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Defense Expenditure and Economic Growth under

External Predation

Taoxiong Liu  Angang Hu  Bihua Zhod’

(Tsinghua University)

Abstract: This paper develops a growth model of a countglen a Hobbesian environment
with international conflicts where national defenséhe only way to prevent external predation.
The long run growth path is determined by the égpinim of a dynamic game with three players,
the external predator, the government and the yaniithe equilibrium growth path has three
phases, submissive equilibrium, tolerant equilioriand full-protected equilibrium. Different
defense strategies result in different growth pecspand sustainable growth will endogenously
induce adjustment of defense strategies.

Key words: economic growth; predate; defense expenditure

|. Question and Literature Review

In the matter of the external environment of ecomognowth, the mainstream
economic growth theoretical models pay more atento international trade and
transnational capital floating, while conflict bef@ among countries is usually out
of the consideratioh.In fact, the conflict behaviors between countriese never
stopped, more than that, it is one of the most napd research topics on the research
of international relationship. Empirical studies@have demonstrated its significance
to country’s economic growth.Based on the Conflict Growtfiheory, this paper
makes a long term growth model of a country unberanvironment of international
conflicts. Meanwhile, as a basic measure to prevkat external predation, the
national defense is introduced into the model. Thisflict problem is formed by the
external predation and the internal defense. Thoalfpoint of this model is the
interrelationship of international conflict, natedrdefense and economic growth, and
the new discovery after the international confaod national defense are integrated
in the economic growth model.

Many scholars have researched on the internatiooaflict by economics
approach, especially game theory. In economics, rtteen thought about the
explanation of international structure is: the ayeece of nation-state is the
equilibrium outcome of the interaction among thedated resources of defense and

YThe author and address: Taoxiong Liu, School afbhities and Social Science, Tsinghua Universigfi0B4.
Tel: (010)62794965. Emailliutx@tsinghua.edu.cnAngang Hu School of Public Policy and Management,
Tsinghua University. Bihua Zhou School of Humasitéad Social Science, Tsinghua University.

! See the discussion about the open economy in Bad®ala-i-Martin (1992).

2 See Nye. J. S. (2002) “Understanding Internati@maiflicts: An Introduction to Theory and HistonBhanghai:
Shanghai People Publishing House. pp. 1-16.




offense® The resource allocation in equilibria is an impatt characteristic which
shows the balanced relationships among countnmesitdnas inevitable restriction and
effect in turn on countries’ development. Fniedman (1977) andBoulding (1963),
the equilibrium between predation and defense lemt lanalyzed geographically and
technically. Whenever the equilibrium takes plateglies on the two actions’ relative
technical advantages, returns to scale, usableimes® and other factorklirshleifer
(1991. 2000) had discussed these questions in a generdiamework. And other
economists@rossman and Kim, 1995; Skaperdas, 1992; Garfirik@d( have done
in-depth study on the micro foundation of resoutistribution between predation and
defense in some more special models.

In the plenty of research on the national defebhe#) the political and economic
factors have been emphasized by economists, buytatee not going on under the
framework of economic growth theory. According tmeomists’ research of defense,
national defense is public product, whose demandtion is similar to the common
public product, and is different from the privat®guct. There are three categories of
models of military expenditure demand: the generabirical model, neoclassical
model and decision making process mdd@he first category is mainly from the
empirical study, while the third category is maiffgm study of the micro decision
making process of military expenditure. It is thecend category which provides
theoretical reference for the relationship betwe&sonomic growth and national
defense, and tells us that, as the result of ecangrowth, the national income or
government revenue is the budget constraints ofmifitary expenditure. In this kind
of model, the national income and outside thredixisd as external variables. The
military expenditure’s effect on economic growthigeored, and it is viewed as the
investment to produce “security”, which enters tmdity function directly and
determines the total utility together with consuimpt

In this paper, the root of the international canfliis attributed to the economic
interest, and it is supposed that the only purpogeay the military expenditure is to
protect the native property from being plunderecsiBes, the problems about
security and growth are also brought into the ecoo@rowth model. The basic idea
of this paper is: suppose under a Hobbesian enwieat in which the countries face
the possibility of being plundered all the time.eTonly way to prevent the external
predation is to invest for the national defense #re possibility for one country’s
total income of being protected and being plundesediecided by the success
function. The economic growth rate depends on taetof accumulation. At

