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Introduction

In 2012, the European Union, EU, was awarded tHeeNBrize for Peace. With the deep remorse of
the World Wars | and Il, the European countriesehattempted to remove the walls of countries,
with the final purpose of integrating themselvet® ilmne society. So far, economic integration
appears to have been advanced, as represented ioyrdduction of Euro. The political integration,
such as unification of armed forces may be attethiptéater stage.

Fukiharu [2011] examined the strategy of Europeauimties, utilizing general equilibrium theory.
He constructed a primitive two-region framework, which two regions commonly face the
destruction by intruders. Each region has civilamd military goods, providing governmental
services including regional defense as a publiadgedile the members, consisting of households
and firms, pay the provision cost of public goodtémms of Lindahl mechanism (taxation). In
examining the process to the formation of a natf@considered 2 types of the process. The first
type first adopts the economic integration: thestarction of national market of the consumption
good, later adopting the political integration: tanstruction of national armed force. The second
type first adopts the political integration, lasetopting economic integration. Utilizing a simubeti
approach in terms of general equilibrium theoryshewed that in the first type the transition from
the isolated regions to the economic integratidAdassto improving, and the transition further te th
political integration is also Pareto improving. Medile, he showed that in the second type the
transition from the isolated regions to the pddtimtegration is Pareto improving, and the traosit

further to the economic integrationnst Pareto improving. Utilizing this result, he asedrthat the



strategy introduced by EU is reasonable.
The aim of this paper is to extend the two-regiamiework to the three-region framework, since as
the model structure becomes sophisticated, thert@mgssesometimes is not guaranteed. This
phenomenon is well-known for economists. For instarin the two-commodity case, the global
stability for the market prices is guaranteed, ainil the three-commodity cade the assertion is not
guaranteed (Arrow and Hahn [1971]). In this extensthe amendment of insufficient analysis in
Fukiharu [2011] is also attempted.
In this paper, in Section 1, the isolated threeereggeneral equilibrium model with Lindahl
mechanism is constructed. In Section 2, the ecamdntegration of commodity good without
political integration is examined in the same ecoitomodel. In Section 3, the political integration
without economic integration is examined in the sagoonomic model. Finally, in Section 4, the
case of economic integration and political inteigrais examined in the same economic model.
Comparing the utility variation of the society mesndy it is concluded if the assertion in the
two-region framework is guaranteed in the thregareframework.

In the present paper, the computation of simulat@nthe two-region case is done in Fukiharu
[2014a], and the one for the three-region casern®dn Fukiharu [2014b].

1. Regionsunder |solated Defense

When the two neighboring regions, A and B are he#bi each other, the existence of armed force
in each region implies the “external diseconomy&&zh other. When one region’s, say Region A’s,
armed force increases it reduces Region B's ouifthipugh it raises the utility level of the Region
A's household and vice versa. This aspect wasrightin Fukiharu [2005]. In the present paper,
there are three neighboring regions, A, B, andsSumed to face the same hostile intruder. In this
case, the raised armed force in each region ragsesvn output, by offsetting the intruder’'s assaul
on their territories, while raising the utility ¢fieir own households. Thus, the armed force as the
“public good” is featured in this paper. When tipaiblic good” aspect of armed force is considered
as in this paper, its optimal level may be attaibgd.indahl mechanism. We start with the analysis
in Region A.

Region A

Population in Region A,qa, is assumed to be 100. Region A faces the hastiigder X. Region A
must offset the effect of attack by intruder X. kditit the counterattack by Region A, the intruder X
invades freely into the Region A, destroying thedurction facilities there. With the increase of the

armed force in Region A, the invasion by the inérud could be reduced, thus, raising output for



Region A. There are two industries in Region A. Tistry 1 is the civilian good industry, which
is owned by the households, producing the civijand,x.a, hiring labor l:s, where output depends
on the level of armed forcd,. Production functionfya [lca, da], is assumed to be of the following

Cobb-Douglas type.
Xea =f1a [lea, Oa]= lea A da™2A aatopa<l 1)
The industry 2 is the military good industry, whistowned by the Region A’s government,

producing the military goodn,, utilizing civilian good Xma, and labor|ma. Production functionfza

[Xmas Imal, 1S @assumed to be of the following Cobb-Dougigset
Ma = f2a [Xma, Imal= X" e Bitp<1 (2)
It is assumed thdts does not depend aha.

Region A's level of armed forcd,, consists of military goodn,, and military personnelia.

This relation is defined by the following defensadtion.

da= faa [Ma, VA
The government provides the level of armed fodg®,by the minimum cost principle subjectds’
= faa [Ma, Va] Where the price of civilian good g4 and the wage rate ¥ on the assumption that
the military personnel are provided with the casliwage rate. Thus, givel’, the government
computes the demand for civilian goaq,,\D, the demand for IabokmAD, and the demand for
military personnely,”, givenpe andw, by solving

MiNPea XmatW(ImatVa)  Subject to (2) anda’= faa [Ma, Val.

In this section, suppose that the defense funddispecified by the CES (Constant Elasticity of
Substitution) type:

fan [Ma, Vo] = (Ma"+ v ) ™, n=1, 1= —=1/2. (3)
Furthermore, other parameters are stipulated by

a1a=0a=1/3, B1=P=1/2. (4)



All Volunteer Armed Force System in Region A

Military industry in Region A

Military Industry is assumed to employ the militgpgrsonnel at the wage rate The demand
functions, fm", lma”, Va°}, are analytically computed by a simple Lagrangiaethod withpea, W,
andd,’ parameters. Utilizing these demand functions,nirdmum cost function for providing the

region A's level of armed forcd,’, cd[d,”], is analytically derived withp., andw parameters.

