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2 leading to the general conclusion that the defence expenditure in bothallied countries seems to be driving their economies beyond capacitylimits. This, however, by no means justi�es the one sided disarmamentpolicy currently followed by Greece, since the long{term armament pro-grammes pursued by Turkey, the role of which in this arms race hasbeen proven as leading, leave very small room to the Greek and Cypriotsides to reduce their defence expenditures.Keywords: Optimal Control, Defence Expenditure, Arms Race, Relative MilitarySecurity1. IntroductionSome people argue that the concurrent reduction in the defence pro-grammes of Greece and Turkey during the recent past seems to raisehopes that the Greek{Turkish arms race may not be an endless pro-cedure after all. The extent to which this optimistic view is justi�eddepends on whether there is indeed a causal relationship between theunexpected Greek defence programme reduction, shortly after it hadbeen approved in the country's parliament by an overwhelming major-ity, and that of Turkey, after the latest economic crisis. The aim of thispaper, however, is not to answer this question since we do not know ofany causality tests applicable to qualitative foreign policy issues. Whatwe have decided to do, instead, is to consider the extent to which thisarms race constitutes an excessive defence burden for Greece and Cyprus,especially after the implementation of the Integrated Defence Doctrine.We shall attempt to calculate, in addition, the optimal defence burdenfor the two members of this alliance under the constraints imposed bytheir economies. Finally, we shall consider the extent to which pursuingsuch optimal recipes leads indeed to collecting a substantial peace div-idend, in the sense proposed by several sources in the literature. Theanswers will be provided in the context of an Optimal Control solution,using an Interior Penalty Function Method, with Steepest Descent andArmijo Line Search, as it is explained in section 3, after a brief litera-ture overview has been provided in section 2. The fourth part of thispaper includes the description of the econometric model used by thealgorithm as a constraints structure under which the penalty functionis minimised. Section 5 includes various policy considerations based onthe results derived by the algorithm, while the conclusions derived arestated in the last part of this paper.



Searching for the Optimal Defence Expenditure 32. Literature OverviewThe existence of an arms race between Greece and Turkey is a wellestablished fact (Kollias and Makrydakis 1997), determined chiey bydemographic factors describing the Turkish rather than the Greek eco-nomic and demographic environment (Andreou and Zombanakis 2000).The extent to which mutual reduction of defence expenditure would leadto a substantial peace dividend has been extensively analysed for boththe Greek{Turkish case (Balfoussias and Stavrinos 1996, Ozmucur 1996,Kollias 1997), as well in a more general context referring to the cost interms of growth (Deger 1986, Ward et al. 1991, Buck et al. 1993, Looney1994 and several authors in Hartley and Sandler 1990). In fact, the costof an arms race, especially on the foreign sector of what is commonlytermed a \small, open economy" is rather expensive since military expen-diture, is highly import{demanding, leading to foreign borrowing whichexerts an adverse impact on both the domestic and the foreign sector (Stavrinos and Zombanakis 1998). Especially after the full implementa-tion of the Integrated Defence Doctrine between Greece and Cyprus, theGDP shares of military expenditure by the two allies have exceeded 6%in certain cases, while the military debt has doubled within the decadeof the 1990s to reach more than 5 billion dollars at the end of 2000,representing about 16% of the total General Government external debtof the country, according to provisional Bank of Greece data. Kollias(Kollias 1994, Kollias 1995 and Kollias 1996) and Antonakis (Anton-akis 1996 and Antonakis 1997) have investigated the economic e�ects ofdefence expenditure upon the Greek economy.It is obvious, therefore, that the defence expenditure constitutes aconsiderable burden for the economies of Greece and Cyprus, meaningthat the next straightforward question would be to consider what theideal defence burden would be. To this end, we have decided to resortto using optimal control analysis in order to specify the optimal defenceexpenditure levels of the two allies, a Nash equilibrium problem analysedin the context of the theory of alliances in its simplest form (Hartley andSandler 1995).3. The AlgorithmsThe technique we employ for solving the Optimal Control problem, isan Interior Penalty Function Method, with Steepest Descent and ArmijoLine Search. This has been used for the minimization phase as follows:�(x; rk) = f(x)� rk mXj=1 1gj(x) ; (1)