3 See Sandler, Todd. & Hartley, Keith. (2001) Thef@mics Of Defense. Beijing: Economic Science Press,
37.

4 The characters of the three kinds of models are:bi#isic method of a general empirical model tryalce
account of all kinds of factors of national defenseluding economy, politics and strategy and s8¢ and it
usually applies them directly into empirical resdarMurdoch and Sandler(1985), Looneyand Mehay(},990
Kollias(1994 1996) have mainly adopted and developed this kifidnodels, and then they did extensive
researches in the U.S., Australia, Greece and Yuakel so on. The neoclassical model's foundatiothés
assumption of rational government, which considkes purpose of government is to maximize socialfavel
When the total resource is finite, it needs to Is¢riduted optimally to private department and paiblepartment.
Besides, in general, assume that the welfare censiftnational security and consumption. The defense
expenditure demand model which bases on decisioneps doesn't agree with the basic assumption which
considers government as an independent rational linpays more attention to the actual proces®fa country

to make decision on the defense expenditure. (SeteM & Sandler, 2001, pp. 70-85)



equilibrium, the extent of being protected influeacthe marginal return, and
therefore influences the factor accumulation. Thirg country has to face the
problem of how to optimally allocate resources &mnsumption, production and
national defense. It decides the long term equilibrgrowth path that attains both
international conflict equilibrium and the balanamong consumption, production
and national defense. The first part of this papen the basic question and literature
review. The second part describes the structurecaacacter of the basic model. In
the next part, a dynamic equilibrium solution aatévant analysis are given, and the
fourth part elaborates the theoretical meaning edelis result.

I1. Basic Model

The model analyses in the international conflidwha country which is in a
protection position attains the equilibrium betwdka international conflict and the
internal economic growth, and what its economiorghopathlooks like. Suppose the
world political and economical system is under ltta@bbesian Rule, there are full of
conflicts among countries and the only purposéhefihiternational conflicts is to gain
the economic interest.Under this kind of international environment, aietry has to
face many other countries predations all the tiftere is a country C which is under
this system. For simplicity, suppose country C daudt plunder other country but try
to prevent the external predation. In other woths,conflict between country C and
other countries is a predation-defense proBldimis a reasonable assumption when
the country is a developing country or it couldmdse a threat to other countries. The
only way to prevent predation for country C is noast to the defense department to
protect the national property. There are threegsgyn this model: external predator,
the government and representative family of coun@ty what follows is an
explanation about their actions.

A. International Conflict

Country C is facing the conflict with the predatatsthe time. Assume that the
proportion that country C’s property is protectedini being plundered is decided by
the predation or defense investment by both sithesugh the Contest Success
Function. At timet, the defense expenditure kg(t), other countries’ investment to
plunder C’s property isp(t),and assume the Contest Success Furlcésn

5 Though it is controversial to describe the intéiorel order in Hobbesian Rule, there are still manljolars
who adopt and accept it, and they consider it astbst important difference between internationaiety and
domestic society. (See Nye. J. S. (2002), pp.4)

® For the meaning of predation-defense problem setidh 3.8.

" The conflict economics considers that the conflimicess has some essential economic featuresnas as
production process. Just as the most basic meaasdiyze production process is production functionthe

formal economics literatures on conflict, they gaillg adopts some functions to simulate the refesiop between
input and output of conflict behavior, and thesecfions are called Contest Success Function. Hifehlg989,

1994, 2000) introduce some general function forRw. the application of some functions, see Lour§7@),

Tullock (1980), Rosen(1986), Appelbaum and Katz8{)9 Dixit (1987), Hirshleifer (1989), Skaperda®99s),

Baik and Lee(2001), Hirshleifer (1989), Baik (1998 a0 on.



__ G +F
p(Fq.Fp) = &, +|E+Fp :

Whenever not inducing confusion, we drop the tinagiablet. Herep is the
proportion of C's property is under protectighand F are technical parameters of
conflict® Fq(t) and Fo(t) is the both sides’ conflict investment at tite\s shown in
the figure,p > 0, whenF4(t) is 0, which means country C would not lose all of its
property even it gives up defense investment. Adlerthe predation is condemned
morally, and it is limited by kinds of factors, $uas the international environment,
the prey and the predator’s internal conditions @wst of wealth transition. Therefore,
even if the prey is quite weak, the predator codttake all of its property away, and
F is used to measure the strength of natural pioteethen country C spends no
money on defense.

pP(Fy. Fp)

»
»

Fq

Fig.1 The Contest Success Function

Denote the per capita predation investment, peatadpfense investment and per
capita strength of natural protection respectivghy-, f andf. The Contest Success
Function is:

ég+f

fRy=—2 "~ "
p(fF)=

(1)

This function is called the intensive form of therfest Success Function. The
following mainly uses this form. Obviously, the pwostion of country C being
plundered at the timeis:

F

1-p=————
g &+f+F

B. The Actions of the Government and Family

Country C is made up of the government and manynsstmcal families. As the

8 It is more reasonable thatis decided by the stocks of bilateral conflictite But this has no substantial effect
on the theoretical conclusions of this model. Riopdicity sake, we treat conflict inputs as flows.



model is not concerned with the predator’s intergaernment and family, the
government and family mentioned in this paper refely to country C which is
plundered. At timd, country C invests resources to production as aslllefense. It
needs to balance between the cannon and buttergrbiss incomeén each periods
divided into consumption, investment and defengeeegiture, among which, defense
expenditure is decided by the government while gongion and investment are
decided by the families.

