functional form of the relatiaonship between a state’s
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deterrent effect and an adversary’'s estimate of the former’'s

destructive capability?

From Equation 8, dD/dC€ = dbL/dC®, it can be sFated
that the extent to which a potential aggressor is detérred
increases as his estimation of his potential victim’s total
destructive capability (MTE deployment lewel) increases
(holding all other factors which might impinge on
deterrence constant). This 1is indicated by the fact that
since dDL/dC® )» 0, it must also be the case that db/dc® ) 0.
But at the margins, each increméntal increase in a potential
aggressor’s estimation of the total destructive capability
of his potential victim congributes less than each previeus
unit to the overall ﬁxtent to which he is deterred.
Mathematically, since dD‘/dCe = dbL/dCe and since d2DL/dc&? (
0, it must also be the case that d?p/dce€? ¢ o. Accordingly,
oqe”m;y employ a.reverse in logic to the effect that the
functional form Qf the relationship (primitive) between a
state’s deterrent effect and its adversary’s estimate of the
former’'s deliverable destructive capability is logarithmic.
While other functions can have a positive first derivative
and a negative second derivative, for example, functions of
the form y = x1/8 yhere a > 1, we will adopt the

. —
logarithmii functional form on the basis of the fit of tae

data in Tabfe 1.1 to the loggrithmic model which is almost

perfect (see Table 4.1 for the regression analysis results).



Megaton - Percent
Equivalent . Population
(MTE) . - : Destroyed
100 ' F 15
200 , 21
40Q 30
800 . 39
1200 ' ‘ ‘ 44
< 1600 - . 47

- Table 1.1: -.Soviet Destruction Path Data.
Gives percent Soviet population destroyed
per given level of American MTE.

Source: Enthoven and Smith /

o
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Note we are now back to dealing with (estimated)

22

deliverable destructive capability (MTE) instead of
(estimated) t;tai destructivé capability (MTE). To
reiterate, the difference'is that the former measure takss
accoung_of ofﬁensive—defenéive technology levels (measured
as a probability) whereas the latter does not. Now when in
the foregoing analysis we indicated that "a11 other factors
relevant to deterrence were being held constant" this
\i;ant offensive-defensive technology levels thus leaving us
with the measﬁre of total destructi e capability (MTE). In
dealing with a pfimitive function a1l variables must be
allowed to vary in vaf:e. Cohstancy of technology levels

was achieved by means of partial differential calculus, a

point which receives substantially more elaboration

immediately below.
\-/

Before we can present suéh a set of primitive equations
(for a dyad) a few more intermediate steps must be taken.
EquatiéQ?9 gives the measure of deliverable destructive
capabili%y'(MTE)for one state, let us call it State A’ and
Equation 10 gives the measure for anétper state, let us call
it State B, in difference equation form. (We have let K
serve as the warhead varia_ble for State A and X serve as the
warhead variable for State B. Distinctions between other
variables (and parameters) are indicated with an (') for
State B, a practice which will be maintained throughout this

study.)



- 23
_ 3 2/3
ce, = X Ky e Y30 0w {9
N
. 2/3" ,
ccry = ,Z; Xi ¢ ¥ i, T, (10)

Yet .Equations 9 and 10 give actual and not expected values
and this is a problem because, to reiterate, it is on.the
expectation of deliverable destructive capability levels
that a deterrent effect depends, not on the actual levels.
We.can, ﬁowever, find the expected values of these equations
thereby allowidg us to construct a set of primitive
equations describing the deterrent effects of States A and
B. There is one' technical problem, however. As equations:9
and 10 stand we cannot isolate the individual effects of
total MTE (;NY) on deterrent effect from deliverable MTE
(=NYT) on deterrent effect. This is because of the
~ summation operator (éi).» If we could,_though, for ekemple,
remove the offensive-defensive technology ‘variables of

States A and B outside of their respective summation

Sm— .

operators we could tpen partial out the individual effect of
total MTE. The most straightforward wey'of doing this is to
treat (even proper to dlfferentlatxon end ‘as distinct
therefrom) the offenslve defenszve technology levels of

L [N

States A and B as fixed values (the valuee would be*!‘end T’

respectlvely) One way of representing these ideee is by .

replacing T; ,t end T' t thh their everege values ? and ¥,

, . ' A . .
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Equations 9 and 10 can, then, can b2 rewritten as follows

(with the expectations taken at time tk;

RS

e’ _ & ¢ 2/3 .
C =T Et(,_E. Ky ¢ T3 o) (11)

e _ m S 2/3°

Co% =T Be( X X5 ¢ Y7 1) _ (12)
v 4
The value Cet (or alternatively Ce't) is the same as that

used in Equation 8.

We are, accordingly, now in a position to present a set
of equations (primitives) describing the deterrentveffects
of a.pair of rival states., Immediately below, we have sét
out the relationship for two states, A and B (inydifference
equation form). Eduation i3 gives State A’'s deterrent
effect’(DAt) as a logarithmic function of State B’s estimate
of the former’s deliverable destfuctive capability at time
t. Similarly , Equation 14 gives State B‘’s deterrent effect
(DBt) as a logarithmic function of State A’'s estimate of the
former’s delivérablé”destfuctive capability at time’ t.
Each primitive éould, in theory, yield the change in a
state’s deterrent effect per unit chénqe iﬁ its adversary’s
egiigate of the former’s ;g;gl désﬁructive capability (MTE)
holding other factors (including offensive-defensive

technology levels) constant.
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DA, = logn(T Ec( % K; ¢ ¥2/3; 1)) - ‘ (13)
DB = log, (T’ E (% X; . ¥2/3"; )1 (14)

The relationship between a stgte’s'd_eterrent effect and an
adversaf}'s estimate of the former’s deliverable destructive
capability is represented graphically iﬁ Figure 1.1. It
would be well to take a moment to consider tp@ig;operties of
this relationship, in ﬁérticular, to consider gow they stand
up against established theory.

eHow, for example, 1is it postulated that changes in
State B’'s expectation of'Stat? A’'s destructive capability
.impagt on State A’'s deterrent effect (the extent, to which
State B.1s deterred)? Figwre 1.1 gives a graphicgi
represéutation of the relationship. Note that the function
diéblays the property of "diminishing returns." Holdihg all
other factors which may impinge upon State A’s deterrent
effect constqpt,}each additional unit of destructive
capability contrlbutes less than the prev10us unit to the
total level of det;rrence. This 53 entirely consis:ent w1th'
the notion of "over-kill." To.qubte Holsti on this point,
;the proposition that the.capacity to destroy a potential'
adversary or”coal;tz&n of opponeuts five, - ten, or 100 timea
‘over increases caution [or deterrence] proportionately

seems &htenab;éﬂl§ On the other hand, as State A’s
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State A's !
Deterrent R Y

Effect (DAt)

State B’s Expectation
of StateA’s
Destructive Capability

= 3 2/3
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Figure 1,1: Deterrent Effect Curve: The same relationship
can be said to hold with respect to State B’s deterrent
effect and State A’'s expectation of. the fafmer's destructive

capability
[ 4
- (
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capability level'declines, the extent to which State B is
‘deterred decreases, but at an increasing rate. This tends
to agree with, if not confirm, the views of Bull, Kissinger,
Schelling, and Snyder to the effect that “changes
(decreases] at low levelg of forces [capabilities] couid be
more destabilizing than changes [dgcreases]\;at high

«16

[initial] levels. The idea here, which is reflected in

Figure 1.1, is that changes in initially high capability
levels kés estimated by a poteﬂtial aggressor) cause a
smgller than proportionate changeé in the deterrent effegt
(of a potential victim) than would be the case if change
occurred at initially low capaﬁility'levebs. From this, we

.
can, in mathematical terms, state the following stability

. . o o
conditions. . é
dpA /dc®’, — 0 - (15)
dpB /dce, -— 0 : , (16)
‘) - R

Holding all else constant, Equation 15 states that stability
r;quires tﬁaﬁ the change in State A’'s deterrent.effect
resulting form a change in Staté B'’s estimation of the
forme:'s rotal destructive capability gpproach'zé?é;
Equation 16 advances a simildr prqpositiégyibut from the
perspective of State B, Together, ?qﬁatiopp 15 and 16 -

denote a condition of stable mutual deté@fénce.

L€ -
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We have, accordingl&, reached a critical junctdre in
the development of our gonsolidated ABAU Model. Te
reiterate, our purpose is»to,develop a consolidated
mathematieal model which‘meaeures the theoretical changes in
ehe deterrent effects of each of two states in a dyad (at
time period t) per unit change in their respective (previous
period) nuclear warhead deployment leveles, hoiding constant
all other factors herein posited to impinge theredn
constant. Yet the primitives, Eq?ations 13 and 14, are not,
as they stand, suitable for this- task. It was necessary, in
order to be able to isolate out the individual effecte of
changes in expected total MTE levels on. deterrent effect, to
hold offensive-defensive technology constant (prior to

differentiation) by using its average value (refer back to

Equations 9 and 10 and subsequently to Equations 11 and 12).

‘Now, in order to be able to isolate out the individual

effects of changes Yn expected warhead deployment levels .
gnlx we must, in addltlon to holdlng technology 5%vels
constant, hold yields constant. We can work this into
Equation 9 by substituting in forfiZ/Bi’t its average value,
Y, thus treating it as a constant value. This ought not
effect the value of dellverable MTE too drastlcally. In any

.avent, it allows \us to remove: Yz/31,t outside the summation.

\

operator. The same could be done for Equation 10.
Accordingly, Equations 9 and 10 could be rewritten as

follows., Let lower case ct denote State A’s débloyxﬁent'&_t

\
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\,
time t and c't denote State B’'s deployment at time t.
c, =Y¥T ,Z. K; (17)
n
¢’y = T T ,Z} L T | - (18)

»

n L) .
Now. the sums 'Z( K; and g X; are simply the total warhead
deployments of States A and B respectively at time (t). . The
notation can there}ore be simplified as follows.