4where f(x) is the sum of squared di�erences between the variables andtheir corresponding target values (i.e. the original objective function),gj(x); j = 1; :::;m, are the constraints of the proposed model, and rk isthe penalty parameter. The repeated application of an unconstrainedminimization technique to the function �(x; rk), for a decremental se-quence of values of the penalty parameter rk, leads to convergence ofthe corresponding solutions to the solution of the original (constrained)problem, with feasibility standing for each one of the intermediate solu-tions.For the unconstrained minimization phase of the algorithm, we em-ploy a widely used method, namely the Steepest Descent technique withArmijo Line Search, allowing the solution an accuracy of 10�3 and amaximum number of 500 Armijo iterations. This maximum number ofiterations proved to be enough for obtaining the solution in almost allexperiments. In certain cases, however, in which the solution could notbe detected after these iterations, re{initialisation to a di�erent feasiblestarting point was considered as an alternative.Concerning the Penalty Function, the initial feasible point x0 and theinitial value of the penalty term, r0 = 10, are the main parameters. Con-cerning the Armijo Line Search, several parameters have to be de�ned.The version of the Armijo Line Search that has been used to solve theOptimal Control problem, di�ers from the standard Armijo Line Searchand it is applicable to any descent direction �k. This version is proposedand studied in (Polak 1997 and Vrahatis et al. 2000) and can be imple-mented in two versions depending on the input value of a parameter s.The procedure uses two parameters �; � 2 (0; 1), de�ned by the user.Furthermore, the values for the maximum number of Armijo iterationsrequired, MIT = 500, the desired accuracy, " = 10�3, and a parameterm� 2 Z, complete the input parameters set of the algorithm, which isexhibited in pseudocode in Table 1.1.The selection s = 0 is normally used with Newton{like algorithms,with m� = 0 to ensure superlinear convergence. The selection s = 0 isnot very good for �rst{order algorithms because, on average, it requiresconsiderably more function evaluations than the selection s = 1. So,s = 1 is used in �rst{order algorithms.If the objective function � is bounded from below the subprocedurein Table 1.2 is used to �nd an mk satisfying Relations (b) and (c) ofStep 5 of the algorithm. This subprocedure uses the last used steplength �k�1 = �mk�1 as the starting point for the computation of thenext step (Polak 1997).The validity of the results obtained has been double{checked usinga modi�cation of the Particle Swarm Optimization (PSO) method for



Searching for the Optimal Defence Expenditure 5Table 1.1. The Interior Penalty Function Method, with Steepest Descent and ArmijoLine Search.Step 1 Start with an initial feasible point x0, i.e. a point that satis�es all theconstraints of the objective function �(x; rk) of Eq. 1, and an initialvalue of the penalty term, r0 > 0. Set a counter n = 0.Step 2 Set the values for the Armijo Line Search:MIT ; �; � 2 (0; 1); s 2 f0; 1g; m� 2 Z, and ".Comment: Start of the minimization phase.Step 3 Set k = 0.Step 4 If jjr�(xk; rk)jj 6 " go to Step 8; Else compute a descent direction �k.Step 5 If s = 0, set M� = fm 2 Z j m > m�g, and compute the stepsize(a) �k = �mk = argmaxm2M�f�m j �(xk + �m�k; rk)� �(xk; rk) 66 �m�hr�(xk; rk); �kig ;Else (s = 1) compute the stepsize �k = �mk , where mk 2 Z is anyinteger such that(b) �(xk + �mk�k; rk)� �(xk; rk) 6 �mk�hr�(xk; rk); �ki and(c) �(xk + �mk�1�k; rk)� �(xk; rk) > �mk�1�hr�(xk; rk); �ki.Step 6 Set xk+1 = xk + �k�k.Step 7 If k < MIT, replace k by k + 1, and go to Step 4; Else go to Step 8.Step 8 Store xk as x� and go to the next step.Comment: End of the minimization phase.Step 9 Test whether x� is the optimum solution of the original problem.If x� is found to be optimum, terminate the process.Else go to the next step.Step 10 Set rn+1 = c rn, where c < 1.Step 11 Set n = n+ 1, take the new starting point as x0 = x� and go toStep 3.locating all the global minima of an objective function (Parsopoulos andVrahatis 2001). This involves setting a threshold, beyond which particlesof the population bearing lower function values are isolated. Followingthat, \Stretching" (Parsopoulos et al. 2001) or \Deation" is performed



