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Abstract
This paper sets up a dynamic optimization modeinalyze the impact of military threats on
defense industry. We prove that a rise in the gorenilitary threats will result in the shift of
economic resources from the civilian sector todbfense sector. As a result, civilian sector
shrinks and defense sector expands, a phenomesemlske to so-called ‘Dutch disease’ in
the trade literature.
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1. Introduction

The purpose of this paper is to explore the immdanilitary threats on defense industry.

Clearly, military spending is an indicator of thma@unt of economic resources devoted to
military activities. During the cold war period,etlEast-West struggle has evolved into the
arms race, leading to an increase in the worldwidigary spending. After the cold war, the

military threats reduce and thus many countrielacate the shift of resources from the
defense sector to the civilian sector. Stockholtarimational Peace Research Institute (SIPRI)
Yearbook (1999) states that world military spendiag been on a declining trend during the
period of 1987-1999. The reduction in world miljtapending is more than one-third; more
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specifically the strong cuts have been made in ity 55%, America 30%, and Africa 25%.
In the meantime, the reduction in military spendimgs also caused a dramatic wave of
defense industry mergers in America in which thiese industry is whittled down from a
group of about fifteen companies to the five conipanof Lockheed Martin, Boeing,
Raytheon, General Dynamics, and Northrop Grummas. indicated by Markusen and
Costigan (1999), the total defense-related employrimethe world has fallen by 6.5 million
workers during the period of 1987-1995. Obviousiyese workers should migrate from the
defense sector to the civilian sector.

It was not until the 911-event of terrorist attgake world military spending rebounded and
began to rise on an upward trérithereafter, the controversial defense prograntuobpean
and America are more likely to swim through on sing tide of national insecurity.
Meanwhile, the defense-related employment is expetd accelerate uptrend, corresponding
to the phenomenon of return migration from theligimi sector to the defense sectdm. other
words, the military threats will cause the realttma of economic resources, leading to
shrinkage or expansion of defense industry, see¢h®ol (1969). However, what we have
observed from the above story is that an increasthe military threats will lead to the
expansion of the defense industry and the shrinkégeher civilian sectors or conventional
manufacturing sectors, a similar phenomenon ofadled ‘Dutch disease’ in the literature on
trade theory.

Our paper is formally to analyze the above-mentioimeresting phenomenon of the Dutch-
disease induced by the military threats. More dpadly, we will set up a dynamic
optimization framework to analyze the impact of thiitary threats on the defense industry.
The structure of the paper is as follows. Sectigorésents a simple dynamic optimization
model. Section 3 presents the comparative stadilysis. Section 4 concludes the paper.

2. Modd

Consider a theoretical model consisting of the hamentry and the foreign country, and
suppose that the home country is a small open ewpmwhich is confronted with foreign
military threats. There are two sectors in homentiyu the civilian sector and the defense
sector. The civilian sector produces consumptiomdgoC) and the defense sector produces
weaponry R). The home country derives utility from consumpti@and the home weapon

stock, and disutility from the foreign weapon stock “): U (C,R,M") . Assume that

U (C,R,MP) is concave and continuously differentiable indatguments. Following Brtio

(1972), Simaan and Cruz (1975), Deger and Sen (185884), van der Ploeg and de Zeeuw
(1990), Zou (1995), and Chang et al. (1996, 20€2, instantaneous utility functiob
satisfies the following assumptions:

Ui1>0,U2>0,Us<0,U11<0, U2 <0,
Ui12=U2120, U13=U31 <0, U23=U32 >0.

Let U; represent the derivative of the utility functiorittwrespect to thé™ argument.

Similarly, Uj; represents the derivative dfi; with respect toj ™ argument. The
aforementioned assumptions imply that the margutdity from consumption and home

! SeeThe Economist (8280 July 2002, pp. 62-63).

2 See SIPRI Yearbook (2006).

3 SeeThe Economist (8242 October 2001, pp. 57-58).

* The Economist (26 November 1977, pp. 82-83) first describesghenomenon of ‘Dutch disease’.
The phenomenon originally refers to the adverseceffon Dutch manufacturing caused by the natural
gas discoveries of the 1960s.
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weapon stock is positive and diminishing. In additi the marginal utility from foreign
military threat is negative. The assumptidns =U 3; <0 implies that more foreign weapon

stocks reduces the marginal utility of consumptiwhereadJ;, =U,; >0 states that a rise
in the home weapon stock raises the marginal wtilif consumption, similarly,
U2 =U3, >0 asserts that an increase in the foreign militdmedt will increase the
marginal utility of home country’s weapon stocksofdover, the assumptiddz = Ug; =

Ui, = U, = 0 implies that the utility function is separabletween the consumption and the
weapon stocks.