\
i

,; Ki ¢ =K . - ‘ B T (19)

.Z; X;,¢ = X ' (20)

... . o \ . . \.\

So if we substitute Equations 19 and 20 lnto E‘Quatlons 17

and 18 and then take thexexpected value at time (t) of tho “.

result the fokllowing will obtain. : -

'y =TTRS, . - L2
- . % N ‘
. > . . : .“
c®. = ¥ T x°, ‘ . (22)
Equations 21 apnd 22 represene a crit:.cal intermodiato result
in the deveIOpment of our consolidated ABAU Modol. ‘.Tho e

structure of each is such that upon substitution into a

. primitive we would have the theoretical buio trom which wo;éf .




N

30

could calculate the theoretical change in a state’s
deterrent effect per unit change in its (actual) deployment
of warheads. (As we shall see, the consoiidated ABAU model
will)not cantain expected values; it will contain only

actual (past period) values).

We can thus rewrite Equations 13 and 14 as follows (in

[

difference equation form).

7

pA, = logy(¥ T k%) , - (23)
Q v
DB 3 = log (T °T' x°) 3 (24)

Equation 23 gives State A’s q§terrent effect at time (t),
denoted DAt, as a function of State B's expectation;at time
(t) of gtaté A’s delgverable destructive capabi%ity measured
by Equation 21. State B’s deterrent gffect at time.(t),
denoééd DBt, caﬁ similarly be postulated to be a logarithmic
function 6f State A’s expectation at timev(tj';f State B’s
deliverable destructive‘capability as~measured by Equation
22. in each case it i1s assumed, as per the earliest.
discussions of this czgpter, that the adQersary estimates
his potential victim’s resolve in-the‘facé.of a first strike:
to be complete; Accordingly, we can derive the following

deterrent stablllty conditidns for changes in expectations

‘ofmmmmmsum_u N
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C e

dp?_/dr®. — 0 - (25)

. | R
dpB_/dx®, — o0 . (26)

.3

<

Note, finally, the significance of the logarithmic
bases (a) and (b) in Equations 23 and 2% (and jndeed
Equations 13 and 14). The logarithmic bases (a) and (b) are
of key significance. (b), for example, ie the logarithmic
base of State B’s destruction path, tqet is, the curve
relating levels of destruction in State B to levels of State
A’s destructlve capability. As indicated by Equatlon 13, it
is also the logarithmic baee of State A’s deterrent effect.

Thus, State B must deter State A along fhat path. The base

(a) can be similarly interpreted with respect to State A.

: . ! :
In the next chapter we will set about deriving

equatlons descrlblng the expectathns of a potentxal
victim’s warhead deployments, K ¢ and x ¢+ being the

expectatlons'of States A and B respectlvely This wlll be

_the~final intermediate step in the derlvatlon of the

consolldated ABAU Model

,1mportant that we take a moment to bring to the foro ane{@

";1nterest1ng prcblem concern;ng the manner in which wo havcigiﬁ

‘H

Before -concluding this section, 'howheve':; o i-
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operationalized the concept of deterr?nt effect. In
attempting to postulate the functional form of the
relationship between a ététe’s‘deterrent effect and its
adversary’s estimate of the former’'s destructive capability,
Qe were faced with a dilemma. To begin, one class of Arms-
Using Models focusing on deterrence is based upon the notion
of levels of unacceptable damage (LUD). Legault and Lindsey
take this level to bé constant over a nuclear power’'s stated
commitments.?:’ They iet U, represent the\retaliatory

capability level required by State X to deter State Y from a

first strike. Ux is based on some notion ofejhat State Y

should consider an unacceptable level of damag The level

Uy can be seen in a similar light. The net effect of two
opposed arsenals is that there will be either (l) no

\

deterrence if both States X and Y possess capabllity levels

below U, and UY,(Z) only State X is deterred w%}le State Y
) ;o (14"
- , 1s not which occurs when State X's capabilityéleve& is below
\

U, and State Y*s capability is at o?Aabove Uy (3) the

reverse occurs where only State Y is deterred while State X
is not which occurs when State Y's capability level is below

Uy and State X’'s capability is at or above U,. (4) a state

_i.of mutual deterrence where State X and State Y both posses

' .

sécond strike capabilities, Uy and uy, respectively. These
four possible outcomes are repfesented in gigure 1.2.18  The
difficulty with this analysis is that a gives range of

-capability either deters an adversary or it does not.

<

) g
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Figure 1.2: Alternative Deterrence Model. Note: Legault
and Lindsey measure destructive capability in terms of
numbers of missiles
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If, for example, U, was set a 100 megatons, then, in

principle, any capability Mevel in the range 1-99 megatons
would afford State X no deterrent effect. All other things
being equal, for any capability level beyond 100 megatong,

State X would effectively be able to deter State Y from a

.

first strike. If one were to plot a-curve relating State

’

X's deterrent effect as a function of its destructive
A

capability, the function would be s discontinuous one, a
step function, with the discontinuity occurring at the

capability level U_,. Either a given capability level deters
p Y x 9 p

State Y or it does not. This is shown in Figure 1.3.

-

Modeling deterrence in this manner makes it impossible

to calculate the change in State X's deterrent effect as its
4
destructive capability level changes. Differential calculus

~—

cannot be applied to a discontinuous function.

~

|
Doran’s model of deteﬁ;eﬁse”pgesents the same problem.

He does, however, recognize that *in principle estimates of
the level of unacceptable damage are not égngﬁént "across
objectives, as the extensign of equivalent commitments to
all allies suggests,"” agd that "these levels vary with the
value of ;h? ;bjective to\ the deterrer."!9 Doran does not,
however, s§§mount the discodtinuity problem. In recognizing

»
that levels of unacceptable damage (LUD) may vary across

-

objectives, he simply constructs several deterreace models
v

~
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Figure 1. The Discontinuit oblem. Note: Legault and
Lindge sure destructive capability in terms of numbers
of mi : '

\/_
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each iycorporating a different LUD. Indeed the logic of
this analysis would seem to preclude the development of a
model\which would allow both for the notion of LUD’s and for
the calculation of the change in a state’s d§eterrent effect
as its destructive capability level changes. This is the

-

dilemma. In order for this study to progress any further,
deterrence cannot be treated as an "either ofq concept. At
least that aspect of the concept of deterrence must be
deemphasized. We must focus exclusively on that aspect of

deterrence which provides that different capabiljty levels

correspond to different levels of deterrence.



37

Notes

lsnow, Nuclear Strategy in a angmis World (Alabama:
University of Alabama Press, 1981), p. 108.

2Snow, p. 108.
3snow, p. 110,

4Snow, p. 100.

: J _
5kK.J. Holsti, erpatio Politics, 4th ed.

(Englewood Cliffs: Prentice-Hall Inc., 1983), p. 277.

« SHolsti, p. 277.

" Al

7R.D. Moll and G.M. Luebbert, "Arms Race and Military

Expenditure Models,” in Journal of Conflict Resolution (Vol.
24, No. 1: March 1980), p. 155.

8R. Jervis, "Deterrence and Perception," in Strateqgy
and Nuclear Deterrence, ed. S.E. Miller (Princeton:

Princeton University Press, 1984), p. 75.
9Jervis, p. 64.
1OHolsti, p. 288.
llgolsti, p. 288.

12p.c. Enthoven and K.W. Smith, How Much Is Enough?
(New York: Harper & Row, 1971), p. 207.

131, Freedman, The Evolution of Nuclear Strategy (New
York: St. Martin’s Press, 1983), p. 247.

. ) .
l4g, Greene, I. Percival, ahd I. Ridge, Nuclear Winter
(Cambridge: Polity Press, 1985), p. 27.

A9

o~ IOHolsti, p. 290. -
167.E. Dougherty and R.L. Pfaltzgraff, Contending

Theories of Interpational.Relatiopns, 2nd ed. (New York:

Harper & Row, 1981), p. 394. ) .

17y, Legault and G.‘Lindsey, The Dynamics. QI‘Lhﬂ’
Nuclear Balance (Ithaca: Cornell University Press, 1974),
pp. 167-173. \ . , . :

18paken in modified form from: Legault and Lindqay,'p;
173. ’ _ , - '



38

L
19C. Doran, "A Theory of Bounded Deterrence,"” in

Journal of Conflict Resolution (Vol. 17, No. 2: June 1973),
p. 245. .



~

Chapter 2: Developing an Arms-Building Model

The purpose of this,' chapter is to derive a set of arms-
'/building'equations describing an adversafy’s expectation of
his potential victim’s warhead deployment at any time
periéd t. Ket and X®_ will denote these expectatidné for
States B and A respectively. Since we will wish to
integraﬁe these egquations with ggose developed in the
previous chapter, care must be taken to mgintain a logical.
consistency in formulation acrossfto the present effort. To
begin, Moll and Luebbert caution that 'in attempting to link
an Arms—Using Model such as that developed in the previous

v/ -
section and an Arms-Building Modil such as that which we are

now set upon aeveloping, *a logicals criterion for ach;eving
an intermediate objgcfive must link the two types of model.,
To illustraﬁe, if deterrence is the objective of an armament
policy, then some specific é{iFerion for dsing‘arhs to
ac§§>ve deterrence must be specified (e.g., second strike
counterforce capabilityuor mutually assured destruction).
Only through such qrite;ion can thefhrms-Using Mbdel be
related to requirements of armamen; policy."‘1 Here, tye
‘logical criterion link;gé the two modelg‘wibl be mutually.
assured destruction.‘ The Arms—Using,ﬁodql developed in the

previous seqtion was indeed baseqeon jyeyéremisqﬁéf mutually )
- .

assured destruction.