Civilian Industry in Region A

Next, we examine the public good aspect of arnoecef The service of armed force raises output
of consumption good by offsetting the damage frawasion. It also raises the utility level of
household. Thus, it has the property of public gdacdahl mechanism has been known to achieve
the optimum provision of public good. In this meclsan, the government announces arbitrary
shares of burden for providing public good to eaxamber of the society. Each member replies with
the desired level of armed force. There is no guagathat those replied levels of armed force are
the same. If they are not the same, the governarembunces different shares of burden to each
member. Each member, then, replies with the de$inesl of armed force. If they are not the same
again, the government announces different sharesuadfen to each member. Continuing this
process, the government searches for the consehtus level of armed force among the members.
The consumption good industry also shares the buofi&eeping the armed force. Suppose that
is the share of burden for the consumption goodistrig. The behavior of the industry is the

following profit maximization.
Max7wea= Poa Xea—Wlea —tia CA[dp].

From this maximization, demand function for Iabgz('?, the demand function for the armed force,
din®, and supply functionx.s>, are analytically derived withes, W, andti, parameters. The resulting
(expected) maximum profitres, IS computed withpes, W, and ta parameters. This profit is
distributed to the household in Region A.

Aggregate Household in Region A
The last agent is the (aggregate) household. Asitraditional approach, it maximizes utility

subject to income constraint. Utility function issamed to be of the following Cobb-Douglas type.

U=Ua[Xca, da]= XcAylA dAy2A y1atyoa =1.



The government hears the desired level of armext fivtom the household, by presenting the share

of burden for the household s=1-t;a. The household's behavior is formulated as in vidiktws.

MaxUa[Xea, da]  S.t.Pea Xea +(1—tsa)Cd[da]=WLoatTica

In this paper, the household has no choice betweeking at civilian industry or military industry,
enjoying leisure hours, and volunteering for thditery personnel. In a sense, the fixed number of
enjoyable leisure hours is subtracted from thdainholding of leisure hours. The numbers (or
hours) of volunteers required for the armed foneé eequired workers at the military industry are
computed by the government and a part of the haldehust serve in the armed force or work at
the military industry, with the military wage padd the civilian wage ratay. Thus, giverpe, w and

tta, the household expresses its desired armed fproeeeding to the government’ role in which
government computes the number (hours) of requiiitary personnel and the one of workers at
the military industry by the minimum cost principlend a part of the household must serve in the
armed force or work at the military industry. Them@ining workers (or working hours) are
employed at the civilian industry.

For the purpose of simulation, in this section apaeters are stipulated.

Y1a=y2a =1/2. 5)

From this maximization, the demand function for somption goodxchAD, and the demand function

for the armed forcedhAD, are derived witlp.a, w, andt;, parameters.

General Equilibrium with Lindahl-Walras M echanism in Region A

So far we derived demand and supply functions pgthw, andt;, parameters. Since the service of
defense is a public good, the Region A’s governroanhot provide the servicedf,” andd” are
different from each other. Lindahl [1919] assetteat the equality of,.° andd;,” is possible by the

proper selection dfa. Thus, the Lindahl mechanism selects/31, which satisfies

Oha” = dia"=da.

The selection ofta, however, must be done jointly wigh, andw, since in order to compute the
minimum cost for providingla, prices p.a andw, must be known beforehand. Thpg, w, andta
as well agly must be determined in the context of general dajitim. This extended Lindahl
mechanism is named the Lindahl-Walras mechanisiio;Wrmechanism, in this paper.

The consumption good market is in equilibrium & flollowing equation holds.



Xen® = Xrn” + Xena_ -
Labor market is in equilibrium if the following egtion holds.
LOA = |mAD + VAD + |CAD.

In the computation of general equilibrium with Latd mechanism, da*, tia*, da*}, the Newton
method is utilized with the normalizationwE1. The Newton method computggA*, ta*, da*} as
in what follows.

Pea* =5.18048 t4*=0.272514, da* =103.148 (6)

Alternatively, {pea*, tia*, da*}, the solution for the L-W mechanism, can be carnga by the
following differential equations, whesais time.

Al SI/AS= Xina® + Xenal — Xea®
dta[sl/ds= dha” — da” (7)

dda[s]/ds =Loa (I mAD + VAD + |cAD)

The solution in (6) is derived by the Newton methath the proper selection of initial values. This
selection is not easy when the number of variabéeomes large. This difficulty can be reduced if
we compute the trajectories of variables on th&edihtial equations in (7) starting from arbitrary
initial values, selecting the values of the trajeiels whens is large as the initial values for the
Newton method.

The eigenvalues of the Jacobian matrix of (7) pa(é, —830.233, —3.96109, and —0.790576. Thus,
(5) is locally stable. Indeed, the trajectorydgfis| on (7) is depicted in Fig.1.
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Fig.1: Trajectory of da[g]

The “all volunteer army” utility level of the (agggate) household at (5),* is computed as in

what follows.
ua*= 34.9997. (8)
Region B

Population in Region B, g, is assumed to be 200. Region B also faces théehimgruder X.
Region B must offset the effect of attack by ingu. Without the counterattack by Region B, the
intruder X invades freely into the Region B. Wittetincrease of the armed force in Region B, the
invasion by the intruder X could be reduced, thaising output for Region B. There are two
industries in Region B. The industry 1 is the ¢arlgood industry, which is owned by the
households, producing the civilian goagh, hiring labor,s, where output depends on the level of

18 45"?® is assumed to be of the

armed forcegs. Production functionxeg = f1g [lcs, ds]= Ies
Cobb-Douglass type. In this section, the same petemsifor production functions are specified as in
Region A: i.ea;p=a,=1/3. The industry 2 is the military good indust#ich is owned by the

Region B's government, producing the military gawoglutilizing civilian good Xmnc1s, and labor|g.
Production functionmg = fog [Xme, Ims] = Xme" " I’ is assumed to be of the Cobb-Douglas type with
the same parameter as in Region A:f;&p,=1/2. It is assumed thatg = f25 [Xms, Img] dOes not
depend ords. Region B's level of armed force (or “defenselg), consists of military goodyg, and
military personnelyg, with definition,dg = f3g [mg, Vg], is assumed to be of the CES type, whose
functional form is exactly the same as in Region@éfs [Mg, Vg] = (Mg + V) =1, 1= —1/2.

