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Does Sectoral Productivity Convergence Promote Per Capita 
Output Convergence in the Country Level Across Asian Countries?

 1）Takashi Matsuki＊

ABSTRACT
Per capita output convergence is confirmed across some Asian 

countries such as the “Asian Tigers”, i.e., Hong Kong, Korea, Singapore, 
and Taiwan （Matsuki, ₂₀1₉）.　In addition, some other countries such as 
India, Indonesia, Malaysia, and Thailand show converging tendencies 
toward long-run convergence in the sense of asymptotically relative 
convergence.　This paper examines whether sectoral productivity 
convergence across these countries contributes in achieving per capita 
output convergence at the aggregate （whole country） level.　We also 
discuss which industryʼs growth trend is more influential to the aggregate 
level convergence.　Moreover, we try to identify possible growth 
determinants, such as international trade, macroeconomic stability, 
government expenditure, human capital accumulation, TFP, and ICT, 
promoting sectoral productivity convergence and strengthening causality 
relationships from sectoral productivity convergence to per capita output 
convergence at the whole country level.

Keywords： Productivity convergence; Output convergence; Unit roots; 
Stationary covariate; Causality.

JEL Classification Numbers： C1₂, C₂₂, O₄₇, O₅₃.
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51

大阪学院大学経済論集
第₃₃巻第 1・₂号、₂₀1₉年1₂月



1. Introduction

Some growth theorists and empirical researchers claim that income gaps between 

poor and rich countries have become wider in recent decades.　In the late 1₈₀₀s, 

the income gap between the richest and the poorest countries was about one-tenth 

of what it was in ₂₀1₀, without getting narrowed once through all the decades.　

This expanding gap is called the Great Divergence.　The issue has been briskly 

argued in recent literature, e.g., Jones （₂₀1₆）.

However, when focusing on industrial sectors across countries, some researches 

such as Bernard and Jones （1₉₉₆） and Rodrik （₂₀1₃） reported that unconditional 

convergence at sectoral productivity level holds across some countries.　In 

addition, McMillan and Rodrik （₂₀11） discussed that raising productivity at sector 

level may become a key driver of economic development of a country.　Their 

view also suggests that narrowing sector productivity gaps between countries 

seems to contribute in achieving output convergence at the aggregate （whole 

country） level.

The purpose of this paper is to tackle this theme in Asia, i.e., to unbind whether 

convergence of productivity level in dominant sectors across Asian countries helps 

to achieve and maintain long-run per capita output convergence at country level.　

To this end, we employ more powerful unit root testing methods such as the 

covariate augmented Dickey-Fuller （CADF） test with/without endogenous 

structural breaks （Hansen, 1₉₉₅; Matsuki, ₂₀1₉）.　We also try to identify which 

sectoral productivity convergence influences output convergence the most at the 

aggregate level.

The remainder of this paper is organized as follows.　Section ₂ conducts the 

preliminary investigation of productivity improvement and industrial structures in 
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Asian countries.　Section ₃ explains the definition of the convergence of per capita 

output and sectoral productivity level.　Section ₄ begins with an explanation of 

Hansenʼs testing method, and then mentions the test with endogenous structural 

breaks as its extension.　The empirical results are discussed in Section ₅, and 

Section ₆ concludes the study.

2.  Preliminary investigation of productivity improvement and 
industrial structures in Asian countries

2.1. Type of productivity improvement

Let us consider what types of productivity improvement Asian countries have 

experienced.　To this end, we use McMillan and Rodrikʼs （₂₀11） labor 

productivity decomposition.　This approach allows us to decompose per capita 

output productivity into intra-industry and inter-industry productivity improvements.　

Figure 1 shows that these two types of productivity improvements in a country 

push up its realized production closer to the production frontier.　The productivity 

decomposition by McMillan and Rodrik （₂₀11） is defined as follows.

 ⑴

where  and  are the productivity values （production/labor） in the whole 

economy and each sector.　  is the labor share in sector .　  is the growth rate 

of per capita output productivity in a country.　In this equation, the first term in 

the right hand side is the weighted sum of intra-industry growth in each sector, and 

the second term is the sectoral reallocation of labor resources across different sectors.

Figure ₂ shows the decomposition of per labor production growth into the intra-
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industry productivity and inter-industry （ labor input） reallocation.　In all the 

countries except Thailand, during the sample period, the intra-industry productivity 

improvement more largely contributes to the per labor production growth in the 

whole country.　This means that the intra-industry productivity improvement has 

played a principal role in the sectoral production increase in Asia.　Then, this 

enhanced sectoral production aggregately leads to the whole countryʼs economic 

growth.　From this fact, to uncover the structure of growth processes of Asian 

countries, we will mainly focus on the productivity improvement within each 

industrial sector in the subsequent sections.