The civilian sector and the defense sector empddpr and capital as inputs. Labor and
capital are intersect orally mobile. Hence, thedpiation function of the consumption goods
is expressed as:

Y =F(L, K), FL. >0, F« >0, Fik =Fx. >0, FL <0, Fuk <0,

WhereL denotes the labor employment aldepresents the capital employment in civilian
sector. Similarly, the production function of thesaponry is specified as5(Lr, Kr),

G, >0, Gkr >0, Grikg =Gk >0, Gray <0, Gkrer <0, wherelLyr denotes the
labor employment andKi represents the capital employment in defense iseGioe
production functions are assumed to be linearly dgeneous, and the marginal products of

labor and capital are positive and diminishing athbcivilian and defense sectors. Lletand

K represent the endowment of labor and capital octsedy. The full-employment
conditions for labor and capital can be derived as:

L+Ls =1L, (1a)

K+Kr=K. (1b)
Following McMillan (1978), the weapon accumulatiarthe home country is:
= G(Lr, K)) - IR, d 20, (2a)

Where O represents the depreciation rate of the weapark.substituting equations (1a)
and (1b) into equation (2a), we have:

B=G(L L, K K)-R. (2b)

The household budget constraint can be described as
PF(L,K)+G(L-L,K-K)=PC+T, (3)

WhereP represents the relative price of the consumptadg, andr is a lump-sum tax.

The objective is to maximize the discounted sunutdity over an infinite horizon with a
constant rate of time preference ), and 0 so < 1:

max_[:U (C,R,MMe*dt,

Subject to equations (2b) and (3). The initial hame@pon stock is given &s.

To solve the optimization problem, we specify tberesponding Hamiltonian as following:
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Ham=U (C,R M + A[G(L -L,K - K)-JR]
+Y[PF(L,K)+G(L -L,K -K)-PC-T]. (4)

Where A is the costate variable which can be interpretedha marginal contribution of
weaponry to utility. The variablg represents the shadow price of the consumptioniggoo

Normalize prices so thay =1. Hence, the first-order necessary conditions tioe
optimization are:

U:(C,RM%) =P, (52)
PF.(L,K) =(A +D)Gw. (L -L,K —K), (5b)
PFx (L,K) = (A +DGx. (L - L,K —K), (5¢)
A= (p+)A-U,(C,RM"), (5d)
limRAe™™ =0, (5e)

too

and equations (2b) and (3). Equation (5a) says ttletmarginal utility of consumption is
equal to its price. Equation (5b) implies the etjyadf the marginal productivity of labor
between the civilian sector and the defense setpration (5¢) implies the equality of the
marginal productivity of capital between the ciili sector and the defense sector. The
familiar Euler condition is giver by equation (5@)hich governs the optimal choice between
consumption and weapon accumulation. The tranditgrsandition is given by equation (5e).

Let 7 denote the tax rate. The lump-sum tax revenudeatescribed as:
T =7[PF(L,K)+G(L -L,K - K)]. (6)
The government is assumed to collect its lump-saxnrévenue to purchase the armament

and then freely offers internal and external ségufence, the government budget constraint
is:

r[PF(L,K)+G(L -L,K -K)]=G(L -L,K -K),
or

G(E—L,K—K):lLPF(L,K). )
-T
Combining (5b) with (5c¢), we have:
Fo(L,K)Gka (L - L,K =K) = Fc (L,K)G, (L -L,K =K). (8a)
Solving equation (8a), we have:
K =K(L,L,K), (8b)

And
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A= O_K _ G FiL + FkGrrr = FLGkrir = Gra Fr >0 (8¢)
oL Gr.Fik + FLGkekr = FkGrake — Gke Fik

Substituting equations (6) and (7) into equatign\(& have:
C=F(L,K). 9)
Substituting equations (5a), (8b) and (9) into ¢igua(5h), we have:
U.(F(L,K(L,L,K)),RM)F (L,K(L,L,K))

=(A1+1)G, (L -L,K -K(L,L,K)). (10a)

Substituting equations (8b) and (9) into equati@my and (5d), we have:
B=G(L-L,K-K(L,L,K))-R, (10b)
A= (p+3)A-U,(F(L,K(L,L,K)),RMD). (10c)

Differentiating equation (10a) with respect to times get:

1 G
&= R UL RY 11a
AU, [ F Ry (11a)

Where
_ Un(FL +FcA) + (Fu + Fik\) + (Gratk + Gk N) _ Y
U1 FL GLR U1|:L

A

¢ =UnF F+UF + (A +D)G +A[UnF Fc U Fic + (A DGk ] < 0°

Substituting equations (10a), (10b) and (10c) egoation (11a), we have:

1 G. UG, U
= Z[(p+d)A-—=) - " -2(G-R). 11b

A[('O o) U]_FL) U:Fe  Us ( ) (11b)
Equation (11b) states how the labor will mobiliz@ersectorally over time. Therefore,
equations (11b) and (10b) describe the transitiodghamics of the economy. In
characterizing the steady-state equilibrium of thadel, we get that there exists a unique

stationary state (i.eﬁ, and E), which satisfiest&= &=0. Appendix states the stability
analysis of the dynamic system. The phase diagsahustrated in Figure 1. The poiktis a
saddle point. The patBSis the unique saddle path.