39
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Ultimately we will wish to consolidate the Arms-
Building Model developed in this chapter with the Arms-Using
~Model deve&qggy/in the first chapter. Recall that for

*

States A and B, respectively, the Arms-Using Model took the

form

DA = log, (T T K®,) (23)
t b t

DBt = log,(Y' T' x%). , ) ' (24)

where (¥ and T) and (¥’ and T') refer to average explosive
yield and offensive-defensive technology levels of States A
and B respectively. Now, to reiterate, in this chapter, we
will tage upon ourselves the task of developing a set of
equations describing Stéte\B’s expectation of State A’s
warhead deployment at time k, denoted Ket, and State A’s
engctation of State B’'s warhead deployment at time t,
denotedrxét. Thereupon, these equations could simply be
substituted into Equations 23 and 24 respectively. We will,
therefrom, obtain our consolidated ABAU ﬁodel by then taking
the partial derivative of DAt with respect to K, (or mgre
accurateiy, as will be seen in the next chapter, with
resp bt‘to kt-l' the actual previous period level of State
A'é rhead deployment: as we shall soon argue Keg is a
function, inter alia, of K ;). This yields the thedretical

change in State A’s deterrent effect per unit change in the
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level of its warhead deployment, holding cohstant the levels
of explosive yield (Y) and offensive-defensive technology
(T). - Sim.ila"rly, we will calculate the partia} derivative of

-

DBt with respect to xet (or more accurately, as will be seen
N
in the next chapteff with respect to X,_ 3+ the actual

pre&ious period lewel of State B’'s warhead deployment: ag
we shall soon argue xet is a function, inter alia, of X, 1)
This yields the theoretical change in State B’s deterrent
effect per unit change in the level of its warhead
deployment, holding constant the levels of explosive yiél&‘
(Y') and offensive-defensive technology (T'). But note that
partial differentiation can only be properly applied under
certain conditions. A .

: A

"The partial derivatjve measures the instantaneous rate
of change of the dependent variable ... with respect to‘zne
of the independent variables [in a multivariable
function] ... whin the other independent ... variables ..,
are assumed‘hgid constant [emphasis included}."z Thus
partial differentiatign requires that given a multivariable
function y = f(x,, xé, X34 «ee Xp)y "the yériables X3 (1 =

1,2, ... n) are all igggggnggn; of one anoﬁher;‘so that each

~can vary by jtself w1thout affecting the others [emphasis

lncluqed] "3 0therw1se as, say, xj varied in dy/dxq,, the

assumption’ that all other xj arc constant (i.e.,rno:,

changing in value) mgyfnot hold{ It may b§, £or example,

-
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R4
g
that x3-varies as a result of x; varying, that varigtion

denoted dx;. It is, thereforé, essential that we be able to
formulate Ket and xet independently of (Y and T) and (Y’ and
T‘) respectively such that when we do calculate the partjal
derivatives dDAt/th_1 and dDBt/dxt_l it can be said that
indeed (Y and T) and (Y’ and T’) are in theory being held
constant. The soundest way to pfaceed on this matter would
bé to formulate Ket under conditions where Y and T are in
fact held constant theéreby making its absolute,value at any

timd t qqmé&éfély independent of Y and T and similarly for
{_;"” ‘" :ﬁ “! -

)ect to ¥’ and T'. Thereupon K®_ and X®_ can be

L,
substituted into Equations 23 and 24, respectively. That

this needs to be done is a technical-mathematical
requiremeﬂt of partial differenﬁiatidn. But is there any
real world precedent for holding explosive yield.and
offensive-defensive technology levels constant over time?

Indeed there is.

\

It has long been known that at one point the

composition of American and Soviet MTE \had changed over time

with the total MTE level remaining‘fairly constapt. Once it

was learned that the area of destruction does not increase

'prbportionately with explosive yields; both sides began to
deploy more warheads while keeping total yield approximately’

the same (each warhead was to contain a smaller'explbsi e

charge or yield). Under these. conditions, any time that one
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side increased its worhead deployment the other side would:
in theory had to follow suit in order to maintain a
strategic equilibrium. (More will be said on the matter.of
addressingrstrategic disequilibriums in conjwnction with the
followxng dlscu551on of offensive-defensive technology
levels). But note, for now, that we do not wish the
particular circu. ances of this example to serve as a basis
for what follows. Instead, we wish to use it only to show
that, in principIéL/yicld levels can in'fact, in practice,

be held (fairly) constant over time. o

The assumption that tecpnoiogy levels are fiked_over a
period of time is not'?nreasonable. ‘The RéD process can be
a lcngthy one, with technoiogical advances having their
practical impact only upod dé%loyment. "For a major
gtrategic weapons system," writes Sﬁowp "this process takes
eight to ten years from project initiation to weapons
delivery (lnltlsl operatlng capablllty or IOC)." .In the -
mean time, the short -run, then, strateglc dlsequilibriums
cannot be redressed by technological developments. In order
to maxntaln a level of destructlve'capability sufficxent in.
|each successive 'time perlod ta marnt;;n a strateghc

equilibrium, a potentlal v1ct1m state must link itc:

¢ i

deployment of destructlve capability in g%me period (t) to

_that of its adversdry in tlme((t), This !ormulation i.in_f

based on the view,. supportgd by Caspary, that '[a]t ‘a qivonfiﬂ

‘.r
e
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state of piliﬁ%@y technology there is, in principle, some
s AN

AR
minimum ratio of forces that is sufficient for defense [or

deterrence]."5 Indeed the ratio should be a positive one
such that a state'é‘;gggi;ed level of deployment, denoted
K*,, and X*,, for States A and B respectively, 1is ah
increasing linear function of the dctual deployment level of
that of its adversary, denoted, for States A arnd B,
respectivefy, by K, and X,. This is the simplest possible-

case. On a related matter, Caspary has noted, a "nation
N .

\\ o . .
(thus modeled] is represented as not simply seeking arms
. \
. \
equality, but striving to maintain at least a copstant ratio
: , 3

between its forces and its oapponent’s. Since a certain
\ ¢ i

ratio of offensive to defensive firepower is generally

\

necessary to win--or defendc-an qejective, this

Y
A\

specified relationship is expressed 1ix Equations 27 and 28
y -

representation is not unreasonabl 5?6 Mathematically, the
\ .

representing State A’s and State B's fédui}ed (to mainté;n
P . N o : -~

equilibrium) deployment levels at time (t). \

K*. =By +B;X,, Byg€R, 0£B; ¢ 1 C(27)

X*, =B'g+B'1K, BG€R, 0£B C1 . (28)

by

\

To continue, we note that in Equation 27, the

.coeffiéiént‘Borindicates the warhead deployment levér

\

‘ , { _ . ) _ .
required by State A in time period (t) independent of State
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ﬂ%;deployment level. It is equal to some real number, R.
The‘coefficienﬁ B) is the counter-deployment coefflcient.
it indicates the degree to which (ratioj State A must
redress.Staﬁe B’'s deployment levels in order to maintgin a
strategic equilibrium. For example, if B, = 1/3,\this would
indicate that for every three units of destructive
capability déployed by State B, State A must counter-deploy
. one unit in order to maintain a strategic equilibrium. The
value range imposed on Bl; 0 K B, {1, presuﬁeé that exact
pgrity or even.sﬁperio;ity is'not required' to maintain a
.strategic equilibrium. Schelling has quite,inbeniously
demopstrated that in order to attain a first stfike
- capability, a state would have to deploy, at any given time
peridd, an amountjfar in excess (B, )-1) dﬁlthat of‘ité
adversaz;y.7 THus, éhe value restriction on Bl,nnamei§}e0 s
By ¢ 1, is consistent with an armament polidy aimedﬁ&
méintaining a‘regulatory capability. The coefficients - B

and B’y can be similarly “.nterpreted with regard-to State H.

-

1}

It is lmportant to emphaslze at th¢s point that the~
varxanies K*t and 2*£ are, respectlvely, State A and B’

‘requlred levels of deployment. And~accord1ngly, ;t must be,~ﬂ
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[ 4

immediately below (and adapted for the present analysis with

the appropriate notation).

K, - K._; = S(K*, - K. .1, 0(s (1 (29)

X, - X, | = S [X*_ - xt_l]/ 0 £ s"C1 (30)

~

4

R

In this model, Werlove posits that actual changes in stock
levels (or for our purposes, changes in deployment levels)
over one time period, denoted here for State A by the
difference (K, - K, ;) may not equal desired changes, given
by (K*, - Kt~1§‘8\ The coefficient of adjustment, (S), would
indicate the ext;nt to which actual changes 1n State A's
deployment levels mirrored required changes. For example, S
= 1, actual changes would in fact be equal to the required
change. In fact, adjustment to the required level of
deployment, based on a change in an adversary’s level of
deployment, would occur in the same time period. If S = 0,

there would be no change in deployment levels between time

(t-1) and (t). For values between zero and one,

o

radjustment, based on changes in an adversary’s geployment
level, would only be partial thus necessitating a carry over
into the next time pgriod. Finally, if the deployment
coefficients (S) and (S’) ﬁook on values between zero and

one, this world indicate tgéf/zhere were, perhaps, economic-

tachnological constraints at work preventing the indicated
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state from meeting its required deployment levels, levels

determined on the basis of those of an adversary.

Substituting Equation 27 into Equation 29, a solution
can be found for the level K., State A’s actual deployment

level. Given,

Then, by multiplying out Eguation 31 and setting the result

in terms of K., we obtain,

K, = SBy + SB;X_ + (1-S)K, (32)

t

Similarly, a solution can be found for the level xt, State

B's actual deployment level. By substitution,
X, - X,_; =S'(B'g + B 1K, - X, 1] \ (33)

Therefore, State B’s actual deployment %Fvel in time (t) is
given by,

!

X, = S'B'p + S'B';K. + (1-S")X, (34)

From Equations 32 and 34 it becomes evident that if the

%
coefficients of adjustment, respec;ively,;AS)‘and (S'), were
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\
equal to one, then Equation 32 would reduce to Equation 27,

the required level of deployment for State A énd Equation 34
would reduce’to Equation 28, the required level of
deployment for State B. For any values of (S) and (S') less
than one, the actual level of deployment would be Jless t:an

the required level of deployment at time (t). The terms (1l-

S)K,_; and (1-S")X, _, are carry-over terms each of which

would reduce to zero if the respective state could fully’

adjust to the changes in its adversary’'s deployment levels

in the same time fPeriod. We are now 1in ,a position to

determine Ket and xet, respectively, State B’s and State A’'s
4

estimation or expectatioﬁ'of the other’s deployment level at

time (t).

