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DEVALUATION, INVESTMENT AND FACTOR INTENSITY
IN TWO-SECTOR TWO-FACTOR SMALL OPEN ECONOMY*

YOUNGKUL WON**

This paper analyzes the impact of devaluation on the balance of payments,
sectoral investment, aggregate investment, sectoral employment and real output in
a perfect foresight dynamic optimizing model of a small open economy with two
sectors and two factors of production. We emphasize the role of imported capital
goods, and the labor market distortions that are prevalent in most developing
countries. In particular, we trace the impact effect and the transitional dynamics
of devaluation when factor intensity varies in the tradables sector. Our simulation
results show that devaluation improves the balance of payments on impact in all
cases considered. The more labor-intensive the tradables sector is, the smaller is
the initial improvement in the balance of payments. Surprisingly, investment in
the tradables sector falls in most plausible cases. Aggregate investment as well
as investment in the nontradables sector always drops on impact regardless of
parameter values, and it drops more as the tradables sector becomes more
labor-intensive. Employment in the nontradables sector and real output of the
economy fall in all cases considered. The results of the paper show that
devaluation may turn out to be quite a harsh experience for developing
economies, especially those with more labor-intensive tradables sector.
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1. INTRODUCTION

Conventional wisdom says that devaluation improves external balances, and
thus stimulates the economy by increasing real income and output at least in the
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short-run. In line with the conventional wisdom, devaluation has long been
recommended as a part of stabilization policy package supported by the IMF
and World Bank. However, there has been a concern that devaluation may be
contractionary, especially in the context of less developed countries (LDCs). [see
Hirschman(1949), Diaz Alejandro(1963), Cooper(1971), Krugman and Taylor
(1978), Buffie(1986), Montiel and Lizondo(1989) and de Melo et al.(1991)]! The
traditional literature on contractionary devaluation relies either on contraction in
aggregate demand caused by income redistribution, or on contraction in aggregate
supply due to imported inputs.

One potentially important source of contractionary effects that used to be
neglected is a fall in investment spending. The impact of devaluation on agg-
regate investment spending has been analyzed in Buffie(1986) and Risager(1988).
Buffie(1986) shows that under an extremely weak condition, devaluation will
lower aggregate investment, emphasizing that any favorable indirect effects
working through a rise in product price are always dominated by the direct
contractionary effect devaluation exerts by raising the supply price of capital
goods. However, a feature of his model, namely a high level of aggregation, is
open to criticism for ignoring a potential stimulus to investment resulting from a
decrease in the relative price of capital goods in sectors producing traded goods
in a small open economy. Risager(1988) shares the same shortcoming by
focusing only on a one-sector, large economy.

Recently, Buffie and Won(2001) provides a more general analysis in a
two-sector small open economy model. They investigate the effects of
devaluation in a rigorous intertemporal model consistent with optimizing behavior
and rational expectation. Capturing the critical tention between tradables and
nontradables sectors, they show that both sectoral and aggregate investments fall
on impact after a devaluation in most plausible cases considered, and remain
almost always below their long-run equilibrium levels during the transitional
period. Their model is, however, specified to describe a situation most
appropriate for sub-Saharan LDCs with a land-using tradables - sector and a
capital-intensive nontradables sector, thus losing a lot in generality. Moreover,
their paper focuses mainly on the impact effects of devaluation on investment,
leaving the other important variables of interest largely untouched and mostly
neglecting the transitional dynamics of devaluation.

Keeping the limitations of their model in mind, we improve on Buffie and
Won(2001). Sharing the main feature of their model, this paper investigates the
effects of devaluation on variables of interest such as the balance of payments,
sectoral and aggregate investment, real output and sectoral employment, in a
more general two-sector, two-factor small open economy model. Moreover, a full

! Gylfason and Schmid (1983) among others, on the other hand, shows that devaluation tends
to increase domestic real income and output for a group of ten industrial and developing
countries, thus supporting the traditional view.
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general equilibrium perfect foresight dymamic optimization is adopted, thus
providing complete characterizations of the transitional paths of the variables of
interest. In particular, special attention is paid to the effects of devaluation with
different factor intensities in the tradables sector to capture the situations of
various manufacturing exporting countries.

Our simulation results reveal that the balance of payments unambiguously
improves immediately after devaluation, and the economy accumulates foreign
reserves before the balance of payments returns to its initial level. The initial
improvement in the balance of payments, however, gets smaller as the tradables
sector becomes more labor-intensive. Employment in the nontradables sector and
real output fall on impact in all cases considered. Aggregate investment falls on
impact following devaluation in all cases considered and remains almost always
below its long-run equilibrium level during the transitional period. The economy
suffers more substantial decrease in aggregate investment on impact with more
labor-intensive tradables sector. Sectoral investment also falls on impact in most
cases, and falls more with more labor-intensive tradables sector. Only under
some extreme assumptions on the key parameters, such as very low dependence
on imported capital goods in domestic capital formation and high reluctance to
smooth consumption, investment in the tradables sector increases a little imme-
diately after a devaluation. In such cases, investment in the tradables sector
increases more on impact with higher labor intensity in the sector. However, in
all cases considered, investment in the nontradables sector falls on impact after a
devaluation, and falls generally more with labor-intensive tradables sector.

The paper proceeds as follows. In section 2, we lay out the model and derive
the system of differential equations that govern the paths of variables of interest.
Due to high dimensionality of the system(6X6), we are forced to rely on
numerical methods to characterize the economy’s dynamics. Section 3 describes
how we calibrate the model with different sets of parameter values that reflect
the various economic structures of LDCs. Section 4 provides the results of
calibrations in detail, interpreting them in economically sensible ways. Section 35
concludes the paper.

