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ABSTRACT

This paper extends the Blanchard’s model of a closed-economy to a three-good
(exportable, importable and non-tradable goods) open-economy model with capital
accumulation to study the impacts of terms of trade on the current account. We find
that when capital goods are imported into a production economy, the
Harberger-Laursen-Metzler effect is discernible for temporary or permanent terms of
trade shocks. Furthermore, our simulation results show that the steady state is a saddle
point and the speed of convergence of capital and consumption is quite low.
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INTRODUCTION

Small open economies tend to be easily disturbed by external shocks through
international trade. The change of terms of trade would have great influences on the
economic performance (such as output, savings and current account) of those
export-orientated countries like Japan, South Korea and Taiwan. The fluctuation of
output caused by the terms of trade shocks differs from the traditional real business cycle
model since the shocks come from demand shocks instead of supply shocks.

Numerous works have been dedicated to study the impacts of deteriorations in
terms of trade faced by small open economies. The early studies by Harberger (1950)
and Laursen and Metzler (1950) showed that a decrease in current income arising from
an adverse terms of trade shock would lower both private savings and the current
account balance. Using an intertemporal optimization framework with infinitely-lived
households, Obstfeld (1982a) revisited the issue of terms of trade and found that the
Harberger-Laursen-Metzler effect failed to hold when there was a permanent
deterioration in terms of trade. However, Obsteld (1982b, 1983) showed that a
temporary worsening of terms of trade led to a current account deficit, but that when
terms of trade reverted to their original level, the current account would move into
surplus and ultimately back to its initial steady-state level.*

Svesson and Razin (1983) adopted a two-period, two-good (importable and
exportable goods) framework to reexamine Obstfeld’s propositions and found that
there were deteriorations in the current account and savings as a result of temporary
deterioration in terms of trade, but that this might go either way as a result of any

permanent deterioration. The study by Sen and Turnovsky (1989) indicated that the

1 In Obstfeld (1982a), there was a varying rate of time preference while in Obsfeld (1982b, 1983), the
rate of was a constant rate of time preference.



Harberger-Laursen-Metzler effect depended on whether or not that income effect
dominated the substitution effect during the deterioration of terms of trade. A
representative individual intertemporal model was adopted by Mendoza (1995) and
Kose (2002) to investigate the impact of terms-of-trade shocks on current account.
Mendoza (1995) found that there was a temporary Harberger-Laursen-Metzler effect,
but there was no permanent Harberger-Laursen-Metzler effect in industrialized
countries while Kose (2002) found that about 95 per cent of fluctuations in the trade
balance was positively accounted for by terms-of-trade shocks in developing countries.

Extending Engel and Kletzer (1990) and the Blanchard-style (1985) overlapping
generations model to a three-good (exportable, importable and non-tradable goods)
open economy in which the production structure is similar to that of Mendoza (1995),
this paper attempts to revisit the Harberger-Laursen-Metzler effect of terms of trade
shocks. Instead of adopting a representative agent model as the real business cycle
model usually does, we use an overlapping generations model to allow for different
types of agents to live in the economy at the same time. Based on the study by Chen et
al. (2005) of a two-good (exportable and importable goods) open economy, we
continue with the analysis of a three-good model with capital accumulation in this
paper. In this paper, capital formation and non-tradable goods are incorporated into the
framework, where we assume that capital is only used to produce tradable goods
(exportable and importable goods) and installation costs are involved.? This
assumption allows us to simplify the analytical framework since it disposes of the

requirement to consider the capital reallocation effect between tradable and non-

2 Models with costly investment can be found in Brock (1988), Sen and Turnovsky (1989a, 1989b)
and Morshed and Turnovsky (2000), and the nature of investment is important for the dynamics. In the
absence of any installation costs, capital stock adjustment occurs instantaneously.
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tradable sectors.®

Our numerical results show that a steady-state solution does exist, and that it is a
saddle point. We also find that a temporary or permanent deterioration in terms of
trade implies a worsening of the trade balance; that is, we observe the presence of the
Harberger-Laursen-Metzler effect. Our results further show that, as demonstrated by
Barro and Sala-i-Martin (2004), the speed of convergence of capital and consumption
is quite low.