Under the Rational Expectations Hypothesis, the
expectations Ket and xet would be formed at time period (t-
1) and would be based on information sets, I, ; and I'e
the former being State A’'s information\se , the latter\

belonging to State B. Mathematically, .
e

(35)

-
o
!

t = Ep_((Re /7 I'¢ )

e _

X% = B Xe 7/ Iely) (36)
“The hypothesis of Rational Expectations asserts that the
unobservable subjective expectations of individudals are

exactly the true mathematical conditional expectations
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implied by the model itself. Individuals act as if they
know the modél (that 1s Equations 32 and 34) and form
expectations eu:cordingly."9 Indeed EQuations 32 and 34,
reproduced immediately below, would be contained in the

information sets I, _;.and I‘'y_;.
K, = SBy + SB;X, + (1-S)K._, (32)

) X, = S'B'y + S'B';K. + (1-S")X, , | (34)

’

Thus State B’'s expectation of State A’'s actual warhead
e
deployment in time per]gd t, given the information contained
£
in set I'y_;, can be determined as follows: it is denoted

e .
K t = Et_l(Kt).

Y

- o~

(Et_l(xt) = SBy + SBE,_j(Xy) + (1-S)K._; (37)

Note at éhis point that'in’our formulatijon of State B’'s
expectatiéqgwwe have avoiéed,committing the "fallacy of the
last move." According to Rattinger, one may not validly
assume*that “{o]nly cirrent and past--but not projected--
force levels ... enter into a state’s deci:ion“10 calculus.
In Equation 37, State B’'s expectations at the end of time
peridd (t-1) are compriBed of an estimate of its own future

armament level E._;X; and of an accounting of State Aiéy

actual deployment levef during éime.period (t-1), (l-S)Kt_l{

-
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a value which at the end of time period (t-1) would be known
to State B. Yet the value Ey_1Xy is not unknown to State B.
E, X, is simply the expected value or expected level of its
own deployment in time (t). This is given by Equation 38.

C ‘ ., "
(38)

o

-

Ep_1(Xy) = S'B'g + S'B"E._1(Ky) + (1-S")Xg 4

Accordingly, the value E._;(K,) can then be solved for by

: \/ ~a
substituting for E._ ,(Xy) 1in Eq%ation 37. The end result is

AN ~
as follows. / ‘ -

(SBy + ifls,skz SB(1-S)Xp ] N(1-$)Kp
Ex 1Kp = — ¢ +
1-SBS'B7]

1-SBS'B", 1:§315'B'1

~

Of note ig the fact that State B’s expectation at (the end
of) time (t-1) of State A’s future warhead deployment level

is now a function of'va;ues which would at the end of time

(t-1) be ‘known to it, namely, its own deployment level

during (t—l}, X._1, and State A’s deployment level during

3
(t-1), Ky _ ;. The Dklue E._1K. therefore has a practical

significance. ; Similarly State A’s expectation of State B's
: <

actual deployment in time period t, denoted xet = Be_1(Xy),

' /
M y

can be so determined, yielding the result, \\\

L
o (SBG+S'BSBy)  S'BI(1SKe v (1-S)% )
Eb_lxtS _4111 * me +'.ll -
1-gS'B'; 1-S8,S'B', 1-S8,S'B";

. . §/
A - /\__,_/"

(40)

(39)

.

\

4

L)
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At this point it is worth pauking to note a few additional

propqgties of Equations 39 and 40.

Each equation, as already indicated,™ s a function of
previous period deployment levels. But th;§e is more to it
than that. These previous period deployment levels, K¢
— .

and X, _;, are each multiplied, idter alia, respectively, by
the coefficients (1-S) and (1-S') théreby making them,
respectively, the'carfy—over terms of States A and B. What
isyparticularly interest¢ing is that when (S) and (S’) each
approach one, otherazlings being equal, State B's
expectation at time t-1 of State A’s current (or rather
upcomihg) period depihym\ t level, E._;K., and indeed State
A's expectatién at tlﬁe t-1 of State B’s current period
deployment level, E. X, begin to fall until such tin that
K._, and X, ;, are eliminated f@om Equations 39 and 40

leaving the constant values,

B, + BB’ -
B, K =170 (41)
t-1K¢ ) - .
-B1B";
: + B',B
E. ;X Lo 170 ‘ 42
t-17t ) (42)

J-

. -

These constant values are in f&ct;gggilin;inm dgnlggmgn;
levels. They occur when each side is fuliy able to Adjust,
_I.é” cdunter-deplby, to changes in its advqrdk;yga

‘,‘: =
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deployment in the same time period thereby always
maintaining a strategic equilibrium: this would occur when

§$ =S’ = 1. These properties should be kept in mind for

they will be inherited by the consolidated ABAU Model,

‘Equations 39 and A0 being com ent parts thereof.
q P

There are still other properties of Equations 39 and %0
which must be emphasized. To begin, the notation can be
simplified somewhat by letting,

" (SBy + SByS'B’y)
Py = (43)

I(SBIS'B’I .

SBy (1-S") _
P2 T c——— . (44)
1-sB;S'B", 8

(1-5)
Py = ———— | (45)
1-5315 B’

Then Equation 39 can be rewritten as

'

Similarly, from Equation 40, Stage A’s expectation of State
B’s actual deployment level at.time (t); we can write,
(S'B’g + S'B’;SBj)

P'l = T . (47)
l-SBLS B 1 :
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S'B’,(1-S)
P’2 T e—— _— (48)
(1-87) : ,
'3 % s (42
1-SB,S'B’,

Thus Equation 40 can be rewritten as

\

Ex 11Xy = 9(Ke 1+ Xp_ 1) = P'; + P'oKe | + P'3Xe - (30)

Equations 46 and 50 revgal quite clearly that the reasoning
process followe? above has resulted in tﬁe derivation- of twaq
Richardgon—typé arms race model in difference eéuation form
(with expectations taken at time (t-1)). That’ the
parameters in Equations 46 and 50 are to be interpreted

\
differently than the parameters in the Richardson model is
only a secondary coﬂcérn, f8r structurally the equations are
the same. Parameters in any event are always open to
various interpretations. As suchf a number of issues raised

in the literature in regard to. Richardson’s equations must

be considered. .

_Majeski and Jones estimated the parameters of several '/
supposed arms races including the Soviet-American race. The -

model that they tested) was an adaptlve expectations model. 11_
\ .

If one were to truncate this model at (j = 1), to use thoir

¢ .
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notation, it would be identical, structugally, to Equations
46 and 50 in this study and to the Richardson model. More
interesting than their parameter estimates was the fact that
they discovered the error terms in the Sovieg and American
equations to be highly cross correlated. This
would indicate, among other things, that "[i]f nations react
at all to their opponent, they are most likely to respond to
the current behavior of their opponent."12 This would seem

to make little intuitive sense, from a practical point of

view, as Majeski recognized.13 . \

Majeski asks "[i]s this puzzle simply a statistical
artifact or ... 1s there some précess a£ work which can
explain ... [it]?"I% To begin, Equations 27 and 28 both
pos;t instantaneous interaction. Suppose we had
encorporated the error terms U, and V. into Equations 27and
28 respectively. 1In that case, as a result of the

, :
subsequent derivations, Equations 46 and 50 would,

~ respectively, have the following error terms.

SS'ByEp_1Vy + SE¢_1U;

~ 1-SB;S'B"

SS'B’E, iU, + S'E, .V '
) » 1E¢-1Y¢ t-1Vt
1-SB,S'B’,

Since the error terms Z. and Z'y are both functions of the

same variables, namely, Ve, and U, then it 1is

M

3

\
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understandable, from a statistical point of view that they
should be highly cross correlated. Equations 46 and 50
actually contain the proposition that states are intetifting
simultaneously as they each contain equatiohs 27 and 28.
From an operational perspettive it seems that the cross
correlation~in error terms could be-due to the action
reaction process itself with the correlation from)errors

carrying systematically into and between each side’s

expectations.

Finally, it is worth considering the resdlts of past
studies aimed at estimating the parameters of Richarason
type models. This would give some’ indication as to the
validity of thé reasoning process followed in this study
which Yed to the derivation of Equations 46 and 50. 1If, for
example, parameter estimates were,‘across studies
encompassing many different methodologies, found to be
statistically insignificant, some concern should be raised
as to the‘adequacy>6f our formulation of the arms

~acquisition process. To begin, there have been a number of

problems associated with the estimatiog of the Richardson

L
.model. Hollist’s attempt to measure the parameters of the

Soviet-American ms race was'less than successful. He
estimated the parameters of Richgqgsonfs reaction,'rivalry
an? submissiveness models}ls In no case were theQ

parameters significant at the O.OS'leveI¢15 R values

v o s : B /
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ranged from a low of 0.18 to a high of 0.59.17 Majeski and
Jones, similarly, fodnd, statistically, no interaction in

/
Soviet-American arms acquisitions.18 In another 'study,

/
/

however, under an adaptive expecgécions hypotnésis, Majeski
did find that American‘acquisitiops resaﬁble a guasi-
Richardson actions-reaction process. But,ghis finding was
not paralleled in Soviet acquisitions whicn/in fact appeared
to be independent of American acquisitions.19 Shouid we be

concerned with these results? Should we question the

.validity of Richardson type arms race formulations?

-

In each of the cases diécu%sed above, arms
expenditurés, measured in constant us d?llars, served s the
operational indicators of arms acquigitions. Moreover,
parameters were estimated on the basﬁs of usually-very

lengthy data series. There are several\problems with this

methodology. Moll and Luebbert have questioned the efficacy

of operationalizing arms expenditures on the basis of

aggregate data such as military expenditures data.20

Aggrégate data may lump together opposing acquisition trends

for individual weapohs systéms. "[Bly disaggregating

~overall military postures into individual services for which

multiple indicators are available," writes Rattinger, "it is
possible for arms race reséarch to'identify reaction
processes which not only would have gone unnoticed in

aggregate data but also come closer fo real-world decision
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procesées."21 Indeed Rattinger disaggregates arms

acquisition data for the Arab-Israeli conflict and thereupon’

guite successfully estimates the parameters of an action
reaction model.2? Moreover, part of Rattinger’s success can
be attributed to the recognition that states can eégage in
temporally distinct arms races. He notes, "ﬁl]umping raegs

together could lead to spurious findings or wash out

reaction patterns that are significant but erent in both

x

races."23 1Indeed it likely has.fﬁf/;

4"8

furthermore, Lucier’s ingenious empirical study has

" revealed that arms race parameters can change over time as a

result*oiwchanges in armament standard operating procedures
(decision rules to be followed by bu*eaucrac1es regarding

the 1mg}ementatlon of armament policy), the replacement of

..d€cision makers, or as a result of the: occurrence of "a

dramatic domestic or international event with manifest
implications for armaments."?4 Moll and Luebbert in fact

hold that “parameters change fairly frequently'“zs' Thus. if

one were to select a date series spannlng, theoretlgal

the occurrence of a parameter change, it is possibl that .