. THE MODEL

The model developed in the paper is in line with the monetary approach to
the balance of payments in that the balance of payments is essentially a
monetary phenomenon in the model. In addition, real money balances enter the
utility function explicitly to take the nonpecuniary services money yields into
account in the spirit of Sidrauski(1967).2 Most importantly, the two-gap

2 There has been a series of debates about the validity of money-in-utility function
formulation. However, Feenstra(1986) convincingly demonstrates that using real balance as an
argument of the utility function and entering money into liquidity costs that appear in the budget
constraint are functionally equivalent.
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specification of the capital goods is adopted and plays a critical role in the
model.3 In order to highlight the private sector’s response to devaluation and
maintain the tractability, we deliberately put the government sector behavior
aside. The role of the government, or the central bank, is to simply convert
foreign exchanges into domestic currency.

2.1. The Economy

2.1.1. Technology

Two types of composite goods are produced and consumed domestically,
traded goods and nontraded goods. The tradables sector can be considered as the
sectors which produce rudimentary manufacturing or natural resource-related
products. The nontradables sector includes services and import-competing manu-
facturing sectors which are highly protected by trade barriers, such as import
quotas and tariffs, for fostering domestic production.

Capital and labor are factors of production in both sectors. Capital is assumed,
even in the long run, to be sector-specific. Once installed, it evolves over time
according to a law of motion defined later. Labor, on the other hand, is
intersectorally mobile. Therefore, the production relation in each sector can be
described as

Qr=QH«Lr, K7, (1-a)
On= QN(LN,KN), (l'b)

where subscripts “ 7" and “N” denote the tradables and the nontradables
sectors, respectively. @, K; and L; denote the output, the sector-specific
capital and labor inputs used in sector 7, respectively. More specifically, to
simplify the analysis without limiting the possibility of various elasticities of
factor substitution, we assume that both goods are produced according to a
constant elasticity of substitution(CES) technology.

Since we investigate a small open economy, the domestic price of the traded
good is determined solely by the exchange rate, e, the domestic currency price
of a unit of foreign currency. As usual, we assume that the foreign currency
price of a unit of tradables is unity for analytical simplicity. Therefore, the
domestic price of the traded good is specified as

Pr=e, @)

> See Chenery and Bruno(1962) and McKinnon(1964) for the two-gap specification.
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where P, denotes the domestic price of good i The general price level of the

economy (CPI) is constructed according to a geometric average of the prices of
nontraded goods and traded goods with their expenditure shares,

P=Pie' ™", )

where @ and ]—q represent the shares of the nontradables and the tradables in
aggregate consumption expenditure respectively, i.e., a=(PyDy/E and

(1—a)=(eDp)/E, where D, denotes the consumption demand for good { and

E denotes the nominal aggregate consumption expenditure on both goods.

Constant - teturns - to - scale technology, coupled with a competitive market
assumption gives the following zero - profit conditions which link product prices
and factor prices as

e=crwr,77) @
Py= cilwn, 7a)s 6))

where ¢{ -), w,; and »; denote the unit cost function, the nominal wage rate

and the capital rental rate in sector 4, respectively. Following the two-gap
specification, capital is assumed to be a composite good produced by combining
a noncompetitive imported input such as machines, and a nontraded component
such as construction services, in a fixed proportion. Denoting b, and by as the

input-output coefficients for the noncompetitive imported input and the nontraded
components respectively, the price of an aggregate capital good, P, is determi-
ned as

Pyg=bre+ byPy (6)
For later use, it is useful to rewrite (6) in percentage changes as
Px=(1—B)e+BPy )

where A(=byPy/Py) is the cost share of the nontradables in production of an
aggregate capital good, and a circumflex(*) denotes the percentage change of a
variable, i.e., X=dX/X.

2.1.2. Factors and the nontradables markets

Considering the labor market distortion in LDCs, we assume two different
wage setting procedures for the two sectors. That is, the nontradables sector is
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assumed to adopt a wage indexation rule to have the real consumption wage
fixed, due to labor contracts or social norms, while the tradables sector follows
the market-determined wage rate. The wage rate in the nontradables sector is
determined so as to be higher than that of the tradables sectort. Therefore, the
nominal wage in the nontradables sector is specified as

wy=rPy+(1-7pe, (8)

where y and 1—y are the indexation weights attached to the price of the
nontradables and the price of the tradables, respectively.5 The labor market,
however, clears continuously via the flexible wage rate in the tradables sector so
that full employment prevails at any given moment in the economy. Demand for
labor in each sector can be obtained by the instantaneous profit maximization
for a CES production function as:

Lr=alwr/e)” "Qr )
Ly=&wn/Py)" " Qm (10)

where ¢ and b are constants determined by technology, and o; denotes the
elasticity of factor substitution in sector i Labor supply is assumed to be fixed
at L. Therefore, the labor market equilibrium can be defined as

Lr+Ly=1L (11)

The nontradables market clears continuously via a flexible P,. Therefore, P,

should adjust instantaneously to satisfy the following nontradables market clearing
condition.

Dy(e, Py, E) + byl Ir+ Ur(Ir— 8K 1) + Iyt Tn(Iy—0Kn) 1= Qn(Ly, Ky), (12)

where I, and & denote the gross investment in sector ; and the constant
depreciation rate of capital goods assumed to be common in both sectors,
respectively. ¥,(-) is a strictly convex adjustment costs function of net
investment in sector ; so that &' (-)>0 as I>6K, ¥ (-)>0 and P0)= ¥
(0)=0.6

“ Several studies show that there exists a significant degree of wage differential between the
two sectors in LDCs. For example, see World Development Report(1993).

5 Since we assume that a real consumption wage is institutionally fixed, y is, in fact, equal
to a.

$ A convex adjustment costs function is introduced to make the model consistent with the
assumption of sector-specific capital as well as to reflect real world phenomena. See Gould(1968)
and Lucas(1967) for classical treatment of adjustment costs function. Gould considers adjustment
cost as a function of gross investment, while Lucas thinks of it as a function of net investment.



