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The Profiles of States as Fussy Sets: Methodological Refinement of
Lateral Pressure Theory

Absiract

One of the most serious challenges in international relations pertains to the theory
and measurement of transformation and change. This paper proposes, and then devel-
ops a conceptual and methodological extension in the measnrement, of change within
ane neross states as postulated Ly lateral pressure theory.

It arsues. and shows. that by conceplualizing the profiles of states identified hy
latera) prossure theory using fuzsy logie. wo can systematically ad precisely locate
and track relative changes in the distribution of states within and across profile spaces,
across geographical regions, as well ag over time. This may be an hnporiant step
towards identifving and possibly anticipating changes in the configuration of states.
including comlict-prone constellations, before they escalate into conflict or war. I
may also improve our undersianding of those regions of the world and help artienlate

the implications of sienificant geopolitical changes as they aeenr.
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Introduction

One of the most serions challenges in interuational relations pertains to the theory and
nicastiremnent of transformation and change. This paper proposes, and then iimplements a
conceptual and methodological extension in the measurement of change within and across
states, By conceptualizing and then weasuring the profiles of states identified by lateral
pressure thicory using fuzzy logic, we can systamatically and more aceurately locate aulcd
track changes in the distribution of states thronghout the international system, as well as
identilv and possiblv auticipate volatile and potentially destabilizing movements within and
across profile spaces, geographical reglons, as well as over time. Morcover, we show that by
applving lwzzy logic to better understand the dynamics of laleral pressure may also allow
a niore accurate analvsis of regions of the world where significant geopolitical changes are
taking place.

This paper is in four parts. The first focuses on theory. We briefly sketch the mam
precepls ol lateral pressure theory, swnmarize the literature on the subject to date, and
highlight some hinplications for international relations theory, T'he second section deals with
methodology. We present o way Lo operationalize and conceptually and methodologically
refine lateral pressure theory by applying fuzzy logic to lateral pressure thieory. The third
section links theory and method. We articulate the methodological sleps associated with
the application of huzyy set theory Lo lateral pressure theory in greater detail, and illustrate
how this strategy can be used to precisely locate, visualize, and perhaps even anticipate
the kinds of state constellations and trajectories lateral pressure theory postulates Lo be

potentially conflict- prone. The fourth section summarizes and concludes.

1 Lateral Pressure in International Relations

1.1 The Importance of Three Master Variables

Lateral prossure refers to any tendency of individuals and socleties to expand their activities
bevond their established boundaries, - whether for cconomic. political, military, seientific,
religions or other purposes [Chonert and Nortl, 1975 Ashley, 1980; Choueri and Noril,

1989 Lofdahl 2002).

In the context of the study of international relations, thie theory of



lateral pressure was developed ag an offshoot of the behavioral analysis of politics, reported
early on in Russet1{1972) and Tanter and Ullman (1972)among others. Lateral pressure
theory seeks to explain the relatiouships between domestic growth and international behav-
ior and pus forth specific propositions lor why certain types of international hehaviors or
activities appear 1o be more prevalent [or sonwe countries than others.! Chouerl and North
(1972) first formulated the theory of lateral pressure, by postulating that the confignration
of the modern state svaienn, as well as the sources of conflict within and among, them, 1s
rooted in the uneven growth and development of three eritical drivers: population, tech-
nology (knowledpe and skills). and access to basic resonrces.*Shifts in these three variables
are highly interactive. Increases in population and advances in technology, for instance,
generale new demands for resources. Several strategios can then be pursued to satisly these
demands, Efforts at generating technology and resources within the borders of the state
may be launched. I these prove unsuccessful or too costly, and domestic demands and
capabilitics surpass a certain threshold, the search lor resources and technology typically
expands bevond state borders.® While other scholars had signaled the importance of re-
sources i international relations [rom different theoretical perspectives, snch as Renouvin
and Duroselle (1967), Aron {1967}, and Morgenthan (1948), they did not fully articulate
the svstemnatic linkages between state attributes on the one hand, and behavioral patterns
ou the other, nor did they differentiate systematically among the various attributes of states
in the internationsl system.

In this regard, Iateral pressure theory argues that the nature awd mode of the expansion
that is in fact undertaken 15 an mnportant deterninant of subsequent actions and reactions
ainony stales. Decisions on whal bargaining and leverage modes wo employ Lowards another
state in the process are shaped n part by each side’s real or perceived capabilities. The
latter, in turn, greatly depend on the relative prevalence of population, technology, and

'Luteral pressure is a relabively nentral concepl similar to what Pitrim Sorckin (1957, 565) called eco-
nomic expansion and economist Simon Kugnets (1966, 334-348) referred to more broadly as outward expan-
sion. The strenglh of 2 connlry’s laleral pressure is generally taken to correlate positively with its power as
conventioually widerstonsd.

2Obviously, the three master variables are only one of inany ways Lo conceplualize and measure wneven
vrowlh and developtuent of states.

Note. however, that a country will only act oo its inherent disposition to reach beyond its borders to
satisly growing domestic demands, i i s capable of doing so. Many conutries with populations whose hasic
needs are wumet lack the capabilities to reach beyond their borders. aned thus do not engage in the activities

generated by lateral pressure {Chouceri and North 1075).



hasic resources of that particular country. and are also influenced by its standing in relation
to all other states in the international system.?

The historical record seoms to suggest that states which (due 1o rapidly advancing tech-
nology, and thus comparatively high levels of capabilitics and a real and pereeived need for
addirional resources) generate the highest lovels of lateral pressure aned fight more wars per
conutry than otier states {Choneri and North 1989, North 19807,

Interestingly. other prominent scholars in the study of international relations, most no-
tably Organski (1958], as well as Organski and Organski (1961), signaled the importance
of population dynamics in international relations. More recent research has since extended
these fonndations (Organski and Kugler 1980; Kugler ot al. 1984 Kugler and Leinke 1996,
and Arbetman and Kugler 1997), with special emphasis on articulating theoretically and
empirically concepts of the political capacity of states, all of which bear upon the propensity
toward war. The ancergent literature on the political capacity of stales provided an added
theoretical impetus for the development of the concept of stale ‘profile” within lateral pres-
sure theory, It argued that specific state profiles tend to exhibit shinilar levels of political
capacity. Whether and how the two may be causally linked remains an emipirical question.
We raise the issue here mainly to Lighlight key linkages across concurrent lines of research
in the study ol international relations.

The theoretical implication at this point 15 the implicit proposition that the concept of
political capacity, as deflned and measured by Organski and Kugler (1980} and Arbetman
and Kugler (1996) is not orthogonal to, but rathicr supplements and provides some further
differentiation of characteristics that may be derivative of state profiles. As of vet, whether
aned how the specific state proliles and their respective types of political capacity are related
or may be causally linked remains an interesting empirical question. We raise the issue
here mainly to highlight kev linkages across coucurrent lines of research in the study of

international relations.

