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Abstract 

This paper examines output disparities between the Asia-Pacific Economic Cooperation 
countries during the period 1990~2011. The results show that inter-country levels of 
output per capita diverged over the study period but there was a clear break in the trend 
around 1998. Applying the time-varying individual common factor model, we found 
that all countries could be grouped into three convergence clubs. Focusing on the time 
path of each country’s output level relative to that of a reference economy such as the 
United States of America and allowing for possible structural breaks, we found that more 
countries converged towards the USA during the sub-period 1999~2011. The findings 
also suggest that the Asia-Pacific Economic Cooperation could have played some role 
in diminishing the output inequality between its member countries after the Asia-Pacific 
Economic Cooperation reached its current extent in 1998. Likewise, the paper suggests 
a need to reduce the wide income gap among the Asia-Pacific Economic Cooperation 
countries to promote their economic integration.
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I. Introduction

The Asia-Pacific Economic Cooperation (APEC) was established in 1989 by 12 
founding members: Australia, Brunei, Canada, Indonesia, Japan, Malaysia, New 
Zealand, the Republic of Korea, the Philippines, Singapore, Thailand, and the United 
States. After that, China, Hong Kong, and Chinese Taipei joined APEC in 1991, while 
Mexico and Papua New Guinea became members of this organisation in 1993. In 1994, 
Chile joined APEC, and four years later Peru, Russia, and Vietnam became its members 
in 1998 (source: http://www.apec.org). 

As indicated in APEC’s mission statement, APEC is the premier Asia-Pacific 
economic forum and its primary goal is to support sustainable economic growth and 
prosperity in the Asia-Pacific region. Its member countries are united to build a dynamic 
and harmonious Asia-Pacific community by championing free and open trade and 
investment, promoting and accelerating regional economic integration, encouraging 
economic and technical cooperation, enhancing human security, and facilitating a 
favourable and sustainable business environment.

This question is, after more than one decade since APEC reached its current extent 
of 21 member countries in 1998, to what extent has APEC contributed to promoting 
its members’ economic integration as specified in its mission statement, particularly 
reducing inter-country output disparity? In particular, the following main question is 
taken into consideration: What have been the trends and patterns of inter-country output 
disparity between the APEC countries? 

This question is divided into the three following sub-questions:
(i) Did inter-country output levels diverge or converge? 
(ii) Which countries displayed the most divergence or convergence?
(iii) Has APEC contributed to reduce output inequality between its member countries?

To answer the above questions, a range of complementary methods including 
econometric analyses are employed. The paper’s main contributions lie in the use of and 
interpretation of recent data and, perhaps more importantly, in the synthesis of findings 
from several analytical approaches into a set of consistent interpretations. Also, evidence 
of income convergence between the APEC countries (if any) investigated in this study 
will provide the basis of further understanding of their economic integration. Such 
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knowledge will be of interest to researchers and policy-makers, not only in the APEC 
countries but also in other co-operative organisations where income disparities are an 
issue of concern.

This paper is organised as follows. Section II presents a review of the literature on 
inter-country output/income disparities. Section III outlines the research methods to be 
used, while sources of data to address the research questions are described in Section 
IV. Sections V discusses the findings, in terms of the overall divergence/convergence 
pattern, the identification of clubs, or groups of countries, whose growth paths were 
similar, and the relative performances of individual clubs and countries. This section also 
discusses the role of APEC in reducing output disparity between its member countries, 
while Section VI concludes. 

II. Literature Review

Global economic development has brought human beings remarkable achievements. 
In particular, during the period 1820~2008, average global GDP per capita increased 
almost tenfold, life expectancy nearly doubled, and literacy rates increased from 
below 20% to above 80% (World Bank 2009). However, these achievements of global 
economic development have not been spread equally among all countries, and growth 
came earlier to some countries than others. This section will now review inter-country 
output/income disparities.1    

Findings from previous studies of inter-country income inequality have been mixed. 
Also, the trend of economic activity per capita follows different patterns depending on 
the measure of economic activity (income versus output) selected for analysis. Dowrick 
and Nguyen (1989) examined convergence of Organization for Economic Cooperation 
and Development (OECD) income levels during the period 1950~1985 and found that 
there was evidence of convergence of income per capita across OECD countries since 
1950. The findings also suggested that a systematic process of catching up in levels 
of total factor productivity was one of the main reasons for this convergence process. 
Barro (1991) analysed economic growth in a cross section of 98 countries during the 

