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I. Introduction

The real exchange rate between two countries' currencies has been recognized
as a key measure of the prices of foreign goods relative to domestic goods in those
countries. Since the real exchange rate reveals the relative competitiveness of the
exported goods from two economies, it is desirable to characterize the behavior of the
real exchange rate and test for its fundamental determinants.

The behavior of the real exchange rate is intimately related to the behavior of
deviations from purchasing power parity (PPP). According to PPP theory, nominal
exchange rates adjust to offset changes in relative prices, so the real exchange rate
should remain at a constant value. However, there is widespread agreement that
substantial deviations from PPP have occurred since the abandonment of the Bretton
Woods System.! That is, there is no equilibrium value to which the real exchange rate
tends to return. In empirical tests, many authors indeed cannot reject the hypothesis
that real exchange rates follow a random walk process.? Thus changes in the real
exchange rate are considered permanent. Some kinds of real disturbances are believed
to upset the relationship between the nominal exchange rate and relative price levels
as postulated by PPP so that the behavior of real exchange rates is found to be
inconsistent with PPP. |

To assess the fundamental factors determining the behavior of the real exchange
rate, a number of studies have considered productivity differentials between the non-
traded and traded sectors of economies as a prime cause of permanent changes in real
exchange rate. According to Balassa (1964), if productivity in the domestic traded

goods sector grows more rapidly than productivity in the non-traded goods sector,

IThere are two versions of PPP theory, absolute PPP and relative PPP. Absolute PPP theory, which
relies on the law of one price, states that the general level of prices, when converted to a common
currency, will be the same in every country (P=EP*). Absolute PPP holds only if two price levels are
computed in the same way as weighted tradeable prices in a competitive world market with no
transportation costs or trade barriers. Therefore, absolute PPP can hardly be expected to hold in a real
world. Relative PPP theory says that the rate of change in nominal exchange rate is equal to the
domestic inflation rate minus the foreign inflation rate. The validity of relative PPP is often tested by
implementing the regression analysis of InP= InE+ InP*+ e.

2For instance, see Frenkel (1981), Hakkio (1986) and Mark (1990).
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under the assumption of equalization in wages across sectors, the relative price
between traded and non-traded goods has to fall. Since the prices of traded goods are
equalized between countries through international arbitrage, the general price level
will rise at home. It follows that the real exchange rate will appreciate. Hsieh's (1982)
work uses time-series data of Germany and Japan versus their respective major trading
partner to study the relationship between movements in real exchange rates and
productivity growth differentials in the traded and non-traded sectors. His study has
provided strong evidence supporting the idea that productivity differentials are useful
in explaining the movements in real exchange rates.

Marston (1987) investigated the effects of productivity growth differentials
between the United States and Japan on the alternative real exchange rates between
the yen and dollar. Since real exchange rates based on alternative price series can
diverge when there are shifts in supply factors within a country, Marston considered
different expressions of real exchange rates to evaluate the relative competitiveness of
the two economies. For instance, from 1973 to 1983 the yen appreciated in terms of
the GDP deflator by 0.3 percent, while the real exchange rate expressed in terms of
the GDP deflator for traded goods alone depreciated 26.7 percent. This result suggests
that real exchange rates based on different price indexes may lead to very different
conclusions. Thus, it is desirable to find out what can account for the divergence
between two real exchange rate series. According to Marston, the differential
movement between any two real exchange rates results from relative unit labor cost
changes in traded sectors at home and in the foreign country and unit labor cost
changes in traded sectors of each country relative to the non-traded sectors. Since
sectoral wage trends are similar in the US and Japan, it is relative productivity
movements in traded and non-traded sectors which explain the difference of
movements in real exchange rates.

In the real world, it is observed that in Japan, productivity growth in the traded
sector was 73.2 percent greater than in the non-traded sector, and productivity in the
US traded sector grew only 13.2 percent faster than in its non-traded sector during the
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1973-1983 period. The markedly higher productivity growth differential together with
the lack of any substantial decline in nominal wages in the US, therefore, reduced the
relative competitiveness of US exports.

The empirical purpose of this article is to investigate the factors that determine
long-run movements of the real exchange rate of the New Taiwan dollar (NT dollar)
against the US dollar. The recent developments in time series analysis have provided
new ways of analyzing the long-run relationships for our purpose. Particularly, the
theory of cointegration provides a means of establishing whether a long-run
relationship exists between economic variables. Since testing for cointegration among
economic variables seems to have become a standard method of assessing the
empirical support for the equilibrium of economic behavior, we wish to test the
behavior of the real exchange rate by applying the principle of cointegration. This
paper is not limited to a test of the theory of purchasing power parity. It will also test
for the role of the fundamental factor — productivity, which has been identified in
several papers as determining the movements in real exchange rates.

