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 The "Long Peace"-

 RESULT OF A BIPOLAR COMPETITIVE WORLD?

 ALVIN M. SAPERSTEIN

 Wayne State University

 One of the reasons advanced for the absence of a major war between the two superpowers

 during the forty-five years of their enmity since World War 11 is that the world system in which
 they functioned was essentially bipolar and hence, presumably, inherently more stable than
 previous multipolar worlds. Given the recent decline in the power of the U.S. and the U.S.S.R.
 relative to the rest of the world, it is important to test the validity of this presumption. Anonlinear

 mathematical model of international competition is presented in which the transition from
 predictable laminar to unpredictable turbulent flow is the model manifestation of the transition

 from cold to hot war in the world system being modelled. The model is a tripolar competition
 which arises continuously from a bipolar system as a coupling parameter is varied. Thus the

 realm of nonchaotic, stable, competition can be examined as a function of the coupling
 parameter. It is found that the regime of stability decreases as the system complexity increases.

 Thus the simple model lends credence to the presumption that a tripolar world is inherently less

 stable than the corresponding bipolar world.

 ARE TRIPOLAR WORLDS LESS

 STABLE THAN BIPOLAR WORLDS?

 As the Cold War between the two superpowers -the Soviet Union and

 the United States - appears to be winding down, speculation intensifies as to

 what kept it from getting hot (see, e.g., Gaddis 1987, forthcoming). Certainly,

 there was much reason to expect serious outbreaks of war between the two

 adversaries, given the forty-five years of intense competition, mutual antag-

 onism and insult, nuclear and conventional threat and fear, and a great deal

 of actual fighting involving the agents of one or both powers. One reason

 advanced for the relative stability observed in the face of such severe

 disturbances to the "international system" is that the system is primarily
 "bi-polar" (Gaddis forthcoming). Presumably, a multipolar world, an inter-
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 national system made up of three or more major sources of power, would

 be less stable and hence more likely to have been driven into general world

 war by the continued provocations endemic to the system over the last few

 generations.

 Concern for the reasons for these past decades of overall international

 stability is not just a manifestation of intellectual curiosity. As the relative

 power of the two superpowers declines with respect to the other industrialized

 nations - both new and old - the world is being transformed from a bipolar

 to a multipolar system. If such a multipolar system is inherently less stable

 than the bipolar world, all other factors being held invariant, then the current

 decline of the "big two" cannot be viewed with complete equanimity by

 world policymakers. The ongoing changes must be handled with great

 caution, and other changes, which will tend to counterbalance the increasing

 instability, must be sought.

 The usual scientific procedure to address the question - "Is a bipolar

 world system more or less stable than a multipolar one?"-is to compare

 examples of each kind of system, holding everything else but the degree of

 polarity fixed. Obviously, such a comparison is impossible: The pre-World
 War II multipolar world systems available for historical comparisons differ
 in more than polarity from the bipolar present. They were nonnuclear and

 lacked the possibility of system-wide deadly responses to provocations oc-

 curring within time spans short on the scale of the provocations themselves.

 An alternative approach is to create and analyze mathematical models of
 the world system (e.g., Saaty 1968; Saperstein 1990). Such finite models
 inherently contain arbitrary assumptions and gross simplifications when

 compared with the system being modeled. Hence results based upon such
 models cannot be taken as definitive; answers obtained to important ques-

 tions, such as that posed here, are only suggestive of ways toward which
 more traditional political and historical research can be directed. However,

 even such imperfect suggestions should be useful to policymakers, who
 have always had to function in an atmosphere of less than full or perfect
 information.