{;ﬁf one would obtaln statistically lnsignfflcant results. There

r/’

series sfanning the occurrence of'e~paraﬁeter‘eh1néee‘

Py
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In summary, when disaggregated data is :sed and the
span of the data series carefully considereqﬂsoxgs to
contain oﬁiy data refiecting stableAacquisit%pﬂxparameters,
the Richardson formulatioﬁ,'as the Ra%p{;ger study has
re&ealed, Tan: quite adequately %y{;e as one valid

g
description of arms acquisition proéggses. We turn now to-

-

the consolidation of our Arms-Using and Arms-Building

Models.
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Chapter 3: A Consolidated AB%U Model

The process of consolidating the Arms-Using and the
Arms-Building Models developed in sthe last two chapters ig\i
;

not very complicated. Reproduced immediately below are

Equations 23 and 24, Equations 35 and 36, and Equations 46

and 50.

pA_ = log.(Y¥ T KZ,) (23)
t b t

DBt = log (Y!T'X%) . (24)

K€ = E¢_ 1 (Ke/T'¢ ) (35)
e

X7 = Ee 1 (Xe/Ie ) (36)

: J .
E 1 (Kp) = f(‘et‘l'"'xt-l) =Py + PpXp |+ P3Kp (46)
Er_1(Xg) = g(Re_ g, Rp_q) = Py + P'oRe ) + PP3Xe (50)

-

By :ébations 35 and 36, we may substitute Equations 46 and

50 directly into Equations 23 and 24 yielding the following

result. .
L

DAt = 1ogyp(¥ T) + logp(f(Ke_7+ Xe_p)] (53)

DBt = loga(Y’T')ﬁ+ 10Ga[g(Ke_1+ Xp_1)) (54)

61 N
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Taking the partial derivative of DA with resﬁect to
K from Equatlon 53, fenoted dph ¢ /4Ky -1 and the partlal
derlvatlve of DBt w1th respect to X, , from Egquation 54
denoted, dDBt/dxt_1 we obtain, finally, our consolidated
ABAU Model, presented immediately below.

\\\\\d . )
D t (1-S)

= 14 (55)

- (1-8")
L (56)

dXy ) In(a)[(S'B'g + S'B'|SBy) + S'B'[(1-$)Ke ;| + (1-5")X 1]

dpB

Equation 55 gives the theoreticél\change in State A’s
deterrent effect, at time period t, denoted dDAt, per unit
-change in its (previous period) deployment of destructive
capability (yarheads), dK, _,. Noge that the changg %3 State
A’s deterrent\effect is brought about now only indirectly by
a change in expectations (on the part of State B). State
A’'s deterrent effect is directly impacted upon by its an
previous period deployment of destructive capability and by
its adversary’s previous period deployment of destructive
capability. State B’'s expectations remain, however, a
function of these values. Similarly, Equation 56 gives the
theoretical change in State B’s deterrent effect at time
period t, denoted HDBt, per unit change in its (previous

period) deployment of destructive capability (warheads),



63

dx, ,. Note, finally, that Equations 55 and 56 are specified
solely in terms of the parameters and variables of Equations
46 and 50 respectively. One may therefore estimate the
parameters of Equations 46 and 50 and substitute those
values into Equations 55 and 56. That, in fact, is haw we
intend to operationalize the consoclidated ABAU Model; We
will in consequence possess a means of assessing change in
deterrent effect levels solely on the basis . of arms
acquisition process parameters. In effect, we can assess
changes iﬁ deterrent effect leveis without ever having any
data on actual deterrence levels. But before undertaking
this task we ought to consider more thoroughly the
properties of Equations 55 and 56 (f%e consolidated ABAU
Model).
.

Accordingly, one should note the existence of a time
lag between the occasion of a change in a potential victim’s
destructive capability and the subsequent change in the
extent to which a potential aggressbr is deterred (holding
all else constant). This suggests the existence of what
might be called a "detefrence-cycle,” the period of
adjustment to a new level of deterrence once it hag been
recognized that a change has occurred in a potential
victim’s level of destructive capability. In this model, a

deterrence-cycle lasts for two time periods, since,

-
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= pA A .
dap®, = bR - DA 4 (57)
dKy ) = Keogp - Keo2 (58)
R
.QSimilarly,
'\.‘ '
B _ B B .
dp®, D, - D, Vi (59)

v

dXe 1 = X1 - X2 (60)
A deterrence-cycle, then, begins at a time (t-2) and ends at

a time (t), two periods later.

How are we to interpret the parameters (and variables)
of Equations 55 and 56? First of all, we must consider an
appropriate context within which to base our interpretation.

To begin the stability conditions

dpP, /dK®, — O o ~(25)
.dDB /dx®. — 0 | , (26)
\ .
3
\ .
can be refined in light of current developments. ,In
s+

accordance with Equations 55 and 56 the following stability

conditions obtain. }
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aph, /dK, _; — 0 ) (61)

dpB /dx, ; — 0 ' ; (62)

Thus stability can be said to exist when the change in State
A’'s deterrent effect (at time period t) per unit change in
its (previols:-period) warhead deployment approaches zero and
similarly or State B. We can within this context proceed
to intenﬁ%et the parameters (and variables) of Equations 55

and 56.

Note first of all that each equation contains the
p;eVious period warhead deployment levels of States A éna B,
respecﬁively, K._1 and x£¢1. Equations 55 and 56 thus
display the properéy that és-the previous period deployment
levels of one or both states increase both states’ deterrent
effects become more stable: both dDAt/dxt_l and dDBt/dxt_l
appréach zero. This is because an adversary’s expectation
of\his potential viétim’s current period deployment level is
a fudction of both his own and his pptential victim’s
previous period deployment levels. As these levels increasé
(elther one or the other or both) g0 too does his ourrent“
perlod expectatlon reagrdlng his p;tentlal v1ct1m 8
deployment level and hence the tarther up the latter 8

deterrent, effect functlon he moves-with each ugward‘movement

tending toward the flat of the curve.

3
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But more than that the variables K, _; and X, _; are,
inter alia, respectively, multiplied by the coefficients (1-
S) and (1-S’), thereby making the?C respectively, State A
and B’s carry-over terms. Thus it becomes apparent that a
state’s deterrent effectﬁ according to this model,
fluctuates not simply on the basis.of changes in its own
previous period deployment levels or those of its adversary,
but on the basis of fluctuations in its carry-over and that
of its adversary. It is a reasonable proposition. Recall
that carry-over is that portion of an adversary’s previous
period deploymenﬁ which the former could not.adjust to,
i.e., counter-deploy against, so as to maintain a relative
secohd strike capability and it would appear that a state’s
deterrent effect, to reiterate, fluctuates on the basis of

both its own carry-over and that of its adversary.

That the carry over terms (1-S)K,_; and (1-S")X,
occur in the consolidated ABAU Model raises an interesting
possibility. Recall that S and S’ ;re, respectively, State
A and State B’'s adjustment coefficients where 0 £ S, S’ £ 1.
S = 1 indicates that State A is abie to fully adjust in the
same time period to State B’s deployments such that State A
has no carry-over: (1-S)Ky 1 ='0..‘Similafly, s’ = 1
~indicates that State B is able to fully adjust in the same
| time period to State A’'s deployments such that State B has

no carry-over: (1-S')X, _; = 0. Now focusing<anquation 55
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for the moment note that (1-S) occurs in both the nuherator
and in the dominator (in the latter case ﬁultiplied with
K._;). Note also that (1-S’) occurs in the denominator
(multiplied by X, _ ;). Accordingly Equation 55 displays the
following aroperties. As S and S’ approach one and the
carry-over éerms in the denominator of Equation 55 approach
zero, dDAt/dxt_l becomes less stable: it tends away from
zero. Yet at the same time (1-S) in the numerator would
approach zero thereby causing dDAt/th_l to approach =zero.
The latter effect would outweigh the former with the net
result being that stability, dDAt/th_1 = 0, would obtain
when S = 1. But what does all of  this mean in substantive

terms? ‘

When S and S’ approach and ultimately reach one, the
carry-over terms (1-S)K._; and (1-S")Xy_; disappear fgom the
denominator of Equation 55.- The disappeargnce of these
terms from Equation 55 corresponds to their disappearance
from Equation 39. We saw in the last chapter that as S and
s’ épproach and ultimately reach one, State B’s expectation
of State A’s current period deployment level, Et_lxt,'begins
to fall until such time that it settles at the equilibrium

value.
é

By + BB’
0 170 (41)

E, .K
t-1Ke : —
. 1-ByB"y



‘g 68
It aéttles at a Jlower value than that which obtained
previously (Equation 39 wherein neither S nor S’ equaled
oné). Now looking to Equation 55, we see that this
translates into a destabilization of State A’s deterrent
effect: dDAt/th_1 tends away from zero: there is a
correspohding movement down the logarithmic deterrent effeet
function away from the flat df the curve as E._;K, falls
(toward its equilibrium value). In this model, instability

prefaces the movement toward equilibrium deployment levels.

To continue, we note an offsett'ing stabilizing
influence, i.e., dD-At/d'Kt_1 tends toward zero, as S in'the
term (1-S) in the numerator approaches one. As S<approaches
and ultimately comes to equal one, the numerator of Equation
55 would approach and ultimately equal zero dthereby causing
dDAt/th_1 to approach and ultimately equal zero where
stability obtains. Stability would obtain because S = 1
implies that State A can fully adjust to State B's
deployment in the same time period thus according it always,
for any deployment level State B might sélect, a relative
second strike capability. In this modél, this stabilizing
effect dominates. But what happens if, say, S = 1 but S’
does not equal one: that ié if Stéte A can fully adjust to
State B's deployment while State B cannot with respect to

State A.
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In this case dDAt/ciK.L__.1 would equal zero but dDBt/dxt—l
would not. In the former case there would be stability
while in the latter there would not. This means that there
can be in this model stability without equilibrium.
Equilibrium occurs only when both states’ deterrent effects
are stable: dDAt/th_l = dDBt/dxt—l = 0 which occurs only
when S = S’ = 1 (the occurrence of which yields the constant

equilibrium deployment values given by Equations 41 and 42).

