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I.  Introduction 

Since the collapse of the asset bubble in the beginning of the 
1990s, the Japanese economy has been suffered from long-term 
economic stagnation. During the same decade, however the other 
Asian countries attained high economic growth rate, although Asian 
currency crisis in 1997-8 brought some instability to some of these 
countries. Under such a contrast, some economists have pointed 
out that "hollowing out of the Japanese industries" induced by the 
rapid development in the other Asian countries, was one of the 
causes in the long-term stagnation of the Japanese economy. This 
is because Japanese firms moved to the other Asian area where the 
production cost was lower than Japan. 

In discussing "hollowing effect of industries," we have to consider 
whether the present exchange rate is an appropriate measure of 
the international competitiveness of industries. In the first half of 
the 1980s, Japanese export to the U.S. grew sharply, causing trade 
friction. Calculating the equilibrium exchange rate (hereafter 
referred to as EER) which we will discuss below, Yoshikawa (1990) 
explained that the sharp increase in Japanese exports was caused 
by the overvaluation of the U.S. dollar. At that time, the U.S. 
economy was suffering from "hollowing effect of industries" and lost 
international competitiveness. In that sense, the U.S. economy in 
the first half of the 1980s provides some important lessons for our 
understanding of the Japanese economy in the 1990s. 

Now, we focus not only on the exchange rate against the U.S. 
dollar, but also on the exchange rates against the other Asian 
countries because Asian countries have become big trade partners. 
In particular, the growing presence and current account surplus of 
the Chinese economy has influenced the world economy. Many 
countries pay attention to the U.S. dollar peg system of the yuan, 
and are interested in finding a long-run equilibrium rate when 
China moves to a more flexible exchange rate system. Furthermore, 
many Asian countries have positive attitudes toward Free Trade 
Area (hereafter FTA). However, if their home currency is overvalued 
compared to their EERs, FTAs are likely to be disadvantageous for 
industries in the home country. Thus, we require a reliable 
estimate of the EER to understand the effects of l T A  on inter- 
national competitiveness of industries. 
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To understand the above topics in an academic perspective, we 
will measure the EERs of five Asian countries (China, Japan, 
Korea, Taiwan, and Thailand) and the U.S. and consider the 
international competitiveness among those countries. The reasons 
why we selected these countries are as follows. First, these 
countries have relatively similar industrial structures, unlike those 
of Singapore and Hong Kong. Second, these countries have had 
close trading relationships.1 Third, the statistical data that we 
require for measurement of EER is available in these countries. 

Our paper is constructed as follows. In the next section, we 
measure the EER among five Asian countries and the U.S.. along 
the concept of Yoshikawa (1990).2 In Section 111, we examine which 
factors affect the movement of the EER. In particular, we focus o~ 
the effects of productivity differences between two countries. I 1  
Section nr we propose alternative measures of the EER. First, we 
discard tlhe assumption that the cost of capital is equal inter- 
nationally and add capital service as  a new factor of productior. 
Second, concerning the EER of tk~e won, we take the intermediate 
input from the service sector into account. Third, because the 
orignal concept of EER is based on bilateral trade, we will measure 
the effectwe EER based on multilateral trade. In the last sectior, 
we summarize our results and state some remarks for future 
studies. 

11. The Measurement of EER Based on Yoshikawa (1990) 

A. The Concept of EER 

The concept of EER is similar to purchasing power parity 
(hereafter PPP). While the definition of PPP assumes that prices 
including those of not only tradable goods but also non-tradable 
goods will converge to a constant value between a home country 
and a foreign country, the EER proposed by Yoshikawa (1990) is 
the exchange rate which equalizes the price of tradable goods 
between ia home country and a foreign country. In the tradable 

1 The proportion of trade volume to the U.S. and four Asian countries to 
the total volume in Japan expanded from 16% to 25% in 1990. 

2 Miyagakva and Toya (1999) and Kashiwagi and Sasaki (2000) measured 
the EER of won/yen rate based on thr: concept of Yoshikawa (1990). 
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goods sector, he assumed that both labor and raw materials are 
factors of production. Assumed fured input coefficients for 
simplicity, the tradable goods price (PI of a home country can be 
expressed as  follows.3 

where a and b are labor input coefficient (the reciprocal of labor 
productivity) and the raw material input coefficient (the reciprocal 
of raw material productivity), respectively. W and P, denote nominal 
wage and material prices, respectively. If the "law of one price in 
the international market" holds for the tradable goods price P and 
the imported raw material price P, through the nominal exchange 
rate e, we can rewrite (1) as  follows. 

Here P* and P,* are the prices of tradable goods and raw materials 
evaluated in a foreign currency, respectively. 

