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Three aggregated stochastic models are developed which in-
corporate the major features of small open economy with
structural changes in different stages of economic development.
For Model 1 and 2, both analytic and empirical studies are
made. The optimal policy mix between exchange rate and monet-
ary policies for achieving economic stability is analyzed when
the economy faces unexpected shocks on demand and supply.
Empirical studies of Korea concludes that it is not optimal to
absorb the external shocks through full accommodation of ex-
change rates. Since Model 3 assumes rigid price and capital
mobility, exchange rates are no longer policy variables and de-
termined within the system. The optimal monetary policies
under those conditions are analytically derived but empirical
studies are postponed since capital flows are under strict con-
trol in Korea.

I. Introduction

In the past, Korea’s exchange rate policies have focused on main-
taining price competitiveness in the world commodity market.
Therefore the major concern of exchange rate policies has been how
to maintain real effective exchange rates stable at a desirable level.
Recently, with the help of favorable external economic environments,
however, Korea has become confident about keeping long run ba-
lance of payments equilibrium. With less concern about balance of
payments problems, it is quite natural that the focus of exchange
rate policies has shifted to achieving economic stability.

This paper attempts to analyze the optimal policy mix between
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exchange rate and monetary policies for achieving economic stabil-
ity. Economic stability is defined as a weighted sum of price and
output variability. After a brief introduction, in Section II, three
aggregated stochastic models are developed which incorporate the
major features of small open economies with structural change in
different stages of economic development. Model 1 is a simple wage
contract model in which exchange rate policies affect a trade-off
between output and price stability. This trade-off occurs since ex-
change rate policy to maintain real exchange rates constant stabil-
izes the demand but also disturbs price stability through its impact
on aggregate supply. Model 2 reproduces the long term overlapping
wage contract model of Dornbusch (1982) with a minor change of
adding random terms on the aggregate demand side. The model is
reintroduced for the purpose of empirical study, as the current
labor market situation and the process of wage contracts are similar
to those described in the overlapping wage contract model. Model 3
assumes perfect capital mobility. In this model, the exchange rate is
no longer a policy variable since the exchange rate is determined by
the interest parity theorem. Therefore, the optimal policy is no
longer a policy mix between exchange rate and monetary policies but
is now defined as the degree of flexibility of monetary targets in
response to movements in real exchange rates.

In Section III, empirical studies of the first two models are car-
ried out. Since capital flows are still controlled in Korea, an empir-
ical study of Model 3 is not relevant to the case of Korea at
this moment. For the empirical analysis, first, the parameters of
each equation which typify the Korean economy are estimated.
Second, variances of price and output are calculated as a function of
the shock variances. Third, the loss function which is a weighted
sum of output and price variances is defined. Finally the optimal
policy mix is calculated to minimize the loss function.

In Section IV, there is a brief conclusion.

II. Models

The models are stated in terms of the deviations of variables
from their given trends. All variables are expressed in logs with the
exception of interest rates in Model 3.

Model 1: Simple Rigid Wage Contract Model
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y=a(m—p)+ble—p)+ (1)
m=ap, 0<a<l )
e=p8p, 0<p<L1 @)
p=gw+(1— ¢)e 4)
w=7yp1+ ®y+ w (5)

Model 1 consists of five equations. Equaton (1) is a reduced form
of the aggregate demand function. The level of real output is a
function of the real money supply (m—p), real exchange rate (e—p),
and a stochastic shock wv,, which captures the effect of change in
external economic environments. A rise in the real money supply
stimulates demand, as does a depreciation of the real exchange rate.
Equaton (2) shows the rule by which the authorities operate monet-
ary policies. The coefficient @ measures the extent to which monet-
ary policies are accomdating. A unit value for a means that monet-
ary policies are fully accommodating. Exchange rate policies are
specified by rules in equation (3). The coefficient 3 meausres the
degree to which exchange rate policies are accommodating. A unit
value for 8 implies that real exchange rates are maintained con-
stant and purchasing power parity rules are followed. Unit values
for @ and B imply that output is maintained constant. Prices are
determined as a weighted average of wage costs and costs of im-
ported intermediate goods in equation (4). Here, fluctuations of im-
ported goods depend upon the movements of exchange rates. The
terms ¢ and (1— ¢ ) represent the cost shares of wages and inter-
meidate goods. The model is completed with equation (5) which spe-
cifies wage formation. The current wage, w, is set by reference to the
price of the previous period, p,_;, and the anticipated current in-
come #. In equation (5), u, is a white noise error term which repre-
sents an unexpected shock in the labor market. Through the paper, a
tilde denotes an expectation and we assume rational expectaions.