YOUNGKUL WON: DEVALUATION, INVESTMENT AND FACTOR INTENSITY 103

2.2. The Representative Agent’s Optimization Problem

2.2.1. The optimization problem

Consumption and investment decisions are made by an infinitely-lived represen-
tative family firm having homothetic preferences. The family firm possesses
perfect foresight, and selects the investment plans on both sectors and the
consumption plans on both goods(expenditure) that maximize the additively

separable utility function in which real money balances are included.” Therefore,
the representative family firm’s maximization problem can be stated as

max g r,, Iﬂfom[ Ve, Py, E) + ®(M/P)] exp(— pf)dt
subject to

M =R(e,Py, K1, Ky, Ly) — E— PglIr+ ¥(Ir— 6K 7))

(13)

— Pl Iy+ ¥(Iy— 0K )]
KT= 11‘" 6KT (14)
KN'_— IN_ 6KN, (15)

where o is the constant time discount rate, and an overdot denotes the time
derivatives, i.e., X=dX/dt. V(e Py E) is the indirect utility function and
retains all the properties of usual indirect utility function where V,=aV/
dP<0, Vg=0V/dE>() and Vg<0. &(-) also retains the usual properties of
utility function, such as @'>0,0'<0. M denotes nominal money balances. Real
money balances are included in the utility function for taking into account the
nonpecuniary services yielded by money holding, such as the facilitation of
transactions. On the right-hand side of (13), R( ) is the revenue function of
the family firm which equals eQr+ PyQy. Thus, using the envelope theorem,
we get

R()=Qp R -)=QnRi(-)=7rr, R(-)=rn,
(16)
RS( ° )=wN_ wr,

where the subscript ; means the partial differentiation of the function, R(-),
with respect to the jth argument. Notice that the revenue function depends on

" This specification is convenient in that demand for each good depends only on prices and
aggregate expenditure, but not on real money balances. See Buffie(1993) for example.
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employment in the nontradables sector (L), and an increase in employment in
the nontradables sector raises the revenue by wy— wr per worker. This result
comes from both a sectoral wage differential and full employment in the
economy. Because of full employment, nontradables sector employment (L)
crowds out tradables sector employment (L ) on a one for-one-basis.

The budget constraint, (13) defines the evolution of domestic nominal money
balances which are accumulated as the revenue exceeds the sum of consumption
expenditure and investment spending in the two sectors. With the nontradables
market cleared continuously, (13) can be interpreted as the domestic excess
supply of the tradables, and thus as the trade balance surplus as in Domn-
busch(1973). (14) and (15) specify the capital’s law of motion in each sector as
usual. The representative family firm now chooses the sequences of investment
in each sector and expenditure, {7, Iy, E}, to maximize its utility based on the
expectation on the evolutions of capital in each sector and money balance,
{Kyn, K7, M}

2.2.2. Solving the maximization problem

The present value Hamiltonian function for this problem is specified as

H=exp(—pt) {V(e, PNE)+ (D(M/P)+A1[R(e, PN, KT, KN, LN)
—E— Px(Ir+ ¥{(Ir— 0K 7)) — PlIy+ T\(In— 0K )]
+ Al Ip— 8K 7]+ A3l Iy— 6Ky},

where the co-state variables A, is not necessary (;=1,2,3) represent the
current shadow prices of money, capital in the tradables sector, and capital in
the nontradables sector, respectively. Time subscripts attached to the variables are
omitted for notational simplicity.

The first-order necessary conditions(FONCs)8 for the family firm’s maximiz-
ation problem are thus given as

Vile, Py, E)= A, a7
VP 1+ ¥ (I~ 8Kp]= A, (18)
VePrll+ ¥ \(Iy— SKp)] =4, 19)

where these three conditions are obtained by maximizing H with respect to the

8 1t is assumed that the transversality conditions for three assets are met.
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three choice variables, {E, Iy, Iy} respectively. These intertemporal, no arbitrage
conditions can be interpreted in a standard way. (17) states that the shadow
price of money is equal to the marginal utility of a dollar increase in consum-
ption expenditure. (18) and (19) imply that capital’s shadow price in each sector
is equal to a decrease in utility that is due to a unit increase in the capital
good away from consumption expenditure.

The remaining FONCs are comprised of the following co-state equations that
show the optimal changes in shadow prices over time, and thus must be
satisfied along the optimal path of each variable of interest:

o (M[P

ir=ho—EE 20)
/ig=/11[(p+ 6)PK— TT+ pPqu T] (21)
/132/11[(9'*' 6)PK'— TN+ pPKWN], (22)

where we omitted the argument of the adjustment cost function for notational
simplicity.

The next task is to obtain dynamic expressions for three choice variables from
the information on the FONCs. Making use of (17), (20) and Roy’s Identity, we
obtain '

W E__o _ RN
T E =PV, o+ (7 Da Py’ 23)
Ve . . . . - ..
where 7(=-— % E) is the intertemporal elasticity of substitution that is, in
EE-:

turn, defined as the inverse of relative risk aversion. Similarly, combining (18)
and (21) yields

¥ lr=(1+ O g+ 80 Ir= 8K+ 3= p — AL+ am)—ff% 24)
Symmetric manipulations involving (19) and (22) give

¥ wly=(1+ O )+ 8% Iy 8K + 3= F — AL+ am—lf% 25)

We now turn to the market clearing condition in the nontradables sector,

obtaining the expression for Py and Py over the transitional period where

e=0 as
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Py=(PyQn) " {adE+ PP (1+ ¥ pdlr+(1+ afN)le— 8 1dK1l (76
( +3PK6¥7 NdK )

Py _ (PyQM) ! {@E+ BPH (1+ & DI+ (1 + T ) Iy— 8¥ 1K)
Py 27

- (‘;_g + BPxdT ) Kn)

N1 —
where ]—~—-—( + )+L1N7)— and ¢ is the compensated own price ela-

sticity of detnand. 6: denotes“the cost share of input ; in sector i(i=T,N,;
=K, L).