2.2. Leading industries in Asian countries

We here confirm trends of industrial structures in Asian countries.　Figure ₃ 

shows the structure of the value added in nine sectors, categorized by ISIC Rev.₃.1 

Figure 1. Type of productivity improvement
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SGP1） HKG

Figure 2. Intra-industry productivity and inter-industry reallocation

KOR TWN

IND IDN

MYS THA

 1） SGP, HKG, KOR, TWN, IND, IDN, MYS, and THA stand for Singapore, Hong Kong, 
Korea, Taiwan, India, Indonesia, Malaysia, and Thailand, respectively.
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SGP HKG

Figure 3. Shares of sectoral value added （excluding government services）

KOR TWN

IND IDN

MYS THA
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classification （ see Table A1 in Appendix for more details）.　Among Singapore, 

Hong Kong, Korea, and Taiwan, apparently, manufacturing, trade, and finance are 

the dominant industries, though in Hong Kong, the last category （community） has 

the second largest share.　As for other four countries, manufacturing and trade 

also occupy large shares in all economies.　Finance is important in India and 

Malaysia.　In addition, agriculture is not negligible in India, Indonesia, and 

Thailand.　From these tendencies of industrial structures in Asian countries, at 

least manufacturing, trade, and finance are essential industries in most countriesʼ 

growth strategies, and agriculture is important for some countries such as India, 

Indonesia, and Thailand.

As for some of these important industries, we try to find the evidence of sectoral 

productivity convergence across countries in Section ₄.　By doing so, we examine 

whether some key industries contribute to the whole country convergence.

3. Concept of convergence of per capita output

We adopt the definition of convergence proposed by Bernard and Durlauf （1₉₉₅） 

and Hobijn and Franses （₂₀₀₀）.　They noted that the convergence of outputs 

between two countries holds if the long-run forecasts of output differences 

approach zero as the forecasting horizon approaches infinity.

 ⑵

where  and  are per capita outputs of countries  and , respectively,  is the 

forecasting horizon, and  is an information set at fixed time .　This definition 

will be satisfied in the time series context if  is a mean zero stationary 
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process.　That is, even if a certain shock affects the outputs of two countries and 

their output difference deviates from zero, this deviation is simply temporal and 

eventually the difference reverts to zero.　As Evans and Karras （1₉₉₆） and Hobijn 

and Franses （₂₀₀₀） have discussed, the zero mean stationarity of output difference 

is considered as asymptotically absolute （or perfect） convergence （hereafter, 

absolute convergence）.

On the other hand, when the output difference shows the nonzero mean 

stationarity, it never vanishes even in the long run but does not divert and stably 

moves around its mean.　From an economic perspective, by introducing advanced 

technologies of the leader country in a certain region, the follower country is 

gradually catching up with the leader country but the gap of per capita output 

between the countries is not perfectly removed even in the long-run steady-state.　

This relation is defined as asymptotically relative convergence （hereafter, relative 

convergence）.

The current and lagged series of per capita output difference are commonly used 

in an empirical framework.　In multi-country settings, deviations from a reference 

country are often taken as the convergence measure.　Following Matsuki （₂₀1₉）, 

Singapore and Hong Kong are used as reference countries in Asia.

Many empirical studies confirm the validity of Eq.（₂） using the current and 

lagged series of  and  or those of their difference in a unit root or cointegration 

test framework.　However, this approach may use the information pertaining to  

only to a limited extent.　Following Matsuki （₂₀1₉）, to confirm whether Eq.（₂） 

holds more precisely, we employ additional information as a stationary covariate in 

the ADF regression model, which will be explained in details in Sections ₄ and ₅.
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4. Model and statistical methodology

In this section, we first explain the ideas of the covariate augmented Dickey-

Fuller （CADF） test proposed by Hansen （1₉₉₅）; then, its extension to consider 

the existence of structural breaks in the model.　These are our main methods in 

the analysis.

4.1. The covariate augmented Dickey-Fuller test

In order to estimate the autoregressive （AR） parameter of the ADF model more 

precisely and then enhance its test power, Hansen （1₉₉₅） introduced a stationary 

covariate into the model.　This idea stems from the fact that a time series under 

investigation is believed to be related to another time series.　In other words, the 

additional available information about the kind of correlation structure among 

these time series can be utilized to estimate the ADF model more efficiently and 

make the test more powerful.

Hansenʼs （1₉₉₅） general model specification is as follows.

 ⑶

 ⑷

 ⑸

where  is a deterministic term, wherein  and  in this study.　

 is a p-th order polynomial in the lag operator.　  is a 

white noise process, which covariates with  shown in Eq.（₅）.　  is an 

m-vector,  , and  is a lag polynomial 

allowing for both  leads and  lags of  in Eq.（₅）.　In addition, the long-run 
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covariance matrix is defined as

 ⑹

and the long-run squared correlation between  and  is defined as

 ⑺

 shows the relative contribution of  to  at zero frequency.　When  

explains nearly all the zero-frequency movement in , meaning ,  takes 

zero.　When ,  and .