The organization of the article is as follows. In Section II, I give an introduction
on the evolution of exchange rate management in Taiwan. In Section III, the
movements of real exchange rates, nominal exchange rates and relative price levels
are briefly discussed. In Section IV, analysis using cointegration approaches is
discussed. Section V tests for the long-run properties of real exchange rate movements.
In Section VI, we evaluate the effects of changes in nominal exchange rates, and
foreign and domestic price levels on the real exchange rate. In Section VII, we look
into the relationship of real exchange rate change and the relative productivity growth

of traded and non-traded sectors. Section VIII summarizes the overall findings of the

paper.

I1. The Evolution of Exchange Rate Management in Taiwan
Before January 1979, the New Taiwan dollar (NT dollar) was tied to the US
dollar. This was primarily because the US was Taiwan’s most important trading
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partner and most Taiwanese international contracts were denominated in US dollars.
The pegging system helped reduce exporters’ uncertainties in international trade.
However, the system had some drawbacks. It was commonly recognized that the
domestic economy would become more vulnerable to external disturbances. For
instance, Taiwanese exports would be less competitive in the US market as the US
dollar soared against other currencies.

With the promulgation of the revised Foreign Exchange Regulation, a foreign
exchange market was established on February 1, 1979, and a managed floating rate
system was introduced in Taiwan. When adopting the new exchange rate system, the
exchange rate of the NT dollar against the US dollar was at first fixed by an ad hoc
committee comprising five representatives from five appointed banks3? and one
representative from the central bank. From March 1980, the central bank delegated the
other members of the committee to fix the daily spot and forward exchange rate. The
ad hoc committee took into account the demand and supply of foreign exchange as
well as the real effective exchange rate index of the NT dollar when fixing the spot
rate of the NT dollar against the US dollar.4

After trial and error, the mechanism for exchange rate determination evolved in
1982 into a form which was based on the weighted average rate of inter-bank
transactions in US dollars on the previous business day.> Daily fluctuations of the
inter-bank rate have been only allowed to float within a 2.25% range from the
weighted average rates on all interbank currency exchange transactions, which were
established daily by five representatives from five appointed banks. To maintain an

orderly foreign exchange market, the central bank also intervened on many occasions

3 They are the Bank of Taiwan, the International Commercial Bank of China, the First Commercial
Bank of Taiwan, the Chang-Hwa Commercial Bank of Taiwan, and the Hwa-nan Commercial Bank.

4 For example, the devaluation of the NT dollar against the US dollar by 4.63% in August 1981 was to
make up the loss of competitiveness resulting from real effective overvaluation since the US dollar was
strengthening against the other currencies.

5 Taiwan has mechanisms for managing exchange rates in both the interbank and customer-bank
foreign exchange markets. The interbank market consists of foreign exchange transactions between
banks. Customer-bank transactions refer to individuals changing currency with a designated foreign
exchange bank. It is the interbank market that has played a pivotal role in setting exchange rate.
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by buying and selling the US dollar in the inter-bank market.

As was widely noticed, because of the huge trade surplus and the considerable
influx of private short-term capital, the supply of foreign exchange far exceeded the
demand in Taiwan during the mid-1980s. As a result, the exchange rate of the NT
dollar against the US dollar appreciated steadily from 1986 to 1989. The NT dollar
appreciated against the US dollar by 12.25 percent over 1986, 24.34 percent over
1987, 1.35% over 1988, and 7.13% over 1989. During this period, the central bank’s
intervention in the foreign exchange rate involved direct buying and selling of foreign
exchange in the interbank market to stabilize wide fluctuations in the value of the NT
dollar that otherwise have would occurred, since officials in the central bank believe
that the exchange rate should be adjusted in a smooth way rather than a substantial
one-shot appreciation. This intervention, however, has two additional effects. Firstly,
it raises the level of foreign exchange reserves. Secondly, it generates some
expansionary effect on the local money supply. Hence the central bank has introduced
a series of measures to liberalize foreign exchange controls since 1986 to address the
external disequilibrium. It has also applied other policies such as increasing in the
reserve requirements for savings deposits and issuing bonds and treasury bills to
banks to limit credit expansion.

In addition to liberalizing in Taiwanese capital controls, the central bank also
changed the foreign exchange rate trading system in 1989 to accelerate economic
liberalization and internationalization in Taiwan. The bank abolished the former
system, which used the weighted average rate of interbank transactions as the central
rate on the next business day and had set limits on daily fluctuations. According to the
central bank, after some additional modifications are made, the structure of the foreign
exchange market in Taiwan will be more complete and concrete, since its operating
methods will be similar to those prevailing in developed countries. This should make
the exchange rate for the NT dollar more flexible and it will reflect its actual value in

the market.



