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中 文 摘 要 ： 華盛頓的匯率操縱指控是相當嚴重的指控，因為有可能損及雙邊的
貿易關係。更者，美國可能祭出301條款，其產生的後續效應更是難
以估計。我們在本篇文章採用Balassa-Samuelson理論研究台灣與其
亞洲重要貿易夥伴國其實質匯率錯配現象。我們仔細應用Kakkar
and Yan (2012)所發展的理論模型，藉以解釋可交易與不可交易部
門之產能差異現象，導致實質匯率的錯配現象。在實證過程中，各
產業的總要素生產力一向是實證工作的挑戰，因為各產業的資本存
量數據不易尋找。我們以Mano and Castillo (2015) 晚近建立的勞
動產能資料庫為基礎，克服此困難。
在我們的樣本中，台灣、中國、印度、印尼、日本、韓國、馬來西
亞、菲律賓、新加坡、與泰國，清楚呈現持續性的對美國實質匯率
錯置現象。我們發現台灣及亞洲國家對美國的實質匯率錯配現象
，主要原因來自於長期的名目匯率偏離，而非產業間產能的差異。
本文章仍有研究上之限制，例如，本文並未考慮名目匯率偏離之可
能因素，例如，貨幣政策立場、政府效能、金融市場開放程度、以
及可能的固定與隨機可能因素。

中文關鍵詞： 總要素生產力、 實質匯率錯配、 巴拉薩-薩謬爾森理論

英 文 摘 要 ： The accusation of currency manipulation from Washington is
a serious international issue, since it may jeopardize the
trading relation with the United States. Furthermore, the
Department of Commerce of the United States may exercise
U.S. Section 301, and consequences would be detrimental. In
this paper, we apply Balassa-Samuelson theory particularly
for Taiwan and its main trading partners in Asia to learn
whether the misalignment of real exchange rates exists. Our
illustrative model follows closely to the work of Kakkar
and Yan (2012) to decompose the real exchange rate
explaining by the productivity difference resulting from
traded and nontraded sectors. In empirical analysis, total
factor productivities of sectoral economies have always
been challenge, since gross capital stocks for sectors
usually are rarely available. We apply the dataset
developed recently by Mano and Castillo (2015) to overcome
this challenge.
In our sample, Taiwan, China, India, Indonesia, Japan,
Korea, Malaysia, Philippines, Singapore, and Thailand have
shown clear and persistent misalignment of  real exchange
rates deviating from TFPs from the 1980s to 2012. Moreover,
after thorough decomposition, the main contribution of the
misalignment is from the volatility of nominal exchange
rates of Asian economies. However, there are a few unsolved
questions left in this paper which may have created biased
estimates. For example, monetary stance, institutional
quality, financial openness, and enough fixed and random
effect needed to be further discussed.



英文關鍵詞： Total Factor Productivity、Real Exchange Misalignment、
Balassa-Samuelson Theory
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Revisited Total Factor Productivity and the Change of Real Exchange Rate 
- The Case of Taiwan and its Trading Partners 

 
 

I. Introduction 

This paper explores the evidence for a productivity-based explanation of the long run 

real exchange rate movements of Taiwan with major trading partners through US dollar. 

Among available theories rendering explanations on deviations of exchange rate, Balassa 

(1964) and Samuelson (1964) have provided an innovative framework to separate production 

into traded and non-traded sectors to allow labors move both sectors but only traded goods 

allowing international mobile.1 The Balassa-Samuelson (B-S) model has motivated the 

development of macroeconomics and international economics in the following decades. Tica 

and Druzic (2006) made a thoughtful survey summarizing forty-five empirical papers on the 

B-S effect that have been published in the last fifteen years. Many following works have 

espoused B-S model providing appealing explanation of the long-run behavior of the real 

exchange rate in terms of the productivity performance of traded relative to nontraded goods 

(Choudhri and Khan, 2004). More recently, kakkar and Yan (2012) apply B-S model to 

investigate the long run real exchange rate movements for six Asian economies. They 

conclude that sectoral Total Factor Productivity (TFP, hereafter) differentials act a pivotal role 

in interpreting the long-run relation in the relative price of nontradables and the real exchange 

rates (Kakkar and Yan, 2012). Ricci et al. (2008) apply 48 industrial countries and emerging 

economies, and claim strong positive relation between the CPI-based real exchange rate and 

commodity terms of trade. More specifically, 10% increases in the domestic productivity of 

tradable sectors relative to non-tradable sectors (relative to the corresponding variable for 

trading partner countries) tends to appreciate real exchange rate by about 2%.2 B-S model 

suggests that countries with high productivity growth also experience high wage growth, 

which leads to appreciation of real exchange rates. The Balassa-Samuelson effect implies that 

an increase in wages in the tradable goods sector of an emerging economy will also lead to 