Each family population is standardized to be likestotal amount of families is
quite large, we think that the action of a singlenily has no effect on the aggregate
variables. So the symmetry of the families makesdbiving process much simpler.
Assume that the government which is responsiblerfaximizing the family lifetime
utilities is a rational agent of the public, andaince for defense expenditure by
lump-sum taxationl. Because the families are symmetrical, each famulytributesf
to defense expenditure. The national defense idigpgooduct, so the protected
proportion of each family’s output [ The total capital stock of country CKs and
the aggregate production functionvigK). Each family’s capital, namely the per capita
capital, isk. The per capita production functionyig), and is assumed to have the
linear formAk Because of the existence of the external predduerfamily could not
get the overall output, onlpy(k), the remaining output after being plundéfed
Therefore, at timet, the family budget constraint, i.e. the capitatwulation
equation is:

k=p(f,F)yk)-f -c-dk (2)

In expression (2)¢ is the capital depreciation rate. Expression 2wshthat
defense expenditure’s influence on economic grasvthainly on two aspects: on one
hand, the defense expenditure occupies a part mérdurevenue, so that it may
suppress consumption and investment; on the othed,hdefense expenditure has
effect on the proportion of the product being pctgd, so that it influencebe long
term economic growth. Assume that the defense @ipea per capita and the capital
stock cannot be negative. Each period’s consumpsioaso not negative as well.
However, just as other growth models, equilibriustugon will not be negative, so it
can be ignored here. So

f>0 (3)

k(t)=0 (41

® The assumption of lump-sum taxation can avoid itfilsence that the marginal tax rate may decrease t
production marginal return.

19 There is a minor question that what is the objeing plundered. For example, in the model of Gressand
Kim (1995, 1996c¢), productive capital, defense ibade and the weapons are the objects which catubdered,
while the economic output will not be plundered weéwer, in the model of Grossman and Kim(1996a)poand
productive capital can be plundered, but the defdr@sricade and the weapons are a kind of experditisame
as consumption which couldn’'t be plundered. Here apasider that output is the only object that can b
plundered.

11 For the single family, the capital stock can bgaiive theoretically. But there is a symmetry assiionp and
we don’t consider the possibility that the whol@ietry has net debt in the environment with intaoral conflicts,
therefore the capital stock per capita is more than



The family tries to maximize the objective function

U = [Cu(ct) & 7 dt 3)
Assume that the current utility function is:
u(c) =Inc 6)'¢

In a standard growth modek(0) is a necessary condition. In order to obtain
meaningful solutions, assume that the parametésfysthe following conditions:

0>Ap and 6 (2p+05) >0A> (L+6)(p+J) (4)

In the following text, at first, we don't take intaccount the rationality
assumption for the public government. We try to lyea the characteristics of
economic growth under the government’s differerfedse strategy assumption. Then,
we explain the dynamic equilibrium path when thevegament's purpose is to
maximize the family’s lifetime total utility

C. The Predator’s Action

Assume that many predators prey on country C’s gntgpand are ready to
plunder all the time. For simplicity, assume thléde predators take the chance
randomly to plunder country C, and at one timedhsrone and only one predator.
There are too many predators that it is difficalcbllude with each other. So once a
predator gain the chance, it will try to maximihe profit from this period’s predation
since in the next period the predation chance neydined by another predator.
Therefore, in this game, the predator’s purpost ismaximize each period’s profit,
not like country C who considers the infinite hortal problem. The proportion of
the property every predator gains from country @asided by the Contest Success
Function. Therefore, the predator’s optimizatiomlpem is to maximize the net
revenue.

Max [1- p(F,,F,)]Y - F,

Because of the assumption of family’s symmetry, dhgective function can also
be written in the form of per capita (of country, @hich is:

Max [1-p(f,F)]ly-F (5)

st. F=0.
Therefore, the model in this paper looks like atiphequilibrium mode. Just as
Mejia and Posada (2002) said, if there are mangreat predators and they haven't
colluded with each other, it is reasonable to erptlee action by partial equilibriuri.

12 The logarithmic utility function is adopted hevehich is only for simplicity. To adopt other utjlifunction, like
u(c) = (¢ 1)/ (1 ©), a> 0, we can also come to this paper’s crucial agsich.

13 Thompson (1974) has put forward an idea that evenntry needs to distribute its wealth into praiucand
security area rationally.



[ll. The Dynamic Equilibrium

Even though we have set some simplified assumpbidhe players, the dynamic
equilibrium still involves complicated technicalgbtems. In the general setting, the
model in this paper is not a repeated game mod&tinuous time. It is because, for
country C, the production department and conflepattment have effect with each
other in every period, and different investmentootput in every period can also
change the conflict problem in every period. Thesekt concept to this model is
differential game, in which the most extensivelpjpigtd solution concept is MPE, the
Markov Perfect Equilibriunt? The key idea of MPE is: when the players’ prafit i
each period is just related with some of the curstate variables and players’ current
actions, the players’ strategy is assumed relatég with these state variables and
these state variables are called return relevamahdta. In other words, the games in
the past time influence the coming games only ftiinosome state variables.
Whenever the return relevant variables are equal,following games are totally
equivalence.