II1. The Movements of the Real Exchange Rate

Exchange rate changes can be measured in nominal or real terms. A measure in
real terms against one currency provides a better measure of relative competitiveness
than do measures in nominal ferrns. Consider the real exchange rate (R) defined in
terms of nominal exchange rate (E) adjusted for relative price levels (P*/P), that is
R=EP*/P. In our case, the nominal exchange rate is defined as the NT$ price of US$1,
so that an increase in E indicates a depreciation of the NT$; * denotes the foreign
economy (US). A rise in real exchange rate (that is, a real depreciation of NT$)
corresponds to a fall in the purchasing power of domestic currency for foreign
products. This change in relative purchasing power occurs because the NT$ prices of
US products rise relative to those of Taiwanese products.

Figure 1 shows the fluctuations of the nominal exchange rates, relative price
levels and real exchange rates between 1985 and 1995. The nominal exchange rate
appreciated by 34.35 percent from 1985 to 1989. This was matched by a 22.16 percent
real appreciation during the same period. Thus, it seems that both nominal exchange
rate appreciation and the inflation differentials between domestic and foreign
countries were responsible for changes in the real exchange rates, though the real
exchange rate movements were mainly caused by the nominal appreciation of the NT
dollar during 1985-1989 period. The upward movements of the relative price levels
offset some effects of the nominal appreciation of the NT dollar against the US dollar
so that the magnitude of real appreciation was smaller than that of the nominal
exchange rates.

As shown in Figure 1, the nominal exchange rates have started to fluctuate in a
more stable range between NT27.5:US$1 and NT25.5:US$1 since 1989. During the
same period, fluctuations of the real exchange rate were also not as volatile as in the
1985-1989 period. However, during the period from 1989 to 1995, it appeared that the
real exchange rate movements were dominated more by inflation differentials between
Taiwan and the US than the nominal exchange rate changes. Hence, in the following
sections I will evaluate aspects of the real exchange rate behavior by analyzing (1) the
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extent to which the real exchange rates revert, in the long run, toward the purchasing
power parity; (2) the persistent effect of a nominal exchange rate and domestic and
foreign price level adjustment on the real exchange rate; and (3) the equilibrium
relationship between the real exchange rate and differentials of productivity growth

between traded and non-traded goods.

IV. VAR modeling and the Cointegration Approach

This section discusses the cointegration approach, which provides not only an
estimation methodology but also explicit procedures for testing the long-run
relationship among variables which is suggested by economic theory.

According to the Granger Representation Theorem, if a p*1 vector, Xt,
generated by (1-L)X; = d + c(L)ey, is cointegrated, then there exists a vector
autoregressive (VAR), an error correction, as well as a moving average (MA)
representatioh of Xt6 A set of variables, Xt, which is cointegrated, refers to the
existence of long-run equilibrium relationships among economic variables. That is,
though each series may be nonstationary, there may exist stationary linear
combinations of the variables. The basic idea is that individual economic time-series
variables wander considerably, but certain linear combinations of the series do not
move too far apart from each other. In economic terms, there is a long-run relationship
among variables.

The most common test for cointegration is the two-step procedure of Engle and
Granger (1987) which performs the tests in a univariate setup. The first step is to fit
the cointegrating regression, which is the OLS estimation of the static model. Second,
a unit root test is conducted on the estimated residuals. To test for cointegration is just
to test for the presence of a unit root in the residuals of the cointegrating regression. If
the null of a unit root is rejected, then the null of no cointegration is also rejected.

However, the long-run parameter of the cointegrating vector estimated from this

6 See Engle and Granger, 1987.



approach can be severely biased in finite samples. An improved procedure for testing
for cointegration, allowing for more than one cointegration vector, is suggested in
Johansen (1988) and Johansen and Juselius (1990).

Following Johansen and Juselius (1990), let the p variables under scrutiny
follow a vector autoregression of order k (VAR(k)) as below

X, =pu+I1, X,_+.. I, X, +¢, (t=1.....T)

where g, ...... £, are innovations of this process and are assumed to be drawn from a p-
dimensional i.i.d. Gaussian distributions with covariance I' and X k+1,....... Xp are
fixed. Let A represent the first difference operator. The equation can be
reparameterized into the equivalent form presented below

k-1
AX, = p+TIX,, + Y LAX,  +&,, t=1,2,3...

i k
where1i=—I+ZHJ fori=1...k-1, I'I=I+ZI'IJ.
1

j=1

The coefficient matrix I1 contains information about the long-run relationship among

variables. Since ¢, is stationary, the number of ranks for matrix IT determines how

many linear combinations of X, are stationary. If 0 < Rank(P) =r < p, there exist r

cointegrating vectors that make the linear combinations of X, become stationary. In

that case, IT can be factored as af', with @ and £ being matrices. S is a

cointegrating vector that has the property that £'X, is stationary even though X, itself
is non-stationary. « then contains the adjustment parameters.