 A number of alternative approaches have been developed to mathemati-
 cally model arms racc and crisis stability. Static models (Kaye and Lindsey
 1970; Legault and Lindsey 1976) geometrically display the relative possible
 configurations of the arms balance between competing powers at some

 particular instant of time. Instability is characterized by the range of inequal-
 ities of forces (region on the Kaye "plot") which allows each side to destroy
 the other. The side that strikes first can prevent its victim from retaliating;
 hence each side has an incentive to strike first or radically increase its
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 armaments. The process wherein each side responds to the configuration of

 its own and its opponent's strengths, as displayed by the model, is not

 included in the model. A model in which each party linearly responds to the

 situation in which it finds itself and its opponents is the coupled-linear-

 differential-equation description of an arms race between hostile partners

 (Richardson 1960a, 1960b; Saaty 1968; Intriligator and Brito 1984). Math-

 ematical solutions to these models in which the time variation of the variables

 is given by exponentials with positive, negative, or imaginary coefficients,

 can always be obtained. The situation is said to be unstable if the model

 implies an exponential increase of armaments, no matter what the starting

 configurations are. It is presumed that such ever-increasing stocks of weap-
 ons in hostile hands implies war sooner or later although the model itself

 manifests no transition phenomena. A transition from "cold war" to "hot war"
 is suggested in those nonlinear models which look for chaotic evolution of

 the model variables (e.g., Saperstein 1984+. 1986, Schrodt 1984; Saperstein
 and Mayer-Kress 1988). The character of solutions in these deterministic

 "chaos models" can be either laminar ("stable" and hence predictable) or

 chaotic ("unstable," turbulent, and unpredictable) depending upon the values

 assigned to model parameters. The transition from laminar to turbulent flows

 is presumed to be indicative of the transition from peace to war; the possi-

 bility of such a transition to chaos in the model represents crisis instability

 in the world system described by the model (Saperstein 1990). This "chaos"

 represents unpredictability, hence uncertainty. Associating chaos with the

 outbreak of war thus aligns this article with "those who believe that it is

 uncertainty which usually makes for war ... that most war is the result of

 misjudgment, erroneous perception, and poor predictions. The opposing

 view is that high levels of certainty are, on the contrary, often at the root of

 war, and that the major inhibitor to war is a lack of clarity, order, and

 predictability." (Singer, Bremer, and Stuckey 1972, 23) The complex histor-

 ical record seems to indicate that it is the uncertainty view that is "closer to

 historical reality" (Singer, Bremer, and Stuckey 1972, 46).

 None of these models presumes to describe the origins or maintenance of

 the hostility driving the system. The members of the international system
 described are presumed to be hostile to each other, to assume the worst of

 intentions behind the acts of the other members of the system, and to respond

 to these acts via a "worst-case" mentality. The models allow the seeking of

 answers to stability questions within the hostile framework without question-

 ing the hostility itself. No matter what answers are produced by these models,
 it seems reasonable to presume that the long-run course of the system model-

 led cannot be stable without the diminishment of the intrinsic hostilities.
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 In this article, the chaos approach is used to address the question of

 multipolar stability. Previously, a simple model of two discrete, nonlinear

 coupled recursion relations was developed to heuristically describe a bipolar

 arms race (Saperstein, 1984). The model-depended upon two parameters, a

 and b, each representing the response of one of the parties to the further

 acquisition of arms by the other. The evolution, in time, of the solutions to

 the recursion relations was either laminar or chaotic, depending upon the

 values of the two parameters. Hence the model predicted a stability curve in

 the a-b plane, a relation between a and b, which bounded the stable laminar

 flow regime from the crisis-unstable chaotic flow regime. The model is now

 extended so as to include three coupled recursion relations with additional

 parameters, thus presumably describing a three-party, hostile international

 system. The additional parameters can be varied so that the three-party model

 grows continuously from the preexisting two-party model. It is then straight-

 forward to inquire as to whether the three-party system is more or less stable

 than the two-party world from which it stems, by seeing whether the area of

 the a-b parameter space -which represents the stable configuration of the

 bipolar model - increases or decreases as the coupling to a hostile third party

 varies from zero to finite values.

 The numerical results are that the region of model stability decreases. As

 the coupling between the initial two coupled hostile states to a third hostile

 state increases, the overall stability bound decreases. A tripolar world system

 seems to be less stable than its bipolar counterpart. This is intuitively obvious
 in that chaos implies uncertainty, the model heuristically links uncertainty

 with crisis instability and war, and each of the original two parties in the

 model faces increasing levels of uncertainty as a response to the third party

 become increasingly important. This picture, relating uncertainty and insta-

 bility in the international system to the onset of war, has been drawn by others.