In this model, the action variables of country G&/ernment and family are the
defense expenditure and consumption in each peniachely {f,} and {c}. The

predator’s action variable {isﬁt},lE’ the predation investment per period. The key

point is the choosing of the return relevant vddabn the model. Here it is country
C’s capital stock per capita, namédy The reason why it just consist of country C’s
capital stock but doesn't consist of capital sto€kpredators is that the optimization
problems of defender and predator are differenthis one-to-many game. The
predators pursue the maximization of profits, whitee defenders pursue the
maximization of the family lifetime utilities. Aceding to expression (8), the
predator’s return per period only has relationshith the defender’s output in that
period which is related to the current capital ktand the current action variablds (
F). Therefore the predator’'s return relevant vagabhly needs to consider the
defender’s capital stodk but not its own capital stock. Obviously, thereat return
per period (consumption’s current utility) of fagnih country C is only decided by
the current consumption. So, in the game, the matievant variable only consists of
country C’s capital stock. Assume that the strategif both sides are just the return
relevant variable’'s function, i.e(k), f(k) and F(k). Meanwhile, in order to avoid
being confused, the values @ff andF at timet are denoted as, f andF;, andk is
still the function of time, denoted &§).

When other players’ MPE strategies are given, tieelgtor’s problem is to solve
the problem in expression (8), and the problem aintry C’s government is to
choosef; to maximize the family utility, and the family’'srgblem is to maximize
expression (5) under the constraints of expred@pn(3) and (7).

The following paragraphs are primary analyses amilfa i’s optimization
problem under the condition that other playersatsigies have been given. The
current-value Hamilton Equation:

14 For the differential game and MPE’s detail illagton, see Fudenberg and Tirole (1991).
15 Because of the assumption that the predators gaatpmly the chance to plunder, the predation idjgatsion
in different periods may be decided by differeredators.



H, (6 ke 4) =u(6) + [ p(f, F)y(k) - f = —dk ]+ Af ©)
The first-order conditions are:

o _

v = o =90
3 Hi = PH;

=0.
C ok

According to the assumption of the predator anceguwent’s MPE strategies,
andF are only related to the per capita caghitalVhile the change of a single family’s

capital has no effect dg i.e. of (k)/ok; =0 and oF (k)/dk; =0. From the symmetry,

at the equilibrium, we havek=k;. Therefore, the first-order conditions for a
representative family can be written as:

{u'(c) -H#=0 (7)
f=pu—-pp(f,F)A-7J] 8)
At the same time, slackness condition and tranaligreondition are written:

A=0, M =0 (9)
lim 4(t) [&k(t) =0 (10)

According to the expression (11), the economicesy& evolution is related to
the predator and government’s strategies. In tllewong paragraphs, to solve the
economic growth path, assume directly that the gouent and predator adopt
corresponding three kinds of typical dynamic styete (MPE strategies). And then
the following paragraphs explain how these strategiorm a dynamic game
equilibrium solution, and analyze the corresponaiqgilibrium growth path.

A. Conflict Strategy and the Growth Path

1. The growth path under tolerant strategy

Assume directly that the predator and governmeatérant strategies under the
dynamic game are as following (The superscript Stibws the value under tolerant
strategy):

.6

0= g
con_ 8 f
0=, Y0

Obviously, in order for the existence of the goveent’s strategy, assume that
the following inequality holds all the time.

1+6)°

yk) >

f (11)



From expression (1), we have:

p(f.F)=p =6/1+6)

In other words, under the assumed condition thah kbe predator and
government adopt the strategf (k and F'(k), the protected proportion of

country C’s output is always*. It is clear that under the tolerant strategy,ntpuC
can spend part of its resources on national defdmsiepart of its output is still
plundered. Therefore, its defense expenditure nstdd. This is what the word
“tolerant” really means.

Theorem 1. Assume that the government and predator adopt theoterant
strategy, and k(0) > (1+6)?f/(A8?), then there is the unique equilibrium
growth path. On the path, the capital and consumptin always have positive
growth rate. Moreover, consumption’s growth rate isfixed, and expressions (15)
to (17) hold.

V.=V =A/(+0)-p-o (12)
\ A f
K)=(p- K(t 13
c (K =(p (1+6)2)[ ()+(y*+p_ oA )e] (13)
1+6)*
\ 6A f
C =(p- k() + ] (14)
1+6)° .. oA
(V +p (1+9)2)9

For the proof, see the appendixThe initial consumption is given in expression
(17), and expression (16) gives a policy functidncowith respect to k on the
equilibrium path. Therefore, the family’s optimaP¥ strategy is given as well as the
predator and government’s strategies are giverfi*@3$ and F*(k). Although the
chosen return relevant variable is capital perteaghen we define the MPE strategy,
accurately speaking, in the process to get exmneg4i6),k should be the capital of
the considered family. But under the family symmendition, these two things are
equal.