 
1 Harrod (1933) is the first economist who pays attention on the productivity-biased approach to purchasing 
power parity (PPP). Balassa (1964) and Samuelson (1964) independently arrived at the findings of “productivity 
biased purchasing power parity.” Officer (1976) gave the name of “productivity biased PPP for the findings 
from Harrod (1933), Balassa (1964) and Samuelson (1964). 
2 Ricci et al. (2013) had also claimed several interesting empirical findings, 10% increase in the commodity 
terms of trade suggesting 5.5% appreciation of real exchange rate. Secondly but not lastly, increase in the 
government consumption to GDP ratio of 1% is associated with an appreciation of real exchange rate close to 
3%.   
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higher wages in the non-tradable (service) sector of the economy. The accompanying increase 

in inflation makes inflation rates higher in faster growing economies than it is in slow 

growing developed economies. 

In this paper, we are of interest to explore the long-term relationship of Taiwan’s real 

exchange rate with her major trading partners. This is a timing and urgent research question 

not only in research but also in policy making. On April 14th, 2017, Taiwan was removed 

from “currency monitoring list” of Department of the Treasury of the United States. It was a 

truly big relief for Taiwan, since the consequence of on the “currency-monitoring list” would 

be negatively impactful. The United States could have implemented “Special 301 Report” to 

increase tariff and to exercise trade sanctions to punish countries who are on the list. 

However, the US Department of Treasury has put Taiwan into a list of counties being monitor 

for currency manipulation again. The impact of those retaliation from the United States will 

be detrimental to the countries heavily relied on international trade, such as Taiwan and many 

other East Asian countries. Therefore, we would like to investigate whether there is a 

significant misalignment of real exchange rate of Taiwan deviating from fundamentals.3 It is 

of interest to present a snap shot of whether there is any evidence to support the list of 

countries executing currency manipulation.  We present the real exchange rate and trade 

balance of Taiwan versus the United States in the Figure 1.  

 

Figure 1. Real Exchange Rate and Trade Balance of Taiwan to the United States 

 
3 The Department of Treasury in Washington has adopted three criteria to evaluate whether trading partners who 
have committed manipulation of currency; firstly, a significant bilateral trade surplus, secondly, a material 
current account surplus, and a persistent one-sided intervention in last 12 months. 

Trade Balance and Real Effective Exchange Rate of Taiwan, Monthly Data
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The solid blue line represents real exchange rate of Taiwan and showing cyclicality through 

times. Particularly, Taiwan has experienced substantial appreciation of real exchange rate 

since the 1990s. And, at the same time, Taiwan’s bilateral trade balance to US has 

experienced tranquility. Interestingly enough, upward trend of trade balance has kicked off 

sometimes around the aftermath of Great Recession of 2008 and real exchange rate has 

maintained appreciations. From research viewpoint, if there is any misalignment of real 

exchange rate, it is an interesting task to explore the causes of the misalignment.  

In arrangement of this paper is as follows. Section II shows preliminary studies of 

misalignment of real exchange rate of Taiwan, China, India, Indonesia, Malaysia, 

Philippines, Singapore, and Thailand with respect to the United States. The dataset is so 

called Asia_10 country. Section III denotes a productivity-based framework to derive the 

relationship between total factor productivity of traded and non-traded sectors and real 

exchange rates. Section IV is our empirical findings and discussions. Conclusions and 

remarks are shown in Section V.  

II. The Preliminary studies of misalignment of real exchange rates 

We are interested in whether there is misalignment of real exchange rate of Taiwan with the 

United States. To enlarge the scope of this issue, Taiwan is not the only country facing the 

accusation from the United States. Particularly, East Asian countries such as China, Japan, 

Korea, and Indonesia are constantly confronting the list of countries being currency 

manipulation. To investigate this issue, we follow MBAYE (2011) to find misalignment 

phenomenon for above mentioned countries through US dollar. 

log(𝑅𝐸𝑅!") = log )#$%&!"∗(#$%,"
)!,"

* = log	((#$%,"
)!,"

), i=5, t=1981~2020,   (1) 

where RER and XRAT represents real exchange rate and nominal exchange rate of domestic 

currency against the U.S. dollar, respectively, PPP is the PPP exchange rate, we apply 

consumer price index from Asia_10 and the United States as the reference in equation (1). 