Based on the unrestricted estimation which is parameterized in terms of level

and differences, Johansen (1988) proposed likelihood ratio statistics for tes_ting the

number of cointegrating vectors. First, we must solve the eigenvalues of
AS —SkoSoo_'SOkl =0, where Sgo is the moment matrix of the residuals from the

ordinary least squares regression of AX,on AX, ... AX, ,, ; Skk is the residual
moment matrix from the ordinary least squares regression of AX, , on AX, ...
AX,_,.,; and Sk is the cross-product moment matrix. The cointegrating vector, 3, is
solved out as the eigenvectors associated with the r largest statistically significant

eigenvalues are derived using two test statistics,“maximum eigenvalue statistics” and
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“trace statistics.” The first statistic tests the hypothesis that there are r=s cointegrating
vectors against the alternative of r=s+1 by calculating the maximum likelihood test
statistics as -T In(1-4_,,), where T is the sample size and 4,,, is an estimated
eigenvalue. The second statistic tests the hypothesis that there exist at most, r
cointegrating vectors. It is performed by calculating so-called trace

I)
statistics: -7 Zln(l—/l,.), whered,,,...... A, are the estimated p-r smallest

i=r+l
eigenvalues. Given the number of cointegrating relations, with or without a linear

trend, the data can also be analyzed by another reduced rank regression by calculating

P
the test statistics =T Z]n{(l -4 %/(1 —/1,.)}, where A, * are eigenvalues obtained

i=r+l

from cointegration analysis assuming there is no linear trend.

V. Real Exchange Rate in the Long Run

In this section, I investigate the behavior of the real exchange rate with
cointegration methods to see if its long-run movement is consistent with the
implications of PPP theory. The relative PPP theory asserts that the rate of change in
the nominal exchange rate is equal to the domestic inflation minus the foreign
inflation rate. This implies that when the nominal exchange rate goes up or down, the
relative price levels will adjust continuously in order to maintain the real exchange
rate close to its long-run equilibrium level. The equation for the relative PPP theory
may be rearranged to produce an expression for the change in the real exchange rate,
so that the real exchange rate change should equal zero.

To investigate if there are deviations of the real exchange rate away from its
equilibrium value, I test for cointegration relations among changes in nominal
exchange rates, and domestic and foreign price levels without imposing any
proportionality and symmetry restrictions, instead of checking the stochastic process

of the real exchange rate series by a unit root test.” I do this because of the suggestion

7 If the series of real exchange rate is stationary, i.e., the series contains no unit root, then it tends to
fluctuate around the mean in the long run. Non-stationary series, however, wander widely and rarely
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of Cheung and Lai (1993) that measurement errors in price variables would cause
violations of the symmetry restrictions of the absolute PPP theory and thus cause us to
erroneously accept the hypothesis of a non-stationary real exchange rate.8
The estimating model for such a version may be empirically formulated as:

InE = ag+ajlnP+azIlnP*+u, where E denotes the bilateral nominal exchange rate, P is
the domestic price level, P* stands for the foreign price level and u is the error term.
Testing for a cointegrated relationship among a set of variables is done in two steps.
The first step is to verify the order of integration of the variables. Second,
cointegration tests are conducted upon variables with compatible properties. The
stochastic properties of variables can be investigated by applying the Augmented
Dickey-Fuller (ADF) test. The hypothesis that the variable Xt is a I(1) series is tested
by conducfing a regression on the following equation:?

I)
AX,=pu+pt+aX, + ) KAX,  +¢,
1

where Xt stands for variables appearing in the equation; p is the number of lags
chosen to ensure that the estimated residuals, &, are approximately white noise; u is
the constant term; and t is a time trend. If we cannot reject the hypothesis that Xt is a
unit root process, then the unit root test is applied to AX,. Xt is an I(1) series only
when AX, is not a unit root process.

Monthly observations from January 1981 through September 1995 were used
for the empirical study. The nominal exchange rate series, which are monthly average
rates, are collected from Financial Statistics Monthly (Taiwan District) published by

the Central Bank of Taiwan. The relevant price indexes of Taiwan are also from

return to an earlier value. Thus, real exchange rates change, and this change quantifies deviations from
PPP.

8 Since observed prices serie are imperfect proxies for the theoretical price variables, some
measurement errors exist. These measurement errors can be associated with international differences in
consumption patterns, variations in product quality and differences between listed and transaction
prices. If symmetry and proportionality conditions are not consistent with the data, the imposition of
these conditions can bias PPP tests on real exchange rate towards finding non-stationarity. In such a
case, a finding of a nonstationary real exchange rate can indicate a violation of the symmetry or
proportionality restrictions and still be consistent with PPP theory.

9See Dickey and Fuller (1979 and 1981).
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Financial Statistics Monthly, whereas the US data are from the Infernational
Financial Statistics tape from the IMF.