Since there is only one equilibrium growth path, @@ get a policy function
c*(k) according to this path, as expression (16).

2. Growth path under the submissive strategy
The superscript “&” shows the value under the scibgtrategy. Assume directly
that the predator and government’s MPE strategeasfollows:

f&(k)=0 (15)

8 Due to limitations on space, the appendix is teft here. Someone who needs it can get in toudn thi
author.



Fék)=yfAKk — f (16)

Now country C’s defense expenditure is always zéng is what the word
“submissive” means. In order to guarantee the a#ibd of expression (19), assume
always that:

y(k) > f (17)
Theorem 2. Assume that the government and predatadopt the submissive

strategy, and k(0) > f /A, then there is the unique equilibrium growth path,

which is tending to the stable status. In the stablstatus, the values of capital and
consumption are determined by expression (21) an@2).

w Af

= —(,0 37 (18)
& = —(perA;)z (19)

For the proof, see the appendix. Since there i @mé equilibrium growth path,
we can get a policy functicef(k) according to this path, as expression (22)

3. The growth under the friendly strategy.

The idea here is that there is no conflict under firendly strategy. Both the
predator and the government don't invest anythmig conflict. The superscript “#”
shows the value under the friendly strategy. Assuaiinectly that the predator and
government’s MPE strategies are as follows:

{F(k)=F#(k)=O

20
f(k)=f*k)=0 (20)

According to the expression (I=1. Now, the model is a standard neoclassical
Ak growth model, meanwhile the following theorem isgented:

Theorem 3. Assume that the government and predataadopt the friendly
strategy, then the economic system has the uniqugulibrium growth path, on
which both the consumption and investment have cotent growth rate, and the
expressions (24) and (25) hold.

Vi=yi=y'=A-p-9 (21)

c*(k) = pk(1) (22)

For the proof, see the appendix. Since there i @mé equilibrium growth path,
we can get a policy functicei(k) according to this path, as expression (25).

4. The growth path under the fully-protected stratgy

The superscript $” shows the variable’s value under the fully-proeec



strategy. Assume that the predator and governnuapitdhe fully-protected strategy,
as follows:

Fe(k)=0
{f$(k)=Ak/9— f/o @3)

The basic idea to give this strategy is: countryhGoses a proper defense input,
so that the predator’s best response is to giveragation given the defense input.
Obviously, p=1 under the strategies described in expression {@éch means that
the output is protected completely.

Theorem 4. Assume that the government and predatoradopt the
fully-protected strategy, then the economic systerhas the unique equilibrium
growth path, on which the consumption has constanpositive growth rate,
capital growth rate tends to the consumption growtlrate, and there are equation
(27) and (28).

ye=A-p-0
{[if[loy,f:ysz—p—J (24)
(09 = (o= DK +——5——] (25)
(A-2-56

For the proof, see the appendix. Consumption givesconstant rate, the same
as the one under the friendly strategy, under wthehe is no conflict input. This is
because that under both of the situations, theutsigre full protected. The difference
is that country C has to input part of its resosra@o defense here. The capital
growth rate tends to the consumption growth ratgmasotically, and the policy
function forc, c*(k) has its new form as well.

B. MPE Dynamic Equilibrium Growth Path

According to the above discussion, with differeanbftict strategies assumptions
of the government and predator, there are diffeegpiilibrium growth paths for the
economy. When the government and predator adopbtéeant strategy and friendly
strategy, consumption has a constant positive d¢roatie all along, and the growth
rate under friendly strategy is higher. While undke submissive strategy, the
economy tends to a stable state in which both ecopton and capital are fixed.
However, for these cases, the equilibria are stilly equilibria for resources
allocation between consumption and investment. ddraplete equilibrium needs to
consider that whether the international conflicts @t the state of equilibrium. Here is
a MPE strategy which attains equilibrium in botkemational and domestic level,
and all of the above growth paths may appear s@quilibrium.

Theorem 5 The following strategy is a MPE equilibium:



F#(k)=0 if k(t)< f/A

F(k)={F(k)=+/fAk - f if f/A<k(t)<(1A:)2
0=y 7 Y0 if k(o >0 7
F#(k)=0 if k(t)< /A

f(k)=] %K) =0 if f/A<k(t)<(1A:)2
0=, ‘99)2 y()—g k> &9 7
c* (k) if k()< f/A

c(k) ={c* (k) if /A< k(t)<(1A:) f
¢ (k) it k@) > :2) f

For the proof, see the appendix.
The equilibrium path should consist of three phakethe “c-k” diagram (shown
in Fig. 2), corresponding to the heavy line in figure, obviously we have the

conclusions:

o
ot
K
ot
K3
o
K
K
X
K

v

Af
(o +3)?

a+6)>*f
AG?