Ao note that, wlhile the dyvnantics of luteruslbional coullicy ave rooted u inlernal slresses and processes,
they can be exacerbated by modes of external reactions to internal stresses. In olher words, there are
feedback dynamics from the inlernational svstern back te the domestic system which may then affect the
internal disposition of. andfor the nternctions aenong Ul master variables awd propensities for internally
induced pressures.



1.2 Behavioral Implications of Uneven Growth and Development

Accordingly, latoral pressure theory postulates thal uneven growth and developinent of
the three master variables.  namnely: population, resources, and technology  within and
relative 1o other states has, under certain conditions, behavioral implications and can be an
hnportant antecedent condition for conflict and war. Lateral pressure, however, 1s seldom if
over a direct trigger for conllict and violence, The theory stipulates only that lateral pressure
has the potential to magnify or aciivate conflict, and posits a set of intervening variables
and a wider arrav of proximate stimnli as we will outline furrher below. Potentislly conflict-
prone iutersections of interest abroad hetween states which are expanding thetr activitices
bevond their horders, lor instance, are most likely Lo turn viclent when relations between
these states are already hostile. or at least one ol them perceives the other as a rival, threat,
or as overtly violent {Chouwert and North 1984, 296)

The list, of postulated immediate or proximate stimuli also includes subjectively gen-
crated pereeptions. affects, and hunan decisions {Choneri and North 1989, 297, Leaders
thus wltimately have a choice abont which bargaining and leverage modes and strategies Lo
employ towards other states. The nature of these bargaining and leverage modes greatly
influences the outcome of an interaction. They introduce indeterminacy and deviation into
an otherwise deterministic view of state action shaped solely by the constellation of the
three master variables, or profiles, within and across countries {Chouert and North 1989}

Nevertheless, interactions within anyv dyvad of states in the international svstem are con-
ditioned m nnportant wavs by the profiles of the particular states involved (North 1990,
1517, Thus, although state action and its outcomes are ultinately indeterminate and mflo-
enced by an array ol proxiniate stimuli, uneven growth and development in the three master
variables within and across states provides “base-line conditions” and greatly inflnence the

likelihood of, as well as sel the stage for potentially antagonizing processes.”

F(Other scholars share this view. Gilpin (1957, 54-531. for instance, also stressed the importance of nneven
prowth and development, in ways thal are entirely cousistent with the precepts of lateral pressure, as is
Lis articulated logic of unevenness in growth and developruent as a basis for commpariug realist awd Marxist

logies relutivg weven growtll te politicaZ conilict and violence.



1.3 Intensifiers of Conflict Propensity

Lateral pressure theory postulates several conditions under which interactions between states
i the international svstew appear to be particudarly prone 1o escalate nto condlict and
violeuce,

st geography matters. North (1990} hypothesizes that one of the reasons why many
of 1lie porentially conflict-prone powoer transitions that result from aneven growth and devel-
opment actiually pass unnoticed hecanse the stales ivolved are too far removed from cach
othier. Conversely, shifts in the constellation of the three master variables within and across
states which are in close proximity (o each othier in a particular region can be particularly
destabilizing, even more so if those states percelve each othier as rivals and competing for
{alobal or regional) dominance.”

Second. wnteractions belween major powers tend to be more conflict-prone. as they are
typically the ones experiencing high degrees of lateral pressure due to high capabilities and
demands for resources spurred by advanced levels of technology {Chouerl and North 1989,

Third, velocity matiers. The lateral pressure approach greatly emphasizes the impor-
tance of the velocity of movements of the three waster variables within and across states as
au indicator of war-proneness in the international svstem (North 1990, 150). The greater
the speed of translormations, the greater the degree of instability and potential for conflict
it yencrates.”

Fourtli. state interactions are particnlarly conflict-prone where there are fundamental
threats to life-supporting properties. and the noturel environment of one or more of the
contenders is ot resilient enough to cope with stresses generated by social interactions or
distuptive changes in social systems.®

I smn, therefore, accurately ganging the empirical likelibood of conflict between states
using the lateral pressure approach 1s a tall order, as it luvolves cffectively metricizing
the master variables. operationalizing state profiles, and the resolution of inter- and intra-

temporal inconsistencies in concepts and in measurement. Nonetheless, robust foundations

YT his so-called proximity hypotliesis has been explored exteusively, See [or instauce 1Held (19917, Bremer
(19923, and Vasques (1995).

TIn their formulation of power transition theory, Organski and Kugler (10%0) share this view. They
aurniise that rates of growlh and developmont impact the probability for conflict, and that the likelihood
of war correlates positively with the speed at which a challenger overtakes a dominant state,

By life-supporting properiies we mean attributes of the natural enviroument without which hwman life
counld not sustain itself, such as reasonably clean air, water, and the like.



for any empirical initiative are essential if it is Lo contribute to the cirrent body of knowledge
in intermational relations. Tn the following. we briefly suminarize the Bterature on lateral

pressure theory to date.

1.4 Evolving Literature: Highlights and Milestones

Early lonulaiions, snch as by Choueri and Bennett (1972). Choneri, Laird and Meadows
(1972} as well as the empirical studies reported by various authors in Russett (1972) cumu-
Tated in a Arst fall formulation of the theory by Chouer! and North {1975). Subsceqguently,
an ewpirical analysis of growth and developmient in Japan over Lhe span of a contury led to
nore detailed empirical analvses including extensive simulation and retrospective forecast-
ing framed analytically in Choucrt and North (1989), and tested quantitatively in Choueri,
North. and Yamakage {19921 Pollins and Schweller {1999) presented a more recent empir-
ical test of the lateral pressure theory applied to ULS. foreign policy over time.

In terms of methodology. the dominant. (orms of iInquiry into ithe theory of lateral pressure
to date have heen statistical analysis, econometrics, svstem dynamics and a wide range of

simulation methods. !

A persistent dilemma remained, however. Rescarch to date has focused on one or a select.
number of states aud spauned relatively short time rames only, and thus by necessity ob-
tained only a partial perspective on contexts, boundayies, and overall system configuration.
To address this dilemma, Choueri and North (19934, 1993b) defined a coherent framework
of the “global svstem,” and reasoned that that all states in e lnternational systewt dispose
of a certaiu share of the global total of population, resources, and technology. They argued
that measuring the gize and rate of prowth of these shares relative to each other domestically
and in relation to those of other states in the inlernational system over time provides the
necded methodology to determine state profiles ag well as their relative capabilities, 1den-
tify the porential challenges that each might face, and the implications for the landscape

of states 1 an overall integrated global context. The formal definitions of state profiles in

Yoy (LURD) roviews the foruer picee as part of a comparative stindy of major theories of the canses of
will,

AT rest on the assumption 1hiad the variables in question are ineasured accenrately, reliably, aned effec-
tively, and that the robustness ol fuelional relationships can be tested” through o range of formal and
statistical {econometric, for example) os well us notional and relational methods (as in the case of sysien
dyvnamices). And nsnally sonwe wepe of error estimates or uncertainty bomuds are made to indicate the extent
of relinbility artributed.