On the other hand, manipulations of the labor market clearing condition, (11),
give®

wr= 6K+ LEy+ Get Py, (28)
where
¢ _—@(“>O Cz—-ﬂ‘(l}?o—)O
_ Lyon(1-7) _ 1 Lyop(1—
fs—l—( )( L7or ). &= ( )( L,or ))0

From the zero profit condition for the tradables sector, (4), and making use of
(28), we obtain!0

rr=s1¢—5, Py—s3 Kr—5; Ky (29)
where
_ Lyo(1—7) 0L LNGN(l_Y) 51. 1 9L
Sl—l+ LTOT 9N >0 L]O' 91\/ >0, or >0,
S4_%i>0

From now on, without loss of generality, we choose units so that P, equals
to 1.

Finally, linearizing (23), (24) and (25) around the steady-state,l! and substitu-
ting (26) and (29) into them yield a three simultaneous differential equations

’ In equation (28), we can sec the homogeneity property by noting that the sum of the
coefficients of the nominal variables, ¢ and P, equals 1.

1% Basic homogeneity property appears again by s, —s,=1.
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system regarding Ir, Iy, and £ as in <Appendix 1>.1213 In addition, linearizing
(13) around the steady-state, and substituting (26) yield the complete expression
for M as

N
H= TCGE) +(1- 9-gh o1 = DladB+ Bdl o+ aly) ~ <252 ak)
N
+(p+ 3)(1’KT— dE—dlr— dly+ (P+ 6)[1+(1—g)“%]dKN
K

Equations (A1), (A2) and (A3) in <Appendix 1>, and (16), (17) and (30) fgg%

the complete system of dynamic equations appropriate for the calibration as

M 0 Xl Xz Xz p+8 X3 M—M

E -X, X5 Xs X7 Xz —Xy E-E

Ir|_| —Xo Xy X X3 Xu X || Ir—1I7 , (1)
Iy X Xp X X9 Xao Xa|| Iyv—Iy

: 0 0 1 0 -6 0 _

Kr 0 0 0 1 o -—sl|EKr

Ky Ky—Ky

where an asterisk(*) denotes a new steady-state equilibrium, and X,’s are the

coefficients of the corresponding variables in each equation. Exact expressions for
X;'s are stated in <Appendix 2>.

. CALIBRATION OF THE MODEL

In order to see whether the system in (31) has a unique convergent solution
path, and to find the path if one exists, we need to obtain the eigenvalues of
the coefficient matrix, X, and the associated eigenvectors. Finding the eigenvalues
of 6X6 matrix involves solving a 6” order polynomial equation, which is, as

' Note that ;= ®y=T, =¥y =0, Li=3K, r=(p+8Px “"P%EP =p at the steady-
state.

2 In order to get the complete solutions, we need to pin down the ¥ terms.
Log-differentiating  (18) and evaluating it at the steady-state where ¥;'(- =0 yield
v, 1, T;= %%~ Fr. The RHS of the expression is, in fact, the percentage
change in Tobin’s g-ratio. Defining z to be the elasticity of investment with
respect to q-ratio, and assuming that the g-elasticity of investment is the same
in both sectors, we then get the expressions for ;- evaluated at a steady-state

. o]
as ¥r'=—spre N S TaRy

" In obtaining the so(liltiog; )we make use of the zero profit condition in the nontradables se-
—oLy

ctor, (5), giving 7y == Py and the demand for labor in the nontradables sector, (10),

yielding £N=~g—1—:—72( $,— &+ Ry Furthermore, gpv assume that the income elasticity
K . __M _ EE: o @’ _

of money demand, 7, equals to 1. That is, 7= £ = TPV, = & (MPr =1,
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known well, generally no way to get explicit solutions analytically. Therefore,
we resort to a numerical method, using mathematica program, to get the
eigenvalues and the associated eigenvectors.

3.1. Determination of Undetermined Parameters

Before doing the calibrations, we should be able to assign the coefficient
matrix, X, to real number values. In fact, we can set plausible values for
a,B8,0, 6i,7,0,7,1 and ¢ from the existing literature. But, we still have three
parameters undetermined, %, % and -=%. These three parameters have to be
set in an internally consistent way. This rgquires that we exploit the information
in the budget constraint and the market clearing condition. Note first that when
evaluated at the steady-state where »;= 7y,

Ly _ 6] Py _ 6]  VAy
N
T

Lr " 0Y% eQr T 6YEI-VAy- (32)
_ Kny_ Ok VAx (33)
T Kr’ gL 1-VAy’

where VANEP—N}QE,Y= eQr+ PyQy.

From the nontradables market clearing condition and the budget constraint
evaluated at a steady-state, we obtain

AT
Vaw=H o+ 200k 64

Dy _ (Py/EXEIY) o E\_, a . oK

(33

- (85— 6K)X B~ a)
If =1+ 5 )

v =(o+8 70k + (85— 6D VAN

where

Now once we assign sensible values for the parameters, VA, is determined
by (34). The values for %,k and % are subsequently determined by (32),
T N
(33) and (35), respectively.
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3.2. Solution Paths of Variables of Interest

With all the parameters observable and determined consistently, we are now
ready to solve the differential equations system (31) numerically. In all 36 sets
of parameter values tested, we obtained three negative and three positive
distinctive real roots. Therefore, there exists a unique convergent saddle point
solution for each set of parameter values4. The complete solutions for the
convergent saddle paths of the variables of interest are derived as

._fg = _KMQELMD_ =1+ [ v k' sexp(Ash) + v)sh sexp (As) + vigh’ sexp(Agh)],
—g — __(ﬂ_t)_éfﬂ)_ =1+ ﬂ[ Uzzhlzexp(/igt) + Uzshlsexp(Ast) + Uzsh'SEXp(/lst)],
Iy Ur(-F , '
r o MalOZTD syt B il exn () sk sexp ()
+ vy k' sexp(A6D)],
B OB _ g Gt |
é\ - 2 - ( 5 )[ kﬁ%(l— VAN)( Y/E) ][U42h geXp(/lgt)

+ vy 13 5€XP (Ast) + 1)461’1’ cEXPD (llsf)] ,

K K () — K} ' ’
(7 _ ( T(t)?a ) — G%f}(j;z ;?,)/E) M vsp & 2exp(Ash) + vesh sexp (Ast)
+U55hleeXD(/16t)],