6Table 1.2. The Stepsize Subprocedure1. If k = 0, set m0 = m�; Else set m0 = mk�1.2. If mk = m0 satis�es Relations (b) and (c) of Step 5 of the algorithm, stop.3. If mk = m0 satis�es (b) but not (c), replace m0 by m0 � 1, and go to Step 2.If mk = m0 satis�es (c) but not (b), replace m0 by m0 + 1, and go to Step 2.at this point in order to repel the rest of the swarm (population) frommoving toward it. Finally, a local search is performed in its neighbor-hood, thus detecting a local minimum. Applied to the function �(x; rk),the modi�ed PSO resulted in several local minima of the objective func-tion as well as the global one, which has been compared to the oneobtained by the Steepest Descent algorithm. The main aspects of thisalgorithm are shown in Table 1.3.Table 1.3. The Particle Swarm Optimizer for locating all the Global MinimaStep 1 Set a threshold " > 0 and the number of desired minima, N .Step 2 Initialize randomly the population, velocities and the parameters ofPSO. Let L = ; be the set of found minima. Set the value of themaximum number of iterations, MIT, and a counter IT = 0.Step 3 While (card(L) 6= N) and (IT < MIT ) DoStep 4 Set IT = IT+ 1 and update PSO's inertia weight. Find the bestparticle of the swarm, xbest.Step 6 If �(xbest; r) 6 ", isolate xbest and perform constrained local searcharound it. Add the solution found by the local search at the set Land add a new, randomly chosen, particle into the swarm. ApplyDeation or Stretching at the point xbest (see formulas below).Step 7 End WhileStep 8 Print all elements of the set L and other parameters.According to the \Deation" technique, a new function �(x;r)jjx�xbestjj issubstituted for the the original objective function �(x; r), where xbest isan isolated particle of the swarm. \Stretching" is a recently proposed



Searching for the Optimal Defence Expenditure 7technique (Parsopoulos et al. 2001) and it is consisted of a two{stagestransformation of the original objective function. Thus, instead of min-imising the function �(x; r), another function, H(x; r), which is givenby the formulas below, is minimised:G(x; r)=�(x; r) + 12 kx� xbestk �sign(�(x; r)� �(xbest; r)) + 1�;H(x; r)=G(x; r) + 22 sign��(x; r)� �(xbest; r))�+ 1tanh��(G(x; r)�G(xbest; r))� ;where 1 = 104, 2 = 1, and � = 10�10.4. The ModelThe constraint structure we use for the optimisation procedure isa small, highly aggregated model of seven equations representing theeconomies of Greece and Cyprus. The model is based on previous re-search on the topic (Stavrinos and Zombanakis 1998), placing emphasison the defence expenditure side, while variables expressing the Turkishside are taken as exogenous. The majority of the variables are expressedin terms of GDP percentages aiming at concentrating on the growthe�ects of the priorities assigned to defence policy. Such e�ects becamemore pronounced in cases like the Turkish invasion in Cyprus in 1974and the Greek{Turkish crises in 1982 and 1987. As a �rst step, all thevariables in the stochastic equations have been expressed in natural logsand tested for integration.The demand for defence expenditure for each of the two allies is rep-resented as follows:GDEFCRS= f(GGDPCS;GNDEFCRS;GBOP;DRDL;RS;TDEFCRS); (2)CDEFCRS= f(CGDPCS;CNDEFCRS;CBOP;USDCP;RS;TDEFCRS); (3)where GDEFCRS and CDEFCRS are the corresponding GDP shares ofdefence expenditure for the two allies. Military expenditure is usuallyreported in current prices in local currency terms. For most purposesof economic analysis, however, it is the share of military expenditure toGDP { the military burden { that is of most interest because it reectsthe relative priority given by the state to military demands and becauseit measures the relative burden or resource costs1. Its calculation doesnot depend on the choice of a speci�c price index, since it is the ratio oftwo measures in current domestic currency. It is a pure number that canbe compared over time and across countries and it is by now extensivelyused in empirical investigations. There is, however, caution expressedin the literature in that measuring the military spending and the other



