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The Asia-Pacific region is not typically seen as one geographic or socio-economic 

space. Yet, 58 regional economies occupying the space of 28 million square kilometers 

from Turkey in the West, Russian Federation in the North, French Polynesia in the East 

and New Zealand in the South belong to the Economic and Social Commission of Asia 

and the Pacific (ESCAP). This commission provides a forum for member states that 

“promotes regional cooperation and collective action, assisting countries in building 

and sustaining shared economic growth and social equity”. In 2013, ESCAP’s members 

adopted the Bangkok Declaration to enhance efforts towards deeper regional economic 

integration. Yet this document neither proposes a concrete modality or modalities of 

achieving deeper integration, nor provides a sense of distance of individual countries to 

a “perceived” integrated Asia-Pacific.This paper aims to comprehensively quantify 

recent integration efforts of economies in the Asia-Pacific region. We provide an “index 

of integration effort” based on twelve metrics that measure the relative distance of a 

given economy to the region as an economic entity. Generally, we find that while the 

region has trended towards becoming integrated in general, both the level of integration 

and integration effort are inconsistent among Asia-Pacific economies. We discuss potential 

applications and extensions of the index in developing our perspective of the region’s 

economic and social dynamics.  

Keywords: Regional Integration Effort, Asia-Pacific, Index of Integration Effort, Social 

and Economic Integration, ESCAP, Trade Agreements, Investment Agreements 
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I. INTRODUCTION
1
 

 
For the past decade, the EU and, in particular, the Eurozone has pursued the 

concept of integration as a development goal (Molle, 2006; Crowley, 2006). In 

the European perspective, this goal is driven by both political and economic need: a 

currency union cannot be sustainable if its members are socially and economically 

disparate. Recent research quantifying nation-level integration efforts in the EU 

shows large discrepancies in both the degree and pace of integration between 

countries (König, 2015). 

The concept of integration in the Asia-Pacific is evidently different from that 

in Europe. The region does not have unified monetary and trade systems or 

aligned regional targets of development. Regional barriers to trade and human 

capital flows are considerably higher in the Asia-Pacific, as are discrepancies 

between most and least developed nations. However, at its most fundamental 

level the benefits of integration equally apply to both regions: a country tightly 

bonded with its neighbors should enjoy gains from lower transaction costs, greater 

access to commodity and resource markets, information, and varied sources of 

education and investment. Therefore, while there are no formal policies or institutions 

for pan-Asia-Pacific integration, such integration could still be desirable from the 

viewpoint of both individual nations and the region as a whole, and hence merits 

in-depth investigation.  

Using a variety of social-economic metrics designed to gauge the closeness of 

an economy to Asia-Pacific as a whole, we create an “Index of Asia-Pacific 

integration effort” covering all regional economies with available data (37 out of 

58). We first obtain an “integration index” for the degree of achieved integration 

of these Asia-Pacific economies. Then, we employ a residual analysis approach 

based on a Generalized Estimating Equations (GEE) model to approximate their 

levels of integration effort, defined as the extent to which an economy, given its 

endowed conditions, has made social, economic and policy efforts to integrate 

with the region.  

 
1 Authors are grateful for the comments received when an early version of this work was presented 

at the ARTNeT seminar “Towards Measuring a Regional Integration Effort by Asia-Pacific Economies,” 

14 August 2015 at ESCAP. Without implicating them, authors would like to express appreciation 

for comments and suggestions from Charles Becker, Duke University Department of Economics 

and the anonymous referees. 
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Section two begins by reviewing stylized facts and existing modes of investigation 

of the level of current Asia-Pacific integration. Section three outlines data sources 

of the integration index inputs and discusses the choices of inputs. Section four 

details the procedure of index construction and determining of input weights, and 

presents the full integration index. To measure integration effort, section five 

provides a residual analysis of the factors facilitating regional integration and the 

resulting index of integration effort. Section six concludes and discusses integration 

effort in a macro-policy context.  

 

II. THE ARGUMENT FOR AN INDEX OF ASIA-PACIFIC 

INTEGRATION EFFORT  
 

Given the lack of a single set of political and economic regulatory institutions, 

the strongest common and enforceable modality for a pursuit of cooperation and 

integration for the majority of Asia-pacific economies is found in bilateral or 

plurilateral (sub-regional) agreements. These are mostly present in the following 

areas: Preferential Trade Agreements (PTAs), Bilateral Investment Treaties (BITs) 

and other International Investment Agreements (IIAs), as well as bilateral provisions 

related to labour mobility in inter-governmental agreements. As of 2015, the total 

number of PTAs involving at least one Asia-Pacific economy is estimated at 231, 

of which 155 are in force (ESCAP, 2015). Out of those, 67 bilateral PTAs are 

currently in force between ESCAP members, accounting for more than half of 

the 124 bilateral trade agreements that are both currently in force and involve at 

least one Asia-Pacific economy.  

The relatively large number of regional bilateral PTAs is not necessarily a 

good sign: multiple bilateral trade rules may increase the overall cost of preferential 

trade, leading to what is commonly referred to as the “noodle bowl” effect (Petri, 

2008). In addition, the current situation of PTAs still presents a highly fragmented 

view of the Asia-Pacific region. Several distinct sub-regions have robust internal 

cooperation and trade that is often disproportional to the number of PTAs within 

the sub-region (ESCAP, 2012), as is the case in Northeast Asia where trade and 

FDI flows among China, Japan and the Republic of Korea evolved without a 

sub-regional agreement involving all these economies. Country pairs with high- 

volume trade relationships often do not have any bilateral PTAs, while other pairs 

with PTAs do not trade much at all. 
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The fact that two economies are connected via PTAs seems to be no guarantee 

of economic integration and not even improved trade or investment. It has been 

noted that many PTAs do little more than express a willingness to negotiate and 

engage in potential, future cooperation and are hence not indicative of actual 

regional integration (ESCAP, 2015). The 2014 Asia-Pacific Trade and Investment 

Report concludes that with regard to trade policy in the Asia-Pacific, “the actual 

immediate speed of liberalization remains slow and the coverage shallow”. 

Therefore, while statistics on the number and coverage of PTAs roughly outline 

trends in pursuit of regional integration, they do not provide much information on 

the depth of regional integration or on the impact of the agreements on convergence 

between economies. 

Compared to the extensive surveying of PTAs, literature on BITs and IIAs as 

modalities of integration remains limited. As of mid-2015, a total of 262 BITs 

exist between Asia-Pacific economies, of which 206 are currently in force.
2
 In 

addition to BITs, the Asia-Pacific economies have signed 66 intra-regional IIAs 

and put 53 of them in force. The rate at which new BITs and IIAs are signed has 

decreased significantly in recent years: only 26 new intra-regional BITs and IIAs 

were signed in the half-decade since 2010. In contrast, 58 BITs and IIAs were 

signed between 2005 and 2009, and a further 62 were signed between 2000 and 2004.  

The slowdown can at least partly be attributed to the “market saturation” of 

BITs and IIAs where the majority of desirable and attainable agreements may 

already have been signed prior to 2010. However, there has also been a recent 

body of literature raising doubt about the application and efficacy of BITs in attracting 

foreign investment. Studies have found that the link between BITs and Foreign 

Direct Investment (FDI) is weak and possibly dependent on existing, positive 

business conditions (Tobin and Rose-Ackerman, 2005). The findings suggest that 

the effect of BITs might be largely reinforcing in nature, tending to boost 

investment flows in economies that would have attracted investors in the first 

place. Other studies point to the risk exposure of policy-makers from giving 

preferential treatment to foreign investors over domestic ones and the possibility of 

BITs reducing the scope of reform options in financial markets (Hallward-Driemeier, 

2003).  

 
2  Data obtained from UNCTAD Investment policy hub: http://investmentpolicyhub.unctad.org/(accessed 

Jan. 21, 2016)  

http://investmentpolicyhub.unctad.org/
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Furthermore, the nature of BITs and IIAs suggests that no two treaties are 

identical. The differences in complexity, scope, attached protocols and degree of policy 

reforms makes aggregated estimates of the number of BITs or IIAs involving a 

given economy considerably less meaningful. Because of these significant issues, 

the applicability of BITs and IIAs in investigating regional integration efforts is 

severely limited: we cannot gain much insight unless treaties are examined on a 

case-by-case basis. 

Labour mobility provisions are, in general, much less common among Asia- 

Pacific economies. As of May 2014, only 44 Asia-Pacific PTAs contain chapters 

covering mobility, of which less than half (16) have any participation from 

developing economies (ESCAP, 2015). These PTAs constitute the bulk of binding 

labour-related agreements in the Asia-Pacific. Literature points to public perception 

challenges as a possible explanation for the relative lack of such provisions: the 

citizenry of a given country generally tends to be much more pro-trade than pro- 

immigration. Bilateral Labour Agreements (BLAs) and sector specific Mutual 

Recognition Agreements (MRAs) have gained popularity in recent year, but are 

less indicative of actual labour mobility conditions given their non-binding nature.  

Recent literature does seem to support the connection between integration and 

PTAs with labour provisions. Evidence suggests that PTAs with labour mobility 

provisions are highly effective in stimulating growth in migration flows (Orefice, 

2012). In contrast, PTAs without labour mobility provisions seem to actually 

deter bilateral migration. However, even if one can interpret the low number of 

labour mobility provision-inclusive PTAs in the Asia-Pacific as a sign of low 

levels of integration, 44 observations out of more than 1600 possible economy- 

pairs does not provide much to operate with in statistical terms.
3
 We conclude 

that while PTAs with labour mobility provisions are excellent predictors of 

integration, their coverage in the Asia-Pacific is currently far too low to establish 

meaningful results. 

In summary, provisions in these three types of agreements-PTAs, BITs/IIAs, 

labour mobility-are not capable of providing significant insight into the features 

of Asia-Pacific integration. Their respective perspectives are perhaps in agreement 

in suggesting that the region is currently not well-integrated. Simply knowing this 

is, however, clearly not enough for the analyst or the policy-maker. It is evident that 

 
3 The total potential unique economy-pairs of the 58 ESCAP regional members is 1653. 
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any quantitative assessment of regional integration efforts would require a 

considerably more comprehensive and rigorous approach. The shortcomings of 

these agreement-based investigations strengthens the argument for the alternative: 

measuring integration and integration effort quantitatively by evaluating social 

and economic factors.  

  

III. DETERMINANTS OF REGIONAL INTEGRATION 
 

Before discussing the technical specifications and methodologies related to 

measuring integration, the distinction between integration and integration effort 

must be made. In this paper, we define the term integration broadly as the socio- 

economic distance of a given economy to the region-as-one economic entity. In 

contrast, integration effort is a measure of the extent to which an economy, given 

its endowed natural, historical and economic conditions, has combined social and 

economic policy efforts to integrate with the region. 