Ky _ (KN(t)A_ Ky _ (o+9) N vk sexp(AD)

e e = A= VAN YIE)
+ Ue5h’5eXD (Ast) + v%h'eexp(kst)],

where 4 = h’}. The ks are constants determined by the initial conditions,

and A; and v,-fi, j=1, .., 6) are the corresponding * eigenvalues and eigenv-
ectors, respectively. Here we assume that A,,As,Aq are negative eigenvalues. The
above equations depict the reactions of the variables of interest in the forms of
the elasticity of each variable of interest with respect to devaluation. Superscript
"0" denotes the initial steady-state, or pre-jump values. Change in the balance of
payments is measured by the ratio of the balance of payments to initial
expenditure, and is derived as

—AgE%tl = ,u[ /]2 Ulzh' 2€XPp (Agt) + A5v15h'5exp (/lst) =+ Aleﬁh’ §EXP (/161‘)] 2

4 See Buiter (1984) for the condition of existence of a unique convergent saddle point
solution.
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For the calibrations, we use the case where e= .1, 7. e., a 10% devaluation
is assumed.
The responses of the other interesting variables are traced as

%‘”( AP0y Eps o %* J(fﬁ'%) ZN"J_I K:”
(Tf) _Le=PY ) Py
; z ;
Ly _ S .
S e T ey e
—%=( o) K;TH ) I?
2 —oza-vaEr v va, Br s gyvay S 12,

3.3. Parameterization of the Model

With the model ready for calibration, we finally should be able to assign
plausible values for the parameters from the existing literature. The parameter
values used to calibrate the model are summarized in <Appendix 3>. Here we
investigate the effects of devaluation with 36 different sets of parameter values
that reflect different economic structures of LDCs.

The justification of particular choices of parameter values may be in order.
For the cost share of the nontradables in the production of an aggregate capital
good, B, Krueger(1978) gives 40% share of construction in fixed capital
formation as a normal case. Also, NBER studies find the share of domestic
output in total investment generally to be on the order of .50~.80. For the
compensated own price elasticity of demand for the nontradables, &, we use .20
following Llunch, Powell and Williams(1973) and Blundell(1988). For the
intertemporal elasticity of substitution, 7, Summers(1982) puts it around 1.
According to Hansen and Singleton(1983), it would be on the order of 0~2.0.
Hall(1988), criticizing the previous two papers, argues that it is close to zero,
and is probably not above .20. Blundell(1988) also shows that it is small and
probably less than .50. Attanasio and Weber(1989) obtains a little higher. Here,
we try 2 and 1.0 for low and high ends. Regarding the g-elasticity of
investment, z, we use .5 and 1.5. Abel(1980) shows that it is on the order of
.50~1.1. Blanchard and Wyplosz(1981) estimates it as .43, while Hayashi(1982)
puts it at around .67. Summers(1981) argues that it is about 1.5 in case of the
US.A. For the elasticity of factor substitution, o¢;, we fix it at .50 following
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White(1978), Khatkhate(1980) and Ahluwalia(1974). For the sectoral wage gap, g,
we set it at .75, implying that the nontradables sector pays 33% more than the
tradables sector does, which is not uncommon in LDCs. For the cost share of
labor(capital) in the tradables sector, we try three different cases, 67=.30( 6%
=.70) for capital-intensive tradables sector case, 6F=.50( %=.50) for neutral case,
§7=70( 91=.30) for labor-intensive tradables sector case. For ¢} and 6%, we
consider a neutral case where they have the same shares because we intend to
focus on how different factor intensities in the tradables sector affect the
outcome.!5 Pure time preference rate, p, is assumed to be .10. The rate of
depreciation, &, and the consumption share of the nontradables, ofand, thus
wage indexation parameter, y) are set to be .06 and .50, respectively to focus
on the other important variables like 47, A, and 7 The ratio of money
demand, g, is set to be .10 as in Buffie(1992).

IV. RESULTS

Under the parameterization of the economy given in the previous section, we
trace the transitional dynamics of several variables of interest. These include the
balance of payments, investment at both sectoral and aggregate levels, capital
stock at both sectoral and aggregate levels, employment in the nontradables
sector, and real output. <Appendix 4> summarizes the part of simulation results
about the impact effects of the devaluation. In what follows, we interpret the
simulation results from general perspectives, and then take a closer look at three
typical model economies.

4.1. General Observations

We have nothing new to say about the balance of payments. A devaluation
improves the balance of payments on impact in all cases considered. However,
as other variables, especially Py, begin to adjust to devaluation, the balance of

payments surplus gradually disappears, and the economy moves toward the new
steady-state in which the balance of payments surplus is zero. Following
devaluation, a fall in real money balance, coupled with a decrease in real
income results in a drop in overall demand for goods and services produced by
both sectors. The contraction in demand, when combined with an increase of
supply in the tradables sector, induces the excess supply of the tradables, which
implies that a devalvation improves the balance of payments on impact. The

KLy
is 75% higher than that in the nontradables sector when 6T =30( 6%=.70), and 75%, 32% of
that in the nontradables sector when 67=50( 8%=.50), 87=.70( g%=.30) respectively.

IS Notice from (32) and (33) that KrLir =£:;2. The capital-labor ratio in the tradables sector
L
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more labor-intensive the tradables sector becomes, the smaller is the initial
improvement in the balance of payments.

Of interest is the response of investment at both sectoral and aggregate levels.
Investment in the nontradables sector, I,, falls on impact after a devaluation in
all cases of parameter choices considered, and then moves toward the new
steady-state where I, is equal to its initial level. The initial drop in 7, is
larger as the tradables sector becomes more labor-intensive, except some cases
where the cost share of the nontradables in the production of capital good, g,
and the intertemporal elasticity of substitution, z, are very high. During the
transitional period, I, remains below its long-run equilibrium level.