 ⑻

Eq.（₈） is the regression equation, in which to remove the autocorrelation in the 

error term, the lagged first-differenced terms of  are included.　Hansen （1₉₉₅） 

also derived the limiting distribution of t-statistic  under the null 

hypothesis of the unit root test, namely, , which is a weighted sum of a 

Dickey-Fuller distribution and a standard normal one in the case of .

In practice, one adds a covariate  with its leads and lags to the ADF model, 

and then, the null of  is tested.　The critical values corresponding to each  

are tabulated in Table 1 in Hansenʼs （1₉₉₅） paper.

4.2.  Extension of the covariate augmented Dickey-Fuller test to allow for 

endogenous structural breaks

Matsuki （₂₀1₉） has extended the conventional CADF test to consider the 
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presence of structural changes in the model.　Following Hansen （1₉₉₅）, the 

models under the null hypothesis are Eqs.（₃）, （₄）, and （₅） with .　In 

addition, structural breaks up to two are introduced into the alternative model and 

regression equation.　The models for the case of two structural breaks are as 

follows.

 ⑼

 ⑽

where  for  and zero otherwise （ ）.　  is the fraction of 

the -th break in , and  is the -th break date （ ）.　The break 

dates are assumed to be unknown; therefore, they are endogenously determined to 

be located where the one-sided  is minimized in sequential estimation over all 

possible combinations of break dates within .　In Eq.（₃）, when 

, the series is demeaned before estimating the model.

Since this minimum t-statistic does not belong to the probability distribution 

derived by Hansen （1₉₉₅）, its critical values are not available for the test.　

Therefore, these values were obtained based on a Monte Carlo simulation, and are 

tabulated in Table A₄ in Matsuki （₂₀1₉）.
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5. Empirical analysis

5.1. Data

The data herein are mainly sourced from Penn World Table ₉.₀, World 

Development Indicators, and GGDC （Groningen Growth and Development 

Centre） 1₀-sector database.　The sample period is 1₉₇₀-₂₀11 against Singapore 

and 1₉₇₄-₂₀11 against Hong Kong.　Real per capita GDP is obtained by dividing 

output-side real GDP （ in mil. ₂₀₀₅US$） by population.　We use the following 

variables as stationary covariates for the CADF test: trade/GDP ratio, inflation rate, 

government expenditure/GDP ratio, human capital index, total factor productivity 

（TFP） index, and ICT （ see Table A₂ for more details）.　These variables are 

considered to be possible economic growth determinants that drive Asian countries 

toward long-run output convergence.　The trade/GDP ratio shows the 

effectiveness of the export-oriented strategy for economic growth.　The inflation 

rate represents the macroeconomic stability needed to provide a strong foundation 

for active economic activities.　The government expenditure/GDP ratio denotes 

the degree of contribution of the central governmentʼs fiscal policies toward 

economic development.　The human capital index confirms the importance of the 

quality of the potential labor force to the long-term growth path.　The TFP index 

indicates possible improvements to increase the production level in an economy.　

The ICT shows the level of ICT technology or its penetration level in the economy.　

All the variables are taken in natural logarithms except the ICT variable.　The logs 

of the human capital index and TFP index are first-differenced.

5.2. Empirical results

Table 1 shows the summary of empirical results highlighted in Matsuki （₂₀1₉）.　
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The results reveal that the absolute output convergence holds among Singapore, 

Hong Kong, Korea, and Taiwan, which is detectable with/without a stationary 

covariate in the regression model （ in the second and fourth columns）.　In 

addition, when the trade/GDP ratio is used as a stationary covariate, the relative 

convergence is found between Singapore and Thailand （ in the third column）.　

Malaysia, India, and Indonesia also display relative convergence tendencies toward 

Hong Kong, when the CADF test utilizes growth factors such as the trade/GDP 

ratio, government expenditure/GDP ratio, and human capital index for Malaysia; 

inflation rate for India; and government expenditure/GDP ratio for Indonesia （ in 

the fourth column）.

In the light of these facts, we then proceed to investigate sectoral productivity 

convergence toward the reference countries.

5.2.1. CADF tests with/without structural breaks

We first apply the CADF test without structural breaks; then with one or two 

structural breaks to the manufacturing and finance sectors.1） The results for the 

CADF test without any breaks are shown in Tables ₂a, ₂b, ₃a, and ₃b; those for 

one-break are shown in Tables ₄a, ₄b, ₅a, and ₅b.　The results for tests with two 

breaks are not displayed here.2）,3） We find more significant rejections of the null 

hypothesis （no productivity convergence） when we allow for one possible 

structural break （Tables ₄a, ₄b, ₅a, and ₅b）.　Moreover, in the finance industry, 

 1） The optimum lag length of the regression equation is selected by the modified Akaike 
information criterion （MAIC） suggested by Ng and Perron （₂₀₀1）.　The maximum lag 
length is set at .