Similarly, the price of tradable goods in a foreign country is 
formulated by (3). 

From (2) and (3). we obtain EER as follows, 

w [all1 -b(p,*/p*)H 
e = i w j  (a* + b*(P,*/ W*)] 

The formula (4) shows that the EER is influenced by the nominal 
wage ratio (WIW*), labor input coefficient (a and a*), raw material 
input coefficient (b and b*), and (the reciprocal of) the terms of 
trade (P,*/P*). From (4), the rise (fall) of the nominal wage in home 
country or the fall (rise) of productivity in labor or the raw material 
input in the home country results in a depreciation (appreciation) 
in the home currency, and the rise (fall) of the terms of trade 
results in the appreciation (depreciation) of the home currency. 

3 Chipman (1971) showed that fured production factor ratio was selected 
in the trade model that allowed that production factors are substitutable in 
the production function. 
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B. Calculc~ting the EER 

As we stated in the introduction, we calculate EER in China, 
Japan, Korea, Taiwan. Thailand, and the U.S. based on equation 
(4). The data series of the EER is from 1980 to 2003, except 
Taiwan, Thailand (from 1980 to 2000) and China (from 1985 to 
2000), due to the inavailability of the data. 

The first step in measuring the EER is to determine a base year. 
We set a base year when the current account is balanced. In i i  

base year, EER is equal to the actual nominal exchange rate. 
Because the Asian countries that we examine became industrialized 
during the 1990s. we selected a base year in that decade. We 
calculated the three-year moving average of the current accbount of 
each country to smooth out the effects of business cycles, ant1 
picked the year with the smallest value as  a base year for ,i 

country. 
The next step is to calculate EEK series based on equation (4). 

Because each factor in (4) is measured at  different terms, we create 
their indices a t  100 a t  the base year and generate the EER seriez. 
Regarding the labor and raw material coefficients in tradable good:, 
we choose eight manufacturing industries that dominate trade 
volume in each country textiles, chemicals, primary metals, metz.1 
products, general machinery, electrical machinery, transportatioi~ 
equipment., and precision instrumc-nts. Both the labor input coeffi- 
cient ancl raw material input coefficient of each industry are 
average weighted by the export share of the above industries.4 We 
transform the calculated index series into the EER in terms of 

currency by multiplying the indexed EER by the nominal exchange 
rate a t  the base year. 

The results of calculation and actual exchange rates are 
summarized in Table 1. The data used for the calculation IS 

summarized in the Appendix. 

C. Evaluc~tion of the EER 

a) The EER of the Korean Won 
Concerning the won/yen rate, the actual exchange rate and the 

EER fluctuated along the same trend in the first half of the 1 9 9 0 ~ .  

4 See the data appendix for the estirllation method of each coefficient and 
the sourceis of the data. 
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TABLE 1 
EQUILIBRIUM EXCHANGE RATE 

Korea China 
[Base Year: 1990) (Base Year: 19931 

Actual EER Actual EER Actual EER Actual EER Actual EER 

(Table Continued) 
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(Reference) 
Talwan Thailand Japan 

(Base Year: 1994) (Base Year: 1993) (Base Year: 

New Taiwan New Taiwan 
DollarIYen Dollar/U.S.$ BahtIYuan Baht1U.S.S Yen/U.S.$ 

Actual EER Actual EER Actual EER Actual EER Actual EER 

0.159 0.050 36.00 7.67 0.090 0.017 20.48 3.04 226.7 63.9 
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This implies that the movements of actual won rate reflected 
economic fundamentals in Korea and Japan. The actual won/U.S. 
dollar rate and wonlyuan rate also had the same trend as the EER 
before the Asian currency crisis in the same period. Though the 
gap between the two rates was not large, the overvaluation of the 
actual won against EER continued. 

The Asian currency crises generated large gaps between the 
actual rates and the EERs for the wonlyen, won/U.S. dollar, and 
won/yuan rates. These gaps remained in the 2000s. The actual 
won was 19% undervalued against the equilibrium won/yen rate in 
2003, 44% undervalued against the equilibrium won/U.S. dollar 
rate in 2003, and 32% undervalued against the equilibrium won/ 
yuan rate in 2000. Our estimate of the EER implies that the Asian 
currency crisis induced an excess adjustment of the won and this 
distortion has not disappeared. 

b) The EER of the Chinese Yuan 
Both the actual rate and the EER of the yuanlyen had 

depreciated until 1993. After 1994 when the yuan rate was pegged 
to U.S. dollar, the movement of the actual yuanlyen rate was 
parallel to that of the actual U.S. dollarlyen rate. Then the actual 
yuan rate was undervalued to the equilibrium yuan rate when the 
yen appreciated against U.S. dollar in the mid 1990s. Conversely, 
the actual yuan rate was overvalued to the equilibrium yuan rate 
when the yen depreciated against U.S. dollar in 1997-8, when 
Japan suffered from the collapse of the financial system. However, 
both rates converged in 2000. 