The remainder of this paper is organized as follows. An open economy with
capital accumulation to study firms’ investment behavior is developed in the next
section, followed, in the subsequent section, by a computational analysis of the terms

of trade shocks. The final section presents the conclusions drawn from this study.

THE PRODUCTION MODEL

Firms

In this section, we endogenize production and capital accumulation into an open
economy, basically following the neoclassical Solow model to specify the production
sector. In contrast to the two-good open economy model, as in Sen and Turnovsky
(1989a, 1989b) and Engel and Kletzer (1990), we continue to incorporate non-tradable
goods and examine the additional effects of terms of trade shocks stemming from
changes in the real exchange rate. Hence, goods are categorized into exportable,
importable and non-tradable goods. It is assumed that capital goods are imported from

foreign countries, and indeed, this is the case for most developing countries in the real

® Detailed analysis of the real exchange rate dynamics and their interaction with capital accumulation

in a two-sector dependent economy was provided by Brock (1996) and Morshed and Turnovsky (2000),
with the latter showing that by incorporating the inter-sectoral adjustment costs of capital movement,
both the dynamics of capital accumulation and real exchange rate were sensitive to the degree of
adjustment costs.



world.* Following Mendoza (1995), importable goods are taken as the numeraire. The
relative price of exportable goods, i.e. terms of trade, is denoted by Py .> The relative
price of non-tradable goods is Py, which is defined as the real exchange rate.
Exportable goods (X) and importable goods (M) are produced using both capital and
labor, whilst non-tradable goods (N) are produced using only labor. Capital is assumed
to be installed with adjustment costs, and the supply of labor in the tradable sector is
assumed to be inelastic, whilst in the non-tradable sector, it is assumed to be elastic.®

The optimal behavior of the representative firm in the tradable sector can be described

as follows:
V, = maxT[PX X (Ky, Ly )+M (K, L,)-W, L, -W, L,
| — 1L+ J(1/K))Je " dv, (1)
s.t. K, +K, =K, (2)
K=1, 3)

where time notation is omitted without confusion. Variables K; and L; (i = X, M)
respectively represent capital and labor employed to produce good i, and we assume
that Ky and Ky, are perfect substitutes. Depreciation of capital goods is ignored here.
The global real interest rate is denoted as r, which is constant for a small open
economy. Production functions of X and M are presented by X (.) and M (.). The

respective wage rates of Ly and L, are Wy and Wy,. Investment is represented by I, and

* Although domestic firms also produce importable goods, we assume that there are only sufficient

domestically-produced importable goods for consumption, and that all capital goods used for production
are imported.

® The three sector (exportable, importable and non-tradable goods) model was also used by Ostry
(1988), Ostry and Reinhart (1992) and Cashin and McDermott (2003) to discuss the effects of terms of
trade shocks on economic performance.

® In addition to the setting that labor was ‘inelastically’ supplied to the traded sector, Mendoza (1995)
similarly assumed that capital was ‘inelastically’ supplied to the non-traded sector.
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J(.) is an installment cost function with J(0) =0and J'>0.

The optimality conditions for Equation (1) are:

PXXK:MK' (4)
p=1+J"(1/K)-(1/K), (5)
p=rp—[M,+3'(1/K)- (1K), (6)

where X, and M are the marginal product of capital of exportable and importable goods,

p is the shadow price of capital goods, and the production function is assumed to be

linearly homogeneous in capital and labor. Solving Equations (2) and (4), we have:

Kx :Kx(Kan): (7)
KM :KM (K’Px)' (8)
with: K, = M >0, K, = PeX >0,
M + Py Xk My + Py Xk

where K, and K, are the first-order derivatives of Ky (.) and Ky (.) with
respect to K; and Mgk and Xk denote the second-order derivatives of M and X with

respect to Ky and Ky. By Equation (5), the optimal investment function is:
Il =¢(p-1)-K, where ¢0)=0 and ¢'(0)>0. 9)

Dynamic equations can be obtained from Equations (3), (6) and (9):

K =¢(p-DK, (10)
p=rp—[M +3'(¢(p-1))-¢*(p-1)]. (11)

We assume that labor is the only input in the non-tradable sector. The optimal



behavior of the representative non-tradable goods firm can thus be described as:
max [P, G(Ly) - Wy Ly Je "V, (12)
t

where G(.) is the production function of non-tradable goods (which is assumed to
have constant returns to scale), Ly is the labor allocation for the production of the
non-tradable goods, and Wy is the wage rate of Ly . The optimality condition is

therefore:

PyG, =Wy, (13)
where G, is the marginal productivity of Ly.