 Waltz (1979, 168) notes that, "Rather than making states properly cautious

 and forwarding the chances of peace, uncertainty and miscalculation causes

 wars." Similarly, Midlarsky (1989, 57) finds ". . . the minimum entropy

 requirement that has been discovered to be the essential property of stable

 and durable domestic political coalitions. Entropy has been associated with

 the concepts of uncertainty and disorder."

 This demonstration that increasing the complexity of a model leads to a

 decrease in its regime of stability does not represent a new concept. The

 relation between complexity and stability has been pointed out previously

 (e.g., Saperstein 1984) and is an important factor in the practice of drawing

 practical conclusions from the analysis of models. The real world is intrinsi-

 cally more complex than any useful model of it could ever be ("the complex-
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 ities of war and global politics will require more than mathematical rigor and

 elegent logical exercises." [Singer, Bremer, and Stuckey 1972, 21]) and

 hence is likely to be less stable than the model. If the model is stable in some

 parameter regime, it does not follow that the world being modelled is also

 stable in the same regime. If the model is unstable, the instability of the

 corresponding reality is certainly implied.

 However, given that the bipolar model is, in some sense, a reasonable

 representation of a bipolar world and that its extension to a tripolar model is,

 in the same sense, a reasonable representation of the corresponding tripolar

 world, the results of this calculation add plausibility to the belief that a

 tripolar world is inherently less stable than its bipolar predecessor. It follows,

 from this belief, that if we wish to preserve the "long peace," additional

 cautions will be necessary.

 THE MODEL AND ITS ANALYSIS

 The trilateral arms race between the three competing powers, X, Y, Z. is
 assumed to occur in stages designated by an integer indicator n. Thus the
 independent variable is a discrete time, n, successive values of which may

 indicate successive years, successive budget cycles, and the like. The depen-

 dent variables Xn, Yn, Zn represent the fraction of the resources of each power
 devoted to new armaments in the nth cycle. These variables, which might be
 named the "devotions to the arms race" of each of the competing powers, are

 each positive and have an upper limit of one. The model relates the devotions
 of the three competing powers in the n+lth cycle to their devotions in the
 previous cycle by the following coupled recursion relations:

 Xn+l=4a Yn(O - Y) + 4E Zn (1 - Zn) (la)

 Yn+= 4b Xn(1 - Xn) + 4EC Zn(1 - Zn) (lb)

 Zn+= 4E[Xn(l - XJ) + C Yn(1 - Yn) (ic)

 where the model parameters, a, b, C, s, are all positive and bounded above
 by unity.

 The parameter ? ("epsilon") represents the coupling of the two powers X,

 Y to the third power Z. If C < 1, Y and Z are a less hostile pair than X and Z;

 C > 1 implies that Y reacts to Z more than does X to Z. Putting s = 0 reduces
 the trio of Equation (1) to the previous bipolar model (Saperstein 1984)
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 Xn+1 = 4a Yn(1 -YJ) (2a)

 Yn+= 4b XX(1 - X.) (2b)

 which will be discussed first.

 Given a fearful-hostile relationship, a nation will react to revealed arms

 purchases of its opponent by procuring further armaments for itself, the latter

 increasing proportionally to the former. Thus as with Richardson (1960a,

 1960b), I expect Xn+1 to be proportional to Yn and Y,+1 to be proportional to
 Xn. However, if the opponent has reached the maximum of its capacity to
 procure new arms, that is, if its devotion approaches unity -there is less

 short-term need to be concerned and hence acquire further arms, assuming

 previous supplies were deemed adequate. (In other words, a major part of the

 fear and need for reaction to the past purchase of armaments by the opponent

 is the prospect that the observed arms procurement is part of a continuing,

 perhaps escalating, process.) Thus the need for X to acquire new arms

 diminishes as 1 - Yn and similarly for Y. Therefore I expect X,+, to be
 proportional to YV1 - YJ) and Y,+, to be proportional to X.(1 - X.), which
 is the content of Equation (2) with a and b the proportionality constants.