Concerning the yuan1U.S. dollar rate, the gap between the actual 
rate and the EER has widened since 1994 when the yuan was 
pegged to the U.S. dollars. Basically, the actual yuan rate was 
undervalued to the equilibrium yuan rate. In 2000, the gap was 
about 25%.5 

C) The EER of Other Currencies 
There is no big gap between the actual exchange rate and the 

' ~ e c e n t l ~ .  Akama, Mifune. and Noro (2002) measured purchasing power 
parity (PPP) between China and Japan setting the base year a t  1993. Hirose 
and Morito (2003) and the Japan Center for Economic Research (2004) 
measured the EER between yuan and yen. 
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EER of mew Taiwan dollarlyen in the first half of the 1990:;. 
Although the actual exchange rate of new Taiwan dollar tended to 
be overva.lued in the second half of the 1990s. the gap between 
actual rate and the EER which widened during the Asian currency 
crisis was reduced as  the actual exchange rate depreciated after 
the crisis;. The actual exchange rate and the EER of the new 
Taiwan dollar/U.S. dollar moved along a similar path from the first 
half of the 1990s to 1998. Therefore, we believe that the deprecia- 
tion of tl-te new Taiwan dollar1U.S. dollar after the Asian currenc,y 
crisis was; not explained by economic fundamentals. 

The actual baht rates against the yen were overvalued to EER in 
the 1 9 9 0 ~ .  The actual baht1U.S. dollar rate was overvalued to EER 
in 1998 and 1999. though it converges to EER in 2000. In contrast 
to the case of the new Taiwan dollar, we believe that the large 
depreciation of baht the against the yen and the U.S. dollar in tk.e 
Asian currency crisis reflected eco:rlomic fundamentals. 

111. Factors Affecting the EER: Factor Prices and 
Prod.uctivity Differences 

As we observed in the last section, several actual exchange ratrs 
fluctuatecl along the same trends as  the EERs. This implies that 
the actual exchange rate is affected by economic fundamentals a s  
the movement of productivity and wage rates. Conversely, when 
there is EL gap between the two rates, the actual exchange rate does 
not reflect economic fundamentals and the gap generates biases n 
international competitiveness. 

The movements of the EER are affected by several factors that 
define the EER. To check which factor is crucial in the movement 
of EER, we construct the simulated equilibrium exchange rate 
(hereafter SER) which focuses on a specific factor in EER artd 
compare it to the EER.6 An example of SER is expressed as  
follows. 

"f we tiecompose the growth rate of the EER into growth rates of all 
factors in the EER, we can find the effects of all factors. However, because 
the large mixed effects among these factors in the EER generated from the 
decomposition of Equation (4) prevail over effects of a specific factor. we 
choose the simulation which focuses on a specific factor. 
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Equation (5) is a SER which focuses on the changes in the 
differences in labor productivity. In (5), a s  other factors except a 
and a* are fixed at the base year, we can check the movement of 
the EER that can be explained by labor productivity difference in 
both countries. For example, if the SER in (5) is on an appreciating 
trend, we understand that higher labor productivity growth in the 
home country can cause the EER to appreciate. We choose PPP in 
terms of wage rates (WIW*), labor productivity differences, and 
material productivity differences as  crucial factors in the movement 
in EER. Our comparisons between EER and SER are summarized 
in Table 2. 

A. Comparison between the EER and SER of the Korean Won 

In Table 2-1, Table 2-2, and Table 2-3, we summarize our 
simulation results on the won rate. For the won/yen rate, the table 
shows that the movement of PPP in terms of wage rate had the 
same trends as  the EER though PPP in 2003 was undervalued 
against the EER. The results are in contrast with the case of the 
EER of the yen/U.S. dollar studied by Yoshikawa (1990) that 
showed the gap between the EER and PPP to be very large. 
However, the result does not mean that productivity differences 
between Korea and Japan played no role on the movement in the 
EER. The simulation shows that the rise of the Korean labor 
productivity in this period had a large effect on the won. On the 
other hand, the SER which focused on material productivity 
differences had the same trend as PPP and has contributed to the 
depreciation of the won. As a result, as  the rapid growth in Korean 
labor productivity was offset by increases in Japanese raw material 
productivity, the movement of the EER has moved along with PPP. 