1 For details, see the appendix.
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period 1960~1985 and concluded that countries having lower real GDP per capita in 
1960 tended to have a higher growth rate of real GDP per capita. Levy and Chowdhury 
(1994) explored income inequality between 115 countries during the period 1960~1985 
and found that inter-country income inequality declined steadily by approximately 0.58 
per year, showing a substantial convergence trend during the study period. Bernard 
and Durlauf (1995) constructed a stochastic definition of convergence based on the 
theory of integrated time series to test for convergence in GDP per capita across 15 
OECD countries during the period 1900~1987. The results suggested that there was 
little evidence of convergence; however, a considerable co-integration between these 
countries was found. 

In contrast, Levy and Chowdhury (1995) used the income-weighted entropy measure 
to analyse income inequality across 154 countries during the period 1960~1990. Their 
findings suggested that there was evidence of strong divergence during the sub-period 
1960~1968, but slow convergence during the sub-period 1969~1983. For the last period 
1984~1990, neither convergence nor divergence was found. Park (2000) examined 
inter-country income inequality across the Southeast Asian countries during the period 
1967~1997. By using the Theil index, the results show that income inequality among 
the 10 Association of South-East Asian Nations (ASEAN) economies increased from 
0.06 in 1960 to 0.18 in 1997. Similarly, there was a divergence trend in income per 
capita during the study period when applying the Theil index for the five core countries 
including Indonesia, Malaysia, the Philippines, Singapore, and Thailand. Maddison 
(2001) indicated that there was a wide inequality in the performance of different 
countries, and the most dynamic group (group 1) included Western Europe, the United 
States, Canada, Australia, New Zealand, and Japan. For example, during the period 
1000~1820, the average per capita income of group 1 grew approximately four times as 
fast as the average for the rest of the world (group 2). In addition, from 1982 to 1998, 
the differential continuously surged when the income per capita of group 1 increased 19-
fold, while it increased just 5.4-fold for group 2. The findings suggested that there have 
been increased income gaps over time. Two thousand years ago, the average level for 
group 1 and group 2 was similar. In the year 1000 the average GDP per capita for group 
1 was lower, for example 405 US dollars compared with the 440 of group 2. However, 
by 1820, group 1 surged ahead to a level nearly twice that of group 2, and by 1998, the 
gap kept widening and reached  nearly 7:1.

Sala-i-Martin (2002), by using a variety of measures including the Gini coefficient 
and the Theil index, found that inter-country income inequalities tended to decline 
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during the period 1978~1998. This was mostly because the growth of incomes in China 
contributed greatly to decreased inequality. However, there was a big gap in incomes 
between the African economies and the developed ones, and the inequality would 
increase if the former economies remained stagnant. Seshanna and Decornez (2003) 
examined the inequality in GDP per capita across 112 countries during the period 
1960~2000 and found that inequality (Gini index) remained almost stable from 1960 
to 1982 before increasing slightly until 2000. The findings also showed that during 
the study period 1960~2000, output inequality across 27 OECD countries tended to 
decrease, while output disparity between 85 non-OECD countries increased. Moon (2006) 
examined inter-country income inequality across 10 countries in East Asia (China,  Hong 
Kong, Indonesia, Japan, Malaysia, Singapore, South Korea, Taiwan, Thailand, and the 
Philippines) during the period 1960~2000. Applying two conventional measures: beta-
convergence and sigma-convergence, the results showed that there was no evidence of 
beta-convergence of GDP per capita between these countries during the study period. 
However, evidence of sigma-convergence suggested that the inequality trend was 
reversed after 1988 when a majority of developing East Asian countries tended to catch 
up with Japan. 