The results of the unit root test are reported in Table 1. The autoregressive lag
lengths are chosen to be shortest for the residuals from the regression, which the Box-
Ljung Q-statistic suggests are white noise. As shown in Table 1, the null hypothesis of
a nonstationary exchange rate cannot be rejected for the log levels of all the variables.
The unit root tests of the first difference of the log of the variables lead us to reject the
unit root null hypotheses at the 95% significance level, since the ADF statistics are
significantly negative. In summary, the tests indicate that the variables of nominal
exchange rates and domestic and foreign price levels are compatibly integrated of
order one and these variables are suitable for the cointegration test.

To test for the cointegration relationship, the Johansen approach of the
cointegration test was performed in the VAR framework. In order to avoid any bias of
the regression result by measurement errors, the cointegrating regression was
considered without imposition of symmetry and proportionality restrictions. Table 2
reports the values of the Johansen test statistics, indicating that changes in nominal

| bilateral exchange rates are not cointegrated with those in domestic and foreign price
levels, when either WPI(Wholesale Price Index) or CPI(Consumer Price Index) are
used. The results appear to suggest that the simple notion of the PPP relationship did
not hold for the real exchange rate between the Taiwanese and the US currencies
during the period under review. This implies that the nominal bilateral exchange rate
for the Taiwanese dollar vis-a-vis the US dollar and the corresponding price levels
drifted apart from each other following shocks to the Taiwanese economy. More
generally, this indicates that movements in real exchange rates can be regarded as
being permanent and the real exchange rate should not be expected to return to the

equilibrium PPP value.
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VI. Impulse-Response Analysis

Our inability to reject the null hypothesis of a cointegration relationship
between the nominal exchange rate and foreign and domestic price levels implies that
shocks to the real exchange rate are so persistent that it does not return to the long-run
value, as purchasing power parity theory predicts. Because the real exchange rates are
constructed by the nominal exchange rates and relative price levels, the variability in
real exchange rates can be dominated by either the nominal exchange rates or relative
price level changes. In this section, we investigate the extent to which the nominal
exchange rate and foreign and domestic price level changes affect the real exchange
rate through an analysis of their impulse response functions.

For this purpose, we estimated an unrestricted vector autoregression (VAR)
consisting of the first difference in the logarithms of the nominal exchange rate and
domestic and foreign price levels:

AD)X, =y, ,

k
where X, =(AP,AE,, AP, *); A(L)=) A4,L’;and A,=1.
J=0

Akaike's information criterion was employed to select the lag length of the vector
autoregressive system. Inverting A(L), we get the moving average representation
X, = A(L)" ,. To evaluate the dynamic response of the variables in Xt to an
innovation inAP,, AE,, AP*, u, is orthogonalized by means of a Choleski
factorization of Q. Let £, =B g,, with B chosen to be a lower triangular matrix such

that BQ B* =I. I is a diagonal matrix. Thus we can write Xt =C(L) &,, where

Ci(L) Ci(L) Cu(L)
CL)=ALY' B(L)'=| C,y(L) Cy(L) Cx(L)
Cy (L) Cy(L) Cy(L)

The change in P, E, and P* responding to a unit shock to P is given by C,,(L), Cy(L),

and C,,(L) respectively. Similarly, the changes in P, E, and P* responding to

innovations in E and P* are presented by C,,(L), C,,(L), and C;,(L), and C,5(L), Cy(L),
12



and C,,(L). Therefore the implied change in R following shocks to P, E and P* is (-
CHCytCyy), (-C#CxutCsyy), and (-C,3+C,y+Cy3), respectively. Notice that if
purchasing power parity theory held, (-C,,+C,+C;,) + (-C,3+Cp;+C;,) - (-C,,+C,+Cy)
would be identically zero.

Table 3 shows the cumulative impulse response function of AP, AE and AP *,
together with the implied impulse response function for AR .10 From this table it is
seen that a unit of innovation in the domestic price level generally leads to a 1.77
percent increase in the domestic price level. Relatively small changes in the domestic
price level follow shocks in nominal exchange rate and foreign price level. A unit
innovation in nominal exchange rate is followed by an approximately 1.09 percent
increase in the nominal exchange rate. A one percent shock in domestic and foreign
price levels leads to a 0.12 percent increase and a 0.475 percent decrease in the value
of the nominal exchange rate, respectively. A unit shock to the foreign price level
causes a greater change in foreign prices than do innovations in the domestic price
level and the nominal exchange rate. In Table 3, we also report the change in the real
exchange rate following a unit innovation in AP, AE and AP *. This cumulative
change is near minus one for a shock to the domestic price level and one for a shock
to the foreign price level. The estimates indicate that each unit change in the domestic
and foreign price level is followed by a unit increase in the real exchange rate. The
cumulative change of innovations in the nominal exchange rate of 0.804 percent
suggests that a percentage change in the nominal exchange rate will induce a 0.804
percent change in the real exchange rate.

In summary, there is again no evidence to support the idea that there is a long-
run relationship between nominal exchange rate and relative price levels, as postulated
by PPP theory. Innovations in nominal exchange rate changes are followed by
permanent changes in real exchange rate. It also appears that innovations in domestic

and foreign price levels lead to permanent change in the real exchange rate.