In the case of the won/U.S. dollar rate, the results are similar to 
the case of the won/yen rate. Like the won/yen rate, the won in 
the EER and PPP have devalued together. In addition, the won in 

PPP was more devalued than the won in the EER in 2003. The 
Korean labor productivity growth was almost offset by the U.S. raw 
material productivity growth. 
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SER 
- 

Actual 
EER Labor 

Rate Productivity Productivity Wage Difference Rate 
Difference Difference 

TABLE 2-2 
SIMULATED KOREA-U.S. EQUILIBRIUM RATES (BASE YEAR: 1990) 

- - 
SER 

Actual 
EER Labor 

Rate Wage Rate 
Productivity Productivity Difference 
Difference Difference 

SIMULATED KOREA-CHINA EQUILIBRIUM RATES (BASE YEAR! 1990) 
- - 

SER - 
Actual 

EER Labor 
Rate Wage Rate 

Productivity Productivity Difference 
Difference Difference 
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SIMULATED CHINAJAPAN EQUILIBRIUM RATES (BASE YEAR: 1993) 

SER 
Actual 

EER Labor 
Rate Wage Rate Productivity Productivity Difference 

Difference Difference 

SIMULATED CHINA-U.S. EQUILIBRIUM RATES (BASE YEAR: 1993) 

SER 
Actual EER Labor 
Rate Material Wage Rate Productivity Productivity Difference 

Difference Difference 

SER 
Actual 

EER Labor 
Rate Material Wage Rate Productivity Productivity Difference 

Difference Difference 
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SIMULATED TAIWAN-U.S. EQUILIBR~UM RATES (BASE YEAR: 1994) 
- 

SER 
Actual 

EER Labor 
Rate Mate'a1 Wage Rate Productivity Productivity Difference 

Difference Difference 

TABLE 2-8 
SIMULATED THAILANDJAPAN EQUILIBRI(JM RATES (BASE YEAR: 19931 

SER 
Actual 

EER Labor 
Rate Wage Rate Prod~ictivity Productivity Difference 

Difference Difference 

Actual 
ERR 

Rate 

SER 

--. . Labor Wage Rate 
Productivity Productivity Difference 
Difference Difference 
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The case of the wonlyuan differs from the previous two cases. 
Because the labor productivity growth in Korea was slower than 
that in China, the EER in terms of won appreciated slower than 
PPP measured by the wage rate. The appreciation of the EER of the 
won/yuan rate was caused not by a higher productivity growth in 
Korea but by a higher wage growth in China. 

B. Comparison between the EER and SER of the Chinese Yuan 

In the case of the yuan, PPP was more depreciated than EER in 
both the yuan/yen and the yuan/U.S. dollar rates. This implies 
that Chinese wage growth was faster than those in Japan and the 
U.S.. However, the rapid growth of Chinese labor productivity 
curbed the devaluation of the yuan/yen rate and the yuan1U.S. 
dollar rates. The SER, which focused on labor productivity differ- 
ences, has contributed to the appreciation of the yuan against the 
yen and the U.S. dollar. This effect dominated the devaluation 
effect of the yuan induced by raw material productivity differences. 

C. Comparison between the EER and SER of Other Currencies 

Table 2-6 and Table 2-7 show the sources of EER movements in 
the new Taiwan dollar. As we found in the case of previous 
currencies. while labor productivity growth in Taiwan induced the 
appreciation of the new Taiwan dollar, raw material productivity 
growth contributed to the depreciation of new Taiwan dollar. In the 
case of new Taiwan dollarlyen, the effects of raw material pro- 
ductivity growth dominated labor productivity growth and EER was 
depreciated from 1995 to 2000. On the contrary, in the case of the 
EER in the new Taiwan dollar/U.S. dollar case, the EER appre- 
ciated as  the former effect dominated the latter. 

In Tables 2-8 and 2-9, the movements of PPP in the Thai baht 
was different from those in the Korean won, Chinese yuan, and 
new Taiwan dollar. The EERs in both cases of bahtlyen and 
baht1U.S. dollar were undervalued against PPP and all SERs. The 
result implies that total effects of wage differences and productivity 
differences contributed to the devaluation of the EER. 
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IV. Alternative Measurements of the EER 

The concept of the EER examined by Yoshikawa (1990) is based 
on several assumptions. We confirm the above results by changing 
these assumptions. In addition to the basic model, we will consider 
the following three cases; a difference in cost of capital between 
two countries, adding service input, and an "effective" EER that 
takes into multilateral trade. 