(3



Table 1 shows the profile logic as a function of unequal shares of technology, resources, and
population.

According to this Jogic, for some couneries, the share of the global total population is
greater than their individual respective shares of technology and resources. Such countries

catl be relerred (o as population-intensive. The same logic holds with respect to the relative

ordering of thie other two vartables for an individual country.

The imporlant poiut here is that the three waster varlables underlving state profiles are
dynanic in natnre, and as the magnitude of any one of them relative to any of the other
two nay chiange over time, profiles of individual states can also change over time. A change
i profile essentially results from one or more of the shares of the global total of P. T, and
R changing ranks. Figure 1 illustrates this anatomy of the profile spaces. It can be used to
vistalize movements of states within and across profiles, and provides the conceptual anchor
for the application of fuzzy set theory to lateral pressure that follows.'? We do not postulate
a developmental process as a particular normative logic here, but ouly refer (o the change
in the relative positions of the master variables. This is the logic underlying the circular

sequence of prohles shown i Fieure 1,

INSERT FIGURE | HERE

The overall logic of Figure 1 holds, all other things being equal, irrespective of the rates
of changes. Morcover, it can also be nsed as & tool Lo visualize velocily or acceleration, hoth
potential intensifiers of conflict. 10 addition to the patlh of change of particular conntries
within and across profile spaces over time. In the context of Table 1. for any given state in

any particular profile, changes in profile location always happen along the sequence in the

Un this specification, Profile 3 and 1 are reversed fronn that of Lofdiahl (2002) and Chouert and North
(1993h) to show the relative “positioning” of each of the master viulables in an internally consistenr way.
This reversal doers nol alfect the conceptnal logic at all. North (1090 122 ) provides verbal deseriptions
of the ideal-type chiaracteristics of the respective proliles. Snbsequent and ongoing efforts towards empirical
vperalivualization ol profiles have siuce sharpened vur wdderstanding ol bis vheory, wad revealed sunw
inconsistencies which stil] need Lo be addressed. We tlhierefore do not replicate North's verbal accounts of
proble characteristies hiere,

ENote that all axes 16 Fignre 1are tine axes, wilth Ue center designating the first vear for which data iz
aviilible, Figure 5 [urther below shows a section of this cirele inmore detail.



¢ircle, regardless of speed.’

Choueri and North also argued that ihe ‘shares” concept allows for a better measurement
of potential leverage and bargaining emploved by states in dealing with cach other, and ol the
degree of {potentially conflict-prone] lateral pressure they might, n furn. be generating. 4
[t also provides an internally consistent empirical metrie for normalizing shifts in master
variables and hence a hetter anchor for measurenient over time and across entitics.

Ever since the introduction of the notion of *global shares” as defined iy Table 1 above by
Chonert and North (1993b), a areat deal of effort has been directed towards operationalizing
lateral pressure theory, collecting and consolidating the data necessary to assign each state in
the international svstem to a parlicular profile category, and tracking the movements of the
three quantitics that shape and shili them across time and space. Tmpirical data has also
heen compiled for other hehavioral variables (such as trade, military expenditures, patterns
of violent hehavior. and so on} as well as a wide range of cuvironmental variables that
are repardoed as illustrative of the impacts of human hehaviors on natural systems. P While
earlier computations ol state “shares” ol individual master variables were done for one point
in time. more comprehensive analvses using longitudinal data have since been undertaken,

some results of which are reported below.

2 Metrics, Methods, and Research Design

In tenns of metries and methods, this paper focuses on two speciflic aspects of ongoing
rescarch into the dynamics of lateval pressure. IFirst, it quantitatively operationalizes the

three inastor variables, and this identifiex profiles cinpirically, and shows the distribution of

U3y be sure, if chanemes in master varlables are very rapid. vearly data of the global shares of P, ‘T, and
R. and thus the profile of o country way be too “coarse™ Lo rellect all profiles along the trajectory the
couniry traveled throngl Lo get from one profle in yvear (1) to another i year {1+3). This does not mean,
hewever. that the contry skipped an adjacent profile. It would simply mean that vearly shares data was
not adeguate to pick np the steps along the cirele a conntry traveled throngle belween nop-adjacent profile
apaces, We will illustrate the visnalization of velocity in Scetion 3.2, hirther below.

UThis concept of slure’ and its quantitative rendering is to be distinguished from the notion of ‘relative
eaing” in the context of realist theory and the debiies engendered in the feld. Despite some commaonalities,
tle wajor diflercace les i she holistie view of shores” whereby the valne of cach stide-ownership for eacli
of the master variable s computed relative wo the global toial for that varlable.

""Most notably, Lofdall (2002) analyeed what he called “envirenmental lateral pressure.” Moreover,
Kamiva and Wils {1998 showed the dynanic inlerconuections among popilation, resowrces and technology,
and Wils, Kawiva, and Choueri (1998) cupirically tested the relatlouship between profiles aud patlerns of
external beliaviors iuchuling propensities for conllict and vielerce



states across profile groups, as well as transformations in the global landscape across profiles
over time.

Second, 1t measwres the degree of belonghing’ to the respective profile at a given pomnt
tie in order to precisely detennine empirically the distribution of states within cach profile
proup and across profile spaces. By applyving fuzzy logie to the longimdinal empirieal profile
data ab hand, it then determines the extent to which individual stares shift location within
the profile spaces as shown i Fignre 1 above. Earlier formulations of the theory of lateral
pressire did not address the issue of changes o the distribution of states within profile
groups. nor does the related liverature in gquantitative international relations, as reviewed
hrieflv albove. provide generic or specific guidelines for addressing this distributional 1ssue,
theoretically or empirically, This is where we fAud applications of fuzzy sets to provide an

important contribution to the overall tools of inquiry in the field.

2.1 Profiles of States: Empirical Analysis

u line with theoretical asswunptions, the measures for technology. population, and resources
for a given state have heen calculated as shares of the global total of the respective variable
in any parlicular year. While measuring population is relatively straightforward, opera-
tionalizing resources and technology within and across states is nmmch more difficulr. As a
first approximation, and with the appropriate caveats and limitations in mind, fterritorial

size has been chosen as a proxy for the amount of resources available Lo a country, and GNP

4



as a proxy for the level of technology.'®
To illustrate, Table 2 shows the profile labels and how the six categories are denved trom
the respective size of their glohal shares of 1. R, and P for sclect countries at one point in

tinie.