Fig. 2 The growth path in the dynamic equilibrium



(1) When k< f/A, all players’ strategies refer to the situation foéndly

strategy. Therefore, there is no conflict and nopprty being plundered. Both the
consumption per capita and capital per capita lcanstant positive growth rate.

(2) When k > (1+8)? f/(A@Z), all players’ strategies refer to the situation of

tolerant strategy. A fixed proportion of the outpstplundered, consumption per
capita has a constant positive growth rate,cisdinear withk.
(3) When f/A<k<(1+6)2f/(A8°), all players’ strategies refer to the

situation of submissive strategy. Consumption pgita and capital per capita tend to
be a fixed value asymptotically. According to exgsien (7) and (21), we know the
capital stock in the stable state is:

K& = A A i>(1+6?)2f
(0+5)* (P+0)> A  AF?

Therefore, the economy must reach the growth padieuthe tolerant strategy before
it reaches the stable state.

Obviously, the above-mentioned phases take plasedquaence. The key point is
that the growth rates in all phases since beginisinggeater thaf, so that k can keep
going up fromk(0) until the time when it is greater th&f. In the equilibrium path’s
first phase, namely the friendly equilibrium phaes condition to ensure a positive
growth rate is the same to the classical growthehddore important is the condition
that ensures the economy to evolve from the sequrake, namely submissive
equilibrium phase into the tolerant equilibrium pbaAs part of the expression (7),

6A> (1+6)(p+9), i.e. 8 >(p+9I)/(A-p-09). This condition not only ensures

the tolerant equilibrium phase’s growth rate isipes, but also ensures the above
expression holds. Therefore, the economy can réhehgrowth path under the
tolerant strategy before the economy reaches #idesstate. As mentioned previously,
6 is used to measure the both sides’ relative letééchnology in conflict, in other
words, it is possible to reach the tolerant equliim path only if country C’'s defense
technology is above a particular level. Besides,gteater the ando are, the higher
the lowest-needed value 6f It means that when the future is less importtrere
must be a higher value 6fto ensure the motivation to pursue the long teositive
growth rate'’

C. Fully-protected Dynamic Equilibrium

In part B, we give a dynamic MPE equilibrium of theodel, and on the
equilibrium growth path, country C’s economy wehd to a constant positive growth

17 For how these parameters influence the equilibrimrdifferent phases, it can be illustrated by swvwith
numerical values. Due to limitations on spaces ieft out here. Someone who needs it can getuchtovith the
author.



rate at last. But in this MPE equilibrium, only whthe capital stock is extremely low
can the economy be free from being plundered, artti@output increases, there is a
fixed proportion of output being plundered all aoafter the economy reaches the
tolerant equilibrium growth path. It is likely th#te conclusion is inconsistent with
our intuition, because after a country grows strengugh, it should have ability to
protect its output completely. The following paragins will give asubgame perfect
dynamic equilibrium,called the fully-protected equilibrium, in whichetroutput is
protected completely, and then prove that this lgaiwim can only appear aftdeis
large enough. Meanwhile, the subgame perfect dymaquilibrium in part B is
called the basic MPE equilibrium. The following ¢tlhem can be proved.

Theorem 6. When @ is high enough andk(0) is large enough, there is a

subgame perfect equilibrium, as follows:
The predator’s strategy: if country C’s government always chooses

f = £%(k) in the whole history, it choosesF = F*(k)in the current period; if
country C’s government has ever violated it beforejt chooses the basic MPE
strategy.

The country C government’s strategy: if its own deision meets f = f *(k)

in the whole history, it keeps choosingf *(k) ; if it has ever violated f = f *(k)
before , it chooses the basic MPE strategy.
The family’s strategy: if the government always choses f = f*(k) in the

whole history, it choosesc = c®(k) ; if the government has ever violated it before,
it chooses the basic MPE strategy.

For the proof, see the appendix.

It should be pointed out that this equilibrium hmed been a strict MPE, for the
strategies of both sides are related not onk/(Return Relevant Variable), but also to
what have happened before. On the equilibrium pattintry C’s output is protected
completely. this is what the fully-protected stpteand fully-protected equilibrium
means. This equilibrium is interpreted as that ideo to obtain a better position,
country C promises a defense input, and predatorjudge whether the promise is
credible or not by the history and makes its cholde crucial step in the proof is to
illustrate country C’s promise is enforceable Isglt (namely credible). Because that
it will turn to the basic MPE if the promise is lated, and compared with the
fully-protected equilibrium, in the basic MPE,and c will have higher level in the
current period but the growth rate will be alwagw/ér from this period on. Therefore,
when k(0) is large enough, the loss will always outweigh t@n whenever the

government violate§®*(k )and turn to the basic MPE.

Theorem 7. When#@ is high enough, the fully-protected equilibrium is
better than the basic MPE equilibrium for country C (including government and
family).