A. D~ffert!nces in  Costs of Capital 

In the basic model, we did not consider capital service input on 
production activities, because costs of capital in two countries are 
equalized in the long run due to the perfect international capit31 
flow, and the difference in capital coefficients in two countries were 
assumed not to affect EER to a large degree. However, a s  Feldste~n 
and Horioka (1980) have shown, it is hard to say that domestic 
investment behavior is affected by the free movement of inter- 
national capital. In addition, China has maintained restrictions of 
capital inflow and oufflow. Statistical data also show that the 
capital coefficient (efficiency of capital) indicates an upward trertd 
from the 1970s in Japan, while it has been stable in the U.S.,  artd 
the gap between the two coefficients have recently widened. 

Therefore, we remove the assuniption that the costs of capltal are 
equalized due to the free international movement and measure an 
alternative EER that includes capital service as  a factor of pro- 
duction. When capital is included, the tradable goods price in the 
home country can be expressed as follows. 

Here c is the capital coefficient and R is the cost of capital. 
Similarly the tradable goods price of a foreign country is defined t)y 

From (6) and (7), the equilibriuln exchange rate including capilal 
service as  input is 
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In (8), q is the factor price ratio (cost of capital (R)/wage (W)). 

From equation (81, both relative rises (declines) of the capital 
coefficient and the cost of capital will lead to a depreciation 
(appreciation) of the domestic currency in the EER. 

To construct an alternative measure of EER, we need a data 
series of the capital coefficient and cost of capital. However, it is 
difficult to use these data in the case of China. Hence we can 
calculate cq based on the following equation in all countries and 
areas. 

We pick up the portion of the operating surplus from the 
Input-Output Table, compute the unit capital cost (UCC), and 
measured e k .  The details of data are stated in the Appendix. 

The results of the measurement in the EER for China, Korea and 
Japan are described in Figure 1 and Figure 2.7 In these figures, we 
show the series of the actual exchange rate and the EER in the 
basic case for reference. 

In Figure 1, though the gap between the EER including capital 
senice and the actual wonlyen rate widened during the Asian 
currency crisis, the EER including capital service has converged to 
the actual rate.8 The result reflects the fact that the yen has been 
appreciating against the won in the EER, because the zero interest 
policy since the late 1990s in Japan induced the Japanese cost of 
capital relatively low. 

Next, we check the movements of the EER in the yuan/yen. The 
gap between EER including capital service and the actual exchange 

7 Regarding capital service input, we also measure the EER of other cases 
(for example, the case of the won/U.S. dollar and the yuan/U.S. dollar). If 
the reader is interested in the EER series in the other cases, we can send 
these results on reader's request. 

8 Concerning the won/U.S. dollar rate, the gap between the EER including 
capital service input and the actual rate also tended to converge. 
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- - -  - - 

+ Actual Rate Equfflbrlum Rate + Including Capltal Input 
- 

- - 
- - - 

- 
-+ Actual Rate + Equfflbrlum Rate * lncludlng Capltal Input 
- - -- . - - - -- -- - - 
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rate grew in the mid 1990s when the yen appreciated. After the 
gap converged in 1998, it has widened again. 

B. Incorporating Service Input 

The international competitiveness of tradable goods is affected by 
not only productivity differences of labor or raw materials but also 
by the price in non-tradable goods. In the 1990s, many economists 
pointed out that Japanese international competitiveness deteriorated 
due to the high prices in the non-tradable sector. By focusing on 
the service sector, we examine the effects of the non-tradable sector 
on the movement of the EER. 

We assume that labor is the only production factor in the service 
sector, because the production technology of service sector can be 
considered to be labor-intensive. Suppose that the inter-sectoral 
movement of labor is free and the wage rate is equalized in each 
industry. Then, modified EER (e,) can be expressed as follows. 

W Ila+ghIlll- b(P,*lP*)ll es=(Fi (a* + b*(P,*/W*) +g*h*) 

In (10). g is a service input coefficient in the tradable goods sector 
and h is the labor input coefficient in the service sector. If g and h 
in a home country rise in (9), a home currency's EER will de- 
preciate and vice versa. 

Due to the availability of the data in the service sector, we can 
only measure the EER of the won/yen rate.9 According to Figure 3, 
the won in the EER that incorporates the input from the service 
sector had depreciated more than the won in the basic EER. While 
the actual won rate was undervalued in 2000 compared to the 
basic EER, it was overvalued compared to the EER with the input 
from the service sector. We believe that in addition to the lower 
productivity of the Korean service sector, the increase of inputs 
from the service sector in Korea in the 1990s lowered the EER that 
incorporated service sector inputs. The low productivity in the 
senice sector was pointed out not only in Korea but also in Japan. 
That is, if the tradable goods sector attained higher productivity 

%e also measured EER with service input for the won/U.S. dollar rate. 
We can also send this series upon the request of the reader. 
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. - . - ~ -- -. ~ 

+ Actual Rate -Q- Including Servlce lnpul -H- lncludlng CaplIal & Selvlm lnpul 
- 

~ - - -~ ~- 

than the non-tradable goods sector, the actual won is likely to be 
overvalued. As a result, Korea as well as Japan may be suffering 
from the price differential between the domestic and overseas 
markets. 