In order to obtain variances of output and price, it is necessary to
derive output and price with their own lagged and random terms.
Therefore, as a first step, output is expressed in terms of price and
random term v, by substituting equation (2) and (3) into equation (1):

y= — Hp + v (6)
where H = a(l—a) + b(1—7)

Next, we incorparate rational expectations into equation (6) and
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then substitute it into equation {5). Then, the newly obtained equa-
tion (5) and equation (3) are substituted into equation (4). By rear-
ranging and assuming it stable, price is expressed in terms of its
lagged value, p,_, and error term as follow:

p= Ppy + dw (N
_ 87
where £=TA—3)8 F sl
8= 4
T—a—$)p

With price and output in this model following first-order autore-
gression, variance of price is calculated from equation (7):
2
2 2 d 2
0! =Epf = —"—— o0
p 1 __ PZ u (8)

With equation (6) and (8), variance of output is obtained as follow:

H262

1= pz ol + 03 9)

(2 = Eyzz

If we define the loss function as a weighted average of output and
price variances, we can estimate the optimal combination of monet-
ary and exchange rate policies which minimizes the loss function.

Model 2: Overlapping Wage Contract Model

y = a(m—p)+ be—p) + v (1)
m = ap, 0<ax< (2)
e = (D, 0<pL1 (3

=(4/2)- (x+x-1) + (1—9)e (4y

x=®x, 1+ 11—z 1+ VI®FF+ A—®)yal +u,  (O)

Model 2 is identical with the model of Dornbusch (1982} except for
the error term, v,, in equation (1) which specifies random shocks on
aggregate demand. Major differences between Model 1 and Model 2
lie in the aggregate supply side. In equation (4), wage costs are
taken as the average of two contracts, with x as the current wage in
the first period of a two-period contract made this period and x,_,
as the cuirent wage in the second period of a two-period contract
made last period. Following Taylor (1979), equation (5) states that
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current wage contracts depend upon three factors: the contract wage
set in the previous period, the contract wage expected to be set in
the next period, and the anticipated outputs of the current and next
period. Here, a random term, u,, signifies random shocks in the
wage contracts.

This overlapping wage contract model is quite relevant to the
current situation in Korea on the ground that wage contracts for
civil servants are made in the fall while those for workers in the
spring. In this case, the current wage is set in reference to the wage
contract for the previous period as well as that expected in the next
period. .

Substituting equation (2) and (3) into (1), output is expressed as a
function of demand prices:

y = — Hp + U (6)'
where H = a(l1—a) + b(1—7)

Substituting equation (3) into (4), the price equation can be writ-
ten as:

p= k(zx + x_1) 7y

_ . #2
where k& = 1= g—4)

If we substitute (7) into (6), output is also expressed as a func-
tion of wages. Then, substituting the above outcome into equation
(5 and incorporating rational expectations, we have the following
wage equation:

ax = &%y + (1-®)%y (8

" 1+ yHk
where ¢ = ’7;1 — y_H_‘k

If we assume that the solution is stable:

X = th_l + u, (9)I
= [ — 41— @)V
where ¢ = 51— )

Using equation (9) and (7Y, we have the price equation and
variance of prices as follows:

p= Pp1 + k(utu, 1) (10y
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0'?, = Ep2 == sz——_Z—p~ 0',2, (11)

Finally, variance of output is derived from equation (11) and (6):
2.2,

o} =Ey=TE 2 1y o 12y

With the variances of output and prices, we can discuss the
optimal combination of monetary and exchange rate policies for mac-
roeconomic stability.

Model 3: Model of Wage Rigidity and Perfect Capital Mobility

y = a(m;—p) + ble—p) + v 1)
m, = §(e—p) (2)
my = p— g(&y1—e) 3)

= dw+ (1—¢)e 4)
w=7p1+ 5+ u ()
m, = my (6)

In this model, we assume perfect capital mobility thus ensuring
the interest parity theorem. Under the interest parity theorem, the
domestic interest rate, I, is equal to the world interest rate,
1% plus the expected rate of change in foreign exchange rates;
i = i*+ (&41—e) where &, is the expected exchange rate at
time t-+41. If the world interest rate is assumed constant, the
domestic interest rate is a function of the expected rate of change
in exchange rates, (8,17 — e). Provided that demand for money, m,,
is a function of interest rates, the money demand function is written
as the above equation (3)". Money supply, m,, which is the only
policy variable in this model, is defined in equation (2)”. Monetary
policies in this model, therefore, are specified as the degree of
monetary accomodation with respect to the real exchange rate move-
ments. Since foreign exchange rates are assumed to promptly adjust
to reflect the difference in interest rates between two countries,
foreign exchange rates are no longer policy variables. Equation (6)
shows the equilibrium in the money market, equating money demand
with money supply.