It is obvious that some economies are more likely to be highly integrated 

compared to others. Smaller economies are less likely to self-isolate and are also 

incentivized to assume proactive, intermediary roles among the regional community 

(Casella, 1996; Kose and Riezman, 2000). Applying similar reasoning, one would 

expect islands and landlocked economies to be, on average, less integrated. 

Economies that are sparsely populated, i.e. those that are geographically larger 

given the same population size, should also tend to be less integrated because of 

higher infrastructure and development costs. 

A large, sparsely populated economy is still free to pursue integration objectives, 

engage in regional affairs and, figuratively, “punch above its weight”. Conversely, 

a small, dense economy may fail to do these things and perform below what its 

exogenous conditions suggest. The latter may still be better-integrated in absolute 

terms than the former, but conceptually and policy-wise there is clearly something 

different between the two cases. This difference-introduced by disparities in 

policy and regulatory institutions-characterizes the term “integration effort” and 

is what we aim to measure.  

Clearly, this concept cannot be measured without first measuring integration 

itself. To this end, we first introduce an “integration index” measuring the degree 

of integration of Asia-Pacific economies. The integration index consists of two 

sub-indices, respectively denoting the social and economic integration levels of a 
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given economy. The social sub-index consists of four input sources, and the 

economic index of eight. The social sub-index inputs are designed to not be 

specifically directly linked to economic factors. While correlations between input 

variables and the level of an economy’s economic development are unavoidable, 

we contend that at least in principle, relatively less developed countries can still 

perform well in these areas.  

We note that our index inputs are not truly ideal in terms of diversity and 

scope. Indeed, established quantitative work on EU integration (König, 2015) 

utilizes larger sets of variables. However, we are not only constrained by available 

data but also by objectives of this paper. Our considerations involve a balancing 

between having a sufficiently robust set of inputs and encompassing a larger 

range of Asia-Pacific economies. A larger set of inputs is achievable were we to limit 

our investigation to the 10-15 largest Asia-Pacific economies. Yet this significantly 

diminishes the general regional policy appeal of this paper, in particular to policy- 

makers of developing nations that may desire a comparative perspective on regional 

integration. Similarly, the set of inputs must be further reduced, to the detriment 

of our empirical analysis, to include all 58 ESCAP members.  

The first social sub-index input concerns student outflows to the region. The 

connection between international student flows and economic growth is well- studied 

(Bergerhoff, Borghans, Seegers and van Veen, 2013; Le, 2012). Empirical evidence 

also suggest that robust international student flows facilitate regional integration 

(Donchenko, 2015; Kuroda, Yuki and Kang, 2010). Intuitively, higher ratio of 

Asia-bound international students means that an economy has a better understanding 

of the cultural and social norms of other Asia-Pacific nations, as well as a higher 

propensity of initiating professional and academic collaborations within the region. 

Specifically, we measure for a given economy the ratio of the number of total 

students studying abroad in the Asia-Pacific to that of its adult population, in 

units of 1000 persons.
4
 Figure 1 shows that between 2002 and 2013, the regional 

average of this ratio has increased significantly from 0.95 to approximately 1.4 

students per thousand adult citizens.  

 
4 Adult population is defined as total number of citizens between ages of 15 and 64, inclusive of 

the two bounds.  
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Figure 1. Number of Outbound Students to the Asia-Pacific per Thousand Adult Citizens
5
 

 
 

The second social input source uses the male-female employment gap as a 

proxy for gender equality. An input for gender equality is employed for the 

following three reasons. First, economies with severe gender inequality issues are 

likely to face significantly greater difficulties in terms of regional integration 

(Martin, 2013; van der Vleuten, 2013). Second, economies where growth is predominately 

driven by agriculture or industries involving menial labor will necessarily have 

significantly higher male employment rates, whereas professional, service-sector 

and capital-intensive positions are much more likely to be gender-neutral. Gender 

equality can therefore also be considered as an indicator for the modernity and 

structural transformation of an economy.  

Third, societies that have disparate views on the equality of gender will most 

likely differ on their views of other social-economic issues. A society’s treatment 

of the difference between genders is often an indicator for a much wider vector of 

social, political and cultural norms (WEF, 2015). While it is generally difficult to 

find data directly concerning general aspects of social norms, such as the rule of law, 

acknowledgement of intellectual property, and views on political and economic 

rights for Asia-Pacific economics, many of these aspects are likely strongly 

 
5 Outbound student flow data provided by UNESCO, adult population data retrieved from the 

ESCAP statistical database. The average estimate excludes figures for Brunei Darussalam, 

DPRK, Lao PDR, Turkmenistan, Tuvalu, Uzbekistan, and all Pacific Island economies except 

Fiji and the Solomon Islands.  
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correlated with gender equality. Hence, even if the direct link between gender 

equality and integration is not clear-cut, equality nonetheless serves as an indicator 

for a large range of factors that are strongly related to integration. 

While we recognize the role of local cultural norms and historical conditions in 

determining a society’s current view on gender, we regard equality between 

genders as being unequivocally beneficial to modern society: discrimination in a 

modern labor-production framework necessarily implies inefficient allocation of 

human capital and unrealized potential for economic development (Cain, 1986). 

We hence treat equal employment for citizens of both genders as the ideal 

condition, and measure this input source by number of females employed per 100 

males employed. As figure 2 suggests, between 2002 and 2013 there has been 

some, albeit limited improvement in this regard: the Asia-Pacific average has 

increased from 70.4 to 72.5 female per hundred male employees.  

 

Figure 2. Employment Gap by Gender, 2002-2013
6
 

 
 

The third social input source measures the number of outbound visits to Asia- 

Pacific destination markets for every thousand citizens. The premises of this input 

metric as a driving factor of integration and development (Milne and Ateljevic, 2010; 

Wahab and Cooper, 2001) are similar to that of the education input source, but expands 

beyond students to intra-region business and leisure travel in general. Note that 

 
6 Data retrieved from ESCAP statistical database. The estimate excludes figures for all Pacific 

Island economies except Fiji and the Solomon Islands.  
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with the exception of flows between China, Hong Kong, China and Macao, 

China, same-day “excursionist” travel is not omitted from the data.
7
 Among the 

social sub-index input sources, this is the area where recent growth is most 

significant. Figure 3 shows the Asia-Pacific average for intra-regional outbound 

visits per thousand citizens. The number has increased from approximately 119 

visits per thousand citizen in 1995 to 181 visits in 2002 and 350 visits in 2013. 

 

Figure 3. Intra-Regional Outbound Visits per Thousand Citizens
8
 

 
 

The fourth and last social sub-index input source represents the relative intra- 

regional connectivity of an economy for its size, measured by the total number of 

international outbound flights with destinations in the Asia-Pacific region per 

thousand citizens. This figure complements the metrics for tourism and student 

travel, but differs in that it also gauges the accessibility of international, intra- 

regional travel and importance of the economy as a regional hub for transportation 

by air: a larger number of intra-regional flights per citizen suggests relatively 

attainable air travel for the population and higher volumes of inbound tourism 

activity. Due to a lack of data on historical air travel availability conditions, this 

 
7 These outbound flows contain substantial amounts of day-to-day commuting travel that cannot be 

separated from regular tourism or business activities, and are also too large in general compared 

to other outbound tourism flows in the Asia-Pacific. 
8 Tourism statistics provided by UNWTO and complied by authors. Population data retrieved from 

the ESCAP statistical database. Outbound flows between China, Hong Kong, China and Macao, 

China are excluded from the economy-specific and total outbound volume estimates. 
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source is not year-specific. Figures are obtained from Openflights.org, an open- 

source website on worldwide air travel information, and represent the world air 

route situation as of June 2015. Figure 4 presents intra-regional flight per 

thousand citizen figures for a select number of Asia-Pacific economies. 

We justify our choice of using air travel data in addition to data on international 

student flows and regional tourism for the following two reasons. First, existing 

empirical work suggest that availability of air transport plays a major role in 

globalization (Adey, Budd and Hubbard, 2007) and international mobility (Gössling 

and Nilsson, 2010). Therefore, a direct relationship between air travel accessibility 

and regional integration as defined in this paper is conceptually likely. Second, 

our Principal Component Analysis (PCA) based empirical approach is specifically 

designed to address internal correlation structures of index inputs. From this 

perspective, it is not undesirable to incorporate multiple index inputs that are 

respectively directly related to regional integration yet correlated with each other. 

Our statistical approach and the use of PCA are discussed extensively in section 4. 

 

Figure 4. Intra-Regional International Outbound Flights per Thousand Citizens, 2015
9
 

 
 

 
9 Data obtained from Openflights.org. Population data retrieved from the ESCAP statistical 

database. 
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The economic sub-index involves two international trade metrics, respectively 

denoted as “intra-regional trade share” and “trade openness”, and six macroeconomic 

metrics designed to assess an economy’s closeness to the Asia-Pacific region as a 

whole. Intra-regional trade share is calculated by dividing the total volume of 

intra-regional trade of an economy over its total trade volume with the world. 

This represents how important trade with the rest of the Asia-Pacific is, in 

relative terms, for a given Asia-Pacific country or economy. Trade openness 

measures regional trade volume over Gross Domestic Production (GDP), and 

gauges the size of an economy’s intra-regional trade sector with respect to its 

total domestic output. 

 

Figure 5. Intra-Regional Trade Share and Openness of the Asia-Pacific Region
10

 

  

As figure 5 indicates, intra-regional trade share has remained at approximately 

50% levels since 1990. This contrasts sharply with the situation in Europe, where 

intra-regional trade importance has decreased by roughly 10 percentage points 

since 1993 (König, 2015).
11

 On the other hand, trade openness in Asia-Pacific 

has increased from 10.2% in 1990 to 39.8% in 2013. A closer look at by-economy 

 
10 Trade and gross domestic product data retrieved from ESCAP statistical database. The estimate 

excludes figures for American Samoa, Guam, Marshall Islands, F.S. Micronesia, Nauru, Niue 

and the Northern Mariana Islands. 
11 Measured at the level of EU-15 and discounting influence of addition of new members on the 

level of intra-EU trade. 
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figures suggests that regional growth is highly unbalanced: while economies such 

as Thailand and Malaysia significantly outperform the average regional level, 

other economies (Bangladesh, Myanmar) show little improvement or even a 

reverse trend.  

Three of the six remaining economic input sources involve the cycle symmetry 

of an economy’s performance to the region’s average performance trend. This 

approach follows an extensive body of economic literature on the relationship 

between business cycle symmetry and regional integration and development. 

Similar methods have been applied to investigate the economic and social 

integration of regions such as Central America (Fiess, 2007), the Caribbean 

(Deonanan, 2011), the Eurozone (Frankel and Rose, 1998) and East Asia (Shin 

and Wang, 2004). Here, we apply this concept to three major macroeconomic 

indicators: inflation, real GDP growth and unemployment.  