If we consider both EERs with capital service and the input from 
the senrice sector together, the EER in 2003 converged to the 
actual won/yen rate. The result implies that the recent actual 
wonlyen rate is affected by economic fundamentals that reflect not 
only labor and material productivity differences but also differences 
in efficiency in the service sector and cost of capital. While the 
rapid labor productivity growth in Korea resulted in the won 
appreciating against the yen, the effect was totally offset by tlne 
wage increase, the inefficiency in the service sector in Korea, and 
the low cost of capital in Japan. 

C. Measuring the Efl~ective Equilibrium Exchange Rate 

We have defined the EER as the exchange rate where inter- 
national competitiveness is equalized in bilateral trade. However, in 
the real world, the trade of goods is carried out among many 
countries and bilateral competitiveness is not equalized in the lo!ng 
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run. If we remove the assumption that goods are traded between 
two countries, the long-term bilateral exchange rate may not correct 
the imbalances in trade. Even if the actual exchange rate against a 
specific currency converges to the EER, the actual exchange rate 
against another currency may diverge from another EER. 

Here we attempt to calculate weighted average of the EER con- 
structed between two countries weighted by trade. a s  the "effective" 
equilibrium exchange rate. The steps to calculate effective EER are 
as follows. 

(1) We use the basic type of EER in each currency to construct 
the effective EER, due to data availability. 

(2) Each EER is indexed. The base year is 1990 and we set the 
index value in 1990 at 100.10 

(3) We provide two types of the trade weight. One is the fxed 
weight in 1990, the other is the flexible weight using annual 
trade weights. Since we are constructing the Japanese effec- 
tive equilibrium exchange rate, we use Foreign Trade Outlook 
of the Ministry of Finance, Government of Japan as our data 
source for trade weights. 11 

(4) The Effective equilibrium exchange rate is constructed as the 
weight averaged series of each EER. 

Our effective EER is not constructed by covering all trade part- 
ners in Japan. However, the trade volume (export+import volume) 
with China, Korea, Taiwan, Thailand and the U.S. accounted for 
43.6% of the whole trade volume in Japan in 1990. We believe that 
this proportion has increased recently and it is possible to calculate 
the effective EER. 

The series of the effective EER of Japan is described in Figure 4. 
In Figure 4, we show not only the effective EER of Japan, but also 
the nominal effective exchange rate of Japan using the same trade 
weights at our measurement of effective EER, and the nominal 

1 ?he year when the lowest current account/GDP ratio was recorded 
differs by country. However, we set 1990 the base year when Japan 
recorded the lowest current account/GDP ratio because we are measuring 
effective EER of the yen. 

11 Trade weights are endogenous in the sense that they are affected by the 
exchange rate. Hence we measure the effective EER with fbced trade weights 
in addition to the effective EER with variable trade weights. 
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effective exchange rate of IMF statistics (International Financic!l 
Statistics). When the yen appreciates, the effective EER takes a 
higher index value in Figure 4. 

The nominal effective exchange rate calculated by trade weights 
to the U.S. and Asian countries and the nominal effective exchange 
rate of IMF statistics followed a similar trend. Hence, we focus on 
the movements of the effective EER and nominal effective exchange 
rate that we calculated. 

Since the actual yen rate appreciated against the U.S. dollar i n  

the first half of the 1990s, the nominal rate became overvalued 
greatly to the effective EER. However. during the crisis in the 
Japanese financial system in 1997-8, the yen depreciated against 
the U.S. dollar and yuan that was pegged to U.S. dollar. Then, the 
gap between the nominal rate and the effective EER contracted. 
The nominal rate has become overvalued again to the effective EE'R 
since 1999, because the actual yen1U.S. dollar rate became over- 
valued to the EER in yen1U.S. dollar rate, and actual yen rates are 
almost equal to the EER of Chinese yuan, the Korean won, and the 
new Taiwan dollar. In 2000. the nominal rate was overvalued by 
about 30% on a fixed weight, and 24% on a flexible weight. 
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compared to the effective EER. In the bilateral trade cases for 
China, Korea, and Taiwan, the gaps between the nominal rates and 
the EER are not so large. However, under the assumption of the 
multilateral trade model, the yen needs to depreciate by about 24% 
to 30%. 