We extract the data needed from equation (1) from Federal Reserve Bank of St. Louis. The 

real exchange rates of Taiwan, China, and Korea, and Indonesia is summarized in Figure 2 

when we adopt comparison of consumer price index of the United States versus East Asian 

countries in equation (1).  It is clearly indicating that Taiwan and Japan have substantially 

depreciated their real exchange rate since the 1980s. On the other hand, China has shown 
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significant appreciation in the early 1990s but has kept stagnant phenomenon. Korea have 

presented substantial appreciation over decades. The right panel of Figure 1 includes 

Indonesia by blue line, and Indonesia has presented dramatic appreciation of its real 

exchange rate. 

  

Figure 2. The Real Exchange Rates of Five Asian Countries 

However, the story would be different once we adopt the completed calculation of real 

exchange rates in equaiton (1). It is clearly indicating nominal exchange rates of Taiwan, 

China, Japan, and Korea have played an important stablizer. The real exchange rates of these 

four fountries have stablized over decades. Surprisingly, Indonesia has kept long term 

appreciaiton of real exchange rate against the US dollar in Figure 3.  

 

Figure 3. The Real Exchange Rates of Five Asian Countries 

MBAYE (2011) empirically tests the validity of Balassa-Samuelson effect through a 

straightforward equation as follows. 
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log(𝑅𝐸𝑅!") = 𝛽* + 𝛽+(𝑅𝐺𝐷𝑃!") + 𝑓" + 𝜀!",     (2) 

where RGDP denotes real GDP per capita and f is a full set of time fixed effects, and epsilon 

represents mean zero disturbance. Our estimation of 𝛽+ is -1.38 and statistically significant at 

1% level. Based on the data from 1981 to 2020 for Taiwan, China, Japan, Korea, and 

Indonesia, this implies 10% increase in real income of the East Asian countries results in 

13.8% appreciation of real exchange rate. This result is quite different from MBAYE (2011), 

when he finds 10% increase in real income resulting in 1.6% appreciation of real exchange 

rate. East Asian countries have experienced a larger scale of appreciation of real exchange 

rate than previous findings. Our preliminary findings of misalignment of real exchange rate 

deserve further investigation. Is misalignment revealing the change of total factor 

productivity or other fundamentals?  

 We take a further step to apply the predicted value of Equation (2) to check whether 

Asian economies’ currency is undervalued predicted by Balassa-Samuelson theory.  

𝑀𝑖𝑠𝑠_𝐼𝑛𝑑𝑒𝑥!" = log(𝑅𝐸𝑅!") − log	(𝑅𝐸𝑅=!"),    (3) 

The results are graphed as follows in Figure 4. All indexes are positive and suggest real 

exchange rate is lower than the values predicted by Purchasing Power Parity (PPP). This 

evidence has sort of strengthened the accusation of being currency manipulation from 

Washington. Taiwan, China, Japan, Korea, and Indonesia has undervalued their currencies 

deviating from PPP.  
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III. An Illustrative Model of Balassa-Samuelson Effect 

We are interested in investigating whether the fundamentals of Asian economies have caused 

the undervaluation of real exchange rates. The major strand of literature has focused on 

undervaluation and growth in industrializing economies.  Balassa-Samuelsson (1964) model 

is a great yardstick to investigate the relation between fundamentals and real exchange rate. 

Their model can be illustrated and the applications can be highly referred to Kakkar and Yan 

(2012). The economy is divided into tradable and non-tradable sectors producing or 

providing services; good T is tradable and good N is non-tradable. Each sectoral production 

can be illustrated through Cobb-Douglas production functions as follows. 

 

 𝑌&,!" = 𝐴&,!"@𝐿&,!"B
-',!@𝐾&,!"B

(+/-',!),      (4) 

 𝑌1,!" = 𝐴1,!"@𝐿1,!"B
-(,!@𝐾1,!"B

(+/-(,!),     (5) 

Kakkar and Yan (2012) have carefully derived the model as following steps. Output, Y is 

produced by the stocks of labor (L), physical capital (K) and total factor productivity (TFP). 

Subscript T and N denotes tradable and non-tradable respectively. Subscript i and t represents 

various sectors in tradable and non-tradable and time. 𝛼 is share of contribution from labor to 

the output. From Chapter 4.2.1 of Obstfeld and Rogoff (1996) and Kakkar and Yan (2012), 

we transform equation (4) and (5) into output per capita through dividing both sides by 𝐿&,!" 

and taking first-order derivation with respect to capital per capita.  