The coeéficients B, and-B’;y, the counter-deployment
coefficients of States A and B, respectively, are contained
in the denominators of both Equations 55 and 56. As ‘the
values increase, dDAt/th_l and dDBt/dxt_l appfoach zero.
That is deter;edce becomes more stable. This is so since
the higher the value of these coefficients, the more closely
is a state’s deplayment "level tied to that of its adversary,
and therefore, the more likely it is that it could retain a
second strike capability. Schelling has in fact
demonstrated this to be mathematically the case. Afguing

under the assumption that technology levels are fixed, he

~states: "“[f]or anything like equal numbers on both sides,

the likelihood of succes‘kully wiping out the other side’s

. @ ] . , ;
missiles becomes less and less as the missiles on both sides
increase."! ¢ ¢

L

Finally we must consjder the terms ‘in(af" and *ln(b).* -

®
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These terms given an indication of the marginal contribution
of a potential victim’s destructive capability to the
deterrence of the indicated potential aggressor. (D) is‘the
logarithmic base of State B’s destruction path, that is, the
curve relating levels of destruction (percent population
potentially destroyed) in State B for given levels of State
A’s destructive capability. As indicated by Equation 23 (or
alternatively by Equation 53), (b) is also the logarithmic
base of State A’'s deterrent effe<£ function. 7Thus State A
deters State B along that its own destruction path. The
proposition is quite reasonable since deterrence rests on
degrges of retaliatory damage. In terms of Staté B’s
destruction path this meaﬁs that each successive unit of
State A's destructive capability contributes less to the
overall level of retaliatory damage that can be inflicted on
State B than the previous unit thereof. The greater the
value of ln(b) (reiative to ln(a)), the less each successive
unit of 'state A’s destructive capébility contributes to the
overall extent to which State B is-deterred. And these two
effects parallel each other. So it follows that the larger
is 1ln(b) (relaqiye Fo-ln(a)) the more stable State A’'s
deterrent effect should bg relative to State B‘s for any
given change in the level of its destructive capability (as

fed throﬁgh State B’s expectations into State A’s deterrént

. effect) cause. This is indeed borne-out mathematically.

r
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Notes

lp, Schelling, The Strateqgy of Conflict (Oxford: Oxford
University Press, 1960), p. 237



Chapter 4: Operationalizing and Applying the ABAU Model

The consolidated ABAU Model pfesenged in the last
chapter measures, for each of two states in'& dyad, the
theoretical change in their respective aeterrentaeffects at
time pﬂsiﬁa t per unit change in the level of their
respective previous period warhead deployments, holding
constant all other factors which might impinge thereon. It
is compriséd of two interactive differential equations.
What is of extreme value is that eac§ of these‘eqﬁd‘ions is
specified in terms of the parameters (and variables) of an
independently formulated set of (Richardson-type) equations
describing the warhead deployments at any time t of the
states in the dyad. These parameters can be easily
estimated, independently of the consblidateduABAU Model,
using actual Soviet and émericén warhead depioyment (over
time) data. Thereupon, these paraﬁeters can simply be
"substituted into the consolidated ABAU Model thus
operatiopélizing it. ﬁe are not at all constrained by the
complete lack of data on deterrent effect_levels. Hence the

purpose of this chapter.

Using longitudinal data provided by the Stockholm
Inte;national Peace Research Institute (SIPRI) on.Soviet and
American warhead deployments from 1967 to 1984 we will

.estimdpe the parameters of Equations 39 and 40 (or

72
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equivalently Egquations 46 and 50). To reiterate these

equations constitute a Richardson-type system of action

i

reaction equations: State A’'s warhead deployment at time t
is postulated to be a function of its own warhead deployment
level at‘time (t-1) and that of State B’s at time (t-1).
(To be completely accurate Equations 46 and 50 can only be
so interpreted if we remove the expectations operator E._;.
Indeed we shall do this prior to the parameter estimation).
Similarly State B’s warhead deployment at time t is
posoulated to be-a function of its own warhead deployment
level at time (t-1) and that d%$5tate A’s at time (t-1). As

per the disgussion of the third chapter concerning changes

in parameter values ove:;time (due to changes in, inter

v

alia, armament policies, the gigning of international arms-
control agreements) the paraﬁeters of Equations 46 and 50
will be estimated for the perlod ‘.67 1972, the perjiod 1973-
1979 and &fe perlod 1980-1984. Our view is, that each of
these periods correSponds to a distinct arms race and hence
to a'distinct set o# arms race parameters (as we shall see.
this has been;emoirically'borne-out as feveeled by the
statistically signlflcant differences in the parameters
estimates across these perlods ). By melicatzon tWese
three perlods also would correspond to distlnct deterrentj
effect per;ods. since the consolldated‘AaQU Mpdel»ie
comprised of these parameters (ano-varieble-) any time}ﬁhey:

change there,will,resﬁlt a copcomitan;'chenge in tpq~¢51q§:_;

£4
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of the ABAU Model. We will thus present three temporally

successive estimates the parameters of the ABAU Model, for

the Soviet-American dyad.

“Indeed there 1is ample justification for believiug that
the periods 1967-1972, 1973-19/9, and 1980-1984 constitute
disglnct arms race periods. Note first of all that in the
period 1967—1972, the year 1967 was imposed upon us by the
fact 'that SIPRI warhead data does not extend back any
férther. This does no‘salter the fTact, however, that the
period 1967-1972 represents a period of intennse Soviet-
Ameritcan arms competition whicﬁ~l%&éT§ had-its origins {n
the conclusion of the Cuban Missile Crisis. The crisis
clearly demonstr;Eed to the Sowviets the limited political
and military value of a relatively small nuclear arsenal.
After the crisis the Soviets embarked on bng of the most
ambitious strategic deployment programs ever, culﬁinating in
the early 1970s with the attainment of rough étrategic
parity with the United States. Throughbut this period the

-

“American arsenal also grew substantially. For the Soviet
Union warhead deployment incrghsedrform 1000 to 5500 in
1972.2 For the United States wafhead deployment increased:
;from 4500 in 1967 to 5700 in 1972.3~ Indeed‘the Americans
weréd Aot .undisturbediyby*the Soviet deployments: “(t]he
United'Statei, concerhed over the rapid rate at which the

" Soviets were depLg&ing heavy missiles, wondered whether
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Moscow could be induced to level off at strategic parity or

would try to achieve a strategic superiority which ... might
{

4

be useful as a political instrument."” Hence the SALT I

Agreement and the arms-race paramater period 1973-1979.

Note that wh%le the period 1973-1979 covers a period of
arms-control (éALT I was signed in 1972) we used,
immediately above, the term arms-race in describing it. The
term is validly used. A "practice that undermines the
objectives of arms control,"” writes Keating, "is the
concerted effort on the part of both the US and the USSR to

work to the limits or edges of any agreement reached. 1In

other words, while both par:Zes seem réluctaﬁt to violate
the privisions of an arms control accord, neither seems
reluctant to do absolutely everything thq; is not explicitly
prohibited by fhe agreement."5 Thus while SALT I may have
placed limits on the number of launchers (delivery veh}cles)
. ' -~

that each side may possess it did not place limits on the

number of warheads that edch side could place on those

’

launchers:: MIRV technology was at this time just emerging '

but‘was‘being xapidry*§80pted. Betwee; 1973 and 1979>Soviet

warﬂtad deployments Yose from 2200 to 5000 andiAmeTican~‘
warhead deployments rose form 6784 to 9200.5 Moreover, .
notes Keating, another‘"fe;ture‘éf thq existing Aggﬁ Eontrol
b;écéss'that‘has encouraged an expansion of'we;ponrY‘has K

been the te@dency, readily apparent in the United-Stath, to

' ‘ Jbi/’ o
.
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-

buy political support for arms control agreemengs by
increasing military expenditures in areas not covered by
these agreementsﬂ7 While the provislons of SALT I remain
in force today (with possibly the exception of the ABM
provisions) there occurred in 1979 a fundamental shift in
AmerJjcan attitudes toward the Soviet Union which was to
manifest itself in stepped-up military deployment programs.

The Soviets no doubt were not oblivious to this development.

With an election in the offing the Carter
Administration was obliged to demonstrate to an increasingly
critical right-wing its commitment to a milltarily strong
America. Indeed there was strong domestic pressure
emanating from the congfess,‘the public at large, and from
domestic interest groups to increase miiitary spending.
Generally there w;s a feeling in America, as skillfully
articulated by Ronald Reagan, that the ¢ountry was in
declinexand than an ambitious military deployment program
would be solution to all ills, in partieulaf, to the
perceived increasing militancy of the Soviet Union which
many believed to be directly attributable to America’'s
'military weakness. We put the policy impact of these
developments at about 1979 (and we end at 1984 only because

- N
SIPRI data beyond that year was unavailable). _ /
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In each of these periods we hold that as arms race
parameters (relating specifically to warhead deployments)
c:;hged 80 too did the stability of each state’s deterrent
effect (measured per unit change in respective warhead
deployments). We thus now set-out to estimate the arms-race
paramaters (warheads) of each of these periods and

subsequently the parameters of our consolidated ABAU Model.

+

But note, first of all, that the consolidated -ABAU
Model (Equations 55 and 56) is not specified goply in terms
of Equations 46 and 50. Equation 55, which gives the
theoretical change in State A’s deterrent effect at time t
per unit change in its previous period warhead deployment
level, also contains, in the denominator, the variable
ln(b), which is the logarithmic base of State B’s
destruction path, the path rélating total percent population
destroyed, dehoﬁea generally.as‘DL, in State B pery given
level_&f megaton equivalent, generally, MTE, deployea by
State A. (Recall that State A must deter State B along this
- path as per Equation 23). Equation 56 contains the variable
1n(a) which has ; cdrresﬁonding interpretation but from the
pétspeqpive of Stape'B. .The logarithmic hases a and b must
"be caléulaied if we are to fully ?perationalize Equations 35
an& 56, the ‘Gonsolidated ABAU'Model»,‘It is not a very

difficult task.