V. Conclusions and Future Research Topics 

International competitiveness in Japanese industries is the center 
of attention because it is one of the crucial factors behind the 
long-term stagnation in the Japanese economy, and the deteriora- 
tion of international competitiveness in Japanese industries has 
resulted in low productivity growth. The measurement of inter- 
national competitiveness depends on whether the actual exchange 
rate reflects economic fundamentals such as  factor prices and 
productivity differences. In particular, whether exchange rates among 
Asian countries reflect appropriate international competitiveness has 
become a hot discussion topic, due to the large current surplus of 
China and the FTA boom in Asian countries. 

Regarding the above topics, we propose the equilibrium exchange 
rate as  an exchange rate that reflects economic fundamentals, and 
we measure them for five Asian countries and the U.S.. Our results 
of the estimation are summarized as follows. 

(1) Korea: There was little gap between the EER of the won/yen 
rate in the basic case and the actual rate until the Asian 
currency crisis. Concerning the won/U.S, dollar and won/ 
yuan rates. the overvaluation of the actual won against the 
EER continued until the Asian currency crisis. The Asian 
currency crisis resulted in the large undervaluation of the 
actual rate against the EER for all currencies. The under- 
valuation remained until 2003. In 2000, the actual won was 
undervalued by about 19-44% against the EER in the case of 
the yen, the U.S. dollar, and the yuan. 

(2) China: Since the middle of the 1990s, the actual yuan rates 
against both the yen and the U.S. dollar have been under- 
valued to the EER. However, in 2000, the actual exchange 
rate and the EER of yuan/yen are almost at the same level. 

(3) Taiwan: Although the gap between the EER and the actual 
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exchange rate of the new Taiwan dollarlyen existed temp2- 
rarily during the Asian currency crisis, the gap has  almost 
disappeared. However, in the case of new Taiwan dollar/U.3. 
dollar rate, the actual new Taiwan dollar rate i s  somewh3t 
undervalued a s  of 2000. 

(4) Thailand: In the case of the baht/yen rate, the gap between 
the EER and actual rate has widened after the Asian 
currency crisis, and the actual baht rate is overvalued as of 
2000. On the other hand, in the case of baht1U.S. do1l.u- 
rate, there is no divergence between the two rates in spite of 
the Asian currency crisis. 

(5) Chccking the factors behind the movements in the EER, vie 
found that  nominal wage rates and productivity differences 
between two countries played important roles in the movement 
in EER. In the case of the won, PPP measured by wage rates 
had the same trend a s  the EER in all cases. Labor produc- 
tivity growth in Korea was offset by raw material growth In 
Japan or US. .  In the case of the yuan, rapid labor produc- 
tivity growth restrained the devaluation of yuan induced by 
the rapid wage growth in China. 

(6) Considering the difference in costs of capital between tvio 
countries, the actual won and yuan rate tended to be under- 
valued to the EER in the 2000s. 

(7) Measuring EER with the input from the service sector - that 
is  likely to affect the international competitiveness of tlle 
tradable goods, - the won depreciated against the yen. This 
implies there exists a price differential between the domestic 
and overseas markets inherent in Korea. Due to this effect 
andl the low cost of capital in Japan,  the effect of labor 
productivity growth in Korea is offset. 

(8) We constructed the effective EER under a multilateral trade 
model. Comparing the effective EER and the actual effective 
exchange rate, the actual effective rate of yen is overvalued by 
2446 to 30% to the effective EER as  of 2000. 

Our analysis offers a useful index a desirable long-term exchange 
rate. The index is also useful for judging the valibty of intervention 
in international financial markets by monetary authorities. Further- 
more, using the gap between the actual rate and the EER, t'ne 
government can check whether a FTA with a specific foreiizn 
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country is advantageous for a home country. 
We can carry out the following extension to improve our analysis. 

Firstly, when we create the EER incorporating capital service input, 
we used the operating surplus as  the proxy for unit capital cost, 
but this reflects the accurate cost of capital only partially. By 
estimating the capital stock of major trading partners of Japan, it 
would be possible to construct a more accurate EER with capital 
service input. Secondly, we have assumed that the industrial 
structures of home and foreign countries were same. However, 
industrial structures of the Asian countries are rapidly changng, 
and they are in various stage of development. It will be necessary 
to analyze how the EER is affected by the differing stages of 
development or industrial structures. Finally, the gap between an 
actual exchange rate and the EER affects several international 
economic variables such as the trade structure in two countries, 
foreign direct investment behavior, and international capital move- 
ment. We will check the relationship of EER to these variables. 

Appendix: Estimation Method of the Data 

The following variables are used in our calculation of the equilib- 
rium exchange rate. 