 𝐴&,!"@1 − 𝛼&,!B@𝑘&,!B
2/-',!3 = 𝑟" = 𝑄!"𝐴1,!"@1 − 𝛼1,!B@𝑘1,!"B

2/-(,!3, (6)4 

Equation (6) denotes marginal product of capital from tradable and non-tradable that equals 

world real interest rate. Marginal product of labor from both sectors can be derived from 

equation (5) as follows. 

 
4 Capital per capita is calculated as 𝑘),*+ =

,!,#$
-!,#$

.  
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   𝐴&,!"𝛼&,!@𝑘&,!"B
2+/-',!3 = 𝑤!" = 𝑄!"𝐴1,!"𝛼1,!@𝑘1,!"B

2+/-(,!3,  (7) 

𝑄!" explains the relative price of the non-tradable good in terms of tradable good in i sector at 

time t (Kakkar and Yan, 2012). The relative price of non-tradable can be rewritten as follows. 

 𝑄!" =
%',!"-',!24',!"3

./01',!2

%(,!"-(,!24(,!"3
./01(,!2

, then using the capital per capita from tradable and non-

tradable in equation (3) to rewrite relative price of non-tradable equation above as follows. 

 𝑙𝑛(𝑄!") = 𝜆! +
-(,!
-',!

𝑙𝑛@𝐴&,!"B − 𝑙𝑛@𝐴1,!"B +
2-',!/-(,!3

-',!
𝑙𝑛(𝑟"),  (8)  

Equation (5) makes a great implications of Balassa-Samuelson model, when increase in the 

price of non-tradable relative to tradable because the increase in TFP of tradable sectors 

occurs. On the other hand, TFP increases in non-tradable sectors may decrease relative price 

of non-tradable.  

 𝜆! ≡
-(,!2+/-',!3

-',!
𝑙𝑛@1 − 𝛼&,!B − @1 − 𝛼1,!B𝑙𝑛@1 − 𝛼1,!B + 𝛼1,!𝑙𝑛 )

-',!
-(,!

* is constant 

denoting the relationship between labor contribution to output in tradable and non-tradable 

sectors. Kakkar and Yan (2012) claimed that relative price of non-tradable and TFP 

differentials from equation (8) for 6 Asian countries are non-stationary.5 

 Equation (8) provides a key point: a yardstick to investigate the position of real 

exchange rate in the long run. The growth of TFP in tradable sector leads the rising relative 

price of nontradables to tradables (𝑄!"), ceteris paribus. On the other hand, if positive growth 

of TFP of nontradables occurs, ceteris paribus, then 𝑄!" decreases. Since the productivity 

(TFP) cannot not be changed in the short-run, we can boldly assume there is cointegration 

relationship between 𝑙𝑛(𝑄!") and 𝑙𝑛@𝐴&,!"B, −𝑙𝑛@𝐴1,!"B with normalized cointegrating vector 

(1, −1)5. Let’s derive a testable equation as follows.  

  𝑙𝑛(𝑄!") = 𝜆! + 𝛿𝑑!" + 𝜉!𝑙𝑛(𝑟") + 𝜑!"∗ ,     (9)  

We assume that 𝜑!"∗  is a zero-mean variable which capable captures any deviation of relative 

nontradables price to tradable goods from the long-run equilibrium value. Since the real 

 
5 6 Asian countries are Hong Kong, Singapore, Korea, Thailand, Indonesia and Malaysia.  
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interest rate may not be directly observable across countries, Kakkar and Yan (2012) 

assumed 𝑙𝑛(𝑟") as a common factor, then equation (9) can be rewritten as follows. 

  𝑙𝑛(𝑄!") = 𝜆! + 𝛿𝑑!" + 𝜑!",       (10) 

Therefore, If the long-run equilibrium of relative price of nontradable to tradable can be 

found, the vector of 𝑑!"	must be 1. And, 𝜑!" = 𝜉!𝑙𝑛(𝑟") + 𝜑!"∗ = 𝜉!𝐹 + 𝜑!"∗ , Gengenbach et. al 

(2015) claimed that common factor invalidates the conventional panel cointegration tests, 

thus, the critical values of conventional tests derived from Kao (1999) and Pedroni (1999). 

Kakkar and Yan (2012) had applied a bootstrap methodology to generate appropriate critical 

values for panel cointegration test.  