 2） The results are available on request to the author.
 3） We have also applied the ADF test and the unit root test with one endogenous structural break 

proposed by Matsuki and Usami （₂₀11）.　The results are omitted here, but are available on 
request to the author.
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more converging tendencies of productivity toward the reference countries are 

observed （Tables ₄b and ₅b）.

The obtained test results are summarized in Tables ₆a and ₆b.　In the 

manufacturing industry （Table ₆a）, Indonesia and Thailand turn out to have 

relatively strong absolute convergence trends toward Singapore and/or Hong Kong.　

In addition, Korea and Malaysia have weak but significant absolute convergence.　

The relative convergence holds between Singapore and Hong Kong, Singapore and 

Taiwan, and Hong Kong and India.　Thus, in the manufacturing industry, India, 

Indonesia, Korea, Malaysia, and Thailand seem to have already caught up with 

Hong Kong in terms of either concepts of productivity convergence.

In the finance industry （Table ₆b）, more evidence of converging trends in the 

productivity level can be observed.　In all the countries except Malaysia, the 

productivity convergence toward the reference countries holds in the sense of 

absolute convergence.　In particular, India, Indonesia, Korea, and Thailand show 

tendencies toward both the reference countries.　Taiwan also has a relative sense 

of convergence toward Singapore, while Malaysia shows the tendency toward both 

the reference countries.

Compared to the results of the manufacturing industry （Table ₆a）, more 

countries connected to Singapore and Hong Kong in either convergence concepts 

in the finance industry.　This fact shows that in the finance industry, more 

countries have effectively caught up with the leader countries by implementing 

their own economic growth policies, some of which are implied by some stationary 

covariates used in the regression model.　For example, against Singapore, the 

trade/GDP ratio is effective for India, Indonesia, Korea, and Thailand; government 

expenditure/GDP ratio for Hong Kong, India, Indonesia, Korea, and Thailand; and 

ICT for India and Indonesia.　Against Hong Kong, the trade/GDP ratio is valid for 
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Thailand and Taiwan; government expenditure/GDP ratio for Indonesia and 

Thailand.　For these countries, the export-oriented economic strategy, government 

budget policy, and/or the development of ICT technology work as effective driving 

forces for stepping on the long-run convergence process of productivity level.

In Figure ₄, we superimpose only some strong signs of productivity convergence 

on the aggregate level per capita output convergence.　Thus, we can say that the 

productivity convergence in the manufacturing and/or finance industries can 

possibly contribute to the per capita output convergence.　Among the Asian Tigers 

and Thailand, the productivity convergence in the finance sector is more prevalent; 

while against Hong Kong, Malaysia, India, and Indonesia show that both industries 

are influential.　In the next subsection, we will try to confirm the existence of 

causality from sectoral productivity convergence to per capita output convergence 

at the whole country level.

5.2.2. Causality analysis

We apply the Granger causality test to the difference series of per capita outputs 

and those of sectoral productivity levels between two countries.　In the test, ₄ or ₅ 

lags are used in a VAR model.　Table ₇ shows the selected test results.　When the 

reference country is Singapore, the productivity convergence in the manufacturing 

industry significantly contributes to the per capita output convergence in India, 

Hong Kong, and Taiwan; while in the finance industry, Korea and Thailand show 

more convergence.　When the reference country is Hong Kong, more countries 

display the causality relationships in both industries.　The productivity 

convergence in the manufacturing industry promotes the per capita output 

convergence in India, Indonesia, Korea, and Taiwan; while in the finance industry, 

Korea, Malaysia, Singapore, Thailand, and Taiwan show more convergence.　
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Therefore, it can be certainly confirmed that in some Asian countries, sectoral 

productivity convergence in the manufacturing and finance industries help to 

achieve per capita output convergence at the whole country level.　In addition, 

both Singapore and Hong Kong, with their advanced and efficient economies, play 

role models for other Asian countries.　By raising the productivity level in 

dominant sectors, other Asian countries have successfully caught up with 

Singapore and Hong Kong.

6. Conclusion

We have investigated whether sectoral productivity convergence across Asian 

countries contributes in achieving per capita output convergence at the aggregate 

（whole country） level.　The productivity convergence in several dominant 

sectors, such as manufacturing and finance sectors, in most countries under 

investigation turns out to be significantly influential in promoting convergence at 

the aggregate level.　Moreover, we have confirmed that some selected possible 

growth determinants, such as international trade, government expenditure, human 

capital accumulation, and ICT, can raise the contribution of sectoral productivity 

convergence to facilitate per capita output convergence at the country level.
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