In our index, business cycle symmetry is approximated as the simple average 

of the year-on-year changes of the economies in the top 15th percentile of all 

Asia-Pacific countries and regions.
12

 The reasoning behind this approach is that 

the vast majority of Asia-Pacific economies are involved in significant trade 

relationships with at least one of the major regional economies (In Asia almost 

all have China as the major trading partner). The region’s aggregate economic 

conditions are therefore largely driven by the aggregate macroeconomic situation 

of these major economies: an economy with close economic relationship to one 

or more of these economies is therefore, by definition, well integrated.  

Data for year-on-year changes in inflation, real GDP growth and unemployment 

for each economy in the dataset are adjusted with the Hodrick-Prescott (HP) filter 

using a smoothing parameter value of 6.25 and correlated with Asia-Pacific regional 

average levels by five-year increments. The presented value for each year is 

therefore the correlation coefficient of smoothed figures of the year and four 

preceding years. A correlation coefficient of 1 for a given year suggests that an 

economy perfectly tracks the Asia-Pacific performance levels of the period, while a 

value of-1 means that its performance fluctuates in the exact opposite direction.  

 

 

 
12 A weighted average approach is used for inflation cycle symmetry because of the potential of 

historic high inflation levels in the Russia Federation and Turkey biasing simple average results.  
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Figure 6. Average Levels of GDP (Growth) Cycle Symmetry, 2002-2013
13

 

 

Figure 7. Average Levels of Unemployment Cycle Symmetry, 2002-2013
14

 

 
 

 
13 Real GDP data retrieved from ESCAP statistical database. Error ranges represent 1-standard 

deviation values. Growth rates reflect annual data smoothed in adjustment for trend effects.  
14 Unemployment rate data retrieved from ESCAP statistical database and complied by author. 

Error ranges represent 1-standard deviation values. Year-on-year unemployment rate change 

figures are smoothed in adjustment for trend effects.  
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Major Asia-Pacific economies display inconsistent economic cycle symmetry 

with the region (figure 6 and figure 7). Moreover, GDP and employment cycle 

symmetry seem only loosely inter-connected for each individual economy. Export 

-intensive economies such as China and Viet Nam exhibit a high level of cyclical 

symmetry for both GDP growth and shifts in unemployment rates. However, 

India has a reasonably high cycle symmetry coefficient for GDP growth (0.61) and 

a negative unemployment cycle symmetry coefficient of-0.2. The Republic of 

Korea’s GDP cycle symmetry coefficient is lower than that of India (0.35), yet it 

reports the highest unemployment cycle symmetry coefficient of all economies in 

the dataset at 0.98. The overall correlation between GDP and unemployment 

cycle symmetry scores is moderately strong (0.4), but far from levels one would 

expect of two figures that both evaluate the tracking of regional economic 

performance.  

Conceptually, economies dependent on trade, in particular exports of raw 

materials and labour-intensive products are relatively more susceptible to region- 

wide shocks to the real economy. Economies that have deregulated labour markets 

with relatively developed and open service sectors will display unemployment 

movements similar to those of the region. The two sets of conditions may not 

necessarily coexist-an export-intensive economy may, for example, suffer from 

long-term, market-distorting labour imbalances. This suggests that although GDP 

and unemployment cycle symmetry measure the same general concept, they are 

likely not close substitutes of each other.  

Inflation cycle symmetry data is relatively incomplete for the dataset countries, 

many of which did not collect data on commodity prices until after 2002. The 

inflation cycle symmetry score for each economy is therefore calculated as a 

single coefficient for all available years, based on year-on-year percentage changes 

in the inflation level. As displayed in figure 8, inflation cycle symmetry is on 

average weaker than GDP or unemployment cycle symmetry. In a sense, inflation 

cycle symmetry is a more relatable version of growth cycle symmetry, focusing 

on the consumer side instead of the producer side: an economy that is relatively 

isolated from the region is much more likely to sustain higher or lower 

commodity prices with regard to the regional level.  
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Figure 8. Average Levels of Inflation Cycle Symmetry, Available Years between  

2002 and 2013
15

 

 

It must be noted that these cycle symmetry measures treat economies as the 

same regardless of whether they are price-makers or price-takers in the region. 

An economy could display significantly cycle symmetry because it is setting the 

price within the region, as is most likely the case for China for manufactured 

tradable goods, or because its mode of economic development heavily relies on 

the region, as is likely the case for Hong Kong, China and Singapore. The cycle 

symmetry figures cannot meaningfully distinguish between these two situations. 

While this is also a concern for research on European integration, the problem is 

amplified for the Asia-Pacific perspective because of large disparities between 

sizes of economies and their sources of growth. 

Two of the last three components of the economic sub-index are, respectively, 

the ratio of intra-regional flows to national GDP for inbound and outbound 

foreign direct investment (FDI).
16

 An economy that either receives or provides a 

large amount of FDI to the Asia-Pacific, relative to the size of its domestic 

 
15 Inflation data retrieved from ESCAP statistical database. Error ranges represent 1-standard 

deviation values. Year-on-year inflation rate change figures are smoothed in adjustment for trend 

effects.  
16 For empirical discussions about the relationship between FDI and regional integration see Motta 

and Norman (1996), te Velde and Bezemer (2006), and Blomstrom and Kokko (1997). 
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economy, is regarded as well-integrated. The approximately equal treatment of 

inbound and outbound FDI gives economies of different sizes and levels of 

development a similar propensity to score highly in the section: highly developed 

countries will inevitably have greater FDI outflows than inflows, and less 

developed countries greater inflows than outflows. As shown in figure 9, the 

divided between inbound outbound FDI varies from economy to economy.  

 

Figure 9. Inbound and Outbound Intra-Regional FDI as Percentage of Real GDP, 2013
17 

 

 
 

 Figure 10 presents the trend of intra-regional FDI flows compared to world 

FDI flows from the Asia-Pacific. The growth of FDI volume since 2001 is 

substantial: the period reports an approximately four-fold change in the total 

amount of intra-regional outbound FDI. However, there is little evidence that 

intra-regional FDI growth outperforms the growth of worldwide FDI volume. In 

2001, 52.7% of the total Asia-Pacific outbound FDI flow has destinations in the 

region. By 2013, this ratio has increased to approximately 56.9%, with an average 

of 52.1% for the years 2009-2013.  

 

 

 

 
17 FDI data retrieved from UNCTAD database and formatted by author. GDP data from ESCAP 

statistical database. GDP figures denominated in 2005 dollars.  
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Figure 10. Asia-Pacific Outbound FDI to Region and World, 2001-2013 (Million USD)
18

 

 
 

The last economic sub-index component involves the stability of an economy’s 

currency. This factor is relevant because of three reasons: First, many if not most 

of the Asia-Pacific economies have large trade or finance sectors and could hence 

benefit in terms of regional economic activity from a relatively stable currency 

value. Second, unlike the EU, the majority of intra-regional trade in the Asia- 

Pacific is still denominated in US dollars. This means that from the region’s 

perspective, economies whose currencies fluctuate significantly against the dollar 

will be at a distinct disadvantage in terms of regional trade and investment. Third, 

there exists a body of literature discussing the numerous benefits for a region 

where, via the dollar, currencies are relatively internally stable (McKinnon and 

Schnabl, 2014). Keeping the local currency value under control provides valuable 

“anchors” for the region in periods of economic or financial distress. Economies 

that achieve this goal are therefore indirectly contributing to the economic well- 

being of the Asia-Pacific region.  

Given these three reasons, a metric that evaluates currency stability, measured 

by the volatility of the local currency’s value against the US dollar, is useful for 

measuring integration. The value for a particular year is calculated as the variance 

of the year’s dollar exchange rate and that of the four preceding years. Evidently, 

 
18 FDI data retrieved from UNCTAD database and formatted by author. 2013 figures for some 

countries extrapolated using five-year trends. Data excludes figures from American Samoa, 

Guam, Kiribati, Niue and the Northern Mariana Islands. Note that because of UNCTAD 

formatting guidelines, intra-regional outbound and inbound flows may not be equal.  
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economies that have managed a perfect, hard peg against the dollar or simply use 

the dollar as the local currency get full marks in this regards, with greater period 

fluctuations lowering the final category score correspondingly. Figure 11 shows 

2002-2013 average currency value variance for a select number of countries. 

 

 

Figure 11. Average Exchange Rate Variance, 2002-2013 (Log Scale)
19

 

 
 

We clarify here that this input does not suggest that the hard pegging of a 

given economy’s currency against the dollar is desirable per se. However, we do 

propose that maintaining a relatively stable relationship to the dollar, at least in 

the short-run, has significant benefits both in terms of growth and integration. A 

number of major Asia-Pacific countries (China, Vietnam) and trade-centric economies 

(Hong Kong, Singapore) have either pegged their currency against the dollar or 

employ measures against large fluctuations against the dollar. Either directly or 

indirectly, a stable currency with regard to these economies facilitates trade, 

investment and, to a lesser extent, tourism, research and the exchange of cultures. 

It is these benefits that we hope to approximate via introducing this index input. 

In conclusion, the index involves twelve metrics designed to measure regional 

integration-education flows, gender equality, tourism flows, connectivity, trade 

importance and openness, cyclical symmetry of growth, unemployment and inflation, 

 
19 Data retrieved from ESCAP statistical database. Note that high figures for Indonesia may be 

explained by recent currency re-denominations. 
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relative volumes of inbound and outbound FDI, and currency stability. A list of 

inputs used in the index and their sources are provided in the appendix. 

Note that the selection of these variables is based on measurements of the 

distance of a given economy to the Asia-Pacific region as an artificial “entity”, 

and not in relationship with specific economy-pairs. This approach further limits 

the number of usable variables but adheres to a stricter definition of regional 

integration. Using data on country-pair distances for integration measurements is 

often problematic: a given country may be extremely close to a single particular 

country but with no others in the region. Each country-pair is also unique in many 

ways and might not provide meaningful conclusions in aggregated treatment. The 

approach we outline therefore attempts to avoid this issue in general.  

 

VI. DETERMINATION OF INPUT WEIGHTS AND INTEGRATION 

INDEX RESULTS 

 
In determining the weights of the index input sources and their format, we 

draw from methodologies of the European Index of Regional Integration Effort 

(König, 2015) in the goal of creating a final product that is roughly comparable 

in output. The final scores of each input category are adjusted to accommodate a 

statistical weight derivation process. For each category, scores are given by the 

relative ranking of a particular economy for a given year, compared to the highest 

and lowest values for all dataset economies and all years. In other words, the 

inclusive percentile ranking of an economy for a certain year, adjusted on a 0-100 

scale, determines its final category score.  