8variables in the model as shares or proportions of GDP, can be mislead-ing and may introduce biases in the measurement of certain coe�cients(Chan 1985). GGDPCS and CGDPCS is the Greek and Cypriot GDPat constant prices respectively, GNDEFCRS and CNDEFCRS representthe share of non{defence expenditure for the two countries, GBOP andCBOP represent the Greek and Cypriot balance{of{payments de�cits,while DRDL and USDCP stand for the two countries respective cur-rency rates against the US dollar. Notice that the price variable is notincluded in these functions, due to the lack of import substitution in thetwo countries, a problem which renders the demand for defence equip-ment almost completely price inelastic. The threat variable in both casesis TDEFCRS , which represents the Turkish GDP share of defence ex-penditure. Finally, special attention should be drawn to the spillovervariable: One might be tempted to argue that a suitable spillover vari-able would be the military burden of the NATO countries except Greeceand Turkey. We feel, however, that since our aim is to concentrate onthe Greek{Cypriot alliance as this is expressed through the IntegratedDefence Doctrine, what is required is an alternative measure tailored to�t this particular case. We have chosen, therefore to use a measure ofrelative security as a result of the two countries' alliance. This is appli-cable to cases in which the role of the substantial di�erence in humanresources endowments between the two sides involved in an arms race isdecisive (Andreou and Zombanakis 2001). The measure of this relativesecurity coe�cient is given by:RS = exp(x); (4)where x stands for the ratio of the di�erence between the Greek andCypriot population rates of change over the corresponding Turkish �g-ure, as follows: x = _pG � _pC_pT : (5)On the basis of Eqs. 4 and 5 one may be tempted to argue that the idealalliance target for a balance between the two sides concerning securitywould be a value of RS = 2:718, once x assumes the value of unity. Un-der the circumstances, however, this is a prohibitive restriction, meaningthat the applied side of the matter calls for a more realistic constraint.It must be borne in mind, however, that this relative security coe�cientcomposed of the population characteristics of the two sides involved in anarms race includes a bit more than what meets the eye: In fact, the roleof the population rates of increase in the RS is not only associated withthe increased manpower in the armed forces, a development which �ndsitself, anyway, in direct conict with the concept of modern warfare. Itis also linked with the continuous and pressing demands of Turkey for



Searching for the Optimal Defence Expenditure 9increase of its vital space justi�ed by the population explosion in thecountry.The GDP in the two countries is taken to be determined by a be-havioural equation given that emphasis has been placed on the devel-opments of the GDP as this is a�ected by a number of variables whichare leading determinants of the demand for defence expenditure. Eqs. 6and 7 describe growth in the two allied countries in terms of its mainingredients: accumulation of physical capital GTIS and CTIS , non{defence expenditure, net imports of goods and services as an indicationof the external constraint imposed on the growth rate of the economy.Finally, the drachma exchange rate is included given that it has beena very popular policy instrument for the period under study. Thus theGDP in both countries is taken as determined as follows:GGDPCS= f(GNDEFCRS;GTIS;GBOP;DRDL); (6)CGDPCS= f(CNDEFCRS;CTIS;GBOP;USDCP); (7)where GTIS and CTIS stand for the GDP shares of total investmentexpenditure in Greece and Cyprus. It must be borne in mind that giventhe trade{o� between non{defence and defence expenditure, the lattercan be thought of as implicitly introduced in these functions to accountfor the direct e�ects of military spending on growth in the form of spin{o�s, be it favourable or adverse (Hartley and Sandler 1995)2.Since special attention has been awarded to the role of human re-sources in the arms race between the two sides, we have chosen to devotea behavioural equation to describe population developments in each ofthe two allies3. Thus, the Greek and Cypriot populations are taken tobehave as follows:GPOP= f(GGDPCS;GDEFCRS;GNDEFCRS;GCPIDR); (8)CPOP= f(CGDPCS;CDEFCRS;CNDEFCRS;CCPICP); (9)where GCPIDR and CCPICP are the Greek and Cypriot consumer priceindices.Eqs. 2 to 9 including the identity describing the relative security mea-sure for the two allies make up the constraint structure under which theoptimisation exercise will be undertaken.All series have been found to be I(1), that is, stationary in their �rstdi�erences, on the basis of the ADF test, while the estimation periodundertaken ranges between 1960 and 2000. The short{run estimateslisted below compose an error{correction model, with all coe�cientsbearing the expected signs and being signi�cant to a 1% or 5% levelwhile the explanatory power of all six equations is satisfactory. Due tothe length of the estimation period a small number of dummy variables