The government provides the level of the armedefdmg the minimum cost principle in exactly the
same as in Region A, withreplaced by where the price of civilian good [ and the wage rate
isw, on the assumption that military personnel areiges with the civilian wage rate. Thus, given
dg’, the government computes the demand for civiliaodgx,s”, the demand for labolks®, and

the demand for military personnek’, givenpe andw, in exactly the same way as in Region A with
A replaced byB. From the profit maximization, civilian industrindustry 1)'s demand function for
Iabor,IcBD, its demand function for the armed fordg,D, and its supply functiorchS, are derived

with pes, W, andtg parameters. (Aggregate) household in Region Bssmasd to have the same

utility function as in Region A: i.ei=Ug[Xe, dg]= X&'*& dg’*® with y15=y,5 =1/2. From the utility
maximization subject to income constraint, housgsalemand function for consumption good,
xchBD, and the demand function for the armed fod;g?, are derived wittpg, W, andt parameters.

In Region B, under the L-W mechanism, the geregallibrium, {p;s*, tis *, dg*} are derived by



the Newton method as in what follows.
Pe*=6.52594 tz *=0.270461,d5*=201.196 9)

Alternatively, {pes*, ts *, dg*} can be computed by the differential equationse®igenvalues of
the Jacobian matrix of differential equations &)(@re, —1628.61, —4.95056, and —0.806864. Thus,
the L-W mechanism in terms of differential equasiaslocally stable.

The “all volunteer army™ utility level of the (agegate) household at (9g*, is computed as in
what follows.

Ug*= 61.5186. (10)
Region C

Population in Region Q,qc, is assumed to be 300. Region C also faces thigehiosruder X. In this
section, exactly the same assumptions are madeefgion C. Thus, exactly the same explanation
applies with B replaced by C: ixec = fic [lec, do]= lec “€ de™Cwith oc=ac=1/3, Me = foc [Xme,

lmc] = X I with Bi=B=1/2, dc = fac [Mc, Vo] = (mc ™ + v ™) ™" with n=1, 1= —1/2, and
u=Uc[Xec, de]= xec™© d? with yyc=pac =1/2.

In Region C, under the L-W mechanism, the generailierium, {p;s*, ts *, dg*} are derived by
the Newton method as in what follows.

Pec*=7.46917 t;c *=0.269332,d:*=297.721 (11)

Alternatively, {pes*, ts *, dg*} can be computed by the differential equationse®igenvalues of
the Jacobian matrix of differential equations af) @re, —2417.87, —5.63905, and —0.816166. Thus,
the L-W mechanism in terms of differential equasiasmlocally stable.

The “all volunteer army” utility level of the (agggate) household at (11k*, is computed as in
what follows.

Uc*= 85.6152. (12)

2. Defense Integration (without Market Integration) of RegionsA, B,
and C

In this section, the defense integration amonglhee regions is examined, where the civilian



industries operate in each region, with outputsoared only in their own regions, so that there is
no national market for the civilian good. It is as®d, however, that labors freely migrate among
the regions. There is populationlght+ Lgg + Loc in this integration. Production functions of the
civilian industries are the same between the treg®ons. Production function of the military
industry is also the same between the three regibissassumed th&t does not depend a@has
before. In this integration, the level of armedcid, is a function of military goods and personnel
as stipulated in (3).

The defense integration in this section does nptyirthhe formation of a nation in the sense that
civilian goods produced by each region are consuonédin each region, so that the civilian good’s
price may be different across the regions.f.gbe the price of civilian goods in region A, whig
andpcc are the prices of civilian goods in Regions B @ndespectively. Sincepa< Log < Loc IS
assumedpea < pee < pcc May well happen. Indeed, when there is no defernisgration among the
three regions, the price in Region A is the smgllesshown in the previous section. In what foow

the integrated military industry is assumed todéyadithat the price inequality holds.

Military Industry in the Defense | ntegr ation

The allied government provides the level of theexdrforce by the minimum cost principle where
the price of civilian good ip.a and the wage ratevs on the assumption that the military personnel
can be freely recruited from Regions A through @wie civilian wage rate. Thus, givef, the
government computes the demand for civilian gogd, the demand for labal,”, and the demand
for military personnely®, with p.x andw parameters, by the cost minimization. In thisisect
parameters are specified by (4). Utilizing thesmaled functions, the minimum cost function for

providing the coalition's level of armed foret’, cd[d ), is derived, withp.a andw parameters.

Civilian Industry in Region A under the Defense I ntegration
The consumption good industry in Region A also ebdne burden of keeping the armed force.
Suppose thdta is the share of burden for the consumption goddstry in Region A. The behavior

of the industry is the following profit maximizatio

MaX mtea= Pea Xea—Wlca — tea CA[Oral.

From this maximization, demand function for Iahgul’?, the demand function for the armed force,
din®, and supply functionx.s>, are analytically derived withes, W, andti, parameters. The resulting
(expected) maximum profitres, IS computed withpes, W, and tia parameters. This profit is

distributed to the household in region A.



Civilian Industry in Region B and C under the Defense | ntegration

The consumption good industry in Region B alsoeh#ne burden of keeping the armed force.
Suppose thdig is the share of burden for the consumption goddstry in Region B. The behavior
of the industry is the same profit maximizationrathe civilian industry in Region A. From this
maximization, demand function for IabegD, the demand function for the armed forutcg[,’, and
supply functionxg®, are analytically derived withe, W, andtg parameters. The resulting
(expected) maximum profig, is computed withpe, W, andtg parameters. This profit is
distributed to the household in Region B.
In exactly the same way, in Region C, civilian istty's demand function for labdgc°, the
demand function for the armed forck;°, and supply functiorx.c®, are analytically derived with
Pcc, W, andtic parameters. The resulting (expected) maximum prqff is computed witlp.c, w,

andtic parameters.

Household in Region A under the Defense I ntegration

The (aggregate) household in Region A maximizeégyusiubject to income constraint. Utility
function is assumed to be the same as in the gregedctions. The government asks the desired
level of armed force from the household, by praagrthe share of burden for the householt}as

The household's behavior is formulated as in whlsdws.
Max Ua[Xca, da]  S.t.Pea Xea HnaCd[da]=WLoat7ca

Thus, giverpea, W andtps, the household expresses its desired armed foncghich the
government computes the number (hours) of requiniéithry personnel and the one of workers at
the military industry by the minimum cost principnd a part of the household must serve in the
armed force or work at the military industry. Tleenaining workers (or working hours) are
employed at the civilian industry.