Phillips and Sul (2009) employed a time series regression and a one-sided t -test of 
the null hypothesis of convergence against the alternatives of no convergence and partial 
convergence among sub-groups to examine inequality in GDP per capita across 18 
Western OECD countries during the period 1870~2011. The results showed that income 
convergence did not exist for the whole study period; however, there was evidence of 
divergence during the first sub-period 1870~1929, and evidence of convergence during 
the last sub-period 1940~2001. When applying the same techniques for 152 PWT 
countries between 1970 and 2003, no evidence of convergence was found but four 
convergent clubs and one divergent group were formed by these countries. Apergis, 
Panopoulou, and Tsoumas (2010) applied the Philips-Sul’s technique (2007) for 
examining convergence of real output per capita across 14 European countries (Austria, 
Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Portugal, Spain, 
Sweden, the Netherlands, and the United Kingdom) during the period 1980~2004. The 
results showed that there was no evidence of convergence of GDP per capita between 
these countries; however, they were grouped into two distinct convergent clubs. This 
was because there was substantial heterogeneity in the underlying growth factors. 

Recently, Jayanthakumaran and Lee (2013) investigated inequality in income per 
capita across the five founding countries of the Association of South East Asian Nations 
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(ASEAN) (Malaysia, Indonesia, Thailand, the Philippines, and Singapore) during 
the period 1967~2005. By applying a time-series analysis for stochastic convergence 
with unit-root tests in the presence of two endogenously-determined structural breaks, 
and beta-convergence, the results indicate that the relative per capita income series of 
ASEAN-5 countries were consistent with stochastic convergence and beta-convergence. 
The same techniques were applied for five countries of the South Asian Association of 
Regional Cooperation (SAARC) (comprising Bangladesh, India, Nepal, Pakistan, and 
Sri Lanka) during the period 1973~2005; however, similar results were not found for 
them. 

In conclusion, although many studies analysed inter-country output/income 
disparities, research on inter-country output disparities across the APEC countries, and 
tendencies of output per capita of individual countries relative to the output per capita 
in a reference economy such as the USA are scant. Furthermore, the role of the APEC 
in reducing output disparities between its member countries has not been assessed. This 
study seeks to fill these gaps in the literature. 

III. Research Methods

This paper uses a range of methods to analyse the available data. Firstly, one of 
the simplest and yet often also one of the most useful methods is the familiar sigma-
convergence (σ-convergence) analysis. Following Sala-i-Martin (1996), σ-convergence 
is said to hold if the dispersion of real GDP per capita across a set of economies falls 
over time. Standard measures of dispersion include the weighted coefficient of variation 
(CVW), the Theil coefficient, and the Gini coefficient.  

Coefficient Variation [CVW  ]

      
                                           ( )2

W

piyii PCV
y

y

−∑
=

                                                   
(1)

where yi is the GDP per capita of country i; y  is the mean of GDP per capita of 
countries; P is the total population of the countries; and pi is the population of country i.
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CVW was argued to diminish the degree to which smaller countries can skew the 
measure of inequality (Williamson 1965). And CVW varies from zero for perfect equality 

to 
P pi

pi

−
 for perfect inequality where country i has all the GDP.

Theil coefficient [T]

Another measure of inequality is calculated by the following equation (Theil 1967):
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where xi is the GDP share of country i and qi is the population share of country i. It is 
called Theil coefficient, T.

T varies from zero (for equal per capita GDP) to log (P/pi) (for a case where country 
i receives all the income; where P is the total population of countries; and pi is the 
population of country i). 

Gini coefficient [G]

According to Kakwani (1980) and Shankar & Shah (2003), the weighted Gini index 
is computed by the following equation,
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where y  is the mean of per capita GDP of countries; P is the total population of 
countries; n is the number of countries; pi and pj are the population of countries i and j, 
respectively. 	

GW varies from zero for perfect equality to 1 i

j

p
p

− for perfect inequality. 

Secondly, as discussed in Section II, most of studies on inter-country income disparity 
applied the traditional measures of income disparity, Gini coefficient, and convergence 
of income growth, δ- and β-convergence tests. These traditional convergence tests 
assume that all countries follow the same growth path. A much more recent method 
of calculation is the Phillips-Sul test (2007, 2009), which is based on a time series 
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regression and includes a one-sided t -test of the null hypothesis of convergence against 
the alternatives of no convergence and partial convergence among sub-groups. This 
method is selected because of following reasons: (i) no specific assumptions regarding 
the stationarity of the variable of interest and/or the existence of common factors are 
needed although this convergence test could be interpreted as an asymptotic cointegration 
test without suffering from the small sample problems of unit root and cointegration 
testing; (ii) this method is based on a quite general form of a nonlinear time varying 
factor model. It takes into account that countries experience transitional dynamics, while 
it abstains from the hypothesis of homogeneous technological progress, an assumption 
extensively employed in the majority of growth studies (Apergis, Panopoulou, and 
Tsoumas 2010).