INSERT TABLE 2 HERE

Whercas Table 2 presents the location of six countries in different profile groups at one
point in time only. Table 3 lists another set of countries which have changed their profile

over time, hetween 1971 and 199117

INSERT TABLE 3 HERE

xnorth (LOG0, 1207 delinestes the ratiouale and limitations of the decision to operationalize the naster
variables in this nusnner inomore detail, This logic is supported by [Kindleberger {1962) and Lo some extent,
by Renouvin and Duroselle (1967 as well as by Arvon (1967 and Sprout and Sprout (1957} We clearly
appreciate the lmitations of onr selection of indicators for technology and resources. More accurate proxies
for the level of technology of a country include the nnber of patents, publications, inventions. and rec-
ognized lunovations in a given couniry, among otlers. Such observations, however, can be collected only
for countries thol track these variables, or in which the respeciive beliaviors are wanifest iu the hrst place,
Using these proxies lor technology wonld thas bhave severely limited our spatial domain, and ellectively
probibited the meaniugiul caleulation of global shares. However, we have some confidence in our proxy
in spite of s limitations, given that, interestinglyv. the correlation between GNP and the aforementioned
alternative proxies of techmology is gencrally guite high, at over 00750 The dilemmias associated with nea-
string resources” are at least as complex as those related to “technology™. Area, or territory, is clearly an
indicator of mited value - Kindleherger {19627 notwithstanding, Whereas for a key resource such as oil, the
correlation between area and oil production is indeed high for some countries (notably, well over 80 percent
for the il exportivg conntries), U s mach lower for the hroader spatial doinain our research encompassed.
The nature ol the relationships changes, clearlv. as we consider differcnt. resonrces individnally (such as.
tor instance, minerads, or water). To the abseuce of an agreed-upon and robust agegregate indicator for all
resources, we consider ared o pood choles, given s clavity aoud transparency, despite its obvions limitations,
It alzo allords ns the broad temporal and spatial coverage needed Lo calenlate meaningiil global share values
and identify trends over Linle.

U'Table 2 awd 3 provide data frow o sainple of couutries only, to show how profiles are defined and bow
some change locations arvross profiles, respectivelv. The selection of conntries shown here s arbitrary. The
tables are for illustrative purposes ouly, and not bended for probabilistic statistical interpretation. The
data from which the profile eompntations shown in Table 2 and 3 are derived are from 1he World Bank
(World Development Report. World Tables, various years), the International Monetary Fund, and United
Nations Statistics (varions years). Sinee this research effort was initiated long before the availability of
clectronic Bles, the data were ol Arsl compiled manually. each observation checked [or consislency across
sources, and basie (pre-web) accuracy clhiecks and recliecks were undertaken. Since then, such data have
been made avaitable clectronically, and downloading now greatly facilitates updating. Recently, the United
Nations has iitegraled most of its own and related interuational agency inlormation in single web sites,
sorving as a common portai, but also as a couwtralized location of records. See Ward (20061) for a review
and analysis of the United Nations statistical systemn. Note. ouce again, thal our research design required

that we oblain empirical data for all three master variables, for Al conntries, for any one given year,
By delinition. global shares, and then profile categories, as shown in Fable 2 and Table 3 could only be
computed if data were gathered for the eniire global spatial domaiv to begin with, By necessity, therefore.
these conntry-specific observations are o function of adopting au overall global perspectlive.

10



If we compare the observations lor cach variable and country al these two separate
points in time, we gain insights into transformation and change. For instance, we observe
clearly thatl some countrics change their profile locations within the overall global system
over time. while othiers do not. Table 3 shows only cases in which shifts in the ranking of
naster variables, and thus chianges in profiles, oeenrred between 1971 and 1991

By completing the first task i this paper, namely represcuting state profiles empirically.
we have now provided the necessary fuundations for turning to the second task, namely

measuring the distriburion of states within profile spaces.

2.2 TFuzzy Logic and Lateral Pressure Theory
2.2.1 Value of Fuzzy Set Theory

Exploring fuzzy set theory as a ool to systematically measure and track unevenness ol
growth of states within and hetween profile categories is an hnportant step in helping nu-
prove understanding of the dynanies of conflict and. by extension, perhaps also of ways in
which conflict may e wmitigated or prevented aliogether. Toward this end we [irst briefly
retrace the evolution of fuzzy logic. and delineate the characteristic features of fuzzy sets
anct ways i1 whicl fuzzy logic differs from conventional logie, We then consider its strengths
as a lool for the analysis of transformations and change in international relations.

Fuzzy set thicory evolved as an alternative to conventional bivalent logic which is based
on the Aristotelian law of the “excluded middle™, which assumes that cvery proposition
umst be cither completely true or completely false.  Following Plato, Hegel, Marx, and
Engels. Jan Lukasicwicz challenged this view. and introduced a three-valned logic where the
third value 1s assigned a numeric value between “true” and “false.” His concept was later
extended to infinite-valued logic. Fuzzy logie, developed by Lotfi Zadeh (1973) almost four
decades ago, 15 predicated on this idea of a finc-grained gradient within the true/false realm.
Zadell introduced the concept of fuzzy set defined as a class of objects with a contimuumn
of grades of membership. Suech a sel is detenmined by a membership characteristic [unction
that assigns Lo each object belonging Lo it a degree of membership value ranging between
vero and one.

Fuzzy logic diflers from classical probability theory in that it does not deternine whether

and how likely a given statement is true or {alse. bat rather the degree to which a statement

11



is true or false. luzzy logic deals with the degree of membership. In comrast to conven-
tional logic. which deals with crisp Boolean true/false dichotomics. fuzzy logic attemps Lo
cncompass sitnations in which the distinetion between trne and false 1s fuzzy, and a partial
truth, a gradient within the true/false realm can he established. In contrast to conventional
sol theory. fuzzy set theory accommodates partial snembership in a set, and assigns a degree
of membership value ranging from zero (designating non-membership) to one (designating
full membership) .U is also important 1o bear in nind that fuzzy logle is stmilar, but not
identical Lo probability theory, Whereas probability refers to the likeliliood that sometlhing
Is true, fuzzy logic establishes the degree to which something is irue, or within a member-
ship set.’® Classic logiclans tend to deny the need for accommodating this “fuzzyness,” and
attribute it to imprecise definitions of terms.

Ultimately. our judgnient on whether fuszy logic can be gainfully applied to reality scems
to hinpe npon what we perceive to be the nature of trutl and falsity, IF true’ and false’ are
in fact disorele categorios, wore precise definiiions will eliminate any percelved Mzzyness
that fuzzy logic may otherwise capture.®’ 1f they are not, however, fuzzy logic provides a
useful tool to understand and metricize the shades of membership among scemingly mutually
exclusive sets. In traditional probability theory, for instance, only one of the two statements
“The weather is hot,” and “The wealher is cold” can be true. The weather, in other words,
can belong Lo either the hot set or the cold set, but not hoth at the same time. In fuzzy sct
theory, by coutrast. botl statements can be true at the same time, with different degrees of
truthiulness.

This ability of fuzzy logic to accomodate intermediate shades which cannot be adequately

captured with discrete exlusive categories s especially relevant to the study ol interuational

BPor a more detailed account of the cireunstances nuder which [uzey sets are applicable and the differ-
ences helween probability aned fuzsy sets see Kickert [1978) and Dubols and Prade (1993).