 Because X,+1 and Y,+1 are constrained to be positive and less than one, so too
 are the parameters a and b. If a and b are each small (much less than one),

 each party to the dispute responds in a minor way to the actions of the

 opponent. Hence each can anticipate the opponent's reactions to its own

 actions and so knows what it will do next. The whole process is trackable

 and hence controllable. Neither side has to respond in a big way to small

 changes in the perception or actuality of what its opponent does. Thus the

 system is stable, where stability implies small responses to smallperturba-
 tions. (Note that this definition of "stability" differs markedly from other defini-

 tions to be found in the political science literature, for example, "stability as

 the probability that the system retains all of its essential characteristics"
 [Deutsch and Singer 1964, 390].) For large a and b (close to one), each side

 can expect large reactions to its own arms procurement efforts and hence may

 overreact to its opponent's efforts. The result is large uncertainty and possible

 escalation of arms procurement. Small perturbations from within or without
 the system may produce large system changes - which is the usual definition
 of instability in a deterministic system such as our model.

 A simple model (containing two dependent variables), such as Equation (2),
 can be examined analytically for stability. The coupled recursion relations

 can be disentangled into uncoupled ones (each with one dependent variable)

 which relate Xn+2 to X,, and Yn+2 to Y,. The stability of the fixed points of
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 these one-dimensional recursions, each depending upon both a and b, can be

 analyzed in a standard manner-by examining the slopes of the recursion

 functions at these points (cf., Saperstein 1984)- and a relationship obtained,

 between a and b, at which this stability breaks down. The result is shown in

 Figure 1 in which chaos, and hence crisis-instability and war, occurs for those

 values of the model parameters a, b which lie' above and to the right of the

 curve.

 When E differs from zero, party X responds to the armament procurements

 of both Y and Z (as does Y to X and Z). It is not known whether Y and Z will

 help or hinder each other in their confrontation with X, and so there is more

 uncertainty in the tripolar world than in the bipolar one. This increased

 uncertainty is expected to lead to an earlier loss of stability: for fixed, nonzero

 e the limiting values of -a and b should move below and to the left of the

 stability curve of Figure 1, moving further from the curve with increasing E.

 It has not proved possible to disentangle the three coupled recursion

 relations as was done with the bipolar model. Hence the analytical methods

 previously used are of no avail and numerical methods must be resorted to.

 The trio of recursion relations of Equation (1) can be iterated easily numer-

 ically, using a desk computer and "spreadsheet" software. This has been done

 by varying a and E with different fixed relationships between a and b. The

 relation b = a represents the diagonal line bisecting the square of Figure 1

 and so should indicate a transition from stability to instability at E = 0 when

 a is about 0.9 (where this diagonal intersects the a, b stability curve). The

 relation b = 2a represents a steeper line in the square and so (from Figure 1)

 should indicate a loss of stability when a is about 0.48 when E = 0. The

 problem, then, is to determine the value of a at which this loss of stability

 occurs, for a fixed value of A, given that the usual analysis of the slopes of

 single-variable recursion relations at their "fixed points" is not available.

 Crisis instability in a competitive international system means that small

 changes in initial conditions or system parameters can lead to major changes

 in the overall system-for example, the killing of one archduke in one

 obscure corner of Europe leads to the deaths of many millions throughout

 Europe. This is modelled mathematically by examining the behavior of two

 identical examples of the system which start off very "close" to each other -

 that is, with almost identical starting or system parameters. If, during the

 subsequent time evolution of the two representatives of the system, the

 corresponding dependent variables of each remain close to each other, the

 system is stable: small input changes produce comparably small effects. If

 the time evolution allows the two examples to drift far apart (compared to
 the possible variation allowed to the basic system, unity in our model), the
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 b

 1.0~~~~~~~~

 0 1.0
 a

 Figure 1: The curve represents a reasonable approximation to the critical curve

 separating the region of predictability and stability from the region of
 unpredictability and chaos for the bipolar model of Equation (2)

 system is unstable: small input changes lead to major systemic changes in

 output. To a good approximation, the distance between the two correspond-

 ing dependent variables under consideration can be represented as an expo-

 nential function of the independent variable - "time." If the coefficient of the

 exponential - the "Liapunov Exponent" (Schuster 1988) - is negative, the

 two time evolutions remain close to each other, indicating stability; if the ex-

 ponent is positive, the two evolutions drift apart, indicative of a crisis-unstable

 system. The stability of the model of Equation (1) was examined by deter-
 mining Liapunov exponents over a range of values of a and e.
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 The starting values in Equation (1) are designated as X., Y., Z. and from
 these evolve Xw, Y, Zn. The neighboring starting values are