10has been used to tackle the e�ects of important exogenous disturbances,usually of political or social nature, introducing structural changes in theeconomy. All variables are expressed in terms of �rst di�erences and theRES terms indicating the residual item of the corresponding long{runversion of each equation:GGDPCS=0:022 + 0:100 log(GNDEFCRS(�1)) + 0:235 log(GTIS)�� 0:056 log(GBOP(�4))� 0:062 log(DRDL) ++ 0:476 log(GGDPCS(�1))� 0:048RES(�1)�� 0:047DGGDP+ 0:048DDIC; (10)GDEFCRS=� 0:029 � 4:872 log(GNDEFCRS) + 0:354 log(GGDPCS(-2)) ++ 0:547 log(DRDL)� 0:295 log(GBOP(�1))�� 0:010 log(RS(�1)) + 0:112 log(TDEFCRS)�� 0:147RES(�1) + 0:086DGDEF; (11)GPOP=0:001 + 0:026 log(GGDPPC) + 0:012 log(GNDEFCRS)�� 0:0003 log(GCPIDR(�2))� 0:005 log(GDEFCRS(�3))�� 0:113RES(�1) + 0:635 log(GPOP(�1)) + 0:006DGDEMO; (12)CGDPCS=0:052 + 0:227 log(CNDEFCRS)� 0:515 log(CBOP) ++ 0:250 log(USDCP)� 0:164RES(�1) + 0:130DCGDP; (13)CDEFCRS=0:024 � 16:595 log(CNDEFCRS) + 0:372 log(CGDPCS(�3))�� 0:455 log(USDCP)� 0:367 log(CBOP(�1))�� 0:014 log(RS(�2)) + 0:418 log(TDEFCRS)�� 0:704RES(�1) + 0:210DCDEF; (14)CPOP=� 0:004 + 0:065 log(CGDPPC(�2)) + 0:055 log(CNDEFCRS(�4))�� 0:016 log(CCPICP)� 0:382RES(�1) + 0:031DCINV++ 0:004TIME� 0:118DCDEMO; (15)RS=exp �� log(GPOP)� log(GPOP(�1))�� � log(CPOP)�� log(CPOP(�1))�� � � log(TPOP)� log(TPOP(�1))�!: (16)The description of the historical data on the basis of the model seemsto be quite satisfactory following a dynamic simulation. Given this setof equations as a constraint structure, the optimization problem is for-mulated by requiring the minimization of the squared deviations of the



Searching for the Optimal Defence Expenditure 11endogenous variables from their respective targets as these are set inthe context of a number of scenarios. The policy instruments used arethe GDP shares of defence expenditure in the two allied countries, whileall targets have been assigned equal weights. Despite the fact that theimportance assigned to each of these endogenous variables may di�erdepending on each policy{maker's hierarchy ordering and priorities, wehave decided to assign equal weights to all seven of them aiming at deal-ing with the optimal control problem in its most generalized version.While the equations above have been estimated for the period between1960 and 2000, the optimization exercise concentrates on the last elevenyears, namely 1990 to 2000, in order to avoid the adverse repercussionsof a large number of structural reforms, both economic and political,a�ecting Greece and Cyprus during the previous three decades.5. Policy ConsiderationsThe analysis which follows is based on prior work on this issue (An-dreou and Zombanakis 2000) which points out that the importance ofhuman resources in the arms race between Greece and Turkey mustbe acknowledged. This means that there are three possible strategieswhich may be followed concerning the emphasis placed on resources:Two strategies emphasising on just human or property resources aloneand a third one, using both property and human resources simultane-ously. Emphasis on human resources is described by setting the Greekpopulation rate to increase by about 1.5% to 2%, and the correspondingCypriot �gure to remain close to zero. This di�erence in the popula-tion growth rates of the two allies will thus be equal to the Turkishpopulation growth rate, keeping the two conicting sides in a balanceaccording to the relative security criterion RS, a very ambitious tar-get indeed! Emphasis on property resources, in its turn is expressed bysetting the GDP growth rates of the two allies to 5%. All three strate-gies must then be compared to a neutral, \reference" strategy in thesense that it does not stress the importance of either property or humanresources. Each of these strategies, in its turn, involves four possible sce-narios as it is usually the case in a typical arms race examined via gametheory, or in the context of the \prisoner's dilemma" (Majeski 1994).We assign, therefore, increasing or decreasing future values to the GDPshares of defence expenditure of Greece and Cyprus on one hand andTurkey on another4, thus referring to the following four scenarios, withthe terms \reduction" and \escalation" suggesting a respective decreaseor increase of the GDP share of defence expenditure of the country orcountries involved: 1 (Both sides escalate), 2 (Greece and Cyprus esca-