This approach has several advantages. First, it guarantees that regardless of the 

distribution of the actual values, the final score of a category runs from 0 to 100 

and is centered distributionally on 50. This implies that the hypothetical “average” 

economy will receive a final index score of exactly 50. Second, it allows scores 

between categories to be directly compared, as the same gap in percentile figures 

corresponds to the same difference in ranking. Third, given that the categories are 

equalized with respect to maximum, minimum and mean values, the statistically 

determined weights directly represents the relative importance of each category 

in the integration index: a category that is twice as important as another will have 

exactly twice the weight.  

Principal Component Analysis (PCA) is used to determine the weights of each 
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input category. Originally devised by Pearson (1901), PCA is designed to reduce 

multicollinearity issues of large dataset with internal correlations by transforming 

linear combinations of variables. The resulting set of “components” maximizes 

the amount of variance in the observations, and can be interpreted as a breakdown 

of the relative information value and statistical meaning of the individual 

variables. In this paper, the derived variable weights could be regarded as, under 

ideal conditions, the weight set that best describes how much each variable should 

contribute to the index. 

 

Figure 12. Scree Test of the Principal Component Analysis with Kaiser-Guttman Criterion 

 

 

PCA is attractive from this perspective because it automatically assigns weights 

according to the total explanation of variance, with minimal-to-no need for 

human input. Compared to an equal weight approach which cannot account for 

cross-category influences or a discretionary approach that may yield different 

results given the researcher’s personal preferences, PCA allows for a more 

comprehensive, objective treatment of the inputs. The selection of the number of 

extracted components follows a strict Kaiser-Guttman criterion (Kaiser 1961, 

Guttman 1954) of cutoff value 1. We believe that this approach is suitable for the 

given data because of a lack of readily identifiable “kinks” in eigenvalues beyond 

component one. As illustrated by Figure 12, components one through four pass 

the criterion and are extracted. 

Several statistics confirm the data’s suitability for applying PCA. The internal 

correlation level of the dataset, as approximated by Cronbach’s alpha, is rather 

high at 0.66. The overall Kaiser-Meyer-Olkin (KMO) measure of sampling 
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adequacy value is 0.65, well above the “unacceptable” level of 0.5. Furthermore, 

the Bartlett’s test of sphericity reports a high p-value (<0.001) and a Chi
2
 of 1702.9, 

suggesting that the null hypothesis of an identity matrix is not of substantial 

concern.  

After determining the number of components to be extracted, the factor loadings 

are rotated to account for the possibility of components correlating with each 

other. An oblique promax rotation with Kasier-normalization is used to effectively 

increase the optimality of allocating variables to the four components, a procedure 

that is necessary given that multiple variables contribute significantly to each 

component. Table 1 presents the post-rotation by-component weights of each variable, 

as well as the overall assigned weights of the variables in the final integration index.  

 

Table 1. Computed by Component and Final Weights for the Integration Index
20

 

 
Comp1 Comp2 Comp3 Comp4 Weight(%) 

Education 5.54 1.86 0.66 0.32  8.37 

Gender equality 0.13 0.59 3.07 0.06  3.86 

Tourism 10.65 0.16 0.32 0.20 11.33 

Connectivity 11.21 0.02 0.00 0.00 11.24 

FDI outbound 0.36 0.00 7.36 0.00  7.72 

FDI inbound 0.04 0.32 5.61 0.01  5.98 

Openness 0.29 7.36 1.84 0.04  9.53 

Importance 0.00 10.36 0.22 0.00 10.58 

Unemployment cycle symmetry 1.37 2.90 2.70 0.06  7.03 

Inflation cycle symmetry 0.78 0.42 0.76 7.10  9.06 

GDP cycle symmetry 0.10 2.45 1.07 2.39  6.01 

Exchange rate stability 0.64 0.77 0.09 8.68 10.17 

Share of total variance (%) 30.83 26.96 23.50 18.70 100 

 

Note that components 1, 2 and 4 offer straightforward interpretations of their 

role in the index, as indicators for, respectively, general social connections, 

real-economy conditions and monetary links with regard to the Asia-Pacific 

region. However, what component 3 measures is less than clear. The component 

 
20 Component weights are calculated by squaring the factor loading and multiplying it with the 

share of total variance of the corresponding component. Assigned weights are determined by 

summing the individual component weights for each variable. Shaded numbers represent the 

highest-weighted component for each variable, i.e. which component does the variable primarily 

contribute to. 
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weights suggest that gender equality may in some way be linked to FDI flows, 

which might be somewhat difficult to conceptually explain. Given that a relatively 

small number of variables shape the entire index, it is possible that details in FDI 

computation methods or in surveys on employment by gender create statistical 

links. It is also possible that there is in fact some conceptual connection between 

foreign investment and gender equality. Therefore, while component 3 may seem 

somewhat arbitrary in nature, it should not be dismissed for appearing as such.  

Using the weights in table 1, results for the integration index are calculated. 

Almost 64% of the regional ESCAP economies, 37 out of 58, have available data 

to construct all twelve input categories.
21

 Together they represent 98.4% of the 

Asia-Pacific region’s total population and 99.4% of the region’s economic output 

as of 2013.
22

 Figure 13 graphs the average integration index score for all available 

economies, economies in the top quartile and those in the bottom quartile from 

2002 to 2013. As indicated, index experienced moderate growth between 2002 

and 2013. Average index scores for all available economies increased from 43.6 

in 2002 to a high point of 52.5 in 2008, then decreased to 48.4 in 2013. Similar 

patterns can be observed for the most-integrated economies and worse-integrated: 

the average index score difference between 2002 and 2013 is 4.8 for all available 

economies, 5.0 for economies in the 1
st
 quartile and 4.4 for economies in the 4

th
 

quartile.  

 
21 The 58-economy list excludes the United States of America, France, Netherlands and the United 

Kingdom which are considered non-regional members and thus are deemed of lesser importance 

for investigating regional integration. 
22 Economic output is measured in real GDP. Population and GDP data retrieved from ESCAP 

statistical database. Population figures cover all 58 ESCAP economies; 2013 GDP figures are 

missing from the following economies: American Samoa, Guam, Niue and the Northern 

Mariana Islands.  
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Figure 13. Results of the Asia-Pacific Integration Index, 2002-2013 

 
 

Table 2 lists the 10 most-integrated and the 10 least-integrated economies in 

the dataset as of 2013. Hong Kong, China; Singapore and Macao, China take the 

top three places at respectively 82.7, 80.7 and 71.5 points. The three least- 

integrated economies are Pakistan, Myanmar and the Islamic Republic of Iran. At 

a glance, two types can be identified among the top-placing economies: those 

that have large intermediate trade, finance and technology sectors for their size, 

and those that are relatively productive but hold lower positions on the global 

value chain. The former is perhaps best exemplified by Singapore and Hong 

Kong, China and the latter by Viet Nam. Note that while the idea of “integration” 

should differ for the two types, the index is not capable of making such a distinction. 

 

Table 2. Most and least integrated economies in ESCAP, 2013 

Hong Kong, China 82.7 Pakistan 26.9 

Singapore 80.7 Myanmar 28.1 

Macao, China 71.5 Iran, Islamic Republic 28.8 

Viet Nam 66.1 India 29.0 

Malaysia 63.1 Afghanistan 30.4 

Mongolia 62.7 Turkey 31.9 

Kyrgyzstan 60.2 Bangladesh 31.9 

Azerbaijan 59.1 Japan 34.5 

Korea, Republic of 56.6 Timor-Leste 37.2 

Solomon Islands 56.2 Russian Federation 37.3 
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One question worth investigating is the extent to which economies have 

integrated within the timeframe covered by the dataset. Figure 14 displays the 

score changes of the 10 economies that have improved the most during the 

2002-2013 period. Viet Nam, Australia and Papua New Guinea places top three 

at 22.4, 20.0 and 16.4 points improved. Scores for the 10 economies listed in 

figure 14 have increased 15.4 points on average between 2002 and 2013, more 

than three times that of the dataset average. Viet Nam alone contributes 0.6 

points towards the 4.8-point improvement in average scores, and the 10 most- 

improving economies account for approximately 87% of the net index level change. 

 

Figure 14. Most-Improved Economies with Regard to Integration, 2002-2013 

 

 

On the other end of the scale, scores of 10 out of the 37 dataset economies 

decreased between 2002 and 2013. Timor-Leste and Myanmar, the two economies 

whose scores dropped the most, lost 14.9 and 26 respective points.
23

 The 

variance of the annual index scores has also returned to 2002 levels following a 

12% drop between 2002 and 2011.
24

 These results suggest that while the region 

may be moving towards greater integration in aggregate, growth has thus far 

been highly discrepant across economies. A number of economies have rapidly 

 
23 This can be explained by the fact that both economies were closed to international transactions 

until recently due to war (Timor-Leste) or sanctions (Myanmar). 
24 The 2002 and 2013 variance figures are approximately 14.3, and the variance figure for 2011 is 

12.6, the lowest in the dataset.  
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connected with the region both socially and economically, while others have 

shown little progress or even become much less integrated than they were a 

decade ago. 

The findings send mixed messages with regard to the future of Asia-Pacific 

integration. If we unreflectively assume that the current trends would continue 

indefinitely, at 4.8 points per decade the index average should improve by 19 

points in the next half-century, moving the 37-economy average to the current 1
st
 

quartile economy average levels. If we further assume optimistically that the 

post-2008 drop in integration score is temporary and not representative of long 

term trends, the same goal could potentially be reached in 15-16 years. Regardless 

of the time frame, current projections of integration for the Asia-Pacific as an 

entity are positive: barring unforeseeable circumstances, the region is likely to 

become more integrated in the foreseeable future.  

However, it is also likely that integration progress will remain unbalanced. In 

contrast to the EU situation, where the lowest-performing country (Greece) still 

posted nominal improvements between 2004 and 2014, a number of economies 

in the Asia-Pacific have become considerably less integrated over the past decade. 

Furthermore, the index in its current form excludes 21 Asia-Pacific economies 

because of a lack of published data. These missing economies have a high chance 

of being outliers to the Asia-Pacific region in both social and economic terms: 

they account for approximately 1.6% of the region’s total population but only 0.6% 

of total GDP. If their integration progresses are taken into account, one would 

expect the index to show an even greater level of disparity. 

 

V. MEASURING REGIONAL INTEGRATION EFFORT 

 
The results of the integration index confirm the aforementioned tendencies 

towards integration: the top three best-integrated Asia-Pacific economies are 

without exception small city-states with massive external sectors compared to the 

size of the domestic economy. On the other hand, with the exception of Malaysia 

and the Republic of Korea, none of the largest Asia-Pacific economies are listed 

among the top ten. Hence, because of the natural tendency of social-economic 

proximity of certain economies, we must isolate the influence of exogenous 

factors from that of policy or regulatory factors in order to measure integration 

effort. 
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To this end, we employ a panel regression analysis to determine the impact of 

such factors in the integration index scores. We create a balanced panel dataset 

with each economy-year as a specific observation, or 37 groups over 12 time- 

units. This approach allows the full resolution of the dataset to be utilized in the 

regression analysis, but creates significant autocorrelation issues: observations 

within the same year are likely to be influenced by similar, exogenous macroeconomic 

conditions, and observations within the same group are found to display highly 

autoregressive behavior.  