For the purpose of simulation, in this paper, peters are stipulated by (5). From this
maximization, demand function for consumption goqgi,D, and the demand function for the armed

force,dns?, is derived.

Household in Region B and C under the Defense Integration

The (aggregate) household in Region B maximizédisyusiubject to income constraint. Utility
function is assumed to be the same as in the pregections. The government asks the desired
level of armed force from the household, by praagrthe share of burden for the householtlgas
Thus, giverpe, W, andtyg, the household expresses its desired armed ferom this maximization,

demand function for consumption goang, and the demand function for the armed fong, is



derived.
In exactly the same way, giveg:, w, andt,c, the household in Region C expresses its desired
armed force. From this maximization, demand fumcfir consumption goodc>, and the demand

function for the armed forcech, is derived.

General Equilibrium with L-W Mechanism under the Defense I ntegration
So far, we have derived demand and supply functiotispea, Pes, Pec, W, tia, tig, tic, tha, the, and
the, as the parameters. In L-W mechanism, the coalgmvernment selects@a <1, < tg <1, 6

tic <1, O<tha <1, Kt <1, X the <1, tia + tg + tic Hpa + thg + the =1, Which guarantees
d°= di” = dha"= chc”=Cha”= che” = crc”

The selection oOfa, tis, tic, tha, the, andt,c, however, must be done jointly wigla, pes, Pec, W, Since
in order to compute the minimum cost for providehy prices;p., andw, must be known
beforehand. Thugga, Pes, Pec, W, tia, tig, tic, tha, the, andtyc, as well agl % must be determined in the
context of general equilibrium. The consumptiondjomarket is in equilibrium if the following

equation holds.

Xen® = XaDF Xepal . (Region A)
XcBS = XchBD- (Region B)
Xec = Xehe- (Region C)

Labor market is in equilibrium if the following egtion holds.
Loat+ Log+ Loc =lm P+ I+ leg” + 1c”

In the computation of general equilibrium with LiM&chanism, the Newton method is utilized with
the normalization ofv=1.This solution; Pca*©, pee* S, Pec* S, tia* ©, tieg* S, tic*©, tha* , tha* , the* S,

d %%} is computed as follows.

Pea*©=4.09439, pe*©=4.0792, poc*©=5.34527, t:,*°=0.078818, t*“=0.0783798,
tic* ©=0.11757 fna* ©=0.1373841,5* ©=0.23513945,c* ©=0.352709d% ©=636.44 (13)

Alternatively, the solution, (13), can be derivedtbe following differential equations.

dcalsl/ds= XmAD + XchAD —XcAS



dpcg[sl/ds= XchBD _XCBS

dpec]sl/ds= Xenc® —Xec®

dtg[S)/ds= dia” — (Do + ke + 0 +Oha >+ g+ ") /6

d tig[S)/ds= dig” — (Do + 0™ +0hc"+ha +g+nc")/6 (14)
d tr[sl/ds= dic” — (dra”+0s”+ic"+0ha"+0hg"+0nc)/6

d tha[S]/ds= ha” — (O +0he"+ic”+ 0+ 0™ +0hc")/6

d ty[S]/ds= Ohe” — (O +0he"+ic”+0na+0he"+0hc")/6

d tac[S)/ds= dnc” — O +0ke™+0hc"+0ha +0hg+dnc")/6

o *[sl/ds =Loat Lo + Loc — (ma” + Va~ + lea”+ g™+ Iec)
The eigenvalues of the Jacobian matrix of (1413} are

—16206.1, — 13108.9, — 7604.52, — 3787.72, — 383+ 10.7459, — 9.51876, — 8.28577,
—0.78686, 0

The trajectory ofi °[s] on (14) converge to (13) as shown by Fig. 2.

636.0|

635.5|

635.0|

Fig.2: Trajectory of d [s]

For the comparison with isolated defense caserabens' utility levels in this integratiomis*©

ug*®, anduc*©, are computed as in what follows.
ux* ©=104.395 ug* °= 136.83,uc* °= 146.396 (15)

The comparison between (8), (10), (12), and (16ysththat by this political integration each region
achieves higher utility level than that for isothtsefense case. Thus, this integration is
Pareto-improving which is a feasibility condition of coalition. & examined next if the resource
allocation in this alliance is Pareto-optimal.tifs Pareto optimaljs* ©=104.395 must be the

maximal utility level for Region A, given the utililevels for Region B atg* °=136.83 and for



Region C atic*“= 146.396. Thusys*©=104.395 must be the solution to the following
maximization.

Max Ua[Xca, d]
s.t.Ug[Xes, d] = Us*©, Uc[Xcc, d] = uc*S, d= fan [M, V], ME fon [Xin, Iy Xt Xea + Xeg +

Xec = fia [lea, d]+ fig [leg, d] + fic [lec, ], lea + g + lec + Im #V=Loa+ Los + Loc
By the classical Lagrangian method, the maximaltgm for can be computed as in what follows.

Xa"P=27.6373d°=591.634 x;:"°=31.6454 x.°°=36.2249y°=408.517 x,°=6.8785,
lm=C= 41.5526, 1:2°°= 69.5027) "= 53.5646).-°°= 4.68106. (16)

The utility level under (16),°°, is computed as in what follows.
U= 127.872>u,* “=104.395

Thus, the defense integratiom@ Pareto-optimal. The reason for the non-Pareto @pityrappears
to stem from the isolated markets for the civilindustries. If this separation is overcome, we may
well achieve the Pareto optimality. Before procagdp this examination, we must examine another

type of integration.