Second step: the relation of real exchange rate 

Assume there are only two countries in the world. Price level of each country is 𝑃!" , and can 

be calculated by a geometric average of the prices of non-traded and traded goods and 

services as follows: 

 𝑃!" = 𝑐!@𝑃1,!"B
6!@𝑃&,!"B

+/6!       (11) 

It is clearly to see that 𝛽! is the share of non-traded sectors in the overall price level and 𝑐! 

serving a stationary measurement error that captures deviation of price level from the 

geometric average of the price off non-traded and traded goods. For example, taste shock was 

emphasized to play as shocks to deviate the price level from the equilibrium (Stockman and 

Tesar, 1990; Feng, 2013). The real exchange rate can be calculated as follows,6  

 𝑅!" = 𝑒!"
("
∗

(!"
         (12) 

where 𝑒!" is nominal exchange rate expressed as units of domestic currency, country i buy 

one U.S. dollar at time t. 𝑃!" and 𝑃"∗ are domestic (country i) price and US price level. 

Therefore, 𝑅!" is real exchange rate of country i adjusted with the price ratio domestically 

with globally. Since transportation costs, tastes, and various trade frictions causing arbitrage 

opportunity may not be instantaneous, we assume the law of one price for tradable, which is 

valid in the long run.       

Therefore, the equation (9) for tradable sectors can be expressed after logarithmic 

transformation of (𝑒!" × 𝑃&,"∗ )/𝑃&,!" as follows. 

 
6 Kakkar and Yan (2012) explains real exchange rate as “the ratio of the home price level to the U.S. price level 
adjusted by the nominal exchange rate.” 
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 ln@𝑃&,!"B = 𝑙𝑛(𝐸!") + 𝑙𝑛@𝑃&,"∗ B + 𝑢!",      (13) 

where u are stationary random shocks to ensure the deviation of PPP as transitory process but 

not persistent ones. Kakkar and Yan (2012) suggested equations (8), (9) and (10) that implied 

  

 ln(𝑅!") = 𝜃! + 𝛽!𝑙𝑛(𝑄!") − 𝛽78%𝑙𝑛(𝑄"∗) + 𝜀!",    (14) 

where 𝜃! = X𝐸@𝑙𝑛(𝑐!)B − 𝐸@𝑙𝑛(𝑐78%)BY denoting difference of taste shocks, transportation 

costs, and trade frictions between Taiwan and the United States, and most importantly,	𝜃! is a 

stationary process. Moreover, 𝜀!" = 𝑢!" + X𝑙𝑛(𝑐!) − 𝐸@𝑙𝑛(𝑐!)BY − X𝑙𝑛(𝑐78%) − 𝐸@𝑙𝑛(𝑐78%)BY 

is also a stationary random shocks. Therefore, the real exchange rate of Taiwan is completely 

determined by the difference between TFP differentials between Taiwan and USA.  

This is a key equation for HBS model, which explains the determination of real exchange rate 

based upon the differential of TFPs crossing sectors and crossing countries. There are several 

cases deserving discussions. Firstly, if relative nontradable to tradable TFPs increases	(𝑄!" ↑), 

then we will observe depreciation of real exchange rate	(𝑅!" ↑). Secondly, if relative 

nontradable to tradable TFPs decreases	(𝑄!" ↓), then we will observe appreciation of real 

exchange rate	(𝑅!" ↓). The change of TFPs from the trading partners has also highly 

influenced real exchange rates of Taiwan. For example, equation (11) suggest that if relative 

nontradable to tradable TFPs increases	(𝑄!" ↑) in the United States, then we will observe 

appreciation of real exchange rate	(𝑅!" ↓) for Taiwan in the long-run. However, if relative 

nontradable to tradable TFPs decreases	(𝑄!" ↓), then we will observe depreciation of real 

exchange rate	(𝑅!" ↑).   

 It is of interest to check national TFPs, which are comprised of TFPs derived from 

both tradables and nontradables to see great difference between East Asian countries with the 

United States, when East Asian industrializing countries have maintained steady growth of 

TFPs since 1990s. Moreover, the United States has experienced much stronger growth after 

2005. Cette et al. (2016) attribute such remarkable productivity to the development of ICT in 

the United States.  

 

IV. Empirical Findings and Discussions 

To execute empirical investigation based on the illustrative model in Section III has several 

challenges. The greatest difficulty results from the data of capital formations and change in 
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inventories for East Asian economies are rarely available. Even for the United States, 

Garofalo and Yamarik (2002) apply a new methodology to apportion US national capital 

stocks to nine sectors based on the size of industries. Therefore, we apply the labor 

productivity data newly calculated by Mano and Castillo (2015). Their argument is “We 

study labor productivity, rather than further decomposing it into contributions of capital per 

worker and total factor productivity (TFP), since such decomposition entails estimating each 

sector’s capital stock which is very hard to measure.”7 

 Firstly, we test whether the variables of real exchange rates and real GDP per capita 

of East Asian countries are non-stationary. We apply Im et al. (2003), Levin et al. (2002), and 

Hadri (2000) to test panel unit roots of variables in Equation (2). We assume the possibility 

of heterogeneity properties existing in the panel. 