In consideration of the differences in the nature of between-group and within- 

group correlations, we select the generalized estimating equations (GEE) model 

along with a time dummy vector approach to yield more accurate results.
25

 Table 3 

presents results of regressing integration scores against a number of economy- 

specific factors, using GEE with AR1-type correlation, with indicators for fixed 

effects for years 2003 to 2013. Output for year effects are suppressed: the full 

table of results can be found in the appendix. The natural-log transformation is 

applied to all non-indicator response variables. 

 

Table 3. Regression Output, GEE Model with Time Dummy Variable Output Suppressed
26

 

   Score Coef. Std. Err. P>|z|  95% C.I 

In GDP  -2.18  0.97 0.024 (0.28, 4.07) 

In Populaton  -3.48  1.56 0.026 (-6.54,-0.42) 

In Land Area -2.39  0.90 0.008 (-4.17,-0.61) 

Landlock -0.06  4.16 0.99 (-8.20, 8.10) 

Island -4.67  3.76 0.214 (-12.04, 2.70) 

 

As Table 3 indicates, the correlation between integration scores and GDP, 

population and an economy’s land area are all highly significant. Holding other 

factors constant, a doubling of GDP is associated with an index score improvement 

 
25 It is assumed that by-year, macroeconomic fixed effects are somewhat discreet between periods 

and apply uniformly to different economies. On the other hand, observations of economies in a 

given time period are assumed to be highly correlated to observations of the same economies in 

the previous period.  
26 Wald’s Chi2 = 107.9. Normal (Gaussian) distribution assumed, standard errors are adjusted for 

within-group clustering with Huber-White estimators (semi-robust) reported instead of least-square 

errors.  
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of 2.18 points, and a doubling of population lowers the index score by approximately 

3.48 points. An economy with the same GDP and population as another but with 

a land area twice as large is expected to score 2.39 points lower in comparison. 

Being landlocked has a small and not statistically significant effect on integration 

(p=0.99). Being an island, defined as having no natural territory on the main Asia 

continent, lowers the expected integration score by 4.67 points. The relationship 

is however also not statistically significant (p=0.214).  

For the most part, these results are within expectations. An economy with 

twice the GDP output and population of another economy-two times as “large” 

with the same GDP per capita-is expected to score 1.3 points lower. This 

suggests that larger economies do tend to be less integrated, even if their level of 

development may not necessarily be lower. Sparsely populated economies also 

tend to be less integrated. Note that while territory size is truly exogenous to the 

integration index and population at least somewhat exogenous, the relationship 

between GDP and the integration index is very likely to be reciprocal: being 

well-integrated also leads to higher rates of growth. This suggests that causal 

links to integration can be made for population and land area but not for GDP. 

The case with indicators for being landlocked and an island economy can 

perhaps be explained by the size of the dataset. Of the 37 countries in the 

observation, only 9 and 13 are, respectively, landlocked and island economies. It 

is also possible that given the proliferation of air travel and technological 

development among various transit methods, being landlocked or having no 

natural territory on the main Asia continent is more of a historic impediment to 

integration. A third potential cause is that islands and landlocked economies in 

the Asia-Pacific are somewhat likely to be rich in natural resources and have 

large raw material export sectors, which balance out the various detrimental 

effects to being integrated. As evidence is inconclusive at this time, the issue 

perhaps merits further investigating.  

We also consider an alternative model using, in lieu of GDP, a variable on 

economy-level labour productivity. This is also considered in a context of 

economies generally striving towards increasing productivity, in which it is relevant 

to discuss if such strategies will enhance integration prospects. For this purpose, 

we modify the aforementioned GEE model, removing the GDP variable and 
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including a response variable for estimated productivity, natural-log transformed.
27

 

Table 4 presents regression output from the model with year dummy output 

suppressed. 

 

Table 4. Regression Output, GEE Model with Estimated Labor Productivity
28

 

Score Coef. Std. Err. P>|z| 95% C.I 

In Productivity 3.04 1.33 0.023 (0.43, 5.66) 

In Population  -1.47 1.26 0.242 (-3.94, 1.00) 

In Land Area -2.32 0.93 0.013 (-4.14,-0.50) 

Landlock  -0.35 4.39 0.94 (-8.94, 8.25) 

Island -3.83 3.98 0.34 (-11.63, 3.97) 

 

As shown in table 4, the productivity variable is significantly correlated to 

integration score (p=0.023). Holding other factors constant, a doubling of productivity 

is associated with an integration score increase of 3.04 points. The population 

variable is no longer significant after the inclusion of productivity, while the land 

area variable retains similar significance and size (p=0.013). The landlock and 

island variables are still not significant at the 90% level or beyond. Note that the 

link between productivity and integration level is quantitatively robust. Putting 

the scale of the connection in context, the top quartile of Asia-Pacific economies 

in terms of productivity has an average labour productivity of $90918.5 per 

worker in 2013, 13.2 times higher than that of the bottom quartile: a difference 

that translates into an integration score gap of 11.3 points.  

It certainly seems that growth, both in terms of gross output and labour 

productivity, is a highly powerful predictor of integration. Although the direction 

of the major relationship is uncertain, it is quite conceivable that long-term, 

robust growth in the real economy will be the primary driver of Asia-Pacific 

integration in the foreseeable future. Economy-level integration efforts should 

 
27 Productivity is defined as GDP per person employed and estimated using GDP and employment 

data retrieved from the ESCAP statistical database. Results may differ from official productivity 

figures because 2011 PPP is used instead of 2005 PPP for better coverage of data.  
28 Wald’s Chi2 = 224.9. Normal (Gaussian) distribution assumed, standard errors are adjusted for 

within-group clustering with Huber-White estimators reported instead of GLS (semi-robust). 

Because of a lack of productivity data, figures for Myanmar are not included in this regression 

model. 
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therefore always be complemented with policies and efforts that drive economic 

development.  

While there are several ways to qualitatively assess these models in regard to 

each other, here we employ a relatively impartial, “mechanistic” method of 

selecting the optimal regression model for the computing of final, integration 

effort index scores. This is not a trivial task: since GEE does not rely on the 

conventional concept of maximum likelihood estimators, traditional measures of 

goodness-of-fit such as R-square, Akaike Information Condition (AIC) and 

Bayes Information Condition (BIC) do not apply to GEE regressions.  

A quantitative alternative can be found in the Quasi-likelihood information 

condition (QIC). Devised by Pan (2001), QIC redesigns the standard AIC procedure 

to accommodate for quasi-likelihood estimates. After adjusting for the penalty 

term, QIC values of GEE models can be regarded as analogous to what AIC 

values are for standard OLS models. In other words, QIC measures the effective 

explanatory power of a GEE model against the number of its parameters, providing 

an approach capable of comparing GEE model without involving human 

decision-making. 

The QIC values for the two aforementioned models and their reduced alternate 

forms (removing the terms landlock and island) are presented in table 5. For 

comparison, a reduced model with no production term (only population, land 

area and year indicators) is included. The labour productivity model with island 

and landlock indicators included reports the lowest QIC value, and is therefore 

employed for the residual analysis to determine integration effort. Alternative 

models with the population, land area variable or one of the two indicators 

removed are also tested: none report a QIC below 47,600.  

 

Table 5. Comparison of Model QIC Values  

Model GDP GDP 
Labor 

productivity 

Labor 

productivity 
Reduced 

Island/landlock Yes No Yes No No 

QIC 47770.2 49540.5 47600.2 48319.3 54825.9 

 

The residuals of the full labour productivity model are adjusted using 

percentile rank over 2002-2013 and scaled on 0 to 100. Normalized scores of the 
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top ten economies with most integration efforts and the ten economies with least 

integration efforts, as of 2013, are presented in table 6. Viet Nam is the clear top 

performer at 99.3 points. Hong Kong, China and Singapore still rank within the 

top ten at 93.9 and 84.6 points. China and Thailand are not particularly 

well-integrated, but report very high integration effort scores at 96 and 80.5 

points. The Islamic Republic of Iran, Armenia and Timor-Leste have the lowest 

integration effort performance, with scores of 5.5, 3.2 and 2.3 points. 

 

Table 6. Economies with Highest and Lowest Integration Effort Scores, 2013  

Viet Nam 99.3 Tajikistan 22.0 

China 96.0 Bangladesh 14.1 

Hong Kong, China 93.9 Afghanistan 12.5 

Mongolia 93.0 Japan 9.0 

Malaysia 86.0 Pakistan 7.8 

Kyrgyzstan 84.9 Turkey 7.4 

Singapore 84.6 Maldives 5.8 

Thailand 80.5 Iran, Islamic Republic of 5.5 

Cambodia 74.9 Armenia 3.2 

Azerbaijan 73.7 Timor-Leste 2.3 

 

With regard to integration effort index scores, several observations can be 

made. First, the economies that are best-performing in terms of integration effort 

have done so consistently: eight of the ten highest-scoring economies as of 2013 

are among the ten highest-scoring economies in 2002. This is not surprising: 

trade-oriented and investment-driven economies have and will consistent push 

harder towards regional integration. However, this does not suggest a lack of 

improvement. In particular, many economies that were historically weakly 

associated the Asia-Pacific have experience robust growth in integration effort: 

the Russian Federation (26.9 points between 2002 and 2013), Papua New Guinea 

(41.5 points), Georgia (30.2 points) and Australia (52.2 points) are all examples. 

This suggests that as traditional trade-oriented economies such as China and 

Vietnam report steady and robust efforts, other large economies have also recently 

and significantly increased their efforts toward integration.  

The view is however not all bright. 19 out of the 37 dataset economies have 

decreased their integration efforts between 2002 and 2013. There is no evidence 
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of significant positive change in the average integration effort index score during 

the same period, with the simple average of all economies moving from 50 points 

to 51.5 points. A number of the largest Asia-Pacific economies (Turkey, India, 

Japan) do not score well in the index. It appears that similar to integration level, 

integration effort displays high disparity across economies. Given current rates of 

growth in integration effort, it would require more than seven decades (73.9 years) 

for the average economy to match current integration effort of economies in the 

top quantile even under optimistic assumptions about the 2007-2008 drop. 

Therefore, while the region has experience robust integration under current effort 

levels, it is unlikely that the rate of integration will pick up significantly in the 

near future. 