Investment in the tradables sector, I, also falls on impact in most cases
considered. Only in some exceptional cases where the cost share of the
nontradables in the production of capital goods and the intertemporal elasticity of
substitution are very high, the investment in the tradables sector, in fact, jumps
up on impact after a devaluation, and then approaches the new steady-state
where the investment remains the same as its initial level. When ¢ is low, the
initial drop in [, gets larger with more labor-intensive tradables sector.

However, with a high 7, the initial decrease or increase in I, becomes

magnified. The g-elasticity of investment demand, z, also plays a role as a
magnifier.16 With a higher z, investment response in each sector becomes larger.
What is interesting is that aggregate investment always drops on impact
regardless of parameter values, and it drops more as the tradables sector
becomes more labor-intensive.

As noticed in (33), the ratio of capital stock in the nontradables sector to that
in the tradables sector, k, gets larger as the tradables sector becomes more
labor-intensive. Considering that aggregate investment is a weighted average of
the two sectoral investment, therefore, the weight attached to investment in the
nontradables sector becomes larger. Because it is the nontradables sector that is
hit harder by devaluation, aggregate investment should fall more with more labor
intensive tradables sector. This also explains why aggregate investment falls more
on impact even when sectoral investment decreases less (or increases more) in
some cases with larger 7 and larger g as the labor intensity in tradables sector
becomes higher.

In order to understand sectoral investment behavior of the representative family
firm, we need to notice that there are three prominent effects occurring when
the investment decision in each sector is made following a devaluation. First, a
devaluation raises the product wage in the nontradables sector on impact,l7

' 2 has to do with the degree of convexity of adjustment costs function. As z gets larger,

the adjustment costs of investment become smaller.

T (g =i Fi= 1Pyt (1= ) e Fy=(1- 1= B0
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which causes the demand for labor in the nontradables sector to fall. As a
result, the marginal productivity of capital also falls in the sector, which makes
the g-ratio smaller. Also, a devaluation makes g-ratio in the nontradables sector
smaller by raising the relative price of the capital in terms of the nontradables.!8
Consequently, investment in the nontradables sector, Iy, falls on impact

following a devaluation. We call this effect the g-effect. Secondly, devaluation
decreases real balances by raising the general price level. The drop in real
balances, however, increases the marginal utility of money. Considering this
increase in marginal utility of money, the representative family firm would hold
more of its assets in the form of money rather than capital. Therefore,
investment demand in each sector falls on impact following a devaluation. We
call this effect the competing asset effect. Finally, devaluation lowers real
income in the economy on impact by reallocating workers from the high wage
nontradables sector to the low wage tradables sector. Therefore, a risk averse
representative family firm has an incentive to smooth consumption by lowering
investment following a devaluation. We call this effect the consumption smoo-
thing effect.

All these three effects pull in the direction of lower investment in the
nontradables sector. This explains why investment in the nontradables sector
decreases on impact following a devaluation in all cases of parameter choices
considered. In the tradables sector, devaluation lowers the relative price of the
capital good measured in terms of the tradables on impact.! This makes the
q-ratio for the sector larger. In addition, a devaluation lowers the product wage
in the sector on impact, which causes the demand for labor in the sector to
rise. As a result, the marginal productivity of capital also increases, which
makes the g-ratio larger. Therefore, the g-effect in the tradables sector pulls in
the direction of higher investment in the sector. Alternatively, the consumption
smoothing and the competing asset effects pull in the direction of lower
investment in the tradables sector, as in the nontradables sector. Therefore, the
direction of investment in the tradables sector depends on the relative strength
between two contractionary effects, the consumption smoothing and the
competing asset effects, and one expansionary effect, the g-effect.

The strength of the two contractionary effects depends on the intertemporal
elasticity of substitution, 7. The inverse of the intertemporal elasticity of
substitution, 1/z, is, in fact, the elasticity of the marginal utility of real
balances because we assume that the income elasticity of money demand is
equal to unity. Therefore, the larger ¢ is, the smaller the elasticity of the
marginal utility of real balances is, and the weaker the competing asset effect is.

B (LYo P pn=BPy+(1— B é— Py=(1- B e~ P)>0

o =l

9 (ZEy= Py o= BgBy+(1— B e— e=— B e~ B0

e
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On the other hand, the g-effect depends on the cost share of the nontradables in
the production of capital goods, 4. As shown in footnotes (18) and (19), as 2B
becomes larger, the initial decrease in the price of the capital goods measured in
terms of tradables becomes larger, and the initial increase in the price of the
capital goods measured in the nontradables sector becomes smaller. Therefore,
the larger g is, the positive g-effect is stronger in the tradables sector while the
negative g-effect is weaker in the nontradables sector.

Thus, in some cases where B and r are large enough so that the stronger
g-effect dominates the weakened competing asset and consumption smoothing
effects, investment in the tradables sector increases on impact following a
devaluation. The increase in either 8 or r also works for investment in the
nontradables sector favorably so that it decreases less than otherwise. But in the
reasonable range of parameter values considered, it is not enough to reverse the
direction of investment in the nontradables sector. Aggregate investment, there-
fore, falls on impact in all cases considered.

Employment in the nontradables sector, Ly, falls on impact after devaluation

in all cases considered. This could be explained by the fact that the product
wage in the nontradables sector increases on impact. The released workers from
the nontradables sector are absorbed by the tradables sector under the assumption
of full employment in the model. This movement explains the behavior of real
output after devaluation.

Real output, @, falls on impact in all cases considered after devaluation. The
movement of workers from the nontradables sector, which is higher in produc-
tivity, to the tradables sector, which is lower in productivity, decreases real
output on impact. However, real output is restored to the initial level at the
new steady-state as the other variables adjust. In cases of L, and ¢, differe-

nces in factor intensity seem to induce little change on impact. However, the
transitional dynamics of, in particular, @ shows a significant difference depen-
ding on factor intensity as will be seen in model economies.