For the proof, see the appendix. This theoremtittiss that, if the government
is a rational agent of families, when the capitalck reaches a certain level, the
government prefers the fully-protected equilibrigrowth path to the basic MPE
growth path. As showed in Fig. 2, the last parthed heavy line (the basic MPE



growth path) is replaced by the dashed line witbvar

While the key condition to realize the fully-proted equilibrium is a high
enoughé#, which makes country C realize fully-protected hwless proportion of
resources. In this way, though the proportion aistonption in the gross output is
lower than the proportion in the tolerant equilibn growth path, what is gained is
more than what is lost in the long term, becaukiglaer growth rate makes the future
gross output larger. However, if the valuedatould not reach the requirement, the
proportion of input to realize full protection ohe output is too high and the
proportion of consumption in the output is too IoMrough it makes fully-protected
equilibrium growth path has a higher growth ratestill worsens the welfare than
tolerant equilibrium growth path.

IV. Theoretical implications

This paper provides an analytical framework in \ahibe international conflict
and domestic growth are integrated in one modeéxfilains how to optimize the
distribution of resources between the productionl @efense activities and the
possible economic growth paths. This model hasyioilg theoretical implications at
least.

A. Determinant of Long Term Growth

Nowadays, international circumstance is full of Hebian Rule and the conflicts
have never disappeared. This model illustratesthieexistence of external predator
may make country C’'s growth in a very different w&yen if a country has good
enough interior market environment and producteshhology so that it can achieve
stable economic growth without international cartflit will have a lower growth rate,
and even couldn’t achieve long term stable growtiieathere is external predator.

Therefore, in the environment of international ¢iehf a country’s long term
growth is the result of the interaction of interoatl factors and internal factors.
Long term equilibrium growth path is co-determinéy the equilibrium of
international conflicts and the balance betweeneakiim consumption and investment.
This country has to decide how to distribute itsotece reasonably between the
production and national defense all the time. TReeraeal predation may reduce
economic marginal output, so what growth phase dbes country locate in is
decided by this country’s position in the internagl conflict equilibrium.

In the submissive equilibrium, this country doegdly the defense expenditure,
or the defense expenditure is kept in a low levacty can be ignored by the predator.
(In reality, it can also be illustrated as that timeited military expenditure is only
used to keep the internal social order.) In thtsadion, though the country has a
positive growth rate in the primary phase, as tleegase of its output, its temptation
to the external world becomes larger. Then theeenaore external predation and the
level of economic security reduces. If it doesmljust security strategy, this country
has to pay more and more “rent” to other countrgxohange for its peace. Therefore,
the proportion of being plundered increases, aatapltal marginal return decreases
and economic growth rate decreases gradually.elfgttvernment’s national defense



strategy refuses to adjust, the economy will readixed stable state at last. In the
tolerant equilibrium, the government has to balacaeefully all along between the
security policy and growth policy. On one handjoral defense expenditure and this
country’s gross output show relatively stable lmeaalation, i.e., the defense
expenditure climbs with the increase of gross autpm the other hand, this country
will still tolerate part of its property is beinglumdered by predator. Under the
condition of high enough defense technology paramanhd production technology
parameter, the economy can realize long term sigtoeth. But the growth rate is
lower than the growth rate in the neoclassical maat&out external predation. In the
fully-protected equilibrium, the government investdarger portion’s output to the
national defense, and the defense expendituresify@correlated with gross output.
The property of this country is totally safe. Ietdefense technology parameter and
production technology parameter are high enough, etonomy can also attain a
stable growth rate which is higher than the onthentolerant equilibrium and is the
same as the one under the environment withouticariflowever, there is still a part
of resource which is distributed to the nationaledse department all along. The
direct cause leading these phases’ transition wmliequm is the capital stock’s
accumulation, which makes the defender has aldityealize a higher defense level.
The mechanism is that higher defense technologynpater makes the realization of
higher defense level become a better choice whenct#pital accumulation has
reached a certain level.

B. The Mechanism of Interaction between Growth and Dednse
Expenditure.

In terms of defense expenditure’s influence on eoun growth, the existing
research mainly involves two aspects’ mechanisims:ane is defense expenditure
causes a part of resource flow into defense depattifinom production department,
the other one is that as the defense departmetit igsproductive, it can contribute
product and its activities has positive externdiityhe productive department. In this
paper’s model, the first one still exists. In théetant equilibrium and fully-protected
equilibrium, there is always a part of resourcechhows into defense department.
The second influence is ignored in this model. Eiopi research shows that for
many developing countries, there are no sufficeemtlences to show that the defense
expenditure has positive externality on productidore important, the model in this
paper describes a third influence mechanism, wisclalso one of the crucial
innovations of this model, namely defense expenglguinfluence on domestic
marginal production return. In terms of the modeconomic growth theory, the key
point to the long term growth rate is the factonsirginal return. Therefore, the third
influence mechanism described by this model is nemgential to a country’s long
term economic growth path. The basic process istheexternal predation allowed
by economic insecurity will decrease the expectactors marginal return. The
increase of defense expenditure improves the ecanseturity, that is to say the
expected factors marginal return increases, sotktgatong term growth rate is also
improved. There is no doubt that, defense experaddtithe country that is plundered



and the predator’s predation expenditure interadts each other. In the equilibrium,
the factors marginal return decides the long terowth rate®