Table 1. Panel Unit Root for Fundamental Variables 

Panel unit root test Real exchange rate Real GDP per capita 

𝐼𝑃𝑆9**: -0.051 (0.479) 0.287 (0.673) 

𝐿𝐿𝐶9**9 -2.390 (0.010)*** 0.517 (0.697) 

𝐻𝑎𝑑𝑟𝑖9*** 474.296(0.000)*** 410.343 (0.000)*** 

Note: IPS and LLC assume that null hypothesis contains unit root, and Hadri (2000) assume that null hypothesis 
is without unit root.  

It is clearly showing that real exchange rate and real GDP per capita are non-stationary in 

East Asian countries.  Therefore, it is inevitable to conjecture that cointegration relationship 

may exist between real exchange rate and real GDP per capita for East Asian countries. We 

adopt panel cointegration test developed by Pedroni (1999) in Table 2. 

Table 2. Panel Unit Root for Fundamental Variables 

Panel Co-integration  Real exchange rate 

𝑃𝑒𝑑𝑟𝑜𝑛𝑖4555, v-stat -0.43 

𝑃𝑒𝑑𝑟𝑜𝑛𝑖4555, rho-stat 0.54 

𝑃𝑒𝑑𝑟𝑜𝑛𝑖4555, pp-stat 0.52 

𝑃𝑒𝑑𝑟𝑜𝑛𝑖4555, adf-stat 1.21 
Group rho-stat 0.27 
Group pp-stat -0.13 
Group adf-stat 1.52 
  

 
7 We are greatly indebted to the generosity of Rui Mano who provides the dataset of Mano and Castillo (2015).  
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All reported values are distributed N(0,1) under the null of unit root or no co-integration with 

rejection in the left tail. Critical values are 10%= -1.28,5%= -1.64,1%= -2.33. Therefore, we 

confirm there is long term co-integration relation between real exchange rate and real GDP 

per capita for Taiwan, China, Japan, Korea, and Indonesia with respect to the United States.  

 To investigate this productivity-based real exchange rates with productivity, more 

specifically with total factor productivity (TFP), we apply the equations (9) and (10) to 

investigate whether the difference of TFPs between East Asian countries with respect to the 

United States would result in misalignment of real exchange rates from predicted PPP. Based 

on the productivity-based sectoral data calculated by Mano and Castillo (2015), there are ten 

sectors are available; agriculture, mining, manufacturing, utilities, construction, trade, 

restaurant, and hotel, transportation, finance, government, and community, social, and 

services. Based on Standard Industrial Classfication (SIC) of United Nations, each country’s 

economy is comprised by nine sectors, similar to the sector classification from Mano and 

Castillo (2015). Roughly speaking, agriculture, mining, and manufacturing are considered as 

traded goods. However, the way to divide the production of the economy into traded and non-

traded sectors is still in debate. For example, Zeugner (2017) argues that the sector of trade, 

restaurant, and hotel and utilities should be considered as traded sector. But, the sector of 

finance and real estates can be classified as non-traded one.  

 We consider that traded sectors include agriculture, mining, manufacturing, 

transportation, and finance. Non-traded good sectors are comprised by the sectors of utilities, 

construction, trade, restaurant, and hotel, government and community, social, and services.  

Take equation (8) as a starting point, while relative price of nontraded goods to traded goods 

(or as proxy of purchasing power parity between relative price of domestic country to that of 

the United States) can be explained by the difference of TFP between traded and non-traded 

sectors between domestic countries and the United States.  

 𝑙𝑛(𝑄!") = 𝜆! +
-(,!
-',!