3. Market Integration (without Defense Integration) of Regions A, B,
and C

In this section, market integration (without defenstegration) among the three regions is
examined, where the civilian industries operateanh region, while civilian goods produced in each
region are consumed in the integrated (nationakketaso that there is a market for the civilian
good. In Fukiharu [2011] it was assumed that laloorsiot migrate between the regions. Modifying
this assumption, it is assumed in this section thhbrs freely migrate between the regions.
Production functions of the civilian industries #ine same as in the previous sections. The defense,
however, is provided separately for each regiomd&ction function of the military industry is
stipulated in (3). It is assumed tifatdoes not depend ahas before. Each region constructs the
regional defense by the L-W mechanism.

Each government provides the level of the armeckfby the minimum cost principle where the
price of civilian good ig, and the wage rate g on the assumption that the military personnel can

be freely recruited from three regions with thal@n wage rate. Under the minimum cost principle,



givend,, the government in Region A computes the demandifidian good xmas”, the demand for

labor, |ma”, and the demand for military personnghk”, givenp, andw. In this section, parameters
are stipulated by (5). Utilizing these demand fiord, the minimum cost function for providing the
Region A's level of armed forcd,, cd[da], is derived.

In the same way, givedi, the government in Region B computes the demandiwdian good,
xmBBD, the demand for Iabol’mBBD, and the demand for military personn@bD, givenp. andw, by
the cost minimization. Utilizing these demand fumes, the minimum cost function for providing
the Region B's level of armed forak, cd[dg], is derived.

In exactly the same way, givels, the government in Region C computes the demandivdian
good,meCD, the demand for Iabokmch, and the demand for military persoanJ@D, givenp, and
w, by the cost minimization. Utilizing these demafuhctions, the minimum cost function for
providing the Region C's level of armed fordg, cd[dc], is derived.

The consumption good industry in Region A shareshilrden of keeping the armed force along
with the household in Region A. Suppose thatis the share of burden for the consumption good
industry in Region A, while Xa is the share of burden for the household in RediorThe

behavior of the industry is the following profit miaization.

Maxmea = PoXea—Wlca — tian CA[dia]

From this maximization, demand function for Iatigar,,\D, the demand function for the armed force,
diaa”, and supply functiorxeas”, are derived.
The resulting (expected) maximum profit,, is distributed to the household in Region A.

The consumption good industry in Region B also ehdine burden of keeping the armed force
along with the household in Region B. Suppose tthats the share of burden for the consumption
good industry in Region B, while figg is the share of burden for the household in Re@ioiihe
behavior of the industry is the same profit maxetian. From this maximization, demand function
for labor, IcBBD, the demand function for the armed ford%BD, and supply functionchBS, are
derived.

In exactly the same way, the consumption good imgus Region C also shares the burden of
keeping the armed force along with the househol®eagion C. Suppose thac is the share of
burden for the consumption good industry in Rediyrwhile 14 is the share of burden for the
household in Region C. The behavior of the indusgryhe same profit maximization. From this
maximization, demand function for IabQI’GCD, the demand function for the armed ford@CD, and
supply functionxcc®, are derived. The resulting (expected) maximunfipre, is distributed to the
household in region C.

The (aggregate) household in Region A maximizdgyusiubject to income constraint. Utility



function is assumed to be the same as in the prewections. The government of Region A asks
household about the desired level of armed forgg@résenting the share of burden for the

household ataa=1—t;aa. The household's behavior is formulated as in idikiws.

maxUa[Xea,da]  S.t. Pe Xea HhaaCA[da]=WLoat+7ca

For the purpose of simulation, in this paper, pataens are stipulated by (5). Thus, giygnhw and
thaa, demand function for consumption goo@nAAD, and the demand function for the armed force,
diaa®, are derived.

The (aggregate) household in Region B maximizéisyusiubject to income constraint. Utility
function is assumed to be the same as in the gregedctions. The government of Region B asks
household about the desired level of armed forgg@résenting the share of burden for the
household atgg=1-1ts. The household's behavior is the same utility méation under the
income constraint: i.e. givgn, w andt,gs, demand function for consumption goo}gBBD, and the
demand function for the armed fordaBBD, are derived.

In exactly the same way, the (aggregate) househdtegion C maximizes utility subject to
income constraint. Utility function is assumed tothe same as in the preceding sections. The
government of Region C asks household about theeddsvel of armed force, by presenting the
share of burden for the householdgs=1—ticc. The household's behavior is the same utility
maximization under the income constraint: i.e. gigg w andt,cc, demand function for
consumption good(chch, and the demand function for the armed foda@@D, are derived.

In the above examination, we derived demand anglgdipnctions withpg, w, tiaa, tigs, andticc as
the parameters. In the L-W mechanism, each reggmatrnment selects<Ca <1, < tge<1, and

0< ticc<1, which guarantee
dA:deAD: dhAADy dg= deBD: thBD, de= dfCCD: dhCCD- (17)
The selection dfaa, tge, andticc, however, must be done jointly wifl andw, since in order to
compute the minimum cost for providing, dg, anddc, pricesp. andw, must be known beforehand.

Thus,pe, W, tiaa, ties, @ndticc as well agl,, dg, andde: must be determined in the context of general

equilibrium. The consumption good market is in &tium if the following equation holds.
Xoan® + Xogg" + Xeoe = Xmaa® + Xrgg+ Xmoc. +Xehan” + Xenge'+ Xence”  (National Market)

Labor market is in equilibrium if the following egtion holds.



_ D D D D D D D D D
Loat Log + Loc = lmaa~ +Vaa~ +lmes” +Vee™ Hmce™ +Vee Hean +legs ™+ lecc

In the computation of general equilibrium with L-iMechanism, the Newton method is utilized

with the normalization ofv=1. This solution; Pc*=, tiaa*F, tes*F, ticc*F, dan*®, dgg*F, dec*F} is

computed as follows.

Pt F=6.58045 tian* F =0.347492155*F = 0.272914t;cc*F = 0.233674,
dan*E =124.792 0ge* F=202.312 dcc* F=275.966 (18)

Alternatively, pet, tian*E, tee*F, ticc*F, daa*F, deg* F, anddec*F can be computed by the following

differential equations, whemsais time.