10 The price level considered here is based on WPL
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VII. Real Exchange Rate Movements and Productivity Growth
The earlier analysis suggests that there is no systematic tendency for the real

exchange rate to revert to a constant equilibrium level after a shock. Permanent shifts
in the real exchange rate can result from permanent changes in nominal exchange rate
and in domestic and foreign price levels. In this section, a popular model of real
exchange rate determination as proposed by Balassa (1964) is called upon to attest to
the validation of the observations. The Balassa proposition suggests that when
productivity advances more rapidly in a country's traded goods sector than its non-
traded sector, that is, when real shocks cause permanent changes in the relative price
of traded to non-traded goods, the relative price levels between the domestic and
foreign countries are subject to change. Hence, the underlying equilibrium real
exchange rate is also subject to change. However, this is not the whole story, in our
view. As the nominal exchange rate changes, the relative labor unit costs would
change when both the domestic and foreign labor cost are computed in the same
currency. In such a way, nominal exchange rate changes induce differences in the
growth rate of unit labor costs between the two countries, and then cause the real
exchange rate to change. In the following section, we will investigate the movement
of real exchange rate based on the model of productivity differentials. First, we briefly
present the basic model used to explain long-run changes in the real exchange rate.

According to Hsieh (1982), let P and P* denote the domestic and foreign price
indices, which are defined as the weighted averages of the prices in the traded and
non-traded goods sectors.

P=(P’)I—a(P)a

Px=( P,)'_ﬂ (P,,)ﬁ , where a and J are constant weights between zero and unity.
Then the real exchange rate can be expressed as:
yil -a
P * P P *
F*) \F, F,

Assuming constant returns to scale and a fixed supply of labor at home and abroad,

with labor being the only factor of production, and free mobility of labor between
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sectors, the same nominal wage W will prevail in both sectors. A; and A, denote the
average productivity of labor in the traded and non-traded goods sectors respectively.
Perfection competition among producers in both sectors ensures that prices equate

average production cost:

Pt=W/At
Pn=W/A,
Pt*=W*/At*
Pp*=W*/Ap* 2)
Substituting (2) into (1), one obtains:

W *

SRIGIES
R=E|l— = : 3
4+ \3) |7 ®

4,

Expressing (3) in natural logarithm, one obtains:
*
InR=a(ln4,-In4,)-B(In4,*-In4, *)+InE+ 1:{3/ *] -1{%) 6]

‘
The theory outlined above suggests that the behavior of real exchange rate could
reflect productivity growth. The first term on the right hand side is the difference in
growth rate of labor productivity between domestic non-traded and traded sectors. The
second term is the difference between the same two foreign sectors. The third term on
the right-hand side can be considered the difference in the growth rate of unit labor
costs between two countries.

Hsieh's (1982) work uses time-series data to estimate Equation (4) to find
supporting evidence for the idea that productivity differentials between sectors can
explain the behavior of the real exchange rate series. However, as there is a consensus
among researchers that many ecolnomic time series have no tendency to return to an
equilibrium value, we have little confidence that Equation (4) provides a good
approximation of the relationship among variables without a formal test of the nature
of the data set. If a unit root exists in any one of the series, the statistical interpretation

and properties of the least square estimates for the model may not be valid. Thus, we
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will consider the time-series behavior of each series individually, and then investigate
the possibility of a long-run equilibrium among the series.

As discussed, Equation (4) provides a framework for the analysis of the real
exchange rate. As far as the variables used in the model are concerned, the traded
sector is the manufacturing industries. Labor productivity in manufacturing is
calculated by dividing the real output of manufacturing by the number of employees
and work hours. The non-traded sector then is defined as the service sector only. The
labor productivity of this sector is computed in a similar way by dividing the real
output of the service sector by the number of workers in the servicc sector and the
average working hours. The data on real output in manufacturing and services in
Taiwan are obtained from the NIAQ data bank. The data on number of workers,
average working hours and the wage rate are taken from the WAGE data bank. For the
US, real output information are collected from the US data bank, and the remaining
elements are taken from the NIPA data bank. All these data banks are accessible in the
AREMOS/UNIX economic data base system maintained by the Education Ministry of
Taiwan.