12late and Turkey reduces), 3 (Turkey escalates and Greece and Cyprusreduce) and 4 (Both sides reduce).5.1. Arms Race: Both Sides Escalate(Scenario 1)It seems that for the decade under consideration, the average optimalGreek and Cypriot GDP share of defence expenditure in the context ofthe arms race between Greece and Turkey stands to about 3.5%. Thisis a very reasonable �gure to a large extent comparable with the corre-sponding �gures of most EU and NATO members. The fact remains,however, that this �gure for the two allies reaches as high as 6.0% to6.5% in certain cases, depending on the time pro�le of their armamentprogrammes. It is interesting to point out, however, that the optimaldefence expenditure �gure as a percentage of GDP is remarkably sta-ble on the average at about 3.4% to 3.6% for both allies, irrespectiveof strategies chosen. However, the average alliance relative security, asthis is measured by RS, for the period under consideration obtains itshighest optimal value when preponderance of human resources alone isassumed. This means that maximising the GDP share of defence expen-diture alone, by itself, is not the only recipe to security maximisation,especially in the case of the Greek{Turkish arms race, in which the roleof human resources is leading.The deviations of the optimal values derived by the algorithm fromtheir respective actual observations are a further interesting point to ob-serve, aiming at pointing out the resources devoted to defence over andabove what the constrained optimisation procedure indicates: These de-viations may be regarded, in other words, as the cost su�ered as a resultof the arms race in which Greece and Cyprus are involved against Turkey.The �rst point to make concerns the main issue, which is the GDP sharesof defence expenditure for the two allies. It seems that the Greek econ-omy exceeds the optimal defence burden by about 25% on the averageirrespective of the strategy followed. The excess defence expenditurewith respect to the suggested optimal in the Greek case reaches close to30% on the average for the period under review, when emphasis is placedon property resources. This is to a large extent, expected since it reectsthe high cost of transforming the defence mechanism from a manpower{intensive complex to a defence mechanism focusing on small{numberede�cient forces armed with very expensive modern equipment, given theconstraint imposed by the Greek economy. On the contrary, average de-fence overspending is slightly higher than 10% in the case of Cyprus, forall strategies involved, indicating that the Cypriot GDP share of defence



Searching for the Optimal Defence Expenditure 13spending is close to its optimal level. The extent to which this is a policyoption or, instead, a result of a supply constraint remains to be seen as amatter of further research. It is important to concentrate, �nally on thesecurity level as this is measured by RS and attained by employing var-ious strategies, in the context of the arms race scenario: To begin with,it seems that in all cases and as a result of defence overspending, theaverage actual security performance considerably exceeds the optimal.This �nding also suggests that in the context of the ongoing arms race,the optimal security level required for the alliance leaves a great deal tobe desired if emphasis were placed on property, rather than human re-sources. In fact, given the heavy structural reform cost of transformingthe forces of the alliance into e�cient, small{scale, well{equipped unitson one hand, and the constraint of the alliance economies on the other,the average optimal security performance of the alliance deviates fromthe corresponding actual �gure considerably. This deviation may beconsiderably restricted if the strategy concentrates on human resources,which, however, happens to be the strong point of the Turkish side (Andreou and Zombanakis 2001). Bearing, therefore, these considera-tions in mind, we feel that property resources must be