 

 

 VI. CONCLUSION AND POLICY DISCUSSION  

 
In this paper, we provide an index measuring integration efforts of Asia- 

Pacific economies. The index, based on 12 input sources covering a variety of 

economic and social factors, suggests that the region as a whole has become 

moderately more integrated between 2002 and 2013, with index rising on average 

by 0.48 points per year. We conclude that, optimistically assuming that integration 

efforts continue unchanged and that the 2007-2008 slowdown is temporary and 

not reflective of long-term trends, it would take another 15-16 years for the region 

as a whole to reach an average level of integration achieved by the top quantile of 

high-scoring economies over the past decade. However, integration effort and 

outcomes remain highly unbalanced across economies. Economies such as Myanmar 

and Timor-Leste have actually becoming less integrated between 2002 and 2013. 

Our paper further probes into the links between integration scores and domestic 

output, population, size of territory and productivity. Other factors constant, larger 

economies, both by population and by land-area, tend to be less integrated. We 

expect such economies to face greater challenges with regards to integration 

effort. For these economies, extra policy effort is required to introduce market- 

led integrative efforts that naturally exists in small, dense economies. These 

include policies that focus on building productive and exchange linkages across 

borders, and those that push for mobility of factors. Ideally, such policies should 

be coordinated with other economies in the region. Examples include increased 
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intergovernmental quotas on labour mobility, liberalized movement of natural 

persons for services provision, and cross-border infrastructural projects.  

We also estimate the link between labor productivity and integration scores to 

be approximately 3 extra points per doubling of productivity for Asia-pacific 

economies. While the degree of reciprocity in this relationship is unknown, the 

results suggest that economic growth and developments of labor markets are 

tightly linked to regional integration. Integration efforts and effort in generating 

growth, such as trade liberalization, investments in infrastructure, policies related 

to global value chains and the attracting of FDI, should always go hand-in-hand.  

With regard to integration effort, we find a similar unbalance across economies. 

Most of the most robust growth in integration effort seems to come from the 

geographical periphery of the Asia-Pacific: Australia, Papua New Guinea, Georgia 

and Russia are examples. Yet there remain many large Asia-pacific economies 

with low and decreasing regional integration effort. While we note that the integration 

process would likely continue fairly well if current levels of effort are sustained, 

evidence is not in favor of major increases in region-level effort in the near future. 

Economies with deep FTAs and those that participate in binding multilateral 

trading systems (being a member of the WTO, for example) also seem to be 

associated with high or increasing integration effort. Membership in multilateral 

trading systems could, conceptually, serve as a push for comprehensive domestic 

reforms while allowing for expansion of market-led integrative efforts. To 

facilitate regional integration, in particular that of low-income economies in the 

Asia-Pacific which are not yet WTO members, processes for introducing 

economies to such systems perhaps ought to be simplified and streamlined.  
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Appendix 

 

A1. Full Integration Index Score List of Dataset Asia-Pacific Economies 

Economy 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Afghanistan 28.5 31.0 30.2 28.6 28.2 29.9 35.2 38.5 39.3 43.5 30.1 30.4 

Armenia 42.8 46.2 44.9 41.6 43.7 43.7 49.1 43.4 45.0 45.7 43.3 37.4 

Australia 29.7 30.8 43.7 47.0 48.8 51.3 57.3 60.2 56.9 55.8 52.9 49.7 

Azerbaijan 45.3 50.7 55.6 54.5 51.9 52.4 56.0 56.8 56.4 54.9 56.7 59.1 

Bangladesh 30.6 29.9 32.3 33.3 34.0 35.8 32.1 26.7 29.6 36.8 31.5 31.9 

Bhutan 51.1 50.6 49.3 49.9 58.2 52.6 50.0 52.5 53.1 55.9 58.0 54.8 

Cambodia 47.0 55.7 55.9 57.0 51.3 55.3 56.7 60.1 61.4 59.0 55.7 52.5 

China 47.1 47.8 53.8 51.9 49.9 49.3 50.6 53.1 54.5 53.4 51.3 52.6 

Fiji 46.6 48.6 47.3 48.3 53.0 55.4 60.2 55.4 54.2 54.5 56.0 55.9 

Georgia 37.9 37.9 43.9 44.9 47.3 49.6 54.0 46.4 49.3 56.8 57.1 52.1 

Hong Kong, China 84.1 83.0 83.1 84.9 85.0 83.2 84.3 85.7 84.4 83.1 82.6 82.7 

India 23.9 24.5 23.3 23.5 25.8 25.1 23.3 22.8 23.0 29.2 27.9 29.0 

Indonesia 32.1 33.3 39.1 40.1 39.7 39.0 41.8 38.2 39.7 42.0 40.9 38.6 

Iran, Islamic Republic Of 23.2 26.2 27.0 27.6 24.2 26.8 36.7 40.1 37.4 36.6 32.7 28.8 

Japan 39.9 41.3 42.2 42.3 39.3 41.0 43.7 44.7 44.8 45.1 43.9 34.5 

Kazakhstan 46.3 43.7 43.4 43.0 44.2 50.4 54.6 45.0 45.1 50.2 49.2 47.3 

Korea, Republic Of 41.9 46.5 47.2 46.3 51.1 55.2 54.1 55.0 57.4 57.5 55.9 56.6 

Kyrgyzstan 45.4 45.3 50.2 57.2 64.6 65.4 71.2 58.1 58.3 59.9 60.2 60.2 

Macao, China 73.5 79.8 71.7 74.3 80.1 78.4 78.6 71.7 75.9 69.3 74.5 71.5 

Malaysia 53.8 62.5 65.2 65.2 65.5 60.6 66.0 69.5 69.1 67.8 65.7 63.1 

Maldives 53.0 56.0 60.1 63.9 62.6 63.0 62.1 60.8 65.7 62.2 54.2 53.1 

Mongolia 56.0 57.0 67.0 70.9 71.4 69.8 72.3 64.4 62.9 60.2 63.7 62.7 

Myanmar 54.1 47.0 46.5 49.1 47.8 49.9 55.7 55.8 54.2 50.1 42.8 28.1 

Nepal 36.5 38.5 40.6 41.4 46.5 42.2 38.9 37.3 38.4 44.1 46.6 47.1 

New Zealand 54.9 58.0 55.5 54.1 47.7 50.3 60.9 58.2 54.3 61.3 61.6 53.0 

Pakistan 29.8 31.5 29.9 35.9 40.1 39.8 35.8 34.7 36.2 34.6 31.2 26.9 

Papua New Guinea 29.7 30.4 30.0 39.8 42.0 45.1 37.8 44.9 42.8 38.8 46.3 46.1 

Philippines 41.3 44.7 47.4 49.1 49.1 47.3 50.0 48.6 40.8 44.2 42.8 38.4 

Russian Federation 25.2 23.3 25.3 25.4 25.2 33.7 44.3 38.4 41.0 40.8 41.0 37.3 

Singapore 76.7 80.6 82.1 84.6 85.7 84.1 83.1 85.1 83.9 80.6 75.2 80.7 

Solomon Islands 44.2 49.0 51.0 49.8 51.9 55.3 60.7 56.4 64.4 61.2 60.9 56.2 

Sri Lanka 31.4 34.2 42.3 42.3 49.1 48.1 43.8 43.3 48.2 48.8 43.2 42.9 

Tajikistan 42.8 40.3 41.5 42.0 40.9 44.6 44.4 43.7 43.4 42.7 41.7 37.6 

Thailand 51.5 53.7 54.0 53.2 53.5 55.3 58.4 58.6 60.2 58.1 57.9 55.8 

Timor-Leste 52.2 54.3 53.2 55.2 52.9 50.7 44.1 43.8 41.4 37.1 35.2 37.2 

Turkey 18.2 16.6 24.9 29.7 30.8 34.0 32.4 27.9 28.8 29.5 31.0 31.9 

Viet Nam 43.7 50.8 53.4 54.5 54.6 55.2 60.6 58.6 57.7 63.7 65.1 66.1 
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A2. Full Regression Output (with Total GDP, without Productivity)
29

 

 

GEE pupulation-averaged model Number of obs  =  444 

Group and time vars: countrycode year  Number of groups  =  37 

Link: identity Obs per group:  min  = 12 

Family: Gaussian  Obs per group:  avg  =  12.0 

Correlation:  AR(1) Obs per group:  max =  12 

 
Wald chi2(16)  = 223.45 

Scale parameter:  107.33  Prob > chi2  =  0.0000 

(Std. Err. adjusted for clustering on countrycode) 

score5 Coef. 
Semirobust 

Std. Err. 
 z  p>|z| [95% Conf. Interval] 

 lagdp 2.176346 .9666533 2.25 0.024    .28174  4.070951 

 lnpoup -3.480921 1.560633 -2.23 0.026 -6.539706 -.4221358 

lnland  -2.389011 .9071165 -2.63 0.008 -4.166927 -.6110956 

island  -4.670629 3.762493 -1.24 0.214 -12.04498  2.703722 

landlock   -.055387 4.159012  -0.01 0.989   -8.2069  8.096126 

y2   1.77494 .5324785   3.33 0.001 .7313015  2.818579 

y3  3.580543 .8094526   4.42 0.000 1.994045  5.167041 

y4   4.76658  .937881   5.08 0.000 2.928367  6.604793 

y5  5.582168 1.145086   4.37 0.000  3.33784  7.826496 

y6  6.284514 1.167188   5.38 0.000 3.996867  8.572161 

y7 8.171772 1.340635   6.10 0.000 5.544176  10.79937 

y8 6.658928 1.303684   5.11 0.000 4.103754   9.214101 

y9 6.969524 1.368435   5.09 0.000 4.287442   9.651607 

y10 7.311853 1.397828   5.23 0.000  4.57216   10.05155 

y11 5.948233 1.526759    3.90 0.000  2.95584   8.940626 

y12 3.805133 1.671833    2.28 0.023 .5284007   7.081865 

_cons  85.04311 8.136392   10.45 0.000 69.09607   100.9901 

 

 
29 y2 – y12 denote year indicators for years 2003-2013.  
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A3. Full Integration Effort Index Scores of Dataset Economies, 2002-2013  

Economy 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Afghanistan 24.8 25.9 16.2 9.9 6.7 8.5 16.4 33.6 35.9 50.1 8.1 12.5 