First we consider the stochastic properties of the series of differences of changes
in productivity between traded sectors and non-traded sectors at home and abroad, and
the differences of changes in unit labor cost. According to the ADF-test statistic, for
all the series examined, the hypothesis of a unit root could not be rejected at the 95%
significance level. Unit root tests were applied also to the first-differenced series, and
the I(1) null hypothesis could be rejected for all the series, as shown in Table 4. These
findings suggest that the levels of series are I(1). The Johansen cointegration approach
is next performed in the VAR framework. First, different values of the lag length k=1
to 8 are considered. In most cases, a lag of k=4 is required to remove serial correlation
in the residuals. The test for is there a linear trend in the nonstationary part of the

P
process is performed by —TZln{(l—l, )/ (l—/l,)} , where A,* are eigenvalues

i=r+l

obtained from cointegration analysis assuming no trend. Since with a linear trend is

16



confirmed, we proceed with the Johansen procedure. Table 5 reports the values of the
Johansen test statistic for the numbers of cointegrating vectors. In the case under
consideration, the hypothesis of no cointegrating vector (r=0) can be rejected at the
95% level, indicating that the series in Xt are cointegrated as suggested by the model.
The (normalized) estimates of the equilibrium relation are given by (1, 1.16, -1.01,
0.53506). « is found to be (-0.00292, -0.19305, 0.3146,-0.4048), the average speed of
adjustment toward the estimated equilibrium state. In our case, the coefficients are
significantly differently from zero with the correct signs. The results show that
improvements in the productivity of the non-trade sector at home lead to long-run
depreciation of the real exchange rate, a result which is the same as the Balassa (1964)
analysis. Conversely, faster productivity growth in the non-traded sector abroad
results in an appreciation of the real exchange rate. Furthermore, the difference in unit
labor cost will also cause the real exchange rate to rise.

It should be noted that a fundamental model-building point is the assumption of
perfect competition. Under this assumption, prices are set equal to the marginal cost,
and the prices of the traded goods do not violate the law of one price. Since models of
international trade have increasingly emphasized how traded goods’ prices are
affected by market structures that deviate from perfect competition, we would also
like to relax this assumption and see how the equilibrium relationship changes.

Relaxing the assumption of perfect competition in traded good sectors only, we
can see that the firms will then set the price at which the marginal revenue equates
marginal cost. The prices of traded goods at home and abroad represent some mark-up
over unit cost :

Pe= (W/A)(1+m)

P*=(W*/A¢*)(1+m*), where m and m* are domestic and foreign profit margins over
costs. Profit margins vary because of the characteristics of the market structure and/or
changes in the macroeconomic environments. Plugging the new price equation of
traded goods into the real exchange rate expression and taking the logarithm, we
obtain:
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InR = (1~ f)n(1+m*)-(1-a)n(l+m)+a(lnd, ~In4,)- f(In4, *~In 4, *)

(5)
+ (mE + ln( W*J - 1n(1))
AI * AI

Equation (5) can be interpreted as saying that, as before, the real exchange rate

changes depend on the relative changes in productivity between non-traded and traded
sectors at home and abroad and the difference in foreign and domestic changes in unit
labor cost. At the same time, since marginal revenue is computed by taking into
account the profit margins, differences in profit margins are also linked to the real
exchange rate. This relationship can be justified simply because the mark-up is an
important measure of the competitiveness of producers.

To model differences of mark-ups in our empirical setting, we consider a time-
specific effect estimation. Since the differences of mark-ups are unobservable and
might vary as demand and cost conditions change, we assume that the differences of
mark-ups change over time. Thus, if the links among real exchange rates, productivity
differentials between non-traded and traded sectors of two countries, and differences
in unit labor cost across countries are close in the long run, the time-specific effect
coefficients measure the changes in profit margin differential. As suggested in Greene
(1993),!! time-specific effect can be estimated by introducing dummy variables. We
assume that profit margins are adjusted once every year, and then estimate the model
above including an additional 14 dummy variables.12

The estimates of time effect are shown in Table 6. These figures suggest that the
movements of mark-up differentials are increasing as the real exchange rates change.
That is, in the short run, allowing for imperfection competition, the adjustments of

mark-ups also have something to do with real exchange rate changes.

11See Greene (1993), chapter 16.
120ur data spans 15 years. Fourteen dummy variables were introduced since one of the time effects
must be dropped to avoid multicollinearity.
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VIII. Conclusion

In this paper, we set about analyzing the behavior of the real exchange rate. We
found that the purchasing power parity relationship does not hold in the long run.
Analyses of impulse response functions also suggést that innovations in nominal
exchange rate, domestic and foreign price levels result in permanent changes in the
real exchange rate. The empirical tests of the productivity differential model strongly
support the hypothesis that it is differential productivity growth between the traded
and the non-traded goods that leads to the observed changes in real exchange rates.
Thus, if the productivity differential between the non-traded and traded sectors
increases in Taiwan, then the real exchange rate will depreciate. Similarly, if the
productivity differential between non-traded sector and traded sectors in the US
increases, the real exchange rate will decline, implying an appreciation. In addition,
real exchange rates are also influenced by differences in unit labor costs across the
countries. In the short run, since firms in traded sectors can price to the market,
changes in mark-up differentials over traded good prices will also have something to
do with the real exchange rate movements.