awarded specialattention despite the cost involved, simply because Greece and Cyprusare expected to su�er a considerable disadvantage in the �eld of humanresources in the long run.5.2. O�ensive Alliance Tactics: Greece andCyprus Escalate while Turkey Reduces(Scenario 2)This scenario assumes o�ensive tactics from the part of the alliance,this driving the relative security factor RS to considerably higher levelscompared to the arms{race scenario previously analysed, particularly ifemphasis is placed on property resources, while the average optimal GDPshare of defence expenditure barely exceeds 3.5% for both allies. It ismost interesting to observe with reference to the policy considerations,as these are derived on the basis of the \reference" strategy, that theoptimal values derived for both the relative security factor and the GDPshares of defence expenditure for the two allies are identical to thosederived according to the fourth scenario of mutual disarmament by boththe allies and Turkey which we shall consider below. This means thatthe reduction of defence expenditure by the Turkish side is the decisiveelement that a�ects the decision of the allied side concerning its militaryspending and, consequently, the performance of the model in terms of



14optimal values. On the contrary, the extent to which the Allies will moveto disarmament policies or not plays no role whatsoever.In cases of o�ensive tactics from the part of the alliance while, inparallel Turkey reduces its defence expenditure, the average optimaldeviations from their corresponding actual for Greece are all of the or-der between 26% and 28%, indicating no substantial di�erence betweenstrategies in the case of Greece while the corresponding Cypriot �guresrange between 12% and 17%. Turning, �nally, to the relative securitymeasure, and given the reducing policy of the Turkish side, the optimalrelative security measure when preponderance is awarded to property re-sources is considerably close to the actual level attained by the alliance,a result more or less expected as shifting to property rather than humanresources seems to be part of the modern warfare strategy in view of theconsiderable decline in the Greek population rate, a feature of a largenumber of modern advanced economies. Attaining this speci�c target byplacing emphasis on property resources is facilitated by the concurrentdefence{reducing policy from the part of Turkey.5.3. Defensive Alliance Tactics: Greece andCyprus Reduce while Turkey Escalates(Scenario 3)As it is expected, the relative security factor is lower in this casecompared to the scenario previously analysed, as a result of the defenceexpenditure reduction from the part of the alliance in parallel to theo�ensive Turkish tactics. The average GDP shares of defence expendi-ture which are suggested as optimal, however, are remarkably �xed toabout 3.5% for both allies, with maximum �gures not exceeding 6.5%for Greece and about 6.0% for Cyprus. This simply means that as longas Turkey follows o�ensive defence policies, the two allies do not haveany room for defence expenditures reduction. It seems, indeed, that themobilisation of both categories of resources still does not seem to con-tribute to better defence performance, this meaning that the economiesare already close to their optimal defence expenditure levels.The outstanding role of Turkey in its arms race against Greece andCyprus is shown very clearly in the context of this scenario, as it has beenthe case in scenario 2: Indeed, resorting once more to the \reference"strategy which reects reality clearer than any of the others, since it isrelieved of any form of emphasis on either resource category, one canobserve that the optimal values suggested for the GDP shares of defenceexpenditure of both allies, as well as for the relative security factor RSare identical to those derived in the case of the �rst scenario, according