AP S)/AS= Xman® + Xms"+ Xmoc+ Xehan” + Xengs” + Xence —(Xean® + Xoas ™+ Xocc')
dtian[S)/ds= dianP— dhan”

d trgg[S)/ds= diee"— dhgs”

d tioc[S)/ds= Ohoc”— Ohec” (19)

Hian [S]/dS = dran® —Oan

ctlge [S]/ds = drgs” —Oes

_ D D D D D D D D D
ddcc [s]/ds = Loa +Logt+ Loc —(Imaa +Vaa Hean +Hmes +Ves Hegs Hmee Ve +eee )

Trajectory of andlaa [S] On (19), are depicted as in what follows, vhshows stability.

dA sl
1248

0 5 10 15 20 2 0

Fig. 3: Trajectory of daa [9]

We have local stability since all the real parteigenvalues for the Jacobian matrix at the
equilibrium shows the negativity.

—2545.65, —1624.64, —815.874, -14.7748, 1., Q%86 0.126213 i,
—0.886252 —0.126213 i

For the comparison with separate defense casegdins’ utility levels in the unified commodity



market,us* =, ug*F, anduc*, are computed.
ux*E = 35.9487 ug*F= 61.5204 uc* F= 86.1522 (20)

The comparison between (8), (10), (12), and (26yvstthat each of themy*F, ug*® anduc*F, is

slightly greater than that for isolated case. Hoevethe comparison between (15) and (20) shows
us*E< up* €, uB*E< uB*© |, anduc*E<ucr©

Thus, first, it is clear that general equilibriuar the market integration without military (polisi
integration is not Pareto optimal. In the presé&nasion, the market integration without political
integration is worse than the political integratiithout market integration. Note, however, tha th
latter isnot Pareto optimal, either. There is a possibilitathieve the Pareto optimality by forming

a nation: i.e. political integration and markeegation.

Remark 1
In Fukiharu [2011], the author defined one of dfuiim conditions for two-region model,

corresponding to (17), as in what follows withollihaing labor migration.
deAD: dhAADy deBD: thBD

By the simulation, he obtain@fha"= dnaa"=114.376, andies"= dhes"=190.31. As is easily
found, we have dy= 92.2261 andlz= 212.46. This discrepancy stems from the assumpfirage
rate equality between the two regions in spitéhefgrohibition of labor migration. If we desire J17
as well as the prohibition of labor migration, thiference of the wage rates between the two
regions must be introduced. Meanwhile, if the laiggration is allowed, (17) is guaranteed. In
Fukiharu [2014a], this amendment was attempte@dvAiig the labor migration, he obtained the
following result.

Aan =0ian” = dian® = 114.376 dgg = drga” = drgs” = 190.31

Thus, he showed that if the labor migration isvaéld, then, the desired defense levels in the

previous simulation are guaranteed by the moditicadf equilibrium commaodity price.

4. The Formation of A Nation with Defense Integration and Market
I ntegration



We examine the formation of a nation, or the defemgegration with national market for
consumption good. The same price prevails in RegidnB, and C for civilian goods. There is
population ofLgatLogt+Loc in this nation. The production functiofi,, of the civilian industries is
stipulated by (1). Production function of the naitig industry f.a, is stipulated by (2). It is assumed
thatf,a does not depend ahas before. Nation's definition of armed fordgis stipulated by (3). The
integrated government provides the level of theearrforce by the minimum cost principle where
the price of civilian good ip. and the wage rate Vg on the assumption that the military personnel
can be freely employed from Region A through C witle civilian wage rate. Furthermore,
parameters on functions are stipulated by (4) &dThus, the government computes the demand
for civilian good,x,’, the demand for labotk,’, and the demand for military personné), with pe,

w, andd® parameters, solving the cost minimizing problem.

The consumption good industry in Region A also etdhe burden of keeping the armed force.
Suppose that, is the share of burden for the consumption goddstry in Region A. The behavior
of the industry is stipulated by the profit maxiatibn. From this maximization, demand function
for Iabor,IcAD, the demand function for the armed fOI’dﬂ?, and supply functiorchS, are derived
with p., w, andt;s parameters. The resulting (expected) maximum tprgfi is computed, which is
distributed to the household in Region A.

By the same argument, demand function for IaQ@?, the demand function for the armed force,
d”, and supply functions®, are derived witlp., w, andtg parameters. The resulting (expected)
maximum profit,ng, is computed, which is distributed to the housefiwlRegion B. Following suit,
in Region C, demand function for Iabd)gGD, the demand function for the armed fOI’dQ,D, and
supply functionx.c>, are derived withp., w, andtc parameters. The resulting (expected) maximum
profit, ¢, is computed, which is distributed to the householRegion C.

The (aggregate) household in Region A maximizdgyusiubject to income constraint. Thus, given
P, W andtpa, the household expresses demand function for copison goodxchAD, and the demand
function for the armed forcelhAD.

In the same way, givem, w andtyg, the household in Region B expresses demand @umfuir
consumption good(chBD, and the demand function for the armed fodaé?. Following suit, given
P, W andtyc, the household in Region C expresses demand dumifcii consumption goodchCD,
and the demand function for the armed foda@[,’.

So far, we have derived demand and supply functiotispe, w, tia, te, tic, tha, the, andtyc, as the
parameters. In Lindahl-Walras mechanism, the iatiegrgovernment selects §x <1, X tg <1, <

tic <1,0<tha <1, K tg <1, K the <1, tia + tig + tic +pa + thg + the =1, Which guarantees

d°= d” = dha"= dhc” = dha = Che”= .



The selection ofa, tis, tic, tha, the, @andt,c, however, must be done jointly witl, andw, since in
order to compute the minimum cost for providehYy prices;p. andw, must be known beforehand.
Thus,pe, W, tia, t, tic, tha, the, andtyc, as well asl % must be determined in the context of general
equilibrium. The consumption good market is in &tium if the following equation holds.