Let yit be the panel data of output per capita of country i at period t (i=1,…N and 
t=1,…T). Based on the methods of Phillips and Sul (2009), log (yit) is formulated as 
follows: 

( )log y b tit  it µ=                                                     (4)

where the idiosyncratic component, bit, measures the distance between log(yit) and the 
common component,  μt.  

Let                  
( )

( )
log

1                                                         1log
1                                                        =1

yit

yit

bithit N                                                         NN N biti i

= =
−                                                         −∑ ∑

=

where hit measures the loading coefficient bit relative to the panel (group) average and 
the transition path for per capita output of country i relative to the group average. When 
the ultimate growth convergence within the group occurs, hit →1 for all i as t →∞, the 
mean square transition differential

( )21 1
1

NH N ht iti
−= −∑

=

provides a quadratic distance measure for the panel from the common limit. Since 
t→∞, Ht converges to zero if all countries in the panel converge, but remains positive if 
those countries do not. If the panel does not converge, the countries in the panel diverge 
or may form convergence sub-panels (clubs). 

Following Phillips and Sul (2009), the null hypothesis of growth convergence is 
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framed within a semi-parametric model that allows for heterogeneity of transition 
behaviour over time and across countries as specified below:

( )
i  itb bit  i

L t t

σ ξ
α= +                                                  (5)

where itξ  is i.i.d (0, 1) across i, σ i are idiosyncratic scale parameters, and L(t) is a 
slowly varying function (for example, L(t) →∞) for which L(t) →∞ as t →∞, and α  
indicates the speed of convergence. 

To test for the null hypothesis of growth convergence (bi=b and α ≥0) against 
the alternative hypothesis of growth divergence (bi=b for all i with α < 0) or club 
convergence (bi ≠b for some i with α ≥0 or α < 0), Phillips and Sul (2009) suggested the 
following ‘log (t)’ regression model:

1log 2 log(log( )) log( )H t a t u
Ht

γ− = + + t for t = T0 ,…,T                   (6)   

In Equation (6), the initial observation in the regression is T0 = [rT] for some r>0, so 
that the first r% of the data is discarded.2

Under the null hypothesis of growth convergence, the point estimate of the parameter 
γ  converges in probability to 2α  which is a scaled value of the speed of convergence 
parameter. The corresponding t-statistic is constructed by using HAC standard errors. 
Under the null hypothesis, this t-statistic diverges to positive infinity when α > 0 and 
converges weakly to a standard normal distribution when α = 0. In contrast, under the 
alternative hypothesis of growth divergence or club divergence, the t-statistic diverges to 
negative infinity. 

Thirdly, the model developed by Phillips and Sul (2007, 2009), as outlined 
previously, is used to identify convergence clubs among the countries. The steps 
suggested by Phillips and Sul for analysing the clustering patterns are as follows: 

Step 1 cross-section ordering: order the countries according to the final-year GDP per 
capita. 

Step 2 a core primary group of k*countries: Select the first k highest countries in the 

2 Phillips and Sul (2007) suggested choosing the r value in the interval [0.2, 0.3].
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panel to form the subgroup Gk for some 2 ≤k < N, run the log (t) regression and obtain the 
convergence test statistic tk = t (Gk). Choose the core group size k* with k* = argmaxk{tk} 
subject to min {tk} > -1.65.

If the convergence test fails for k = 2, the country with highest output per capita in 
Gk will be dropped and form new subgroups G2j = {2,….j} for 3 ≤ j ≤ N. Step 2 can be 
repeated with test statistics tj= t (G2j).

Step 3 sieve the data for new club members: add one country each time to the core 
primary group with k* members and run the log (t) test again. Include the new country in 
the convergence club if the associated t-statistic is greater than the chosen critical value 
(-1.65). 