Households

We assume that the economy comprises of identical households with constant life
expectancy, and that there is no population growth.” At each instant, a new cohort of
size S is born so that the size of the total population at any given time is normalized
as one.

Assuming that there exist perfect annuity markets, in the absence of bequest
motive and with negative bequest prohibited, individuals will contract to pay
non-human wealth a to insurance companies contingent on their death to receive
Pa per unit of time. Thus the effective rate of return on non-human wealth is r + 3.
As a result of uncertain lifetime expectancy, each household’s effective subjective

discount rate is ¢ + #, where « is the positive pure rate of time preference. For

" Let S be the constant instantaneous probability of death and assume that the random variable

‘time until death’ has an exponential distribution; then expected lifetime is equal to the expected value
of the random variable which is 1/ £ in other words, 1/ £ can be thought of as an index of the
effective horizon of individuals. As f goes to zero, the horizon becomes infinite, and we have the
Ramsey-Cass-Koopmans model.



agents born at time s , we define total household expenditure as
c(s,t) = Pycy (s,t) + ¢y, (S,1) + Pycy (S,1) .
We assume that households consume exportable goods (c, ), importable goods

(cy ), non-tradable goods (c, ) and leisure (L). Starting from the current time t, the

household at time s maximizes expected utility, given by
maij (C, (5,V),C,, (5,V),Cy (S,V), L(5,V))e ““ Vv,
t

Conditioned on being alive at the earlier time t, the probability of being alive at

time v is e, Hence, the expected lifetime utility becomes:
max E, [IU (c, (s,V),c,, (,V),Cy (5,V), L(s,V))e P Vdy]. (14)
t

The budget constraint for the household is
j c(s,v)e A Vdy < a(s,t) + h(s, t) (15)
t
where: c(s,t) = Pycy (s,t) + ¢y, (s,t) + Pycy (S,1), (16)

n(s.0) = [ (Y00~ ee 1 Ve

= [Wy WLy +Wy @)Ly, Wy @)L, () ~ 7] Vv, a7

where a(t) and h(t) represent non-human wealth and human wealth and L(s,v)
is leisure and Ly(s,v) is the labor allocation for the production of the non-tradable

goods, with Ly + Ly + Ly + L = 1. The labor income and the lump-sum tax are denoted

by y(t) and z(t), respectively. The consolidated lifetime budget constraint of

Equation (15) implies that:



a(s,t) = (r + B)a(s,t) + W, ()L, +W,, (t)L,, + W, ()L (s,t) = () —c(s,t) .  (18)

Hence, Equation (17) can be rewritten as:

h(s,t) = _T[Wx (V)L +W,, (V)L,, +W, (V)(L-L, —L,,)—7(v)]e " Vdv

- ,[ W, (V)L(s,v)e " gy,
| a7

-8

y f (V) ef(r+ﬂ)(v—t)dv — J‘WN (V) L(S, V)ef(rw)(vq)dv ’
t
=h'(st)- JWN (V)L(s,v)e A0 Dgy
t

where y'(v) =W, (v)L, +W,, (V)L,, +W,(V)A-L, —L,,)—7(v) is the full post-
tax income of an individual, and hf(s,t)Ejyf(v)e“”ﬁ’(v‘”dv is “full’ post-tax
t

human wealth. From Equations (15) and (17), we can obtain:
j [c(s,V) +W,, (V)L(s,V)]e "2 Vdv < a(s,t) +h' (s,1). (19)
t