(1) Labor input coefficient 
(2) Raw material input coefficient 
(3) Service input coefficient 
(4) Unit capital cost 
(5) Nominal wage 
(6) Raw material price 
(7) Export price 
(8) Export share. 

The sample period of all variables is from 1980 to 2003, except 
Taiwan, Thailand (from 1980 to 2000) and China (from 1985 to 
2000) due to the availability of the data. We describe the 
estimation method of the variables (1)-(8). 

(1) Labor input coefficient: a=xaiai 
i 

The labor input coefficient of the manufacturing industry, we 



EQIJZLZBRIUM EXCHANGE RATES ZN ASIAN CURRZZNCZES 507 

used the weighted average of the labor input coefficient ai in eac:h 
sector. This is calculated by dividing the number of workers by real 
production. The weights used for the calculation is the export share 
in each sector ( a i :  we discuss in detail later). The sectors we use12 
were fibers, chemical, primary metals, metal products. general 
machinery, electrical machinery, transportation equipment. and 
precision instrument. 

Regarding Korea, in order to take senice inputs into consider.- 
ation, the labor input coefficient of Japanese and Korean service 
industry is needed. Because the labor input coefficient of service 
industry (h) in Japan, and Korea is not broken down by sector 
such a s  the manufacturing industry. we created the labor inpct 
coefficient by means of dividing the number of workers in the total 
service industry by the real value added of the total service 
industry. 

(2) Raw material input coefficient: b = 6,  [ b i . ~  + bI.pm~o X ~ P E T R O . ~ ]  
l 

a .  First, the direct input coefficient is calculated by (Input frorn 
the mining industries into each manufacturing sector)/ 
(Production of each manufacturing sector) (b , ,~ ) .  

b. Second, the indirect input coefficient which is calculated by 
multiplying the input coefficient: (Input from petroleum and 
coal. products into each manufacturing sector)/(Production of 

each manufacturing sector), by the input coefficient: (Inp~it 
from the mining industries into the petroleum and coal 
products sector)/(Production of the petroleum and coal 
p r o d ~ c t s  sector) ( ~ ~ . P E T R O X  b~~7xo.o). 

They are weighted by the export, shares in the same way a s  the 
labor input coefficient variables. When the data is not available on 
an annual basis, we estimate it by linear interpolation. 

(3) Service input coefficient: g = oigi 
i 

This is the weighted average of the input coefficient (Input frorn 
service industry into each manufacturing sector)/(Production in 
each manufacturing sector) by export share. When the data is not 
available on an annual basis, we estimate it by linear interpolation. 
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(4) Unit capital cost: UCC=xoiUCCi 
i 

Although it would be desirable to use the operating surplus form 
the Input-Output Table for the unit cost of capital in the manu- 
facturing industry, the Input-Output-Table is not available for every 
year. 

Thus, we use the Survey of Manufacturing data, and calculate 
the value (Nominal value added-Compensation of employee)/(Real 
production) and take a weighted average by export share in each 
sector. 

(5) Nominal wage: W 

This is average nominal wage of the manufacturing industry. 
When only the wage levels are available, we create an index series 
for the value. 

(6) Raw material price: P,,, 

Since the "law of one price" holds, raw material price is the same 
value in each country. Therefore, to estimate the yen (dollar) rate of 
each country, we use the wholesale price index (implicit deflator) of 
petroleum and coal products in Japan (U.S.). 

(7) Export price: P 

Same as in the above case, to estimate the yen (dollar) rate of 
each country, we use the export price index (implicit deflator) of 
manufacturing goods in Japan (U.S.). 

(8) Export share: 6 i  =Xi/ Xi 
i 

The export share is the value obtained when we divided the 
export value (the same sector as  labor input coefficient Xi) of each 
sector by the total export value of each sector ( Z X J .  

When we estimate the equilibrium exchangei rate for any two 
nations, we use the same export share (home countryl for both 
countries as  weights, in order to average the labor input and 
raw-material input coefficient of each sector. By doing so, we 
expect to be able to remove the effects of the differences of export 
(industry) structure in the two countries. 
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The export share of Japan is taken from the Annual Report on 
National Accounts (ESRI, Cabinet Office). The export share of each 
country other than Japan until 1996 was obtained from Gaikoku 
Boueki to Keizai Hatten (Foreign n u d e  and Economic Developmenll 
(Asia information center, Takushoku University, 2000, in Japanese), 
and since 1997 we can obtain tl-le export share data from ITC'j 
(International Trade Centre) Web Site (http: / /www.intracen.org 1 

tradstat/welcomr:. htm). 

(Received 2 1 December 2004: Reuised 2 1 J a r ~ u a  y 2005) 
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