Step 4 recursion and stopping rules: form a second group from countries that the 
sieve condition fails in Step 3. Run the log (t)-test to see if t

γ
∧ > -1.65 in this group. If this 

group satisfies the convergence test, a second group is formed. Otherwise, repeat steps 
1-3 to see if this second group can itself be subdivided into convergence clusters. If there 
is no k in Step 2 for which tk>-1.65, conclude that the remaining countries have divergent 
behaviour.

Fourthly, in recognition of the fact that the Phillips-Sul method does not allow for 
structural breaks, the log of the ratio of output per capita in each country to the output 
per capita in a reference economy (for instance, the USA) is analysed. This takes into 
account the breaks proposed by Nguyen, Smith, and Meyer-Boehm (2006). 

The standard Chow test (1960) is used to test for possible structural breaks of the 
logarithm difference between output per capita in each country and the output per capita 
in a reference economy. The equation used to test for a break year is as follows:

dit= log(yit) – log(y*

t) = a + b*t + εt                                                                       (7) 

where yit is GDP per capita of country i; time t during the period 1990~2011; and yt

* 
is GDP per capita of the reference economy. 

On the basis of the Chow test results, the analysis of relative income growth paths is 
formulated as: 

                                                                   

*log * *it
it i i i i

t

yd a DA b TRND
y

 
= = + 

 
                                  (8)

where ai is a constant intercept term; DAi is a dummy variable for the i th sub-period; bi 
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is the slope for the i th sub-period expressed by the time trend (TRNDi). 

IV. Data sources

The data used in this paper including real GDP at chained PPPs (in million 2005 US 
dollars) and population (in million) for the 20 APEC countries are collected from the 
Penn World Table Version 8.0. Papua New Guinea is excluded because its relevant data 
is not available. 

V. Findings

A. Overall divergence

To have an overview of trends of GDP per capita of the APEC countries, we plot 
their logarithm of GDP per capita during the period 1990~2011 as it can be observed 
from Figure 1. Applying the log t convergence test developed by Phillips and Sul 
(2007, 2009) to data for output per capita of the APEC countries over the entire study 
period 1990~2011, we found that the null hypothesis of overall convergence is rejected 
( γ̂ = -0.48 and γ̂t = -14.32). The finding suggests that inter-country output per capita 
between the APEC countries tended to diverge during the study period. 

The results of conventional methods of σ-convergence (weighted CV) analysis, Theil 
coefficient, and Gini coefficient indicate that, if China is excluded due to its dominant 
population, all measures of dispersion displayed a rising trend during the sub-period 
1990~1998 in spite of a downward trend after that as it can be seen from Figure 2.
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Figure 1. Logarithm of GDP per capita in APEC countries

(1990~2011)
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Figure 2. The coefficient of variation, Theil coefficient, Gini coefficient 

(GDP per capita at 2005 price of 20 APEC countries)
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Interestingly, Figure 2 also shows something that is not detected by the Phillips-
Sul test: from the figure it can be seen that the divergence trend has reversed itself quite 
sharply after 1998. In the following, several lines of enquiry are brought to bear on this 
remarkable switch from divergence to convergence behaviour.

B. Convergence clubs

Application of the clustering algorithm developed by Phillips and Sul (2007, 2009) 
resulted in the identification of five convergence clubs. The members of the various 
convergent clubs are listed as follows: 
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Club 1: Australia, Brunei, Chinese Taipei, Russia, South Korea, Singapore, and the 
United States

Club 2: Canada, China, Hong Kong, and Japan
Club 3: Chile and New Zealand
Club 4: Mexico, Malaysia, Peru, and Thailand
Club 5: Indonesia, the Philippines, and Vietnam

To check the robustness of the overall divergence of output per capita of the APEC 
countries, we apply the log t convergence test (Phillips and Sul 2009) to data for the 
average levels of output per capita for five clubs (club 1, club 2, club 3, club 4, and club 
5) during the period 1990~2011. The results show that the null hypothesis of overall 
convergence is rejected ( γ̂ = -0.75 and γ̂t =-31.94).