4.2. Model Economies

In order to take a closer look at how different economies respond to
devaluation, we discuss three model economies, typical LDC economies with
different factor intensities in the tradables sector. The model economies are very
dependent on imported machines in the production of an aggregate capital goods
(8= .25) as most low income LDC economies are.20 Model economy I is the
most capital-intensive in the tradables sector while Model economy III is the
most labor-intensive in the tradables sector. Model economy II is considered as
a neutral case for reference. Parameterization for the three economies are as in

% The basic features of the results presented here do not change with a larger B unless it is
unreasonably high.
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[Table 1]. Impact effect of devaluation on the variables of interest and their
transitional paths are shown as [Figure 1]~ [Figure 7] in <Appendix 5>.

[Table 1] Parameter values for the model economies

Model Common parameter values . Factor Intensity
Economy in the tradables sector
I ¢ = .50, y=.50, p=.10, 6=.06, 0;=.50, 61=.30, 0i=.70
1 gy = .50, 6%=.50, €=.20, u=.1, g=.75, 67=.50, 6k=.50
I g =.2, 2=1.5, r=.20 6T= .70, 6%=.30

[Figure 1] shows that 10% of devaluation improves the balance of payments
on impact as much as 1.42%, 1.31% and 1.21% of the initial nominal consum-
ption expenditure in model economies I, II and III respectively. However, the
initial improvement gradually fades away, and finally the balance of payments
surplus disappears in 4-5 years or so. Devaluation is neutral in the long run as
in typical monetary model.

[Figure 2] shows that investment in the tradables sector falls immediately by
32%, 35% and .37% per percent devaluation on impact in model economies I,
Il and I respectively. Since then, increasing sharply for the first 3 years, the
investment in the tradables sector rises slowly toward the new steady-state where
it is the same as the initial level. [Figure 3] indicates that investment in the
nontradables sector also drops immediately after a devaluation by .37%, .40%
and .43% per percent devaluation on impact in model economies I, II and III
respectively. Following the initial jump-down, investment in the nontradables
sector rebounds sharply for the first 3 years, and then increases steadily toward
the new steady-state.

Combining [Figure 2] and [Figure 3], [Figure 4] shows that aggregate invest-
ment drops immediately by .34%, .37% and 41% per percent devaluation on
impact in model economies I, II and III respectively. After rebounding sharply
for the first 3 years, aggregate investment rises steadily toward the new stea-
dy-state. Reflecting [Figure 4], aggregate capital stock decreases sharply during
the first 3 years after a devaluation, and then rises slowly toward a new
steady-state as in [Figure 5]. However, the transitional dynamics of capital stock
differs significantly across the model economies. The fall in capital stock is the
deepest in model economy III, an economy with the most labor-intensive
tradables sector while it is the least in model economy I.

[Figure 6] shows that employment in the nontradables sector falls on impact
following a devaluation by .101%, .099% and .098% per percent devaluation in
model economies I, 11 and III respectively. After the initial decrease, employment
in the nontradables sector increases sharply for the first 3 years before it appro-
aches steadily toward its long-run equilibrium level. Unlike the other variables of
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interest, employment in the nontradables sector shows little difference among the
model economies. Finally, [Figure 7] describes that real output drops immediately
after a devaluation by .0055%, .0056% and .0057% per percent devaluation in
model economies I, II and III respectively. Thereafter, real output keeps on
falling for the first 2 years as much as .009% per percent devaluation in case
of model economy III, and then rises slowly toward its long-run equilibrium
level. As shown vividly, the more labor-intensive the tradables sector is, the
larger is the fall in real output following devaluation.

V. CONCLUDING REMARKS

This paper has demonstrated that devaluation, which has widely been consid-
ered as a useful policy measure to boost the economy, may turn out to be
quitt a harsh experience for LDC economies, especially for those with more
labor-intensive tradables sector. Devaluation may improve the external balances,
but only when other domestic economic indicators have suffered.

All the simulation results have shown that during the short-run period
immediately after a devaluation, typical LDC economies having labor-intensive
tradables sector will suffer a recession, experiencing a larger fall in investment
and in real output than others. These results clearly give a warning signal to
those governments that implement stabilization programs recommended by
IMF-WB in exchange for adjustment loans as several real world examples do.
Even though the programs include other policy measures, such as tight monetary
and fiscal policies and high interest rates policy, they may make things worse in
the short run as far as a recession is concerned since they are, by nature,
contractionary in demand. The question, then, boils down to whether and for
how long the government, facing political pressures, is able to tolerate the
short-run economic harshness for the expected long-run gains which may be
uncertain.

That being said, it may be in order to point out some qualifications of the
paper. First of all, we did not take into account the possible income
redistribution effects of devaluation. It would be desirable to extend the represen-
tative agent model employed here to a model with heterogeneous agents.2!
Secondly, stabilization package adopted in LDCs includes, in general, more than
devaluation. For example, austerity policies such as tight fiscal and monetary
policies, real wage reduction are, in general, implemented with devaluation. It
needs to analyze the effect of devaluation when the austerity policies are
implemented simultaneously, which would be much difficult to deal with, though.
Finally, labor market situations vary greatly among different LDCs so that
various wage rate determination mechanisms could be considered in the model.

Despite the qualifications mentioned above, we believe that the paper has

2L See Kirman(1993) for criticism on the representative agent model.
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provided some theoretical explanations for investment slump following the
IMF-WB  sponsored stabilization program in many developing countries.
Contractionary devaluation is more than remote possibility, having deep roots in
the structural characteristics of LDC economies. Therefore, policy suggestions,
before delivered, should carefully take the structural characteristics of a specific
economy into consideration.



118 THE KOREAN ECONOMIC REVIEW Volume 19, Number 1, Summer 2003

<Appendix 1> Solutions for 7 Iy and E
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<Appendix 2> Expressions for X,’s
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<Appendix 3> Parameter values used to calibrate the model

A. Parameter values

g =.25, .50, .75
Parameters that vary in| r =20, 1.0,
simulation 6F = .30, .50, .70
z =.50, 1.5

.50, y=.50, o=.10, 6=.06, 0;,=.50
.50, 6%= .50, €=.20, u=.1, g=.75

Parameters that are fixed | @
in simulation oY

B. Notations
a = Share of the nontradables in aggregate consumption expenditure.
g = Cost share of the nontradables in production of an aggregate capital
good.