Let the instantaneous utility function U(c,,c,,,c,,L) be in log form and

additively separable for consumption and leisure. That is:
U(Cyx.Cy Cy, L) =6 s loge, + (1-6)logL, i=X,M,N, (20)

where @ is the contribution of consumption to utility, x, is the contribution of

good i to consumption, and )’ =1. Solving the household’s optimization problem
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from Equations (14), (16), (17), (19) and (20), we have:

c(s,t) =O(a + p)[als,t) +h (s,1)], (21)
1-60 c(st)

LD = 0 W (s,t)’ (22)

Py (t)ey (s,t) = pye(s, 1), (23)

Cy (8,1) =y c(s,t), (24)

Py (t)cy (s,1) = sy C(s,1). (25)

By aggregation, we obtain:

C(t) = ﬂjC(S,t)eﬁ‘“)dS =0(a + B)[AM) +H " ()], (26)
L(t) = B j L(s, t)e” Vs = 99 V\(/:(Z) 27)
where: A(t) = ,Bj‘ a(s,t)e’*ds, (28)
H(t)= ﬂj h'(s,t)e?“ds. (29)

The dynamics of “full” human and non-human wealth thus become:
A(t) = rA(t) +Y  (t) - C(t) —W,, () L(t), (30)
HI®=(r+BH O-Y '), (31)

t
where: Y'(t)= ﬁjyf (s)e”Cds .
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The dynamics of consumption can be written as:

C(t) = (r—a)C(t) - 9B(a + HA() . (32)

Linear homogeneity of production and the convexity of adjustment cost function

ensure that the value of the firm is equal to pK . Thus, non-human wealth comprises

of foreign assets and equity, i.e.:

A=F +pK. (33)

The Government
In this section, we assume that the government also consumes non-tradable goods and
finances its consumption by means of taxation. Hence, the government budget

constraint can be rewritten as:

G(t) = Py ()G () + Gy (1) + Py (DG () =T (1), (34)

where G, (t) is government expenditure on non-tradable goods. From Equations

(10), (11), (33), (34) and the market clearing condition for non-tradable goods,

PyN(Ly) =@y — 1y )C(t)+ G, (t), we can obtain:

F=rF+P, X+M —(uy +1,)C
+[3'(¢(p-1)-¢"(p—1D) - p-d(p-DIK - (Gy, +PGCy).
Equations (10), (11), (32) and (35) describe the entire dynamic system.

Linearizing the system around the steady state, we obtain:

8 See Hayashi (1982) for the derivation.
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K 0 ¢ (0O)K” 0 0 K-K
p _ _MKKKIIVI(K*) r 0 0 p-1
cl | —9B@+p)  GBla+pK r—a ~0B(a+p)|C-C” (36)
. r —FOK" = (g + i) r F-F

where the asterisked variables denote the steady-state values. Since the
characteristic matrix in the system (36) is block recursive, there is little difficulty in
obtaining the eigenvalues. Detailed analysis of the dynamic system is provided in

Appendix. Four eigenvalues are roots of the following characteristic equations:

f.(A) =2 -rA+¢'(0M K, (K)K =0, (37)

f,(1) = A" = @r-a)2+[r(r—a) - 08(a + B)(py + 1)1 =0. (38)

SIMULATIONS
This subsection provides details of the calibration of the parameter values used for our
simulations. We begin by considering an economy where the non-tradable sector uses only
labor for production, choosing Taiwan to represent the small open economy in our model,
and calibrating the remainder of the parameter values to the data for the year 1990.° The
birth rate in Taiwan in 1990 was 1.66 per cent; thus, in our model setting, which enables
each individual to give birth to one child, # is set at 3.32 per cent. The real interest rate
and the rate of time preference are set at 0.04 and 0.03, respectively.

We assume that tradable sectors adopt Cobb-Douglas production functions to
produce their exportable and importable goods. That is, X(K,,L,)=KZL*
andM (K,,,L,,) = K:zL,> . In 1990, 28.9 per cent of all exported goods from Taiwan

were classified as high capital-intensity goods, whilst the proportion of all imports

°  Data source: Taiwan Statistical Data Book (2000).
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regarded as high capital-intensity goods was 46.4 per cent. Hence, we set & =0.3
and &, =0.35 so that the importable goods sector is more capital intensive than the

exportable goods sector.