As indicated previously, Club 1 is composed of seven countries. These countries 
recorded relatively high levels of output per capita in 2011 and relatively high (and similar) 
growth rates. It could be argued that, from the viewpoint of economic performance, the 
four countries of club 2 (Canada, China, Hong Kong, and Japan) and the two members of 
club 3 (Chile and New Zealand) should be included, thus forming an augmented Club 1. 
In 2011, all of these countries recorded output per capita levels which were comparable to 
those of Club 1 members. This argument is supported by the results of employing the log t 
convergence test (Phillips and Sul 2009) to data for the average levels of output per capita 
for the augmented club 1 during the period 1990~2011, outlined in Table 1.
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Table 1. Phillips-Sul Tests of Overall and Club Convergence
(1990~2011)

Members Log-t 
coefficient t-statistic

APEC countries* All 20 countries -0.475 -14.316

Augmented Club 1
(combined by 
Club 1 to 3)

Australia, Brunei, Korea, Russia, 
Singapore, Chinese Taipei, USA, 
Canada, China, Hong Kong, Japan, 
Chile, and New Zealand

0.043 0.624

Club 4 Mexico, Malaysia, Peru, and Thailand 0.429 4.670

Club 5 Indonesia, the Philippines, and Vietnam 2.868 9.334

(Notes) (i) The Phillips-Sul log-t test is applied to sets of data for GDP per capita. A set of economies is 
considered a convergent set (or club ) if the log-t coefficient is positive, or if log-t coefficient is 
negative but its t-statistic is > -1.65.

              (ii) Asterisk (*) indicates divergent economy.

Concerning countries within augmented club 1, the coefficient of variation (CVW), 
Theil coefficient, and Gini coefficient as indicated in Figure 3 show that all countries 
of this club tended to diverge during the period 1990~1998. In contrast, they had a 
propensity towards convergence from 1999 to 2011. For example, the CVW (without 
China) increased from 0.28 in 1990 to 0.45 in 1998. It then decreased quite sharply to 0.30 
in 2011. These tendencies indicate that all countries of augmented club 1 converged over 
much of the period 1990~2011. One of the reasons leading to the switch from divergence 
to convergence in 1999 was high economic growth of poorer countries including 
China and Russia, while the economic growth of Brunei slowed down. For example, 
the average economic growth rate of China was approximately 9.7% over the period 
1999~2013, and the average economic growth rate of Russia was about 7.0% during the 
period 1999~2008.3

3 Source: http://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG		
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Figure 3. The coefficient of variation, Theil coefficient, Gini coefficient

(GDP per capita at 2005 price of augmented club 1)
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Figure 4 shows movements over time of three measures of cross-sectional dispersion 
in GDP per capita of club 4: the CVW , Theil coefficient, and Gini coefficient. As can be 
intuitively seen from this figure, the CVW , Theil coefficient, and Gini coefficient tended 
to decrease significantly from 1990 to 1996. They then increased sharply between 1996 
and 2001 before falling down quickly by 2011. For example, the CVW declined from 
approximately 0.36 in 1990 to 0.19 in 1996, and then increased to 0.31 in 2001 before 
decreasing to 0.17 in 2011. These trends confirm that all members of club 4 tended 
to converge over much the study period 1990~2011. Similarly, the reasons for these 
convergence trends were the high economic growth of Thailand during the sub-period 
1990~1996, and the economic rehabilitation of Thailand and Peru during the sub-period 
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2002~2011. For example, the average economic growth rate of Thailand was nearly 8.6% 
during the sub-period 1990~1996, and the economic growth rate of Peru was roughly 
6.2% during the period 2002~2011.4

Figure 4. The coefficient of variation, Theil coefficient, Gini coefficient 

(GDP per capita at 2005 price of club 4)
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On the graph of figure 5, the CVW , Theil coefficient, and Gini coefficient of club 5 
countries fluctuated from 1990 to 1996. They then tended to decrease rapidly until 2007 
before increasing slightly between 2008 and 2011. For example, the CVW fluctuated 
at approximately 0.28 between 1990 and 1996. It then declined to 0.06 in 2007 before 
increasing to roughly 0.08 by 2011. The results confirm that all countries of club 5 tended 
to converge over much of the study period. The high economic growth of Vietnam 
during the period 1990~2011 and the financial crisis of Indonesia and the Philippines 
during the sub-period 1997~1998 were the main reasons for the trend of all inequality 

4 Source: http://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG
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measures of club 5. For instance, the average economic growth rate of Vietnam was 
approximately 7% during the period 1990~2011; whereas in 1998 the economic growth 
rates of Indonesia and the Philippines were -13% and -0.6%, respectively.5