WA fregnently used lustrarion of the dispute between formal logicians and proponents of the usefuluess
of the Nuzzy sel approach uses the color palette, aud gocs as follows: Imagine a color ihal appears to be
predominantly green Lo somwe people. even thongly iU has some blue hues, whereas others categorize the
sune slide as predominaat]ly blue, while perliaps ackoowlodging that it looks somewhat greentsh, as well,
Fuzzy set theory aceonnnodates this fuzeyness” by assigning membership degree values, to designate the
extent Lo which the given e is a4 omenbor of set of ‘blue” and “green’, respeetively. Formal logiclans, by
vontrast. oflen argue that the dilliculty of sssizning the hne to either eolor catezory arises morely as a result
of unprecise definitions of the respective sets I blne” and ‘green’ were precisely defined, they argue, as any
hue whicl consists of no less than 80 percent of the respective color particles, for instance, we would have
no difliculty assigning 1he given Llue-greenizle hue to either one of the color categories, and be able Lo state
that U ix, by virtne of onr defiuition. exclisively a member of one calegory.

20T his point has heen made by Haacki 1979},



relations. given the inherent ambignitics with content and context. As Cloffi-Revilla (1981:
130] notes, there are numerable collections of objects in international relations worth anal-
ysis which defy any exact definition of boundary, snch as the sot of “developed states”,
“powerful states™, as well as the set of *US, policy objectives™. The intrinsic [uzzyness
of these sets does not stem from imprecise measurement. and thus cannot be solved by
an arbitrary increase il measurentent aceuracy, but is a result. of the inherent, izzyvness of

international relations and foreign policy. and Inuman thought, more generally !

2.2.2 Relevance to Lateral Pressurc Theory

Fuzzy logic is particularly appropriate to model situations that are characterized by inherent,

ambignities or mzzy trausitions, such as smooth and unnoticeable drifis among states of
affairs that cannot he captured accurately by miposing discrete, clearly distingnishable
categories at any point in thne. * Shifts of eountries within and among profile categories
as described in lateral pressure theory seent to fall into this realm sinee the theory assumes
only that all share some common features, namely meeting the criteria for helonging to a
partienlar ‘profile’) It not that that all states in any one category are identical to each
other. No other msights or infercuces are put forth or drawn from the formal definition
of profile. North (1990, 121} especially cantioned that, despite the notion of six discrete
prolile eategories, movenments among and within themn <hould be conceived of as tlyiainic,
and happening along a continunm. rather than as abrupt jumps from one discrete state
to another. Fuzzy set theory thns secis particularly appropriate for systematically and
coherently measuring change in terms of the speed and direction of movements of states
within and across the profile spaces.

By conceptualizing the profiles of states identified by lateral pressure theory using fuzzy
logic. we can systematically and procisely locate and track relative changes in the distribu-
tion of states within and across profile spaces. geographical regions, as well as over time.
Thix inay be an important step in identifying and possibly anticipaling changoes in the con-

figuration of states, including conflict-prone constellations, hefore they escalate into conflict

e Cioili-Revilla (1981} for o more extensive explatistion and exanples ol [gevness in inlernationsl
relations.

“Applications of fuzzy logie are not very connnon in the interuationsl relations literature.  Notable
exeeprions hclnde Clofh-Revilla (FORL), Sanjian (00920 1998, 1999, 2001, 20038, aud Seite { 1983).
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or war, 4

3 Application of Fuzzy Set Concepts, Method, and
Analysis

3.1 Fuzzy Set Formulation

To formulate the concept of state profile. lot tijs Pig. and 75 he the measures of technology,
population, and natural resonrces respectively for country | {i—l.c} at time j (j=1.t). For
A given 1 and j (say. i=1: j=13 let Ty, £y, and ), he the proportions of country 1's

techuology, population. and natural resources respectively during t=1.

Iy =
Z {rl

FUN
Pl] i —
L-{pil

Ry ==
L= =

For any given vear, based on their ‘I, P, and R shares, wo can identifv the profile
category of each stale across all states in (he international svstem as represented in the
database. Using fuzzy set theory, we can then locate and compare states within oue profile
category according to their respective distance to an adjacent profile category by assigning a
inembership degree value to each state. In fuzzy set theory, membership degree values range
from (0.1, with 1 designating fll membership in a category (in our case a state located in

the center of a profile de( el and a value close to 0 designating near non-niembership in

L\lvmhr'lahlp degree values can also be nsed to compare conndries wilhin tie same profile, and draw
vitluable lessons on how certain strategies may be replicated by other members of the same category some
developed that may be readily applied to others in the sane category who may want to follow o similar
trajectory Lo escape the predicanients associnted with certain proliles. The anderlyving asswinplion here is
that some profiles are mwore desirable than others, and that, unless it already belongs Lo a desirable category,
every state in the international systeny ultinmtely aspires ro transtorn s prafile nto ene of these “better®
wres. A briel glanee at the lists of members of the respective profiles in ‘Table 2 further below dees in Fact
sigaest a correlation between profile membership and what we wonld comzonly label as quality of life the
respective conntrics nflord the peaple livisg within their borders. Altliongh this issne is an intrigning sibject
thal certainly merits lurther inguiry. we do not address il bere. North {19907, as well as fortlicoming rescarcl
deals with this mintter extensively, as well as with related questions ou cotmon developmental trajectories,
ancl the wavs in which one conld Lamch more countries along these patliz Lo o better Dutre.
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a category {which in our case would he a state located close 1o the order 1o either one of
the two adjacent profile categories in the cirele shown in Fignoe | above). A low value for
meibership degree value thns nieans that the respective country may soon change profiles,
sinee only miner changes i waster variables would lead to sucl a change. 24

A fnzzy set S can be defined throngh o fanetion: g €7 - [0.1F that maps the clements of
the universe O (here. the wniverse of all countrics) into [(,1 pg is the membership function
of a fuzzy set. Tor example, for countries that fall into the category of profile 1,the sot
Sp={x € C| Plr) = 1} 1s defined using the membership function. Figure 2 illastrates this

. . . . . . . an
himetion. assuming a triangular distribution =

INSERT FIGURE 2 HERE

In Figure 2, the complete triangle in the center represents the membership function for
profile=0, defined as one i which the global share of techuology s groater than the one of
population, which in turn is greater than the global share of resources (17> P > R). The
imcomplete triangle for profile 5 (T > R > 17! 15 shown to the left, and the one for profile
1 (£ > T > R) to the right* A change from profile 5 to profile 6 implies that R and P
swifrh ranks. Therefore, somewhere prior to the switch to profile 6, the value of (iR — P)
starts decreasing until it eventually reaches zero. At this very point, the switch between the
two variables takes place. Once the switch oceurs, the value of (£ — R) increases. Along
the way, (T — P) starts decreasing in value until it, too, reaches zero. This is the point at
which a switch from profile 6 to profile 4 takes place. If we assume the distribution to take

the shape of a symmetric (equilateral) triangle, the highest membership degroe value oceurs

-

mid-way i between these points, where £ =

INSERT FIGURE 3 HERE

ATy be sure, low membership degree valies do not mean that profile changes are imminend. In some
cases, master variables may chauge very little over time. and tlus in fact not travel the distance’ that would
effect a change, even though that distance may be very short.