𝑙𝑛@𝐴&,!"B − 𝑙𝑛@𝐴1,!"B +
2-',!/-(,!3

-',!
𝑙𝑛(𝑟"),  (8)  

We apply panel cointegration to undergo whether there are long term relationship between 

relative price of nontraded to traded goods to TFP of traded and non-traded sectors. The 

empirical findings are summarized in Table 3.  
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Table 4. Panel Unit Root for Fundamental Variables 

Panel Co-integration  Real exchange rate 
vs 

TFP of Traded Sectors 

Real exchange rate 
vs 

TFP of Non-Traded 
Sectors 

𝑃𝑒𝑑𝑟𝑜𝑛𝑖4555, v-stat 1.7 1.58 

𝑃𝑒𝑑𝑟𝑜𝑛𝑖4555, rho-stat -1.25 -1.16 

𝑃𝑒𝑑𝑟𝑜𝑛𝑖4555, pp-stat -1.42 -1.86 
𝑃𝑒𝑑𝑟𝑜𝑛𝑖4555, adf-stat -1.04 -0.94 
Group rho-stat 0.00 -0.24 
Group pp-stat -2.85 -2.85 
Group adf-stat -0.69 -1.21 

Since All reported values are distributed N(0,1) under the null of unit root or no cointegration 

with rejection in the left tail. Critical values are 10% = -1.28, 5% = -1.64, and 1% = -2.33. 

The cointegration relation is clearly found between real exchange rates and total factor 

productivities among Asian countries to the United States.  

 Therefore, the most important question in this paper is to investigate whether there is 

misalignment of real exchange rate resulting from difference of TFPs between Asian 

economies and the United States.  Real exchange rates of Asian economies can be expressed 

as the differences of total factor productivities from sectors, such as 𝑙𝑛(𝑄!") = 𝜆! + 𝛿𝑑!" +

𝜑!". Of courses, we allow structural disturbances in such estimation. The fully modified OLS 

results are presented in Table 5 as follows. The positive 3.549 is very much deviating from 

positive one, if the TFP differences between Asian countries and the United States are 

completely explained by the prices and nominal exchange rate. And, estimated coefficient is 

1% statistical significance, it implies the real exchange rates of Asian economies are highly 

depreciated with respect to the US dollar based on Balassa-Samuelson framework.  

Table 5. Real Exchange Rates versus TFPs for Asian Economies 

 Real Exchange Rates 
(𝑄*+ = 𝐸*+𝑃*+678/𝑃*+) 

PPP Exchange Rates 
(𝐸*+ = 𝑃*+ /𝑃*+678) 

𝑑*+ = /𝐴),*+1 − /𝐴9),*+1  3.549 (t-stat, 22.107) 0.593 (t-stat, 61.851) 

𝑑*+ = /𝐴),*+1 7.841 (t-stat, 22.561) 1.198 (t-stat, 50.767) 

𝑑*+ = /𝐴9),*+1 6.438 (t-stat, 20.518) 1.079 (t-stat, 60.300) 

However, we take away nominal exchange rates of Asian economies away from the equation 

and only apply implied exchange rate by Purchasing Power Parity (PPP), and coefficient of 

difference between TFPs of Asian economies and the United States have substantially drop to 
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0.593. It suggests that nominal exchange rates of Asian economies have experienced 

significant volatilities over decades. Furthermore, we decompose the difference of TFPs of 

Asian economies against the United States into traded and nontraded sectors. The evidence of 

misalignment of real exchange rate results from the deviation of nominal exchange rate is 

more clear. From the third and fourth rows in Table 5, once the nominal exchange rates of 

Asian economies are removed, the difference of TFPs is conforming the predications of 

Balassa-Samuelson theory from the an illustrative model discussed in Section III.   

V. Conclusions and Remarks 

In this paper, we are interested in investigating whether misalignment of real exchange rates 

of Taiwan and Asian countries with the United States exist. We have relied on Balassa-

Samuelson theory to untangle this complicated issue. Our sample covers most important 

trading partners to Taiwan, such as China, India, Indonesia, Japan, Korea, Malaysia, 

Philippines, Singapore, and Thailand. The United States is applied as yardstick for 

comparison. We have found that the misalignment of real exchange rates from the 

fundamentals of Asian countries to the United States is found from the past decades. Our data 

are relatively newly developed by Mano and Castillo (2015), where their methodologies have 

focused on labor productivities of ten sectors according to ISIC. 

 Our findings have shown the accusation of Asian countries being currency 

manipulation from Washington may not be just a phenomenon but a fact. However, the 

further investigation is urgently needed. In this paper, we do not include control variables 

such as monetary, institutional, financial, and enough fixed and random effect discussion. 