Xen” + X + Xec® = Xenal+ Xena+ Xeng"+ Xenc_-
Labor market is in equilibrium if the following egtion holds.
Loat Logt Loc :|mD +P+ |cAD+ |cBD+ |ch-

In the computation of general equilibrium with L-iMechanism, the Newton method is utilized
with the normalization ofv=1.This GE solution; f*", ti*"™, tig*", tic*™, tha* ™, thg* ™, the* ™, ™M} is
computed as follows.

pN= 4.525651,* M= 0.1438511* "= 0.09126271;c* N= 0.0912627,
tha* = 0.14385115*" = 0.2420711,c*" = 0.34029d %"= 628.71. (21)

Alternatively, the L-W solution, (21), can be dedvby the following differential equations.

DL SI/US= Xma + Xeha ™+ Xche™+ Xene —Xea— Xeg — Xoc*

dtg[S)/ds= dia” — (Aea”+ ke + O +Oha >+ g+ ") /6

d el S)/ds= dig” — (ra™+ 0k +dic™+ha +0hg™+Chc")/6 (22)
d trc[sl/ds= dic” — (dra”+0s”+ic"+0ha"+0hg"+0nc)/6

d tha[S]/dS= Oha” — (O +0he"+ic”+ 0+ 0™ +0hc")/6

d ty[S]/ds= Ohe” — (O +0he"+ic”+dna+0hg"+0hc")/6

d tac[S)/ds= dnc” — O +0ke™+0kc+0ha +0hg+dnc")/6

d O[S]/ds :L0A+ LOB + LOC —(lmD + \P + |cAD+ ICBD+ chD)

The trajectory ofi °[s] on (22) converge to (21) as shown by some of tieRig. 4.
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Fig. 4: Trajectory of d [s]
The eigenvalues of the Jacobian matrix of (22p 4] are
—13778,-13778, —7706.85, —3630.94, —2181.14, 83%,70.771191, 0

For the comparison with isolated defense case lamgbdrtial integration cases, the regions’ utility

levels in this nationyx*™, ug*™, anduc*", are computed as in what follows.
ux*N= 100.862 % "= 130.84,uc* "= 155.13 (23)

The comparison between (20) and (23) shows th#ttdjormation of a nation each region achieves
higher utility level than that for isolated defertgese. Thus, the formation of a nation is
Pareto-improving compared with isolated defense,cakich may well be one of feasibility
conditions of coalition. It is examined next if tressource allocation in this nation is Pareto-optim

If it is Pareto optimaly,*N= 100.862 must be the maximal utility level for RegA, given the

utility level for Region B atig*"= 130.84, and the utility level for Region Ctat"= 155.13. Thus,

uA*N: 100.862 must be the solution to the following im@xation.

Max Ua[Xca, ]
s.t. UalXes, d] = Ug*", UclXec, d] = uc*™, d= fan [M, V], M= foa [Xn, i, Xt Xoa + Xeg + Xec =
fia [lea, d]+ fig [Ieg, d] + fic [lec, ], lea + leg + lec + Im +v=Loa* Log + Loc. (24)

By the classical Lagrangian method, the maximalitsm for (24) can be computed as in what
follows.

Xea©=16.1809d"°=628.71 x5\°= 27.2291 x."°= 38.2772/°=412.186 x,,"°=10.7031,
lm'©=48.4387, 1,4"°=46.4585]5"°= 46.4585) = 46.4585. (25)

Remark 2



In the two-region case (Fukiharu [2012]), note thralty X.a"© #xa"C andxes" 7%~ hold, while all

the other optimizing values are the same.
The utility level under (252", is computed as in what follows.
Us"°= 100.862=u*". (26)

Thus, the allocation in this nation is Pareto-optim

The comparison between (15) and (23), however, stibat the transition from the defense
integration without market integration to the fotioa of a nation isiot Pareto-improving. In other
words, the transition from the isolated defensé vgiblated markets to the defense integration
without market integration, then finally to theriwation of a nation may not be a smooth process,
since the first transition is Pareto-improving the second transition i®t Pareto-improving.
Meanwhile, the comparison between (20) and (23)vstibat the transition from the market
integration without defense integration to the fation of a nation is Pareto-improving. In other
words, the transition from the isolated defensé vgiblated markets to the market integration
without defense integration, then finally to thenfation of a nation may be a smooth process, since
the first transition is Pareto-improving and them® transition is also Pareto-improving.

In the present-day world, Europe has followed Hi®nal strategy in this paper, “first market
integration, then, the defense integration”. Tlasition from the market integration to the defense
integration is Pareto-improving as shown in thipgraNote, however, that this transition is not
smooth in the real world. First of the reason$i& tn this paper military industries are ownedHsy
regional governments and their behavior is stigaldtty the cost minimization for the provision of
armed force. In the real world, the military indiest may well be owned privately and behave so as
to maximize profit. The second reason is that meglieorganization of military industries in the
defense integration is not easy task. This aspesiiilar to the argument in the textbook argument
for the free trade. In the elementary textbooktistg from an isolated (no trade) equilibrium teth
trade equilibrium, “gains from trade” emerges.Hist‘gains from trade” argument, when the
international price is lower than the isolated &luum price, producers’ surplus declines, even
though consumers’ surplus increases. Producersnathpppose the introduction of trade, or
demand protection by tariff. Even if the militandustries are owned privately, the transition from
market integration to the final defense integratiway well be Pareto improving. However, one of
the three military industries may well disappeathia reorganization. While theoretically this
reorganization is easily done by definition, thesnganization may be a difficult task in the real

world.