Figure 5. The coefficient of variation, Theil coefficient, Gini coefficient

(GDP per capita at 2005 price of club 5)
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As discussed earlier, within each club, output per capita levels tended to converge, 
in that they passed the log t test (as applied to the club’s members only). However, 
the average levels of output per capita for the various clubs tended to diverge from 
each other. Indeed, the results of employing the log t convergence test, developed by 
Phillips and Sul (2007, 2009), to data for the average levels of output per capita for 
the three clubs during the period 1990~2011, show that the null hypothesis of overall 
convergence is rejected ( γ̂ = -0.97 and γ̂t =-46.59). Similarly, the CVW, Theil coefficient, 
and Gini coefficient of club averages tended to decrease from 1990 to 1997. They then 

5 Source: http://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG
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increased in the period up to 2011 as it can be seen from Figure 6. For example, the 
weighted CV of club averages decreased from about 0.31 in 1990 to around 0.27 in 
1997. It then increased to 0.34 in 2007 and remained stable at that level until 2011. In 
addition, the regression results of CVW of club averages overtime suggest that the CVW 

decreased during the sub-period 1990~1997 before increasing from 1998 to 2011 at the 
significant level of 1%. These are broadly consistent with the previous findings of overall 
divergence at the inter-country level.

Figure 6. The coefficient of variation, Theil coefficient, Gini coefficient 

(GDP per capita at 2005 price of three average clubs (including China))

Gini (weighted) Weighted CV Theil coefficient
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C. Relative growth performances

In this section, each convergence club and each country are analysed, in turn. 
Specifically, the growth path of output per capita in each country is compared relative to 
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that of the USA. Ordinary Least Squares (OLS) is used to estimate the intercept, i.e., was 
the economy above or below the reference economy initially? and the slope, i.e., did the 
economy become richer or poorer relative to reference economy? In particular, the time 
series is calculated as follows: 

( ) ( )*
*log log logit

it it t
t

yd y y
y

 
= = − 

 

where yit is GDP per capita of country i, time t during the period 1990~2011; and yt
* is 

GDP per capita of the reference economy. The series dit are then tested for stationarity.
The results of using the USA as a reference economy and KPSS tests (Kwiatowski 

et al. 1992) indicate that the null hypotheses of stationarity of five countries (including 
Australia, China, Mexico, Russia, and Singapore) were rejected at 5% level of 
significance. 

Although the KPSS test is used to check whether the data series are stationary, 
the short time period involved and the presence of structural breaks tend to limit its 
usefulness in this particular instance. Therefore, Equation (8), as presented in Section III, 
is applied for this study, and is reproduced below for convenience. 

*log * *it
it j j j j

t

yd a DA b TRND
y

 
= = + 

 

Summing up the Chow test results as shown in Table 2, this study found one 
structural break for nine countries (China, Chinese Taipei, Russia, South Korea, Mexico, 
Malaysia, Singapore, Thailand, and Vietnam); two structural breaks for seven countries 
(Chile, Hong Kong, Indonesia, Japan, New Zealand, Peru, and the Philippines); and three 
structural breaks for Australia. For Brunei and Canada, there were no structural breaks. 
Also, Table 2 indicates several results of time-series tests comparing the logarithm of 
GDP per capita of each country and that of the USA. In particular, China, the Republic 
of Korea, Malaysia, Thailand, and Vietnam tended to converge upward to the USA over 
the period 1990~2011, although there was a break in 1998. In contrast, Brunei converged 
downward towards the USA, while Canada diverged downward from the USA during 
the study period. Australia and New Zealand tended to converge towards USA during 
the sub-period 1990~2003, while they diverged from USA from 2004 to 2011. Of 
particular interest is that after 1998, China and Russia tended to catch up most quickly 
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with the USA (slope 2 = 0.07) compared with other countries. If USA is presented by 
a horizontal line at 100%, China is shown as most clearly catching up with USA, from 
approximately 6.4% of the USA in 1990 to 19.4% in 2011 as it can be seen from figure 7. 
This was because China achieved high economic growth with huge investment over the 
years. For example, China’s gross capital formation accounted for 49% of GDP in 2013.6 
Only Brunei started out with a higher GDP per capita than that of the USA. This was 
mainly because of Brunei’s oil resources.