The lack of the PPP is attributable to several reasons. One of them, which is
emphasized in this paper, is that price differentials may reflect productivity
differences. Figure 2 shows the movements of labor productivity for traded and non-
traded sectors in Taiwan and the US. As shown, Taiwan’s labor productivity grew
faster than that of the US in bottz traded and nontraded sectors. However, far from
expectations, the growth of Taiwan’s labor productivity in the non-traded sector is
faster than that in its traded sector. This yields a depreciation on average when the real
exchange rate is denominated in WPI during the period under review.

According to our model, the growth rate of unit labor costs in traded sectors
between two countries could also account for the real exchange rate movements.
Figure 3 shows the unit labor cost changes in traded sectors in Taiwan and in the US.
Obviously, the diagram exhibits a distinct divergence as the unit labor cost in Taiwan
gets higher and higher and the US has a decreasing trend. The differences in the
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growth of the labor unit costs explain, to some extent, the movement of the real
exchange rate of the NT dollar relative to the US dollar.

If we decompose the changes of the real exchange rate of the NT dollar relative
to the US dollar, both changes in nominal exchange rate and relative price levels are
responsible for the changes in the real exchange rates. The differences in labor
productivity growth induce the price differentials so that real exchange rates have
been pushed upward. On the other hand, since the relative wage growth in Taiwan is
also increasing as the nominal exchange rates appreciate, the upward pressure on the
real exchange rate is offset by wage growth movement. This yields a depreciation on
average. Since nominal exchange rate and domestic and foreign price levels all appear
to have an effect on the real exchange rate, this implies some degree of predictability

of the real exchange rates.
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Table 1

Unit Root Tests for Nominal Exchange Rate and Price Levels

Level
Variable InE InWPI In WPI’ InCPI InCPI’
-0.93941 -1.6104 -0.00234 1.4516 -1.6834

First Difference

Variable InE InWPI Inwprr: InCPI In CPI"
-3.747 -4.0775 -5.937 -7.0238 -5.1668

Notes : The critical value at the 95% significance level is -3.45 for N=100

(Fuller 1976, p.373).

Table 2

Johansen Maximum Likelihood Procedure ( InE, WPI, WPI" )
Cointegration LR Test Based on Maximal Eigenvalue of the Stochastic Matrix

Null Alternative Statistic 95% Critical Value
r=0 r=1 18.2347 21.0740
r<=1 r=2 6.4360 14.9000
r<=2 r=3 42808 8.1760

Johansen Maximum Likelihood Procedure ( InE, CPI, CPI" )
Cointegration LR Test Based on Maximal Eigenvalue of the Stochastic Matrix

Null Alternative Statistic 95% Critical Value
r=0 r=1 18.5323 21.0740
r<=1 r=2 11.4005 14.9000
r<=2 r=3 5.4206 8.1760
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Table 3

Cumulative Impulse Response Changes

AP, = Cyy(L)e? +Cyy(L)ef +Ci5(L)el”
Ae, = Cy(L)el +Cyy (L)ef +Coy(L)el”

AP =Cy(L)ef +Cyy(L)e; +C33(L)€'p.

Cy, Cy Cp|=|012405 109206 -04756

C, C Cp] [17726 009293 0005026
Cy Ci Ca| | 05096 -01907 1432

AR, =—-113," +0804s," +09513¢,”

Table 4

Unit Root Test for Variable Series in Equation (4)

w* w
InR (In4, -In4,) (ln A - A,‘) (lnE + ln[ A,‘) - ln(-z))
-1.233 -1.868 -0.398 -0.586
w’ w
AlnR A(ln 4,-In AT) A(ln 4, - A;) A[ln E- ln( R ) - l“(;))
-6.92 -9.80 -11.53 -6.80

Notes: Real exchange rates are denominated in WPI.
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Table 5

Johansen Maximum Likelihood Procedure
Cointegration LR Test Based on Maximal Eigenvalue of the Stochastic Matrix

Null Alternative Statistic 95% Critical Value
r=0 r=1 57.3693 27.0670
r<=1 r=2 20.1958 20.9670
r<=2 r=3 5.1362 14.0690
r<=3 r=4 .8724E-3 3.7620

Cointegration LR Test Based on Trace of the Stochasic Matrix

Null Alternative Statistic 95% Critical Value

r=0 r>=1 82.7022 47.2100
r<=1 r>=2 25.3329 29.6800
r<=2 r>=3 5.1371 15.4100
r<=3 r=4 .8724E-3 3.7620
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Table 6

Estimates of Time-Specific Effect

%k
InR, =0, +a(ln4, -In4,), - f(In4,*~In4,*), +(lnE +In ;V T 1n£V—]

' /7

g
040  (0.0683)

047  (0.0713)
0.53  (0.0736)
0.51  (0.0766)
0.71  (0.0766)
092  (0.0765)
111 (0.0814)
136  (0.0846)
1,52 (0.0902)
1.57  (0.0968)
1.78  (0.1090)
1.85  (0.1250)
194  (0.1340)
208  (0.1450)

Notes: Standard error in parentheses.
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Figure 3
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