Armenia 35.4 39.2 24.1 10.9 12 10.2 17.8 10.4 12.7 13.4 10.6 3.2 

Australia 20.8 16.7 58.9 66.5 69.6 72.1 78.8 87.2 80.2 77.9 74.7 73 

Azerbaijan 56.8 68.2 73.3 67.9 53.1 50.3 56.1 63.5 61.2 55.4 64.5 73.7 

Bangladesh 29 18.7 21.1 19.2 17.6 23.2 7.1 2.5 5.1 22.2 9.7 14.1 

Bhutan 62.6 54.7 40.8 38.2 65.6 41.7 23.8 39.6 40.1 49.4 60.7 56.3 

Cambodia 75.6 88.1 84.2 83.7 71.9 76.7 76.1 85.3 86.7 81.4 77.7 74.9 

China 97.4 96.5 98.3 96.9 91.4 87 85.8 94.6 95.5 92.3 90 96 

Fiji 32.4 31.3 21.3 19.9 34.1 41.2 54 40.3 34.5 33.4 45.4 51.2 

Georgia 27.8 20.6 35.2 32 38 44.3 53.5 28.5 39.4 64.2 69.3 58 

Hong Kong, China 99.5 98.1 96.7 97.2 96.2 90.7 88.6 95.3 92.1 87.7 89 93.9 

India 33.8 27.1 15.3 13.2 15.5 12.2 5.3 6.4 6 19 18 28.3 

Indonesia 47.7 44.7 58.4 57 52.6 47 50.5 42.6 46.8 53.8 54.5 51.5 

Iran, Islamic Republic Of 4.6 6.2 4.4 3.9 0.9 2 13.9 30.1 18.3 14.6 8.8 5.5 

Japan 45.2 41.5 37.1 31.5 17.1 22.7 25.7 36.1 34.3 32.7 32.2 9 

Kazakhstan 75.4 66.3 57.7 51.7 52.2 70.3 73.5 51 49.6 65.4 65.8 64.7 

Korea, Republic Of 38.9 49.1 43.8 35 49.8 62.1 52.4 59.8 67.2 65.1 63.8 70.9 

Kyrgyzstan 69.1 61.7 70.5 79.5 93.7 93.2 97.9 77.4 77.2 79.3 81.6 84.9 

Macao, China 61.4 71.6 36.6 42.9 60.3 51.9 45.9 24.5 37.8 11.8 31.7 26.9 

Malaysia 78.6 92.5 94.4 91.1 89.5 78.1 85.1 95.8 94.8 90.4 88.3 86 

Maldives 15 18.5 26.2 38.7 27.6 26.4 16 17.4 36.4 20.4 4.8 5.8 

Mongolia 91.8 89.3 98.8 100 99.7 98.6 99 94.1 88.8 82.1 91.6 93 

Myanmar 55.7 55.7 55.7 55.7 55.7 55.7 55.7 55.7 55.7 55.7 55.7 55.7 

Nepal 48 48.2 48.7 46.6 61.9 43.1 23.6 22.9 25 46.1 59.3 67.5 

New Zealand 74.2 75.8 68.9 60.5 31 39.9 71.2 68.4 55.2 72.6 74.4 57.5 

Pakistan 29.4 28 14.8 32.9 47.3 43.6 21.8 23.4 26.6 19.4 12.9 7.8 

Papua New Guinea 22.5 15.7 11.3 41 46.4 55.6 19.7 54.9 44.5 25.5 58.7 64 

Philippines 63.1 67.7 70 70.7 68.6 59.6 62.8 63.3 30.6 45 43.3 30.3 

Russian Federation 27.3 14.3 13.6 11.6 8.3 30.8 64.9 50.8 58.2 55.9 60 54.2 

Singapore 86.5 90.9 89.7 92.8 93.5 87.9 82.3 90.2 85.6 78.4 72.3 84.6 

Solomon Islands 42.2 52.9 53.3 44 47.5 57.3 69.8 61 77 71.4 72.8 66.8 

Sri Lanka 9.2 11.1 29.2 25.2 48.9 40.6 16.9 21.5 37.5 36.8 20.1 24.3 

Tajikistan 62.4 45.7 41.9 38.5 29.9 42.4 33.1 37.3 34.8 28.7 29.6 22 

Thailand 83.2 83 80 76.3 75.1 76.5 79.1 82.5 84.4 79.8 81.2 80.5 

Timor-Leste 66.1 67 56.6 59.1 48.4 35.7 7.6 9.5 4.1 0.6 0.4 2.3 

Turkey 0.2 0 1.3 3.4 3.7 6.9 2.7 1.1 1.6 1.8 3 7.4 

Viet Nam 74 81.9 83.5 82.8 80.9 80.7 87.4 86.3 83.9 95.1 97.6 99.3 
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A4. Full Regression Output (with Productivity, without Total GDP)
30

 

GEE pupulation-averaged model Number of obs  =  432 

Group and time vars: countrycode year  Number of groups  =  36 

Link: identity Obs per group:  min  = 12 

Family: Gaussian  Obs per group:  avg  =  12.0 

Correlation:  AR(1) Obs per group:  max =  12 

 
Wald chi2(16)  = 224.87 

Scale parameter:  109.9155  Prob > chi2  =  0.0000 

(Std. Err. adjusted for clustering on countrycode) 

score5 Coef. 
Semirobust 

Std. Err. 
 z  p>|z| [95% Conf. Interval] 

lnproduct 3.041629 1.333519 2.28 0.023 .4279796 5.655278 

 lnpoup -1.472454 1.259557 -1.17 0.242 -3.941142 .9962327 

lnland  -2.317447 .9279232 -2.50 0.013 -4.136143 -.4987512 

island  -3.832489 3.981564 -0.96 0.336 -11.63621 3.971233 

landlock  -.3450306 4.386748 -0.08 0.937 -8.942899 8.252838 

y2  2.021676 .4925941 4.10 0.000 1.056209 2.987143 

y3  3.932245 .766471 5.13 0.000 2.42999 5.434501 

y4  5.10862 .9155795 5.58 0.000 3.314117 6.903123 

y5  6.010816 1.107226 5.43 0.000 3.840693 8.18094 

y6  6.642428 1.151464 5.77 0.000 4.3856 8.899255 

y7 8.394635 1.37536 6.10 0.000 5.698979 11.09029 

y8 6.840849 1.369396 5.00 0.000 4.156881 9.524816 

y9 7.178158 1.455913 4.93 0.000 4.324621 10.0317 

y10 7.631871 1.475874 5.17 0.000 4.739212 10.52453 

y11 6.404941 1.571946 4.08 0.000 3.326983 9.4889 

y12 4.612937 1.600906 2.88 0.004 1.475218 7.750655 

_cons  57.28157 13.55506 4.23 0.000 30.71415 83.84899 

 

 

 
30 y2 – y12 denote year indicators for years 2003-2013.  
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This paper tests the weak-form efficient market hypothesis for Korean industry-sorted 

portfolios. Based on a panel variance ratio approach, we find significant mean reversion 

of stock returns over long horizons in the pre Asian currency crisis period but little 

evidence in the post-crisis period. Our empirical findings are consistent with the fact 

that Korea accelerated its integration with international financial market by implementing 
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I. INTRODUCTION 

 
This paper tests the weak-form efficient market hypothesis for Korean stock 

markets. The weak-form efficient market hypothesis implies that stock returns 

are not predictable using past returns. A well-known alternative to this hypothesis 

is the mean reversion hypothesis stating that stock prices tend to return a trend 

path in the long run. In empirical finance, many studies test the efficient market 

hypothesis, using various empirical methods and data sets, and report mixed 

evidence on the predictability of stock returns, in particular for mean reversion in 

long horizons.  

For example, Fama and French (1988, p. 538) report that “25-45 percent of the 

variation of 3-to 5-year stock returns is predictable from past returns,” using monthly 

data of US stock prices in the 1926-85 period. Porteba and Summers (1988) find 
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similar results of mean reversion over long horizons.
1
 In contrast, Richardson and 

Stock (1989) show that the univariate variance ratio tests employed in previous 

studies are not consistent when the return horizon is large relative to sample size 

and generate negative biases. Once these biases are corrected, they find little 

evidence of mean reversion even in long horizons in contrast to Fama and French 

(1988) and Porteba and Summers (1988).
2
 As summarized in Campbell et al. 

(1997), one difficulty in using long horizon returns (multi-year returns) for 

testing efficient market hypothesis and for detecting mean reversion is the very 

small sample size: standard econometric tests generally lack of power to reject 

the null hypothesis that stock prices follow a random walk process against the 

alternative of mean reversion.  

In this paper, we use panels of KOSPI industry group stock portfolio indexes 

for the period of 1988-2016 and of KOSDAQ industry group stock portfolio 

indexes for the period of 2001-2016. The use of panels mitigates the small sample 

size problems because they contain additional information in cross-industry 

variations. The idea of using a panel data set in testing the predictability of stock 

prices is from Balvers et al. (2000) who examine mean reversion using a panel of 

stock price indexes for 18 countries with well-developed capital markets (16 

OECD countries plus Hong Kong and Singapore) in the period of 1969-1996 and 

find strong evidence of mean reversion. Gropp (2004) also follow Balvers et al. 

(2000) and employ a panel of 16 US industry-sorted portfolios for the period of 

1926-1998 and find evidence of mean reversion in industry stock price indexes. 

Following Fama and French (1988) and Gropp (2004), we use industry group 

stock portfolio indexes, rather than using size-sorted portfolios (classified by market 

capitalization) which have been widely used in previous studies. The reason for 

this selection is related to one key difference between industry-sorted portfolios 

and size-sorted portfolios: stocks with abnormal high or low returns tend to move 

 
1 They employed variance ratio tests to detect mean reversion over long horizons, using monthly 

data of US stock returns in the 1871-1986 period and of seventeen other countries’ stock returns 

in the 1957-1985 period. 
2 Additionally, Lo and Mackinlay (1988) find that US stock returns are positively correlated with 

their past returns using weekly data over the relatively short return horizons of 2-16 weeks. 

Jegadeesh (1991) and Kim et al. (1991) present evidence that US stock returns tend to be 

unpredictable in the post-war period. 
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across portfolios from one year to next in the latter. Therefore, if abnormal 

performance of stocks is caused by temporary shocks, subsequent price reversals 

would be missed and thus detection of mean reversion would be underestimated. 

On the other hand, stocks in general do not move across portfolios in the former. 

To test the weak-form efficient market hypothesis using the panel data sets, we 

use panel variance ratio tests recently developed by Moon and Velasco (2014). 

Variance ratio tests have been widely used to detect mean reversion in long horizon 

returns in various asset markets such as stock and currency markets.
3
 However, 

the use of the tests has been limited only for univariate time series. Further, as 

Richardson and Stock (1989) and Deo and Richardson (2003) pointed out, the 

univariate variance ratio tests face statistical difficulties in particular for testing 

long horizon returns. Recently, Moon and Velasco (2014) develop the panel variance 

ratio tests which resolve those statistical difficulties. In addition, the panel variance 

ratio tests have power advantage against the univariate variance ratio tests since the 

former uses additional information in cross-section variations.  