2"“1\1L‘1f1bt:1'h.h1p functions are delined using appropriste distribntions, dependisg on the domain ut issue,
Thev may. for instance. be bell-shaped. trapezoid, or triangular. We tesied the cinpirical distribition of
data points and found a triangular distribution to be a good approxination fur our domsin.

Nete that the representation ol three profiles in one disgran: serves illustrative purposes only, Strictly
speaking, Figure | s misleading. becanse the horizoutal axis iu the grapl is moant (o denote the variable at
the center of the respective profile inequality, which is not the same for the Lthree profiles shown, The nain
elistribution of jwterest, profile 6, 15 juxtaposed {7 = " = K] with the two adjacent distribintions {profile
b T = R o> P)to the left, awd profile 4 (7 » 27 > K)o the rvight for illustrative purposes only. The
remasining prodiles can be represented analogousls.



fFignre 3, consider the left half of the triangular distribution represented by the triangle
ABC with P and g as the horizontal and vertieal axes, respectivelv.?” Agsume the height
of the triangle (namelv. tle length (BCY) 1o be 1. representing the maximum value of the
membership function (g). The base of the t triangle, (AC), is of length (T—,J_j@ — R). Now,
consider aiy point on the base of the triangle (for instance, E) and the corresponding triangle
ADE. If P =p at E, the base length of ADE is of leugth (AE). or {p - R). Therefore, for
any point P on the horizontal axis between A and C, the lenstl is (P - I

We know

[(H(}”PILB( ) a’rnqa’h(DF’\J

Length 1() rsgfh{—l.&)

Lo,
1 Tength(DE)
THR -
__‘:._ _ R PR
1.e,
P _p
length{DE) = — ———
ength(DE) _;f _R

Length(DE) is the membership value at E. Similarly, we can calenlate the wembership
degree vatue at any point in the range P = T£28 and 1 = 7. We can then represent the

menibership funetion for countries in profilo=6 as:

1 for £2=222 (paximum merntbership)
7% for R<P < Il (towards 5)
,Us,b(T P,_ ]'i)):' == 2 )

,;,‘f A for o p <o {towards 4)
—TT

] otheriise,

By svmmetry, we ean write the membership functions for the other profiles as {ollows:

f—

for P =L (maxiimun mebership)

; for T'< P < B (rowards 3)
ps (RPTY—={ B -
o lor % < P <R {towards 2)

¥ e ise.

F"Note that since we only show one prolile here, we can now label the lorizontal axis as representing itz
center variable, namelv T



. I . . .
1 for =1 2 L. (maxinnun memboership)
—ﬁ{f"r—i for T<R <D [owards 4)
i I3 gy — b 3
fso £, R = N
% for ZL < R< P (towards 1)
2
0 atheruise.
. - ) . . .
1 for T = # {maximun membership)
%’_“Lp for P <T < %} {towards 1)
LB = :
el BTP) =
/ Bty for DX T < B (fowards 5}
H——PTR— 3 - 3 ell{la <
§ otheiruise.
1 for I = £ (aximum membership
2 . !

_ ﬁ—{r{% for R<T«< % {towards 2)
!“154(1)? T\ R} = ‘:“_ . . R )
—fﬁ;—p for ”% < T <P (towards 6)

] obherisise.

1 for =1 (maximum membership)

)

i for P < R<IED (towards 6)

psaL. 0Py = 2
LB for # < R <T (lowards 3)

0] ofhereise,

Lsing the membership funetions stated above, we calculate membership degree values
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for all states and vears in the datahase.® Table 4 shows membership degree values for a
selection of conntries i cach profile category, 1 descending order of magnitude for 1991,
As illustrated in Iigure 1. countries with a high membership degree value are located in the
middleof their respective profile space. whereas those {(at have lower degrees of mewbership
arc located closer to the border to an adjacent profile space.?” Figure 4 shows the distribulion
of countries in Profile 3 and 5 for 1991 in the circular profile space. Due to their high
menbership degree value. the Bahamas, [or instance, are located almost squarcly in the
middle of the space of profile 5, whereas the United States are situated mueh closer 1o the
border of an adjacent profile space. While this by itsell does not unply that a US profile
shift into an adjacent profile is imminent. it does indicate that in the case of the US. the

changes i master variables needed to trigeer a profile shift are smaller than the ones for

b Tarl

the Bahanmas. Y

INSERT TABLES 4 AND 5 HERE

INSERT FIGURE 4 HERE

3.2 Fuzzy Sets and the Challenge of Conflict Prevention

Applying luzzy logie to lateral pressure tlieory can further our quest for conflict prevention.
pplving A 2 3 1 .

by providing a systematic and coherent method to precisely locate and visnalize movements

#0ue minor issue siill needs to be resolved. Our caleulation of the metnbership degree values rests
on the assinnplion that the valie for cach of the individual three master variables 12, P, and T does in
fact vary over thme. Given the ‘eoarse’ nature of the duta, this assumption, however, 1s not universally
true lor specific wetrics that we have wsee. As destribed above, R is operationalized nsing lawd area as a
proxy, which generally docs not vary dramatically. More recently some work on the territorial changes of
countries opens the possibility [or capturing potential variations in R. See for example Tir et al. (1998]. For
profiles whicl have R s the middle variahle {namely. profites 2 and 5], we tlns canuot expect dispersion
with respect to R Consequently, our assumption of a triangular distribution does not hold in these eages,
Given the rother lnvarians nature of the B measure, we expoct the distribution for thesc profiles to have
the shape of a vertical line instead, resting on a single point on the horizontal axis. Although we canuot
assneue o triangular disteibntion, we can still use the expressions we derived shove to caleulate meatingiul
membership degree values. Tu cases where the vertical line is 1o the left of {he center (that is, the mid-paoint
between P oand T asmall value of {7 — R) for prolile 2 and (£ — ) for profile 5 signifies that we are closer
to the boundary of the adjncent profile to the left (namely, profiles 4 and 6, respectively). I we normalize
thix distance to le between (h and 1. we can interpret the value in the exact same way we o the mmenthership
depree values for the other fonr profiles.

e profile categories in the Table have been reshuffed to rellect the segnence it which they actually
appear as iilnstrated i Figure 1.

M he graph is lor Hlostrative purposes ouly. The otler profile spaces could be visnalized analogousty,



of states within and across profiles, and thns allow analysts to explore potentially conflict-
prone constellations. and help tdentify, possibly even anticipate them hefore they become

(or are perceived 10 be) destabilizing and threateniug,.