Remark 3
A suspicion that the conclusion in this paper maggend on the assumptions on production and
utility functions as well as populations is cleabsdanother simulation, so long as the identical

production and utility functions are assumed fothad regions. As an example, suppose that

01a=01g=01c=1/6, 0pa=025=02c=2/3, y1a=)18=)y1c=3/4, y2n=y28=y2c=1/4,n=1, 1= -2/3,3,=1/5,
B2=4/5,L0a=100,L=1000, and_,c=1100

We have the following result.
ua*=40.3002,uz*=298.697,uc-*=324.563 Isolated (in Defense and Market3€
ua*©=230.458 ug* °= 640.915c* ©=648.597 Defense Integration Case
ux*E =47.8001 pg* F= 299.021 uc*F=325.297 Market Integration Case
Ux*N=149.477 ug* "= 658.996 uc*"=702.77 Formation of a Nation Case

For another example, suppose that

1a=018=01c=2/7, 0pp=028=0c=1/7,1a=y18=y1c=3/16, y2a=y28=y2c=13/16,n=1, 1= —-1/4,3,=1/9,
B2=8/9,Loa=5000,Lpz=8000, and_oc=10000

We have the following result.

up*=2878.13,u5*=4215.93,uc*=5057.74 Isolated (in Defense and Markise
Ux*©=8939.74 ug* °= 10 623.9pc*©=10 751.7 Defense Integration Case
Ux*E =2912.4 ug*F= 4216.28c*F=5076.74 Market Integration Case

ux*N=9836.33uz* "= 10 535.5u-*"=10 909.4 Formation of a Nation Case

These results guarantee the conclusion in thisrpgffeen the identity assumption is dropped,

however, the conclusion in this paper is not guaeth As an example, suppose that

1A= 1/6, (115:3/5, 0,]_(,:1/2, 0,2/_\:2/3, (12521/4, 0,2(,:1/3, VlA:2/51 le:2/3, y1(;5/6, VZA:3/5| y2521/3,
VZC,:1/6| n=1,t= —2/3,[‘51:1/6, B2:5/6, Loa=100, Lgz=200, and_oc:300

We have the following result.

Up*=62.5223,uz*=78.3935,uc-*=86.2945 Isolated (in Defense and Market3€



Ux*© =175.635 g% ©=131.718 uc* ©=123.588 Defense Integration Case
ux*F =83.0748*F=64.4472 uc*F=84.0171 Market Integration Case
ux*N=192.778ug* "= 132.449uc*"=158.851  Formation of a Nation Case

This result does not guarantee the conclusionisnpidwper, since the transition from the isolation t
the market integration 1ot Pareto-improving, although the transition from tharket integration to
the formation of a nation is Pareto-improving. Meaiie, the transition from the isolation to the
defense integration is Pareto-improviagg, the transition from the defense integration t® th
formation of a nation is also Pareto-improving. $towr conclusion depends on tdentity
assumption of production and utility functiongThe computation in Remark 3 was conducted in
Fukiharu [2014c].) This analysis is similar to Fukiu [2004], who asserted that the Heckscher
Ohlin Theorem depends on titentity assumption of production and utility functionstioé two

trading countries.

Conclusions

The aim of this paper is to examine European c@sitstrategy of becoming one nation politically
as well as economically. After the two great wdesjastating their own territories, they have
attempted to become one society, by removing this whpresent countries. For this sincere effort,
in 2012, the European Union, EU, was awarded theeN®Brize for Peace. In this paper, defining
their effort as the strategy of “first the integoat of (isolated) markets, then the integration of
(isolated) defense: the formation of one natioritigally and economically”, we compare it with
another strategy of “first the integration of (s@d) defenses, then the integration of (isolated)
markets: the formation of one nation politicallydaaconomically”, by constructing a primitive
general equilibrium model. It is possible to exaeniagional and national defense from the
viewpoint of public good in economics. The optirdafense level can be computed through Lindahl
method, and the approach in this paper is defined.indahl-Walras general equilibrium.

We start with the examination of three regionsBAand C, facing a common intruder. It is
assumed that their production and utility functians identical among the three regions, with
different populations. These regions suffer from dlestruction of production facilities for
consumption good. By introducing regional defemss tcan raise their production of consumption
good, as well as household’s utility through theéueed threat. In the provision of this defense,
military good and personnel are required. In tlaipgy, the provision of defense is made by (regional
or national) government through the minimum cosigple. The firm and household bear the cost
for this provision through Lindahl method, sincdahese is a public good. When three regions are

isolated from each other, they have their own meglionarkets for consumption good and different



defense level. In this paper, a simulation appragaetdopted, with parameters on the production and
utility functions etc. as well as the populatiopgafied numerically. It is possible to compute
general equilibrium and regions’ utility levels.

In the second, we examine the case of defenseatimg (without market integration) of Regions
A, B, and C. In this integration, it is assumed tha allied government provide the defense for all
the regions, by the Lindahl method. Different condityoprices emerge, since markets are not
integrated. Note, however, that labor migration aghthree regions is allowed in this paper. In the
general equilibrium, each region’s utility levelhgher than the corresponding one in the
completely isolated case. Thus, Pareto improveiisagilized. It is shown that this case is not
Pareto optimum.

In the third, we examine the case of market intggngwithout defense integration) of Regions A,
B, and C. In this integration, each regional gowant provide the defense for its isolated regign, b
the Lindahl method. The identical commodity priceeeges, since markets are integrated. Labor
migration among three regions is also allowedh&deneral equilibrium, each region’s utility level
is higher than the corresponding one in the corafylésolated case. Thus, Pareto improvement is
also realized in this case. It is shown also thigt¢ase is not Pareto optimum.

In the fourth, we examine the case of defense iateg and market integration of Regions A, B,
and C: formation of a nation. In this integratigns assumed that the allied government provige th
defense for all the regions, by the Lindahl methidte identical commodity price emerges, since
markets are integrated. In the general equilibrieach region’s utility level is higher than the
corresponding one in the completely isolated c8@kas, Pareto improvement is realized.
Furthermore, it is shown that Pareto-optimum idized in this case. In order to examine the
transition from the second case to the fourth, @ragare the utility variation in this transition.igt
shown that some of the utilities in the second easdower than those corresponding ones in the
fourth case. Thus, this transition is not Paretprowing. When we examine the transition from the
third case to the forth case, it is shown thabithe utilities in the third case are higher tiiaose
corresponding ones in the fourth case. Thus, tarssition is Pareto-improving.

The conclusion, asserted so far, was shown to depethe assumption on the identity of
production and utility functions of three regioifghe different functions are selected, it waswho
that the assertion does not hold. Thus, from thielptheoretical examination, the present policy
adopted by the European countries: “first the irgggn of markets, next the integration of defense”
is feasible and rational, so long as the differesfgaroduction and utility functions among European

countries is sufficiently small. .
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