In the next section, we will explore the impacttbé foreign weapon stock on the labor
employment of civilian sector and the home weagoaoksat the steady-state equilibrium.

® Using the assumption of the linearly homogeneausiyction function and the relationship of the
first-order conditions, we can prove that<0 is hold.
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Figure 1: Stably dynamic system

3. Comparative Static Analysis

At the steady-state equilibrium, the economy israti@rized byP&: A=0 andL, R, and A

are at their stationary level, in other wor@s, ﬁ, andA . From equations (10a), (10b) and
(10c), we can derive the steady-state relationssgsllows:

ok __ o R (128)
M7 (Gu. +Ge.A) MO
R _ (Gi. +Gk.N)
- +0)FUss - GL.Uas] >0, 12b
IME o [(p+0)FLU1s — G U 2] (12b)
04 _A>
oM" Q<
(12c)

Where
Q= ~(p+ 20)UscF Guc (L4 N) + 8(0+ O +U G (Gus + G ) <0,
L

A==(Gx + G N\)FL(U1U 23 —U1U2) + A g — A1 U oF (FL + FcA) .

Equation (12a) indicates that a rise in the fordlgeats has a negative impact on the labor
employment of civilian sector. From equation (8eg, also can prove that a rise in the foreign
threats has a negative impact on the capital empaoy of civilian sector. In other words, an
increase in the foreign military threats will resinl the shift of economic resources from the
civilian sector to the defense sector. Equatiorb)1tates that an increase in the foreign
threats leads to more home weapon stocks. Equétidr) describes that the relationship
between the foreign threats and the shadow prichoaie weapon stocks is ambiguous.
However, if the utility function is separable betmethe consumption and the weapon stocks
(i.e., Uiz = Uz = U, = Uy = 0), equation (12c¢) definitely indicates thatiserin the
foreign threats will increase the shadow priceahk weapon stocks (see Chang et al. (1996)
and Lee (2007)). Therefore, we get the followinggasition:

Proposition 1. An increase in the foreign threats will lead te 8hift of economic resources



Cheng-Te Leet al. 212

from the civilian sector to the defense sector, dnd versa.

Proposition 2: A rise in the foreign threats will lead to the bung defense industry, and
vice versa, a similar phenomenon of so-called ‘Duticsease’ in the trade literature.

4. Conclusions

This paper sets up a dynamic optimization modeinalyze the impact of the military threats
on the defense industry. We prove that an increasige foreign military threats will lead to
the shift of labor and capital from the civiliancs® to the defense sector, and vice versa.
Namely, an increase in the foreign military threat result in the shift of economic
resources from the civilian sector to the deferes#os. As a result, civilian sector shrinks and
defense sector expands, a phenomenon resemblecualled ‘Dutch disease’ in the trade
literature.

Appendix

In order to examine the stability of the dynamistsyn, we rewrite equations (11b) and (10b)
which describe the dynamics of the economy asvaio

&=H(L,RMY), (A1)
B=J(L,RMD). (A.2)

Expanding equations (A.1) and (A.2) around thdmtaty values oL and ﬁ, we get:
& [H. H -L
AC N et (A.3)
B |J. Jr|R-R

H, = G..[(p+9)+U] >0
U.F

Where

1 G U
HRZAul[(HL+5)U12— Ln 22

1<0,

L
J =- (GLR +GKR/\) <0,

JR:_5< 0.

Let H; andJ; represent the derivatives of the functidhandJ with respect to the variable

respectively, wheré= L, R. The slopes of lock¥= 0 and B=0 from equations (A.1) and
(A.2) are:

a_L —_i>o
0Rlg, H,
a_L :—£<O
OR| o Jy .
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Assume thattn and L. are the two characteristic roots that satisfy dyaamic system
described by equations (A.1) and (A.2), we have:

Ml = H Jr—HgJ. <O0.

Obviously, the two characteristic roots of the dymasystem are opposite sign@, < 0 <fs&.

Therefore, we indicate that the system displaysstuille-point stability and prove that there
exists a unique saddle pe88in the dynamic system. However, the slope of sagdthSSis
positive as following:

[He -4 HR][&]:O:£=—L>0,

Where[v1 V;] represents the characteristic vector. MeanwHile stope of saddle pa88 is
smaller than the slope of lot®=0.
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