= Depreciation rate of capital in both sectors.

= Compensated own price elasticity of demand for the nontradables.

= Sectoral wage differential (E'%L)

= Weight of the nontradables in \:/Vage indexation.

= Pure time preference rate.

= Ration of nominal money demand to nominal expenditure.

o; = Elasticity of factor substitution in sector 7.

r = Intertemporal elasticity of substitution.

6 = Cost share of factor j in sector i.

z = Elasticity of investment with respect to g-ratio.

T DR g o O
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<Appendix 4> Impact effects of devaluation

r=.20

BOP IT IN I LN Q 2

010609 | -150387 | -.170661 | -.157726 | -091539 | -005065 | .50 | g7— 39
T__

014169 | -.321398 | -371102 | -339390 | -.101050 | -005592 | 1.5 | fx=.70

010078 | 156476 | -.177795 | -166136 | 091908 | -005206 | .50 | p7_ &,

25 gl= 5
013104 | -.346438 | -.398861 | -370192 | -.099470 | -.005634 | 1.5 k= .90

009593 | -.162279 | -.184741 | -.175528 | -.092285 | -.005343 | .50 67= 10

T __
012078 | -.372804 | -428439 | -.405620 | -.097980 | -005673 | 15 | 6x=.30

009904 | -.127269 | -.152717 | -.137872 | -.102679 | -.006417 | .50 7= 30

T__
012072 | -246673 | -320471 | -277423 | -.125166 | -007823 | 15 | Ox=.70

009552 | 132417 | -158289 | -145353 | -101785 | -006362 | 50 | gr_ oo
50 L
011482 | -267711 | -342260 | -304985 | -.122344 | -007647 | 1.5 | k= .50

009215 | -.137614 | -.163919 | -.154054 | -.100745 | -.006296 | .50 67= .70

T __
010877 | -291221 | -366407 | -338213 | -.118915 | -.007432 | 1.5 | k=30

009344 | -.102685 | -.132591 | -.116781 | -.107459 | -.007458 | .50 6F= .30

T__
010543 | -.172459 | -266357 | -216718 | -.133018 | -009217 | 15 | 9x=.T0

009117 | -.106867 | -.136779 | -.123225 | -.106567 | -.007285 | .50 T
75 8;=.50

T__
010224 | -.187742 | -281309 | -238912 | -.131261 | -.008973 | 1.5 | Ox=.50

008891 | -.111400 | -.141243 | -.131101 | -.105382 | -.007089 | .50 67= 70

T_
009887 | -206144 | - 298835 | -267334 | -.128668 | -008656 | 1.5 | k=30




YOUNGKUL WON: DEVALUATION, INVESTMENT AND FACTOR INTENSITY 123

<Appendix 4> Impact effects of devaluation (continued)

r=1.0
Factor
B BOP I T I N I L N Q V4 Intensity
006758 | -032123 | -055040 | -040422 | -068208 | -003774 | 50 | oT_ 4
T__
007580 | -.080772 | -.138835 | -.101789 | -067200 | -003718 | 15 | Ok=-70
006628 | -031972 | 055729 | -042737 | -069083 | -003913 | 50 | pT_ gy
25 L
007291 | -.081389 | -.142322 | 108999 | -067943 | -.003848 | 15 | Ox=-50
006514 | -031781 | -056331 | -046262 | -069863 | -004045 | 50 | pT_ 79
T__
007035 | -.081787 | -.145466 | -.119348 | -068606 | -003972 | 1.5 | Ox= .30
006549 | -014729 | -039150 | -024905 | -067903 | -004244 | 50 | pT_ 4
T
006798 | -.032365 | -.099823 | -060473 | -070486 | -004d05 | 15 | Ox=-T0
006472 | -014330 | -039394 | -026862 | -068962 | -.004310 | .50 | o7_
50 ;= .50
. T __
006681 | -031963 | -.101084 | -066523 | -071188 | -004449 | 15 | Ok= .50
006401 | -013931 | -039626 | -029990 | -069982 | -004374 | SO | g7 79
T __
006573 | 031513 | -.102286 | -075746 | -071865 | -004492 | 15 | Ox=.30
006488 | 001110 | -023790 | -010627 | -064860 | -004501 | 350 | p7_ g
T__
006488 | 009568 | -.060867 | -.023632 | -066661 | -004626 | 15 | Ox=-T0
006430 | 001969 | 023530 | -011976 | -066419 | -004540 | 50 | o7_ g
75 L
006430 | 011878 | -.060081 | -027475 | -068227 | -.004664 | 15 | Ox=-50
006374 | 002862 | -023258 | -014381 | -068041 | -004578 | 50 | p7_ 79
T__
006376 | 014289 | -059162 | -.034153 | -069928 | -004705 | 15 | Ox=-30
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<Appendix 5> Transitional dynamics in the model economies

[Figure 1] Change in the balance of payments

0.014

0.012 4\\
0.01 \\\
0.008 \\
0.006 \\

0.004 \
o\

BOP

time

[Figure 2] Change in I

0 . . —

N4
i)

ol
wld]
ol

-0.35

Ei

time

* Note : Model economies I, II, and III are depicted from the above, respectively.



YOUNGKUL WON: DEVALUATION, INVESTMENT AND FACTOR INTENSITY 125
<Appendix 5> Transitional dynamics in the model economies (continued)

[Figure 3] Change in I~
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<Appendix 5> Transitional dynamics in the model economies (continued)

[Figure 5] Change in K
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[Figure 6] Change in Lx
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* Note : Model economies I, II, and Il are depicted from the above, respectively.
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<Appendix 5> Transitional dynamics in the model economies (continued)

[Figure 7] Change in Real output

"

-0.006

Eq

N

-0.008

e
=

time

* Note : Model economies I, TI, and II are depicted from the above, respectively.
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