Searching for the Optimal Defence Expenditure 15to which both sides escalate. It is evident, therefore, once again that therole of Turkey in the arms race against Greece and Cyprus is to dictatethe intensity of this race, leaving the opposite side no room to mitigatethis inuence.Concerning deviations between actual and optimal values, the esca-lation of the Turkish defence activity accompanied by reducing tacticsfrom the part of the alliance seems to lead to attaining optimal Greek de-fence expenditure �gures which are inferior to the corresponding actualby about 23% to 27% on the average. The lowest deviation is observed incases in which no particular emphasis is placed on either human or prop-erty resources, an outcome that seems natural considering the context ofthis scenario. The corresponding Cypriot �gures, however, appear quitelow, lower than 10% in certain cases, indicating that the GDP defenceexpenditure is possibly close to what the economy can take. As a resultof the policy followed by the two allies, the superiority of the use ofproperty resources is obvious in this case as well, in which the optimalvalue attained falls short with respect to the actual RS by only 23%against 40% to 50% of the remaining strategies tested.5.4. Mutual Disarmament Agreement: BothSides Reduce(Scenario 4)No matter how unrealistic this scenario appears, one must considerit for the sake of a complete analysis. It seems natural that divertingresources away from defence expenditure to alternative, non{defence ac-tivities reduces the optimal values suggested by the algorithm for certainobservations, even if the average optimal GDP shares of defence expen-diture remain close to 3.5% for both allies. In fact, this is the onlyscenario examined thus far in which placing emphasis on both propertyand human resources allows the Greek economy to restrict the maximumannual defence burden up to 5.5% instead of 6.5% which has been thecase thus far. This should be regarded as a blessing given the absenceof a Turkish threat, since it suggests that the economy is allowed topursue its defence programme, with fewer resources devoted to it, as itis stated by assumption. This, of course, allows for a considerable peacedividend for the Greek economy. Unfortunately, this does not seem tobe the case for Cyprus which, even in this case, it is compelled to de-vote to defence spending shares as high as 6.0% of its GDP. It is �nallycomforting to observe that, in an environment of mutual disarmamentpolicies from the part of Greece and Cyprus on one hand and Turkey onthe other, the relative security factor between the two allies can reach



16rather high values on certain occasions, particularly if property resourcesare mobilised.From the point of view of deviations between actual and optimal val-ues, the mutual reduction scenario appears to be the least costly, for theGreek side at least, when emphasis is placed on human resources, in thecase of which the optimal value of the GDP share of defence expenditureis by about 22% lower than the corresponding actual. This being theleast demanding scenario, since it involves mutual disarmament policiesfrom both the allies and Turkey, does not require expensive, property{resource tactics to face an arms race. It is considered, therefore, reason-able that it points towards human resources as the least costly solution.Cyprus, on the other hand, seems to be indi�erent in this case, betweenshifting to property or human resources, with the corresponding averagedeviations being of the order of about 11%. Despite this \preference" to-wards human resources in the context of a mutual disarmament scenario,it appears that the relative security is best attained when emphasis isgiven to property resources, an expensive but e�cient and competitivestrategy.6. ConclusionsThe analysis presented thus far leads to the following interesting con-clusions:1 Both the Greek and the Cypriot economies are compelled to de-vote a substantial percentage of their GDP to defence expenditure,about twice as high as the corresponding GDP share in most EUor NATO countries, in the context of all scenaria and strategiestested. This excessive spending measures the cost su�ered by thealliance members due to the Greek{Turkish arms race and may betaken to approximate the peace dividend involved. An immediateconsequence of excessive defence expenditure, is that the relativesecurity coe�cient describing the alliance security status versusTurkey is much higher compared to its optimal values.2 The optimal values proposed by the algorithm are exclusively de-termined by the policy followed by Turkey, irrespective of the re-action from the part of Greece and Cyprus, a �nding that con�rmsthe leading role of Turkey in this arms race and supports the con-clusions of earlier work on this issue.3 Placing emphasis on property resources seems to yield optimal val-ues which are closer to the actual ones. This �nding leads to theconclusion that preponderance of property resources over human
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