3.2.1 Visnalization Trajectories within and Across Profile Spaces

INSERT F1IGURE 5 1IIERT

Figure 5 illustrates how membership degree values can be used Lo visnalize MOVCIILeNts
of states within and across profiles over time hy mapping them onto (a relevant section of)
the cireular sequence of profiles shown in Figure 1.%! The menthership degree value provides
wformation on the distance of a certain state from the core of its profile space. Il we consider
the entire set of countries that are located within a profile (at any point in time), then the
distribution of conntries within the profile space provides some indication of propensities
for change in the international system.® Table 2 above indicates, for instance, that the
Bahamas were sitnated very elose to the core of profile 5. whereas the United States, while

sharing the sawe profile, were much closer to the border of an acjacent profile *

INSERT FIGURE 6 HERE

T use another case, Figure 6 llustrates the trajectory of Venesuela from 1971 to 1591,
calculated using its ineinbership degree function presented above, and mapped onto the full

cirele of profiles

AN axes in Figure 5 are time axes, (although for the sake of visual clarity, only one of them is labeled
as sieh).

*2Ty be sure. il the metnhership degree value of a particular country and vear places it close Lo the border
of tue profile space, we do ol kuow whether i is going 1o cross thal border in :he near idure, Bt we do
know that. given its location, only a sniall change i one of ils nister variables would result in such w shift

HNote that the membership degree value by itself. however, does not tell us whether it was close Lo the
burder to prolile 3 or profile 6. We can castly derive this information, however, by reviewing the respective
initial caleulations of the membership degree values as outlined an page 14 above, and map the trajectory
of any given connfry wirhin aud across profile caterorics over time.

#The radius of the circle corresponds to the time axis in the graph, with the earliest vear staring in the
center and the latest year located along the perimeter of the cirele. One ‘tree- ring” corresponds o Lwo
vears, Lo enhance visual clarity. the grapl shows 1969 as the starting yewr (in the cenler of the cirele) and
1993 as the end vear (at the top rim}. Data were available for 1971 to 1091, which is why the trajectory
does not start i the center and ends inside the eircle. The choice of cises as illustrations in his section
is arbitravy. and guided mostly by the clarty with which they displayv the respective trends. 1n principle,
however, any eountry thal moved within and/or across profiles in the years for which data is availlable conld
Lie wsed ax illustration herve.
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The representation in Figure 6 not ouly provides information on the rrajectories of states
within and across profiles over fime, but also indicates the veloctty of the movement, which
we listed earlier a5 one of the factors thal lateral pressure theory identifies as magnifiers of
mstability. Analogonsly to the concept of angular velocity in physics, the size of the angle
between two consccutive points with respect to the center of the cirele corresponds to the
specd of the yoversent within aud/or across profile categories.

Lhe case of Iran, as shown tu Fiegwre 7. 15 an example of very rapid moevernents in master
variables that lead to a porentially destabilizing leap across two profile honndaries in a single

yoalr,

INSERT FIGURE 7 HERE

As indicated by the wide angle between the data points for 1987 and 1988 (the [onner
located on the 4" widest “rree ring” of the cirele, and the latter one half of a tree-ring
further outy, Tran changed from a profile 5 to a profile I hetween 1987 and 1988, effoctively
sweeplng across the entive space of profile 3 within a single vear. The vear in which this
leap oceurred, 1987, was in fact marked by great turmoil in Iran. One may correctly cantion
that the leaps recorded in Figure 7 may have been a consequence, rather than a cause of
the destabilizing cvents that ocenrred. We are in fact not positing a deterministic causal
logic here. ut alin o expand the amscnal of analytical tools for schiolars of international
relations.

Our task is primarily to identify, svstematically measure and track developmenls that
lateral pressure theory postulates as antecedent couditions for conflict and viclence, Even
though we are unable, and thus do not claiin to predict with any degree of accuracy whether
and when these developments escalate into violence, membership degree values provide us
with a method to visualize trends, highlight their nature. and tlms may help focus our
affeution, pohlicies. and resowrees on arcas that appear to be most vilnerable to confliol
Tlus method ean also be used to visualize the trajectories of several states located within

a particalar region. and to asscss whether states that are growing unevenly are located in

WNote that the angles here are not absolute. since they depend on the sweep’ between any given two
consecutive poiuts witl respeet to the center of the radial diagram, which represents the starting year, and
15 Ui determined arbitrarily, However, we can cotnpare Lwo different anples In this disgran, as they are

both based on the same conter.
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the same geographic region. and thus canse lor concorn. or whether destabilizing power

transitions are distributed ‘more safely’ across states that are far reimoved from each other.

3.2.2  Anticipating Profile Shifts

Smee profiles are defined by the relative location of the master vartables, which in turn shape
the demands and capabilities of states, anticipating shifts in profiles provides a degree of
predication [or changes tn demands and capabilities that can be expected. By coinputing
the membership degree vahies for indivichwl states within each profile group. we are able
to precisely locate the position of cach stale across o profile space. and to closely track
the direction und velocity of the state's movements over time. Long-term trends in the
wternational distribution of states can, at times, thercfore be discornible belore profile
changes actually tuke place and are empirically observable, and the nature of the anlicipaled

shift may well signal the potential modes of external activities that are likely to ocenr.

INSERT FIGURE 8 HERE

Lo illnstrate this, Figure 8 shows the case of Japan from 1932 to 1962, We can see Lhal
nicmbership degree values followed a downward lrend several years prior to an eventual
profile shift which oceurred ju 1958

Of conrse, anticipation does not mean forecasting; and effoctive forecasting may be
particularly daunting, even impossible, where shifts in master variablos underlying prolile
change are extreme or very rapid. as was the case lor Tran as illustrated in Figure 7 ahove.
Where master vartables move gradually, lowever, membership degree values appear to be

reasonably accurate in forecasting potentially destabilizing trends.