To derive the variances in prices and output, let us rearrange the
output as a function of wages and foreign exchange rates, substitut-
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ing equation (2)” and (4) into equation (1):
y = {af +b6—(1—¢) [a(1+6) + blle 7y
— $la(l140)+ blw+ v,

Equating equation (2)” with equation (3)” and lagging one period
backward, we will have the following equation:

é = Hye,; + Hyw,_,

8y

g — A+0)¢

g

If we assume that charateristic roots exist and the stability condi-
tion is satisfied, the expected foreign exchange rate of the current

period is related to the exchange rate of the previous period as
follows:

Ei_1e, = bet', & = e, (9

In the same way, wages are related as follows:

;o
Ei_yw, = bywy ', w,

= Iuwt_l (10)"

where # is a characteristic root which is solved analytically in this
model.

Incorporating rational expectations in equation (7)” and substitut-
ing it into equation (5), and also lagging one period backward of
equation (4) and putting it into equation (5), we have:

v — Y$ + ®(r1—a) H w
i 1 + @ T] t—1

11y
+ ®(n1i—a) Ho + 7(1—¢)

1+ @ o e;_1+ u,

where 7o =

af + b = ¢(tota)

Putting equation (9)” into equation (8)", the relationship between
exchange rates and wages is written as follows:

H,
_ﬂ_——lFo Wy azy

Substituting equation (12)” into (11), the current wages are ex-

€—1 =
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pressed only as a function of their own one-period lagged terms

w, = Mwp,y + u; (13)

where ¢ = 1/2{H0 + T_T_‘l—(ia‘[}’?s + @(Tl—a)Hll

—/Ho'+' —i-__i_—laa[yf’ + ®( 'ﬁ-—-a)Hﬂ2

_ 4 r4(s—9) }
14+ o0 4
From equation (13)", variances of wages are calculated:
2 1 2 .
G0 = 7@z u (14)

With equation (12)” and (14)", variances of exchange rates are
derived as:

¢ 2
o2 = T= 52 (15y

H,

where ¢ = o~ He
-~ Hy

Using equation (4), (12)", and (15)", variances of prices are deter-
mined as:

_ 18 +0—$)l

ol - a; (16y

In the same way, using equation {7)", (12)" and (15)", variances of
output are estimated as follows:

o? = (71— a)g — Tllz 6.2; 4+ o—% a7y

¥ 1__/12

With the variances of output and prices calculated, the optimal
monetary policy which minimizes the loss function is defined under
capital mobility.

ML Empirical Analysis: Case of Korea

In this section, we conduct an empirical study sof Korea using
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Model 1 and 2. We estimate coefficients of each equation with re-
gression analysis and then on the basis of our estimated values, seek
the optimal values of @ and 3 which minimize the loss function.

From a theoretical point of view, the coefficients should be simul-
taneously estimated since those of each equation are closely interre-
lated. Given the lack of consistency in data, however, we estimated
each equation separately with annual time series data from 1960 to

1987 as in Penati (1985).
Model 1: Simple Rigid Wage Contract Model

For the values of coefficients for Korea, some were estimated and
others were taken from existing empirical studies. To avoid the
multicollinearity problem, coefficent ‘a’ and ‘6’ in equation (1) were
estimated separately. To obtain the value of ‘a’, we regressed GNP
at constant prices on the real money stock. The estimated regres-
sion is as follows:

In y = 054 + 0.6577 In(M/P)
(26.81) (17.97)

R?= 0.93, S.E. = 0.52, ( ). T — statistic

where Y:GNP (1985 = 100)
M: Mz
P: GNP Deflator

where Y is GNP at constant prices, M is the stock of money M, and
P is the GNP deflator. However, since the above estimated value of
‘a ’ contained indirectly the impact of real exchange rate movements
on output, we assign the 20% deflated value of 0.5 for ‘a’. For the
parameter ‘b’ which measures the impact of real exchange rates on
output, we used the sum of import and export elasticities weighted
by the ratio of imports plus exports to GNP. According to the
World Bank study from 1974 to 1984, the price elasticity of im-
ports ranged from 0.4 to 0.6 while that of exports from 1.4 to 1.7.
We assigned 1.64 for ‘b’, which is the 20% deflated value of the sum
of import and export price elasticities.