The adjustment cost function of investment is setat J(I/K) = 2b—||< and since the

parameter value of b only affects the speed of convergence, and has no impact on the
steady state (K™, p°, C", F’), we assign b=10. For simplicity, we assume that
there is no government spending.*®

Following Hansen and Imrohoroglu (1992), we assume that, after subtracting time
spent on eating, sleeping and other personal care, agents will have a total of 98 hours per
week available to them. By assuming that individuals spend 45 hours per week
working™ and that the labor inputs of the exportable, importable and non-tradable goods
sectors are equal, we can then calculate that Ly and Ly, are approximately equal to 0.15.
The parameter value of & is calibrated to 0.4766, so that at steady state private
consumption is 10 per cent of non-human wealth. Assuming that non-human wealth
comprises of the same weight of foreign assets and equity at steady state, then
Uy + 1y, s calibrated to 0.8085.

According to the parameter values calibrated above, the steady-state equilibrium is
characterized by K" =6.8882, p =1, C" =1.377 and F =6.882 . Using
Equations (37) and (38) to solve for the four eigenvalues -0.0354, 0.0754, -0.0071,
0.0571, implies that the steady-state equilibrium is, as expected, a saddle point, since

there are two jumping variables (p and C) and two stock variables (K and F).

Numerical Results

9 The inclusion of government spending on exportable and importable goods does not change our

simulation results.
11 According to Monthly Bulletin of Earnings and Productivity Statistics (2000), the average monthly
working hours for employees in non-agricultural industries in Taiwan ranges from 189 and 204.
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Figures 1 and 2 present the simulation results on the effects of terms of trade shocks on
the economy, respectively illustrating an unanticipated temporary appreciation in
terms of trade and a permanent appreciation in terms of trade (that is, an increase in the
relative price of exportable goods), with changes in consumption, capital, foreign
assets and shadow price reacting differently in either case.'?

Figure 1 illustrates the case of a temporary increase, of 5 per cent, in the relative
price of exportable goods, demonstrating that consumption, capital and foreign assets
increase immediately after the appreciation of terms of trade, and then move back to
their original steady-state equilibrium. The speed of convergence is quite slow because

the absolute values of the negative eigenvalues are small.

Figure 2 describes the dynamic effects of a permanent (5 per cent) increase in the
relative price of exportable goods. The new steady state is: K™ =7.0808, p =1,
C"=1.421 and F" =7.1294, which demonstrates that, following appreciation in
terms of trade, there is a sudden rise in consumption which then continues to rise
gradually until it reaches the new steady state.

As the figure shows, capital also increases over time and will eventually converge
to the value of the new steady-state; however, there is a discernible fall in foreign
assets immediately after the shock, but thereafter, these assets gradually rise to the
higher value of the new steady state. This differs from the case of a temporary increase,
where there is no negative change in the value of foreign assets. Furthermore, when
the shock is permanent, a portfolio substitution effect is also discernible between

capital and foreign assets in the medium term.

2 We adopt the GEMPACK economic modelling software (Harrison and Pearson (1996)) to carry out

our simulations; see Dixon et al. (1992) and Codsi et al. (1992) for an explanation of the algorithm.
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We conduct a sensitivity analysis in order to determine how dependent the speed
of convergence is upon the parameters. Let A4, and A, represent the negative
eigenvalues, respectively corresponding to Equations (37) and (38), and note that,
according to Equation (37), A, depends upon the assigned value of b. As Table 1
shows, with a rise in the value of b, there is a reduction in the absolute value of A, ;

hence, when investment becomes more costly, there is deceleration in the speed of

convergence for K,, p,, C, and F,.

Table 1 The relationship between b and A4,

b 0.1 0.5 1.0 5.0 10.0 20.0 50.0

/ll -0.4975 -0.2121 -0.1447 -0.0558 -0.0354 -0.0217 -0.0106

We find from the simulation results that the Harberger-Laursen-Metzler effect is
present for temporary and permanent shocks in terms of trade, although these effects
are quite weak.'® This is similar to the finding by Mendoza (1995) of a weak positive
correlation between net exports and terms of trade in an open-economy real business
cycle model. It is also interesting to note that, as suggested by Barro and Sala-i-Martin
(2004), the speed of convergence can be reduced by the presence of adjustment costs

in capital formation and imperfect capital mobility.