4 Conclusion

Tlus paper aimed at refining both conceptualization and measurement of change in the
infernational system. Using the theory of lateral pressure as a case in point, we (a) opor-
atwnalized the master variables, (1) computed the individual state profiles throughout the
wternational system, wd {¢) nsed fuzzy set theory to refine the ‘profile space” and thus our
ahility 1o locare and track states within and across cach of the profile groups. Conceptu-

alizing profile categories as fuzzy scts, we helieve, 1s a promising avenue for extending and
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refining lateral pressure theory. as fuzzy set theory enables us to precisely and systemati-
cally locate and track potentially dest abilizing shilts, both over time and across geographical
space.

lu closing, a final caveat is in order. Clearly, profile shifts per sc do not predetermine
state actions and their outcomes. The behavioral implications of uneven growth and devel-
opnent postulated by lateral pressure theory are vet to o fully articulated and explored as
more comprehensive data becomes available, aud more detailed theoretical specifications are
made. Nowetheless. developing tools to etapirically and precisely locate and track areas that
are potentially vulnerable to tunnoil is & valuable first step m the quest for understanding,

and potentially reducing conllict and war propensities across 1he globe.
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Appendix with Figure and Tables

Profile 1. | Resowrees > Population = Technology

Profile 2:

. Profile

3

Profile 4:

| Proftle 5
,'_Pruh'le 0

Population = Resource > Technology |

Population = Technology > Resonrees

‘ Resources > Technology > Population

! Technology > Resources > Population
. | Technology > Population = H.esourr:esj

Table 1: Profile Definitions
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Figure 1t Logic of Sequence in Profile Change

[ Profile | Master Variable | Country | P (%Shave [ T (%Share | R (% Sharc |
Label | Relationships - of Global) | of Global) | of Global)
B R=>=P=7T South Afriea 0.70935 | 0.45285 (0.81982 |
2 P>R>T Cliina 20.98435 1.93621 6.44351
3 R=T=P Canada (1.19836 2.54025 6.69809
4 F>T=1R North Norea 0.40509 0.24851 0.03093
5 I'>R>PF United States 4.61278 25.58309 6.2928%8
6 T>P=R United Kingdon | 1.05082 4.33693 (0.16437

Table 2:

|

-3

Minstrating Profile Categories and Global Shares of T, R, and P (1991}



Country Profile Label [ P (% of Clobal) T T (% of Global) | R (% of Global) !

1971 1991 | 1971 - 1991 1971 1991 1971 1991

Kenva 1 2 0.32 0.46 1 0.06 0.04 | 0.39 0.39
3

: Korea, Republic of 1 6 0.88 .79 0.32 1.25 0.07 0.07
Oman 1 3 0.02 0.03 (.01 0.041 (.14 (.14
Thailand 2 1 1.00 1.04 0.24 0.41 0.34 (.35
Turkev 2 4 (.98 1.05 (A5 (.46 {1.52 .52

| Venezuela 3 1 (.30 0.36 | 044 .25 0.61 0.61

Lable 3 Mustrating Changes in Profile Categories and Global Shares of T, R, and D (1971
and 1991)

N N 7
. N PR NI =P 0 TP s
S LA PO - . . e
I'>R=>1p P=ni T>P>R P_7T P>T>R
Profile 5 Profile 6 Profile 4

Figure 2: Triangular distribution for Profile 6

B
/'//,
b
e
//
-
A ) !
AI. E C | P
P=r P=p pP=1 P=T

Figure 3: Left half of 1he triangular distribution for Profile 6



T Profile 1 ] Profile 3 l Profile 5 N

R>pP=7 R>T>p ' I'>R=P
Country | MDV [ Comntry [ MDV || Country | MDV
[ Lao, PDR - 0.95 H Ieeland 0.70 T Bahamas (.98 !
Madagascar (.91 Canada (1.6G || Norway 0.71
Equatorial Guinea 0.79 | Sandi Arabia | 0406 || Finland ().5¢)
Peru 078 | Australia o 042 ) United Arab Emirates | (.44
Yemen, Rep. 0.78 || Onan 0.27 " Swoeden .33
Cameroon (.75 New Zealand 0.17
Zitnhbabwe 0.67 ! Linited States 0.16
Verezuela .63
South Africa (.60
Chile 0.60
Colombila © 057
Tanzania 0.54
solomon Islands (.54
Panama ().52
CGuinea-Bissau 0.51
. Nicaragusa | 043
| Paraguay (.44
Lruguay (.42
Brazil (.40
Papua New Guinea ! (.39
Mali 0.36
Algerla (1.35
Niger (.32
Bolivia 0.41
- Congo - .28
Belize ().26
Argentina (.25
Central African Rep. | 0.25
I Chad - 0.24
Iran. Islamic Rep. 0.20
Guyana .18
Burkiua Faso 0.17 |
Mauritania 0.9 ! '
| Bolswana | 0.05
Surinane (o2
Clabon 0.02 |

Table -1: Mewmbership Degree Values within Profiles. 1491
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Profile 6 Profile 4 Profile 2 -
T=FP>=R P=1>R F>R>T
Conntry MDYV || Country MDV T Country™ | MDV'|
| Greece 0.95 I Hungary 0.96 | Togo 0.99 |
hMalta .91 || Grenada (.94 1 Moroceo 0.97
Portugal 0.84 | St Lucia 0.89 || Ghana .95
Barbados (L82  Mauritins 0.85 || Mexico (1.94
Puerto Rico (.78 || Donumniea 0.73  Malawi 0.93
Korca, Rep 0.77 || St Vincent 0.71 || Lesotho (.90
Cyvprus 0.62 5 Jamaica .48 || Twsia 0.86
| srael 0.60 | El Sabvaclor .29 " Ganbia, The (.52
Hong Kong 0.50 I Trinidad and Tobago = 0.20 || Sicrra Leone (.80}
Siugapore 0.56 || Tlailand (.18 || Egvpt. Arab Rep. 0.74
1 Sevchelles U.53 || Philippines 0.02 & Syrian Arab Rep. 0.72
United Kingdomn ! 0.42 || Bangladesh 00T || Swaziland .62
Spain 040 Nigeria (.56
! Netherlands (.40 Costa Rica 0.56
Belginm 0.38 - Indonesia 0.56
Italy S 0.37 Cambodia 0.51
Bermuda 0.31 Honduras (.51
¢ Germany 0.29 Cape Verde 0.50
France 0.27 Guatamnala 0.50
Japan C (.27 Cliina .17
Austria 0.26 Nepal 0.46
+ Ireland 0.26 Sao Tome and Principe | 0.44 |
Denmark 0.25 Fidji | 0.36
Luxembourg 0.20 Palkistan (.35
Switzerland (1% Benin 0.34
(Jatar 0.14 Kenya, 0.31
Fihiopia 0.31
Burundi {1.27
- Malaysia 0.21
Turkey P 020 ¢
Rwanda (.15
Haiti 0.14
i Sencgal 0.13
India 0.12
Romania .10
Cote d'Ivoire 0.10
it Eeuador (.09
Comoros (.09
Dominican Rep. (.04
l: Sri Lanka 0.04

Table 5: Membership Degree Values within Profiles. 1991
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Figure 4: Conntries in Profile 3 and Profile 5 in 1991
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Figure 50 Ilustrative Inter-temporal Trajectory Within and Across Profiles
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Within and Across Profile Movemants: Venezuela (1971-1941)

PZ [P>R=T] 1583 F1[R=P=T]

F4[PaT>R] |
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Figure 6: Trajectory of Venezuela, 1971-1991

Within and Across Profile Movements: Iran (1971-1991)
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P4 [P>T=R] P3 [R=T>P]

\ .

P& [T=P>R] P5 [T=R=P]

Figure 7@ Trajectory of Iran {1971-1991)
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