 X 0 = XO( + 8rj) (3a)

 Y 0 = YO(1 + bry) (3b)

 Z(= ZO(I + br7) (3c)

 from which evolve X n, YV n Yn; here 6 is the "noise level" (a small number,
 taken to be 0.005 in these calculations) and the r are random numbers,

 uniformly distributed between -1/2 and +1/2. The starting values are ran-

 domly related to each other to avoid the possibility that there may be some

 specific pairs of neighboring time evolutions which do remain close to-

 gether even if the overall system is unstable. (There may be some specific

 perturbations - insults - which the hostile parties are willing to accept with-

 out exploding the system even in the most crisis-unstable situations.) The

 Liapunov exponents are defined as

 (X) = ir rlim 1 lug X n - n (4)

 and similarly for k(Y), k(Z); in general they are each expected to depend

 upon the trio of starting values.

 It is impossible to numerically take the limit as 6 goes to zero. Instead,

 increasingly small values of 6 were tried until a range of values was found

 for which the stability results (the sign of the k) were independent of the

 value chosen. Similarly, instead of taking the limit as it increases beyond

 all bounds, which cannot be done numerically, three arbitrary, large values

 of n were chosen, fifty, seventy-five, and one hundred, and X was calculated

 for each of them. The result is a set of nine numbers, calculated from Equa-

 tion (4) (without the limit processes) for the three input dependent variables,

 Xo, Yo, Z., and the three values of the independent variable n. If all nine
 Liapunov exponent values are negative for a given set of system parameters

 (a, b, C, e), the system is considered stable; the limit of stability is reached,
 as the system parameters are varied, when one or more of the Liapunov values

 becomes positive.

 The results obtained are displayed in Figures 2 and 3, in which the value

 of a, at which the system looses stability as a is increased, is plotted versus

 epsilon - the strength of coupling to the third party. Note first, that the values
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 Figure 2: Variation of the transition to chaos parameter a with respect to the

 third party coupling parameter epsilon, when b = a, in the tripolar

 model of Equation (1)

 of the transition parameter a -obtained from the numerical Liapunov expo-

 nent analysis when ? = 0- agree with the values, from Figure 1- obtained

 with the separable recursion relation slope analysis -as expected. For non-

 zero values of ?, when third party participation in the hostile international

 system is significant, the numerical results depend somewhat on the starting

 values chosen. This was not the case in the previous analysis of the bipolar

 system which examined fixed points of the recursion relations and hence was

 independent of starting values. Certainly, in the "real world," we would

 expect the starting configuration of the system to have some - perhaps small,

 as here - affect on whether or not the system remained stable.

 The important result seems to be that as epsilon increases, the value of a,

 at which system stability is lost, decreases. Furthermore, for fixed epsilon,
 the transition value of a decreases with increasing value of C, which also

 implies increasing participation of the third party in the system. This decrease

 in the transition value of a means a diminishment of the range of parameters

 for which the system is stable. Hence, the tripolar system is less stable than

 the bipolar system. A weak tripolar system (small epsilon) is only slightly

 less stable than its corresponding bipolar one, but as soon as the third party

 becomes a significant factor in the system, overall system stability drops

 precipitously.
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 Figure 3: Variation of the transition to chaos parameter a with respect to the
 third party coupling parameter epsilon, when b = 2a, in the tripolar
 model of Equation (1)

 Given the differing concepts of stability, it should not be surprising that

 our result differs from that of Deutsch and Singer (1964, 390): "as the system

 moves away from bipolarity toward multipolarity, the frequency and inten-

 sity of war should be expected to diminish." However, our result does concur
 with the assertion of Waltz (1979): "In a bipolar world uncertainty lessons

 and calculations are easier to make" (p.168). "Problems of national security
 in multi- and bipolar worlds do clearly show the advantages of having two

 great powers, and only two, in the system" (p.161). Similarly, using a model
 of random access to scarce international desiderata, Midlarsky states, "Bipo-

 larity will be shown to be a more stable international structure, at least in

 regard to the onset of systematic war" (1989, 55).
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