CONCLUSIONS

In this paper, we study the effects of changes in terms of trade on private spending,
capital accumulation and the current account of a small open economy with capital
accumulation, utilizing the Blanchard-type uncertain lifetime overlapping generations

framework.

3 We also develop a model where capital is used as an input in the non-tradable sector. The simulation

results demonstrate that the Harberger-Laursen-Metzler effect can be obtained in an economy as long as
non-tradable goods are more capital intensive than exportable goods.
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It has been clearly demonstrated by Persson and Svensson (1985), Brock (1988,
1996), Matsuyama (1987, 1988), Buiter (1989) and Sen and Turnovsky (1989a,
1989b), that both investment behavior and savings behavior are crucial to the
understanding of different exogenous shocks on the current account; thus, we extend
the simple model by introducing production and capital accumulation functions into
the model.

Assuming that capital goods are imported from foreign countries, the simulation
results show that the Harberger-Laursen-Metzler effect will always be present for both
temporary and permanent terms of trade shocks. However, capital and foreign assets
react differently when faced with different degrees of shock; indeed, in the case of
permanent shocks, a transitional portfolio substitution effect is discernible between
capital and foreign assets. We also find that in the finite-horizon model with
investment adjustment costs and imperfect capital mobility, the speed of convergence
of capital and consumption is quite low.

As a concluding note, the nature of capital accumulation is relevant to the
dynamics. Brock and Turnovsky (1994) and Brock (1996) showed that if investment is
in the form of non-traded goods, then even in the absence of any adjustment costs
associated with investment, non-degenerate dynamics are obtained. Moreover,
non-recursive dynamics are dependent upon the relative capital intensities of the traded
goods and non-traded goods sectors only when the capital is in the form of non-traded
goods.

In this paper, we have assumed that the investment goods are both traded and
imported; however, this does not allow us to analyze the dynamics of the interaction
between terms of trade and the real exchange rate, whilst the capital intensity of the

two sectors of importable and exportable goods are also, essentially, irrelevant to the
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dynamics. In a planned future work, we aim to try out alternative specifications for

investment expenditure in the form of non-traded goods.
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Appendix

Analysis of Dynamic Systems

In this appendix, we study the dynamic system presented in the penultimate section of
the paper. We should begin by noting that the dynamic system (36) is block recursive.
There are two predetermined variables, K and F, and two jumping variables, p and C.
Let 4, and A, represent negative eigenvalues which respectively correspond to
Equations (37) and (38). The number of predetermined variables is equal to the

number of negative eigenvalues. The unique stable path to the steady state is thus:

K, —K" =V, e*, (A1)

p —1=V,e", (A2)
C,-C =V, e" +V,e™, (A3)
F-F =V, e* +V,e*, (A4)

where 4, and A, are negative roots of Equations (37) and (38). Solving for Vi,

Va1, Va1, Vi, Vi and V,,, we obtain:
V, =K, -K",
Vo = 7(4 = 1) (Ko = K7),
Vy, =60B(a+ B)aK A (K, —K),
Vap = O(pty + i) " (1 =2, Vs
Vi = Vo = (u + )08 + B)a A (4, = 1) (K, = KT),

Vi =F - F Vi,
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fr-a-14, -0B(a+p)

where 7=-M_ K, (K, A=
ack () Hy +Hy AT

Hence, we can rewrite Equations (A1), (A2), (A3) and (A4) as:

K, —-K"=(K,-K"e™, (A1)
pr—1=7z(4 -1 (K, - K )e™, (A2’)
* * A1 I‘—/12 Aot t
C,-C =0B(a+ B)aK"A (—_rez +e™)
+ (A = A )(pty + ) (r = A,)e™, (A3’)
Fo—F " = (Ko = K)(uy + )08 + B)aK A7 (4, — 1) (o™ —e™) —e™']
+ (A, - A"e™. (A4)

* Note that the model reduces to Matsuyama’s (1987) model when u, + x4, =1

and 6=1.
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