N \ : » X
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Letting the United States be State A and the Soviet
Union State B we can use the data éfesented in Table 1.1
which related levels of American MTE Vindepegdent variable)
to total percentages of Soviet population potentially
destroyed (dependent variable) to calculate the base b in
Equation 55, which now, we will take to measure the
theoretical change in the American deterrent effect at time
t per unit change in its previous period warhead deployment
level. We can do this through the estimation'of the

following equations.
DL ygsr) = Py + Dpln[MTE jgp,] *+ E,»E = error term .  (63)

The place of information that we are particularly interested
in extracting from Equation 63 is the estimated coefficient
b2' With this piece of information, the logarithmic baﬁggb,

the logarithmic base of the Soviet Union’'s déstruction th

can be found using the simple formula:'

-

base b = el/P2, e = 2.71 ' (64)

J

Using data contained in Legault .and Lindsey’s study of

deterrence® we can likewise calcufate the logarithmic base

»

a, the logarithmic base of America’s destruction path. . The

two corresponding equations are given below.

I , X ' s
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DL ysay = 4d1 * QZIH[MTE(USSR)I_+ F, F = error term (65)
and
base a = el/q2, e = 2.71 (66) bl

How, exactly, we are to interpret these vaiues, base a and
base b, within the context of the consolidated ABAU Model

will be addressed presently. A

v

! The T bies 4.1 to 4.3 contain the resulvs of ghe
regressiqq Sh@lysis performed in this study. \) |
As can be seen from Tables 4.1 and 4.2 the coefficients
b, and q» from Equations 63 and 65 are 11.925 and 28.328
respectively. Applying the forﬁulos given in Equatioﬁs 64 -
and 66 allows u? to calculate that the logarithmicibase of
the Soviet‘Unioo’s destructive path is b = 1.087 and that
the logarithmic baée of the Americanfaestruction path is a =
1.035.. It is .Lnterestlng to note that the larger ’a ﬁ

e -

logarithmi¢ base is, the less, lS‘the margxnal contrlbutspn»

the overall level of populat;on destroyod (DL)

-Accordlngly,'as per our regrgssion results, it would agpeat

‘that each’ additlonal unit of Amerxcan MTE contributes ‘less

Paes

to,tho_overall level‘pf Soviet population that can,”

s .
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Table 4.1: Estimate of parameters of Soviet destruction

path given American MTE

.
= -40.966 + 11.9251n[MTE ;gp, |

'52.265) (9.3623)

R® = 0.9963, n = 6, se = 0.87333

-—

*

z

Table 4.2: ,Estimate of parameters of Americad destruction”

path given Soviet MTE

i

DL ysay = 91 *+ Q1n(MTE yggry] + F
DL ysa) = -122.08 + 28.3281n(MTE ;ggR) ] |
_ (50.653)  (8.1492) L

-

R = 0.9236, n-= 3, se = 16.972

a . M Al ‘I
1 o

N v
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potentially, be destroyed by it than does each addition;l
unit 6% Soviet MTE with respect to the overall level of
American population that it could, potentially, destroy.
This may be due in part to the relative concentration of
American population and the relatively smaller American land
mass. Figure 4.1 contains a comparison of the Soviet and

American destruction paths. What if we substitute these

values into the consolidated ABAU Model?

Letting Equation 55 serQe as the measure of the
theoretical change in the American deterrent effect at time
t per unit change in its previous period warhead deployment
level we would, accordingly, be required te® substitute into
“the denomihator the value b = 1.087 indicating that the
American dé£errent effect functiops in accordance‘w%;h the
deietﬁdestruction path, indeed, that it deters tﬁe Soviet
Union along that path. As Soviet estimates of American
warhéad deployménts change the American deterrent éffect
‘changes corresﬁonding to a concomitadt change in the level
of. Soviet populatlon that could, (thentlally, b‘.destroyed
’by those warhqus. Slmllarly, the value a = 1.035 would he
substltuﬁed into the denomlnator of Equatlon 56. Its
- lnterpratatlon therein would parallel that of b Ln Equation
55. What now-;mﬂedlately becomes clear is that, all other.

things being equal, a change in, Amer;can warhead ‘oyﬁontl-

(at time t- 1) causes (at time’ t) a loss profound nhange in

) - ) . Lo N
’ . . T, 7 ¢
R . . ) i
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Percent
Population
Potentially
Destroyed (DL)

USA: base (14035)

USSR: base (1.087)

~

Fidure 4.1: US and USSR Bestruction Paths. The relative
position of the Soviet and American destruction paths
depends in large measure on the logarithmic bases of the
corresponding equations describing those relationships.

Note: one may wish to compare this plot to that contained
in Figure 1.1. The curve relating percent population

potentially destroyed in State B for a given level of '‘State

A MTE should exactly match (assuming k = from the first
chapter) the curve relating State A’s de rent effect to
State B’s expectation of the former’s destructive capability
(MTE) . :
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its deterrent effect than does a change in Soviet warhead

deployments with respect to its deterrent effect. This is

A}

because, to reiterate, the marginal contrlbutlon of an
additiooal unit of Soviet destructive capability to overall
level of American population that could bé destroyed by it
is higher than in the reverse case, thus, causing a more
profound positiwe or negative change in the Soviet detqrrent
(at time t) effect for a given positive or negative ¥hange
in its previous period warhead deployment level. Finally,
it should be noted that there is, in theory, no reason'why
we sho&ld not exoect a and b to be constant over the arms
race'periods being herein examined. But whet of the

parameter estimates of those arms races?
3 .

Tables 4.3, 4.4 and 4.5 reveal an interesting story

about Soviet and American warhead'deployments~over the years

)

1967 to 1984.° To.. begin, in all three arms race periods

1967-1972, 1973-1979, and 1980-1984 only -one variable isg’ °

significanﬁ in the Soviet'warhead deployment equatidns. In.

each case,Sovxet warHead deployment at a time period t,.xt,

is a functlon only lf }ts own warhead deployment leﬂel in .
the previous time per;od.t-l, Xy_1- This r_esult is, not -
surprising: it indicatee that ‘bu‘reaﬁéra‘tic_—.momentum " 5;;,,:_

internal orgaﬁizational processes edcount for much ofitho”

‘Soviet Union’s mllltary deployment policzes, a view which

has been amply argued in the literatur, : Indced ‘Majotki

g

<
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Table.4.3: Parameter estimates of Soviet and American warhead

deployments at time -t for the arms race period 1967-1972.10

USA: Ky = P, + PoXy_ | + P3Re_ ;| + 2,

X
(a4
|

= -2521 + 1.907X,_; + 1.2351K._,;
(2237) (0.27212)  (0.52047)

R2 = 0.9312, n = 5, se = 235.75

P'p + P'oKe g + P'3Xp | + 27

(=
]
wn
)
el
(a4
i

= 535.25 - 0.1181K

e
!

g-1 * 1.183%X¢ ¢

(1299.4) (0.3022) (0.1580)

] RZ = 0.9657, n = 5, se = 147.36
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Table 4.4: Parameter estimates of Soviet and American warhead
L) N

deployments at time t for the arms race period 1973-1979.

USA~ Kt = ’Pl + szt-l + P3§t_l + zt

‘ Ky = 4904.7 + 0.298X ) + 0.33K, : ' \
¢

<« (1336) (0.181) (0.212) . .
R2 = 0.8861, n = 6, se =:235.62 S o
v oo _ .
i .- ’ ’ . ’ A] y r .
USSR: xt = P 1 + P zxt_l + P 3xt~1 + Z t .
X, = -1959.5 + 0.359K;y_; + 0.841X, : |

"(1556) .  (0.248) (0.211) - h

R? = 0.9584, n = 6, se = 274.51.
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Table 4.5: Parameter estimates of Soviet and American warhead

deployments at time t for the arms race period 1980-1984.

USA: K¢ = Py + PyXp 3 + P3Re § + %

"‘ -

K, = 14013 ¥ 0.35)X,_; - 0.772K._{ .
(1984) (0.055) °  (0.248)
b
™ R =0.9816, n = 4, se = 75.319 \

‘ )
USSR: Xy = P’y + P'pRy j + P'3Xe g + 2'¢
X, = 26871 --2.839K._; + 1.054X; ; -
(1032) (1.291) (0.290)

) ~ *R? = 0.9384, n = 4, se = 391.80

1 - .
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found a similar result us-ing‘gross« mil.itary‘ eicpenditl.u:es.l1
e . ’ e
\Now the American case is somewhat different. 1In the
first and last arms race periods, 1967-1972 and~.198‘0-l984,
American warhead deployment at a time period t,c Kt' was/:Ls a’ '
functlon (only) of Soviet warhead deployment in the previous
period t-1, X, _ 4. This indicates a pure arms race on tfe
. part of the United States. 1In thexintermediate period["
1973-1979, American warhead deployment at.time .period ﬁ‘is’ a
constant functlon,,de'\endlng neither on its own previous
perlod warhead d&loyment levels Ky _ l,lnor on tkl:a'?:k Qf its
' adversary, the Sova.et Unlon. Xe _1- In the flrst arms race
period America was concerned with. t!he massxve Sovxet
strategic build- -up. and apparently attempted to counter their-
_,warhead deployments- dlrectly In the second perloé 1993- 7 .
1979, which followed on the heelseef V;etnam, it seéﬂgd that<

-

gsome (basxcally) constant warhead deploymen ) ,__,r'eyei_was'!~ =

o ke e

: cons;dered suff1c1ent to ma:mta:.n a strateg' _ "ii:_l_ir,iumé o
ui‘. i e !