Therefore, there is biased estimates possibility. We believe this paper that has shed the light 

for further research to pin down whether Balassa-Samuelson effect has existed in Asian TFPs 

against the United States or have deviated away. The further findings of the research on 

Balassa-Samuelson effect on Asian economies and Taiwan are not for research interest only 

but also for policy formation.  
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執行移地研究與國際合作心得報告 
                         日期： 109 年  2 月  7 日 

                                 
一、 執行移地研究與國際合作過程 
此次移地研究中，主要目的有二點，第一在於完成 2019年的一篇

working paper、一篇參與 2019年台灣經濟年會的 conference paper與一
篇 rewrite and resubmit (R&R)文章藉由移地研究過程中，向相關領域學
者請益並交換意見，如何將第一稿中尚未突破的瓶頸，找到解決之道。

第一篇的總要素生產力 (Total Factor Productivity, TFP)跨國 118國研究，
已屆完稿階段，然而在此次移地研究過程中，獲得 University of 
Kentucky, Prof. Johan Garen 與 Prof. Yoonbai Kim相當好的建議，如何將
原始的 Growth accounting equation中考慮 financial openness與 trade 
globalization的相互依存關係，融入我的估計模型中。此外，原始的模
型如何自 GLS (Generalized Least Squares)的追蹤資料模型，所遇到的瓶
頸，如何採用 Three Stage Least Squares (3SLS)的方法克服變數間可能的
內生性問題。吾人在與 Prof. Garen, Prof. Kim, Prof. Scott, Prof. Giette and 
Prof. Hoyt 討論的過程中，對本篇的文章進展有非常大的幫助。 
此外，2019年 12月 14日參加台灣經濟年會，在會中共發表三篇論文，
其中「Who helps the teams to win the games?-the case of NBA」，會中評論
人提出數點相當有建設性的修改意見，並且本文已經獲得台灣經濟年會的
邀稿，修改後再視外審意見與期刊主編的決定是否刊登經濟論文叢刊 
(Taiwan Economic Review, TSSCI一級期刊)。此篇文章主要的貢獻在探討
美國職業籃球的總教練，在其擔任總教練之前的球隊管理職位經驗，是否
對其執教的職業球隊獲勝率，有正面的幫助。這個議題過去從未被討論

過，故此參與討論的教授們，對此篇文章表示相當有趣，也給予吾人在估

計此追蹤樣本中，difference-in-difference 的估計方式，給予許多啟發的劍
技，在此次移地研究過程中，本文幾乎已經改寫完畢。運動經濟學是國立

師範大學運動休閒學院的開設課程，本校長年在大專男子、女子籃球的戰

績名列前茅，因學生碩士論文的興趣，故將多年前與美國麻州大學教授
Prof. Dennis Wilson的合著與其相關興趣，作為此篇文章起始發想的基
礎。 

出國人

員姓名 
印永翔 服務機構 

及職稱 
國立台灣師範大學企業管理學系教
授兼副校長 

出國時

間 

109年 1月 19日
至 2 月 5日 出國地

點 

美國伊利諾州芝加哥市、

肯塔基州萊辛頓市、印第

安納州西拉法葉市。 
出國研

究目的 
□實驗 □田野調查 ☑採集樣本 ☑國際合作研究☑使用國外研
究設施 



 

  

  
 
Reference: 
Wilson, D. P., & Ying, Y. H. (2003). Nationality preferences for labour in the 
international football industry. Applied Economics, 35(14), 1551-
1559. https://doi.org/10.1080/000368403200010048 

   
二、 研究成果 
在移地研究期間，幾乎完成了三篇文章，The New Evidences Fostering Total Factor 

Productivity、Who helps the teams to win the games?-the case of NBA、Risk Factors and 

Behaviors of Schoolchildren with Myopia in Taiwan (International Journal of Environmental 

Research and Public Health, R&R)。將於 2020年第一季全數投稿至 SSCI與 TSSCI經濟

與公衛期刊。 

 
三、 建議 
將建議本校圖書館定期檢閱 Oxford University Press, Cambridge 



University Press, Princeton University Press的專業出版叢書，以豐富學
者與學生涉獵優良出版品的機會。本校相關的經濟叢書可以再逐年編

列相關經費，予以逐年豐富。 
 

四、本次出國若屬國際合作研究，雙方合作性質係屬：(可複選) 
☑分工收集研究資料 
☑交換分析實驗或調查結果 
□共同執行理論建立模式並驗証 
☑共同執行歸納與比較分析 
□元件或產品分工研發 
□其他 (請填寫) _______ 

 
五、其他： 
無 
 
 

 



敬啟者 

原本欲參加 Research FORA 於 2020 年在芝加哥所舉辦的國際研討會，但由於疫

情發生，參加的人數不如預期，本次的研討會於會議前臨時取消。因此，本次

出國僅做了移地研究，研討會則沒有參與，然而，研討會的註冊、接收函、繳

費收據、議程等，仍佐證如下。 
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