In terms of economic growth’s influence on defeagpenditure, we can analyze
the fundamental influence way from the sides ofpbp@nd demand. In terms of
supply, the improvement of gross output relaxesatint’s budget constraint, so that
the country has the ability to input more resou@enational defense. In terms of
demand, every improvement of the output makes éfiende become more valuable.
The temptation for the external predators is ingireg which cause much more
predation and raise the degree of economic indgci8o the demand to defense
expenditure is raised. In the document on the defeaxpenditure, though they have
paid attention to the external threat, generatlyg éxternal threat’s seriousness is
considered as exogenous one. While in the modehisfpaper, by the conflict's
equilibrium analysis, the exogenous threat is erd@gd. In other words, changes of
this country’s wealth have effect on the exterhatat so that the process in which the
economic growth influences the economic growth leeen explored deeper.
Meanwhile, from the model, we can get a more ingurnew insight: because the
sustainable economic growth is companied by coatistaccumulation of the capital
stock, so it may cause one country’s adjustmendefénse strategy. This point will be
discussed specifically in the following paragraphs.

C. The Optimal Growth: Balance between Safety and Del@pment

Since different equilibriums appear while the calpistock accumulates
continuously, in different developing phases ofoardry, its government may face
different options. When the capital stock is vesw,l according to theorem 1, having
no other choice, the government has to chooseutiraissive strategy and give up the
defense input. Because at that time, this coustisoi poor that the predators are not
very interested in it. So the country’s best chageto rely only on the natural
protection state. At that time, though the econasnynsafe, it can realize positive
growth. When the gross capital stock increasesdettine requirement in Theorem 1,
it is better for the government to choose to invashational defense because if it
adheres to the submissive strategy, economy witl gtowing at last. If it switches to
tolerant strategy, its safety will not become watssugh it is still unsafe,, and it still
has the possibility to realize continuous stabeagh. As the capital stock becomes
larger, though tolerant equilibrium still existsetretically, Theorem 7 illustrates that
the whole society’s welfare will be improved ifatopts fully-protected strategy. So
this model predicts that the best growth path negd®rnment to balance between
security policy and development policy. A ratiogavernment should adopt different
defense strategies in different development pha8een it is poor and less developed,
it is more likely to choose the submissive strategjter it has developed to a certain
level, it is more likely to choose the tolerantagdgy; and after it is strong enough,
fully-protected strategy is a better choice.

18 1t defense expenditure is financed by marginabtiax, the increase of defense expenditure wilb dlsng
down the private investment’s marginal return. Tinkuence is involved in many literatures. Howevier this
paper, we assume that the defense expenditureaisciéd by lump-sum taxation. For details, seellirgtriation in
Section II-B.



The external environment also limits one countpaéicy choice. In this model,
the quality of the external environment is mainlgasured by f . First of all, in all

of the equilibriums, the higheff is, the less the defense expenditure is, and the mo

the resource will be used in consumption and prioiic Therefore, the social
welfare will be improved. Secondly, according toedlhem 5, the more important

meaning of f is that: it determines what kind of equilibrium gt path will arise as
the amount of capital stock lies in some interfalr example, the higher the value of
f is, the earlier the government can adopt fullytgected strategy, so that it can
obtains a higher growth rate.

V. Conclusion

The paper tries to build a long term growth modelthe environment with
international conflicts. The analysis here shoved:th

A country’s long term growth is the result of thaeractions of international
factors and domestic factors. The long term equulib growth path is co-determined
by the equilibrium of international conflicts antiet balance between domestic
consumption and investment..

According to the different characteristics of cartflequilibrium, equilibrium
growth path may shows into three phases, namelynissive equilibrium growth
phase, tolerant equilibrium growth phase and fphgtected equilibrium growth
phase. When the initial capital stock is very laowjs in submissive equilibrium
growth phase in which there is always a part of linebeing plundered without
defense investment, and the higher the outpuhés]dwer the economic growth rate
is. When the capital stock increase to a higheellew enters tolerant equilibrium
growth path, in which there is positive defenseegxiture and a fixed proportion’s
output being plundered while the economy still hagositive growth rate in stable
state. When the capital stock is high enough, tiig-protected equilibrium growth
path may exist and defense expenditure is increasedl external predation is
prevented completely, and the stable growth raténigher than in the tolerant
equilibrium.

The government’s different defense strategies teatifferent growth scenarios.
The equilibrium growth path needs the governmenbdtance security policy and
growth policy. Continuous economic growth will causndogenous adjustment of
defense strategy, because a rational governmehtchlose different strategies in
different development phases. When the countryp@ and backward, it chooses the
submissive strategy. After it develops to a cerlaivel, it switches to the tolerant
strategy. When it is strong enough, the fully-pcted strategy is a better choice.
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