For the parameter ¢ in equation (4), we relied on the empirical
study of Corbo and Nam (1986). The result of their empirical study
is as follows:

P = —0.04 + 0.545 ULCM + 0.455 PMR + 0.042 ESM
(—3.350) (0.897) (7.503)
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R*= 0.795, D.W. = 2.28

where P: Manufacturing component of WPI excluding energy
products
ULCM: Unit labor cost in manufacturing
PMR : Price of imported materials in domestic currency
ESM:Excess supply of money

We regarded 0.545 and 0.455 as the estimated share of wage and
imported intermediate goods in the price determination, respective-
ly. As shown, these estimates satisfy the homogeneity test.

In order to obtain parameters for ¥ and &, we regressed wages
on prices of the previous period and output. The estimated regres-
sion using the Cochrane-Orcutt procedure is as follows:

w, = 0.96 p,_, + 0.31 y,
(6.94) (3.75)

R? = 0997, S.E. = 0.095

where w: Unit labor cost in manufacturing
p: Whole sales price index
y: GNP (1985=100)

Finally, we defined the loss function as a sum of variances of
output and prices with different relative weights, and then estimated
the optimal policy mixes for different loss functions. For the shock
variances, we assume that 62 = 62 = 1, in order to give equal
weight to each shock.

Using our estimated values, we simulated three different loss
functions for 0.5 < a < 1, and 0 < 8 < 1, with an interval of
0.1. When three different weights 1:1, 3:2, and 7:3 were assigned to
output and prices, as shown in Table 1, the optimal value for 8 was
0.4, 0.5, and 0.6, respectively. In contrast the optimal value for «a
which minimizes the loss function was 1, regardless of different
weights. This is partly due to the fact that we put the upper bound
of a at 1. From our simulation, the optimal monetary policy holds
the real money balance constant, while the optimal foreign exchange
rate policy does not fully accomodate changes in price.

Model 2: Overlapping Wage Contract Model

In this model, we used the same estimated values as in Model 1
for parameters ‘e’ and ‘b’, in equation (1), and ‘¢’ in equation (4).
For the estimation of parameter ‘7’ in equation (5), we assume
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that the relative impacts of prices (here, wages) and output on the
determination of the current wage in Model 2 is the same as those
of Model 1. Therefore, we assigned the value of 0.32 for ‘7’ in
equation (5Y. We regarded the estimated parameter of In x, 0.48, as
the relevant value for &, using the following equation:

nzx = c+ ®lnx,_; + (1—0) In x4,
+ 7@y + 1—®) ]l + w
R®= 099 S.E. = 0365 D.W = 3.16

With these estimated values, we repeated the same analysis con-
ducted in Model 1. Even in the case of Model 2, the optimal value
for a was 1, regardless of the different weights assigned to output
and prices. The responsiveness of foreign exchange rate policy,
however, was slightly higher in Model 2 than in Model 1. When
three different weights 7:3, 3:2, and 1:1 were assigned to output and
prices, the optimal values for 3, were 0.7, 0.6, 0.5, respectively as
shown in Table 2. This means that an exchange rate policy aiming at
purchasing power parity is not the optimal policy when the objective
is to stabilize the economy.

IV. Conclusion

This paper attempts to determine the optimal exchange rate and
monetary policies when the economy faces unexpected shocks on
demand and supply. Since the responsiveness of exchange rate poli-
cies determines the level of price fluctuations, exchange rate poli-
cies which maintain the purchasing power parity are no longer
optimal when we take into account the impact of exchange rates
fluctuations on supply. Our analysis concludes that it is not optimal
to fully absorb the external shocks through exchange rate fluctua-
tions when the objective of economic policies is to maintain econo-
mic stability.

When capital is perfectly mobile internationally, exchange rates
are no longer policy variables since they are determined endoge-
nously within the system. In this paper, we also set up a model of
rigid price and capital mobility and analytically derived the optimal
monetary policy under those conditions. Since capital flows are still
strictly controlled in Korea, an empirical study on Korea is not
feasible at its current stage of economic development.
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