(perhaps in accordanca w:.th SALT I). But, -1-t' i's'hee’ms',’ this

Amarlca is agaln engaged'ln a- pure arms race (zn warhead}

deployments),' whs.ch may be'. mdicatlve of the. resurgence wo\{t e

ths r:‘.ght 'm Amencan pol:.tlcs srnce thé Vietnam ora.‘ 'rhsi.r

el L

. world view: j.s one of ngld bJ.-polara.ty. S

e . -
- CL - L L. N B a— - - S 2 .
S T T s T P PO S

: H - - B P PP . = R T e
T S . R A e v co . M : e Y e
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Substituting these parameters into the codnsolidated

ABAU Model tells an even more 1interesting story.
-

Immediately below i3 thg Model fully oprationalized for the

For the period 1967-1972: ' /
. - ’
USA: .
dp 0o ’
t

= =0 (67)
dR, In(1.087)(0 + 1.1907X, , + 0] .
USSR: ‘ :
dp, . 1.185 . 1

= = : (68)
dx, In(1.035)(0 + 0 + 1.185X, ] In(1.035) Xy

~

For the period 1973-1979:
USA:

dp 0 _
= = - =90 ' (69)

dK, _, ln(l.987)[4904.7 + 0+ 0)

USSR:

0.841 1
= = (70)

dx, In(1.035)(0 + O + 0.841X, ] In(L.035)X, 4

dp,

For the period 1980-1984:
USA;
,th 0

= - . . =0 (7%)
dk._; 1n(1.087)[14013 + 0.351X,_; + 0]




~

BY

USSR: o / _

db, " 1.054 1 (
= * = (72)

dX, _, In(1.035)[0 + 0 + 1.054X, ] n(1.035)x,

periods 1967-1972, 1973-1979 and 1980-1984. (Zefos indicate

that parameters were not significant at“the previously
indicated levels. We feel justified-in using zeros on the
basis of t-statistic values as there was little evidence in

the regression results of multicollinearity.)

What is clear from the operationalizaton of Equations
67, 69, and 71, the American ABA?AModels, is that there has
occurred no theoretical change in the American detgrrent
effect at time period t, across agms race periods, as 1its
previous, period wafhead'depLoyment levels changed, holding
all else constant. This is™indicated by the fact that in

each of the USA ABAU‘equations the numerators eqdal zero.

The corresponding parameter contains the American stock

adjustment coefficient S and 1s structured to ,equal zero

-

when S = 1. One might recall from the second chapter that
when a state’s coefficient of adjuétment equals one that

3

would indicate thap in any time period t the state 1is
capable of fieldinglgufficignt destruct}ve capacility so to
maintain in the event that it was to suffer a surprise first
strike the ability to 1nfllct correspondingly hlgh levels of

damage on the aggressor in retaliation. ‘

v
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A L]

) .
. - . :
g%QOn thé other hand, Equations 68, 70 and 72 revgal that
‘ﬂu‘._l’ N : . ¢ )
t@ﬁ%@oviet Union' was unable to field sufficient capability

{ffagrheads) to ensure, in each successive time period, itself
-~ . .
a second strike capability. \This is indicated by the fact
o »
that non-zero values have obtained in the numerators of each
’ v

of the USSR ABAU equations. In examining ®the consolidated
~ . N "‘ . ’ * . .

ABAYU Model-one notes that, in general, there is a

theoreticai basis upon which one state may impact the

0y

deterrent effect of the other state (i.e., the .deterrent

effect over‘ité own head, so to speak). For example the °

» »

equation describing the theoretical changeﬁ(qt time t) in-

state A’s deterrent effect per unit change in its warhead
deployment(igyel (at time t-1) is a function not only of its
own warhead deployment at time t-1 but also that of its

adversary at time t-1, State B, and similarly for State B.

-

Yet, empirically, in the case of the Soviet Union’ the

.

: ‘ -~
Amerjcan warhead deployment coefficient was never

significant indicating that America was not and is now still

not able to induce changes in fhe Soviet deterrent effect

througﬁ\its own warhead deployment efforts. Nor can the

. ~ .
Soviet Union induce changes in the American dg}drrent‘effect
!

through its own warehead éeployments,ibut the reason for

L

this result is not due to the insignificance of the Soviet

depldyment vdrigplé in the American ABKU Models (at least in

1967-1972 and 1980-1984). The problem is that whatever the

~

level 6f‘Soviet‘wiréheqd'deploymont,
- - o

v o

-

Amorice couidf



‘ . | 91.
, . \ ’ v

neutralize 'its first strike potential throudh izs own
counter—deoloyments (as per the’argument of the second
chapter). It would appear that one state could only}induce
a change in the deterrent effect of another through its -
(warhead)y depioyments if and only if the other could not'
direct}g counter-deploy an amount sufficient to,deny the

former a first strike‘potential The prop051tlon is a% .

a2

) reasonabie qne and the consolrgated ABAzdf?del bears it out.
an

Flnally it is clear from Equatlons 68 d 72 that across

arms race perlods, the Soviet Union has had the potentlal to

-

~impact 1ts own‘deterrent effect through 1ncreases (or
’ ‘ e I
decreases) in its own. warhead deployments. Mgthematlcally
as e denominator o _, increaSes-.the ratio tends
the denominator of dD,/dR%,_; i Xes the ratio tend
.. . - N a
toward zero or as we haqe/ﬁrgued it, herein, toward
stability. In each arms rdce period, including the present,
.0 ) / .
an increase in Soviet previous period waxhead deployments

caused (or causes) the Am%;ican current period expectation

of Soviet deployment levels (the‘latte?‘being a function of

»

the former) to increase thus moylng the USA up—&ong 1ts owh
destructlon path and hence up along the Soviet deterrent

effect function toward the flat of the curve gnd stability.
i . 1 N

- 2

K
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Notes

1The Chow Test was used to test the statistical
significance of the parameter estimates across arms‘rgce
periods. The parameters in the Soviet eguations were deemed
4t alpha .= 0.1 to be different across arms race periods. In
the American case; the parameter changes agross the first
two arms race riods was deemed significafit at alpha = 0.1
aldo. But the change across the second and third arms race
periods was deemed significant only at alpha = 0.2.

ZMMWMMLJM (Stockholm
Inte;natlonal Peace Research Institute); p.25.
y

- 3World Armaments and Disarmament 1976. (Stockholm
. 5

International Peace Research Institute), p.25. P

47.E. Dougherty‘aﬁd R.L. Pfaltzgrat,

Theories of Ipterpatiopal Relatjons, 2nd ed. (New- York:
Harper & Row, 1981), p.403. _ : ‘ NN

(
S, Keating, “Abandon arms control-talks," in

International Perspectives (May/June 1985), p.30. o

: . 5mm_mw_amnnmns_lﬁﬂ (Stockholm
Enﬁfrnational Peace Research Instifute), p.275.

1

‘7Keating, p.30.

' 8see a. Legault and G. eLlndse‘y The Dvnamics of the
Nuclear Balance (Ithaca: Cornell University Press, 1374),
p.170. N only two data points were .given by this source.
The third wag estimated, by the author of this study. :

INote: sbhe folloﬁgng'd;scusslon will assume a
statistical significang¢e ldvel of alpha = 04810 except in the
case of Soviet warhead deployments for the period 1980 to
1984: lrere we will use a lesser significancé level, alpha =
0.20. : .-

10Ngte: The results presented in this table and in the
next two are based on the OLS' method. In.the second chapter
we.argued that the error terms £, and 2’; should be highly
correlated. To be consistent to this chapter we had”to
consider using the technlque-of Seemingly Unrelgted
Regression for the estimations at. hand. However bacause sach
of the two equations in each of the thrae arms race porlodn
contains- the same varzcble:nsys will tuffico.-.

1%

"i“

llgee 5.3, Majeski, ® octati ns and Arms Races," in®

(Vol.zs, No.2=uay

- ' Sr e
N T . N e ‘ : .l ' . * 0 y .




Chapter 5: Concluding Remarks

'~

. We have, acgbrdinglyf accomplishé@ what we set out to
do: to develop, opgraﬁionaiize, and apply a consolidated
~mathematical model measuring the theoretical change in a
state’s deterrent effgbt (at time period t)'per unit change

'in its (previous period) warhead deployﬁentllevel, holding
constant all other factors which might impinge’thereon (for
each of two states iﬁ a dyad). Insofar as we have been
suééeséful we take this éccompils%ment to constitute a

\

significant advancement in the state of the art of

ical analyses of interatnional relations. Previous

K -

majthematical analyses of arms race st%bility (or.

mathe

\ .
nstability) .focused on determining the conditions under
¢ . '
¥ : - )

¥

which the rate of change of armahent deplo%pent o&er tim;
equaled zero, as per theffamods (and brilli&ntlynconceived)
Richardson modéi. But theserénalyses have taken plage within
a v;Euum: no systematic linkage between thé conclusions of
these studi;s gnd tke guestion 9f the stabi&ity (or
idsﬁ?bility) of the strategic nuclear system ;ould ever
made. We may ﬁow, however, Nave Et'%?asf ohe windéw through
_which to "view the strategic nuclear system ... [from a
pefsPective which allows for the] orderly assessment of

changes [in=wariead deployments] as they occur and the

impact of changes on- the overall system,"1 It does,

. - - -

hdwever, remain a weakness of our consolidated ABAU Modgl

-that it cannot indicate the approach toward systemic

“« i
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breakdown (or whatever one may wish to call it) bécause it
[N
does not coq}ain, and as we have attempted to argué in the

»

first;phapter, no such model could'cohtain, any sense of

levels of ynacceptable-acceptable damage.

Notwiﬁhgtanding; much work remains tb be done in the
are;'thaﬁ'ye have 6pened up. Indeed the full poténtial of
our work’ rémains yét to be exploited. We must next find the
means Qhereby we can assess the change in a state’s
deterrent effect allowing all of the variables herein
posited to impinge thereon, not simply warhead deployment’
-levels but also destructi&e yield levels and offensive-
'défensiVe technolpgy levéls, to vary.  Mathematically, this
would involve total differentiation rather than partial
differentiation. Such a ﬁheoretical measure would give a:
more comprehensive indica;ion of s;stem stability, hence,

its value. It will not be'an easy task but much of the

ground work has alteady been, herein, laid.

& S - . . s

.

In closing this particular study we leave all of our

criti ith this one final thought: Ridhagdson once wrote
that “[a]ll that can be proved bx;mathemétics is that
certain consequences:- follow from certein abstract

f PA .
hypotheses.?é ‘ ' o v

@
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Notes
.

)

lp Snow, ' W (Alabama:
University of Alabama Press, 1981), p. 6.

2L.F.~ Richardson, Arms and Ind%ecurity, eds. N.
Rashevsky and E. Trucco (Pittsburgh: The Boxwood Press,
1960), p. 145. . ~ "
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