6 Source: http://data.worldbank.org/indicator/NE.GDI.TOTL.ZS#
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Figure 7. GDP per capita of countries relative to the USA 
(USA = 100)
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D. The role of APEC in promoting its members’ economic integration

Our analytical results indicate that output inequality between the APEC countries 
(excluding Russia, China, and Papua New Guinea)7 tended to decrease during the 1970 
to 1982 period that coincided with the world oil crisis. It then increased slightly until 
1987 before declining again until 1996 with the onset of the Asian crisis. However, this 
output disparity decreased quite dramatically during the sub-period 1999~2011. For 
example, the CVW declined from approximately 0.87 in 1970 to 0.79 in 1982. After that it 
increased to roughly 0.83 in 1987 before declining to 0.77 in 1996. During the sub-period 
1999~2011, output inequality between the APEC countries decreased again from 0.83 
in 1999 to 0.78 in 2011 as it can be seen from Figure 8. We understand that there may 
be additional reasons resulting in a downward tendency of output inequality between the 
APEC countries (CVW) after 1998, when APEC was fully formed. However, it could be 
concluded that APEC has played some role in diminishing output inequality between the 
APEC economies. Indeed, APEC has brought its economies closer together and boosted 
trade by reducing trade barriers and smoothing out differences in regulations.  For 
example, average tariffs fell from 17% in 1989 to 5.2% in 2012.8 As a result, total trade 
between the APEC countries increased seven times from 1989 to 2013, and two-thirds 
of their total trade occurred between the APEC economies. Also, the APEC’s Ease of 
Doing Business Action Plan has promoted cheaper, easier, and faster business activities 
between its member economies. For instance, during the period 2009~2013, the APEC 
countries improved the ease of doing business by 11.3%, including starting a business, 
getting credit, or applying for permits.

7 China is excluded due to its dominant population, while Russia and Papua New Guinea are eliminated because their data is not 
available for the entire period of 1970~2011.	 .

8 Source: http://www.apec.org/About-Us/About-APEC/Achievements-and-Benefits.aspx
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Figure 8. The coefficient of variation, Theil coefficient, Gini coefficient

(GDP per capita at 2005 price of 18 APEC countries9)
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As discussed previously, although more countries converged towards the USA after 
APEC reached its current membership of 21 countries in 1998, there are still huge gap 
in economic development between the APEC countries. In particular, in 2011 the GDPs 
per capita of the Philippines, Vietnam, Indonesia, or even China accounted for only 8.3%, 
8.7%, 10.1%, and 19.4% of that of the USA, respectively as it can be seen from Figure 
7. The large income gap could be a block to their economic integration and may generate 
political tensions resulting in the separation of the economically depressed countries. 
Therefore, for the APEC countries to become more integrated, the wide income gap 
should be further addressed.

9 China is excluded due to its dominant population, while Russia and Papua New Guinea are eliminated because of their unavailable 
data for the whole period 1970~2011.
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VI. Conclusion

This study analysed inter-country output disparities between the APEC countries 
during the period 1990~2011. The results of applying Phillips and Sul’s method (2007, 
2009) indicate that GDP per capita between countries tended to diverge over the 
study period. Nevertheless, the results of conventional analyses based on coefficient 
of variation (CVW ), Gini coefficient, and Theil coefficient show that since 1999, this 
divergence trend has turned into a convergence tendency.

In an effort to gain further insight into these dynamics, three convergence clubs 
are identified using Phillips-Sul’s algorithm. Also, the growth path of each individual 
country is analysed in comparison with that of the United States. The results indicate that 
China, Russia, and Vietnam tended to catch up more quickly with USA after 1998, while 
Australia, Canada, and New Zealand tended to diverge from the USA. Of particular 
notice is that more APEC countries converged towards the USA during the sub-period 
1999~2011.

The turn-around which occurred after APEC reached its current membership of 21 
countries in 1998, from a divergence trend to a convergence trend, may suggest that 
APEC has played some role in reducing output disparity between its member countries, 
and more broadly promoting its members’ economic integration. However, to promote 
economic integration between the APEC countries, there is a need to reduce further their 
wide income gap.

Received 27 February 2015, Revised 8 April 2015, Accepted 22 July 2015 
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