Based on a panel variance ratio approach, we fail to reject the null hypothesis 

that KOSPI industry-sorted portfolios follow a random walk process during the 

period of 1988-2016. We look into a potential reason by dividing the entire 

sample period into two: the pre Asian currency crisis period of 1988-1997 and the 

post-crisis period of 2001-2016. We find significant evidence of mean reversion 

in industry group stock price indexes in the pre-crisis period, but little evidence 

of mean reversion in the post-crisis period. These results suggest that the Korean 

stock markets have become more efficient after the currency crisis because 

Korean financial markets have closely integrated with the international financial 

markets. For the KOSDAQ industry-sorted portfolios, we strongly reject the 

weak-form efficient market hypothesis because the industry portfolio returns are 

positively correlated with their past returns. Our further investigation reveals that 

the rejection is mainly due to the serial dependence pattern of IT industry stock 

price indexes. By dividing the KOSDAQ sample into two, the general industry 

 
3 See, for example, Cochrane (1988) for US GNP, Porteba and Summers (1988) and Lo and 

MacKinlay (1988) for US stock prices, Liu and He (1991) for nominal exchange rates, and Glen 

(1992) for real exchange rates. 
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group portfolios and the IT industry group portfolios, we find that the rejection 

only occurs in the IT industry group portfolios.  

Our results on the predictability of industry group stock price returns in Korea 

are consistent with Bae (2006) who studied the mean reversion behavior of both 

KOSPI and KOSDAQ indexes using the method of Kim et al. (1998)
4
. He also 

divided the entire sample into two subsamples of the pre-crisis and post-crisis 

periods and reached a conclusion that the mean reversion of the KOSPI index is 

observed only in the pre-crisis period. One key difference between our study and 

his is that we use a panel dataset of industry-sorted portfolios to mitigate the criticism 

of the previous studies regarding the small sample size problems. Hasanov (2009) 

and Narayan and Smyth (2004) also studied the efficiency of the Korean stock 

markets by examining the nonlinearity of the Korean stock price process: Hasanov 

(2009) presents evidence against the weak-form efficient market hypothesis for the 

KOSPI200 index using the nonlinear unit root test developed by Kapetanios et al. 

(2003), while Narayan and Smyth (2004) present supporting evidence using the 

break test developed by Zivot and Andrews (1992). Again, the main difference 

between our study and theirs is the use of a panel approach. 

The remainder of the paper is organized as follows. Section II presents our 

empirical framework: we present a simple econometric model of a stock price 

process and the brief procedure of implementing the panel variance ratio tests. 

Section III describes the panel data of KOSPI and KOSDAQ industry-sorted 

portfolio indexes. Section IV presents our empirical findings and conducts a 

robustness check. Conclusions follow.  

 

II. EMPIRICAL FRAMEWORK 
 

1. Econometric Model of Mean Reversion 

 

In this subsection, we present a typical econometric model of mean reversion 

in stock prices [see, e.g., Summers (1986), Fama and French (1988), and Porteba 

and Summers (1988)]. To capture mean reversion in stock prices over long 

horizons, we model a stock price as the sum of the fundamental value and 

deviations from market efficiency: 

  
i i i

t t tp q z  ,    (1)  
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where
i

tp  is the stock price index of industry i  at time t . 
i

tq  is the fundamental 

value of the stock price index in industry i , which is assumed to follow a 

random walk process:  

 

1 ,i i i i

t t tq a q         (2) 

 

where 
i

t  is white noise and its variance can be different across industries. 
i

tz  is a 

slowly decaying stationary price component which captures some components of 

market inefficiency and assumed to follow an AR(1) process: 

 

1(1 ) ,i i i i i i

t t tz z z          (3) 

 

where 
i

t  is white noise. 
i  is less than 1 and can be different across industries. 

Then, , 1 1

i i i

t t t tR p p    is the continuously compounded realized return between 

period t  and 1t  :  

 

, 1 1 1( ) ,i i i i i i i i

t t t t t t tR p p p q               (4) 

 

where (1 )i i i ia z    , ( 1)i i   , and 1 1 1

i i i

t t t      . i measures the 

speed of reversion to its fundamental value. If the estimate of 
i  is strictly 

negative, we confirm mean reversion. However, there are two problems to detect 

mean reversion in this framework based on the regression approach. One is that 

the fundamental value 
i

tq  is not observable. The other is that if 
i  is close to 

one, the stock price indexes behave like as a random walk at shorter horizons, 

which makes it difficult to detect the mean reversion component. One can easily 

see this by expanding the return horizon. For example, the continuously 

compounded realized return between t+2 and t is:  

 

, 2 2 2 2 2, 2( ) ,i i i i i i i i

t t t t t t tR p p p q           
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where 2 2 (1 )(1 )i i i i ia z      , 
2

2 (( ) 1)i i   , and 1 2 2 1 2.
i i i i i i

t t t t t            

Note that 2

i  is smaller than 
i . And it is straightforward to see that the speed 

of reversion becomes far away from one as the return horizon increases, 

suggesting that mean reversion is likely to be detected at longer horizons. 

However, long-run stock return data is not in general available. To alleviate this 

problem, we use an industry level panel data set which contains additional 

information in cross-industry variations. This is one of the key motivations that 

we consider a panel data set for examining mean reversion of stock prices in long 

horizons. Further, to tackle with the first problem, we employ variance ratio tests 

as described in the next subsection: Variance ratio tests are well suited for our 

purpose in that the tests do not require the use of the fundamental value 
i

tq .
4
  

 

2. Panel Variance Ratio Tests 

 

We briefly present the procedure for the implementation of the panel variance 

ratio tests and refer to Moon and Velasco (2014) for the details. Typically, the 

univariate population variance ratio  jVR q  for stock return in industry j is 

defined by  

 

   ( )  
   (∑

   
   

    
 
)

    (  
 
)

    ∑(  
 

 
)   ( )

   

   

  

 

where      denotes the change in the log of stock returns between period t + l - 1 

and t + l; q an accumulated return horizon; and   ( )     (  
 
     

 
)    (  

 
) is 

the autocorrelation of stock return j between t and t + l.    ( ) must be equal to 

1 for each q if the returns are not serially correlated. Lo and Mackinlay (1989) 

 
4 See, e.g., Porteba and Summers (1998) and Fama and French (1998). Fama and French (1998) 

calculate correlations between ,t t qR   and ,t t qR   for each return horizon 1,q  whose 

calculations apply the same principle of the variance ratio tests. Moon and Velasco (2013) also 

show that the regression method employed by Fama and French (1998) is equivalent to a 

variation of the typical variance ratio tests but the latter is more powerful than the former.  
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show that under the random walk hypothesis,    ( ) has the asymptotic Normal 

distribution with mean 1 and variance 2( 1)(2 1) / 3q q q   for each q. If the 

returns are positively (negatively) autocorrelated,    ( ) should be greater (less) 

than 1. Previous studies examining mean reversion in long horizons are in 

general based on these variance ratio statistics. However, as shown Richardson 

and Stock (1989) and Deo and Richardson (2003), the variance ratios do not 

approach to the asymptotic Normal distribution when q  increases with sample 

size. 

To resolve this problem, Moon and Velasco (2014) develop an econometric 

method which uses information from all    ( ) available in a panel data set 

with N cross section units. To develop the panel variance ratio statistics, they 

consider two cases: the number of cross section units N is fixed; and it is 

increasing. When N is assumed to be fixed, one can construct the following 

statistic,  

 

1( ) ( ( ) 1,..., ( ) 1) '.
2( 1)(2 1) / 3

N N

T
U q VR q VR q

q q q
  

 
          (5) 

 

Note that ( )NU q  represents a vector of t  values of variance ratios for each q . 

Based on this statistic, they derive several statistics to summarize information 

from variance ratios in each cross section. First, based on order statistics, they 

derive maximum and minimum variance ratios in the panel for each q: 

 

( ) max ( ), ( ) min ( ).N NMax q U q Min q U q   

 

They also derive a pooled variance ratio statistic: ( ) ( )pool

w NVR q R U q where

1( ,..., )w NR w w is a weighting vector. One example is an average variance ratio 

statistic with an equal weight 1/ N : ( ) ( ) /M

N NU q U q N . To conserve the space, 

we refer to Moon and Velasco (2014) for the derivation of the asymptotic 

distribution of ( )M

NU q .  

When both the time series dimension T and the cross section dimension N go 

to infinity, they develop another variance ratio statistic to exploit information 

from all    ( ):  
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2( 1)(2 1)/3
1

( ) ( ( ) 1),
N

T
N jN q q q

j

U q VR q
 



       (6) 

 

where ( )jVR q  is calculated using defactorized series obtained from a projection 

of each cross section series on the cross section average return and thus to be 

independent standardized random variable. For deriving this statistic, they assume 

that cross-section dependence is due to the presence of a common factor in 

individual series so that defactorizing the original series can eliminate cross-section 

dependency. They then show that ( )NU q  follows a standard Normal distribution 

with mean 0 and variance 1. In contrast to Richardson and Stock (1989) and Deo 

and Richardson (2003), this statistic still follows a standard Normal distribution 

even when q  increases with T at the same rate, i.e., /q T  , where  is a 

constant number between 0 and 1. One can easily see this by substituting 

/q T   at the limit in equation (6). 

We use two panel variance ratio statistics, ( )M

NU q  and ( )NU q , to examine 

if industry group stock price indexes in Korea contain mean reverting components 

over long horizons. Both ( )M

NU q and ( )NU q  measure standardized mean variance 

ratios, although they are developed under different assumptions of cross-section 

serial dependence and the behavior of N . To improve finite sample properties of the 

asymptotic approximation for those statistics, we use the bootstrap approximation 

to the finite sample distribution developed by Moon and Velasco (2014) who 

show that the above statistics behave well in finite samples, based on Monte 

Carlo simulations. We refer to them for the detailed implementation of the 

method.  

As well known in the literature of panel unit root tests, one difficulty with the 

construction of panel unit root tests is how to deal with cross section dependence 

and heterogeneity. As shown in Moon and Velasco (2014), the asymptotic 

distributions of the above statistics are derived from models where cross section 

dependence is left completely unrestricted and does not require further modelling 

when N is fixed. On the other hand, when N is increasing, a factor approach 

proposed by Pesaran (2007) is applied under the assumption that each individual 

series is correlated with each other due to the presence of a common factor. In 
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this sense, these statistics are well suited for our empirical study since we do not 

have knowledge about the cross-industry dependence of stock returns a priori. 

 

III. DATA 
 

The monthly data are obtained from DataGuide for KSE (Korean Stock 

Exchange) and KOSDAQ (Korean Securities Dealers Automated Quotations) 

industry group stock price indexes.
5
 As explained below, we construct two samples, 

separately, to check robustness of our results: KSE sample and KOSDAQ sample.  

The KSE sample consists of 20 KOSPI industry group stock price indexes. 

The listed firms in Korean Stock Exchange (or the stock market division of the 

Korea Exchange) have been classified into one of the industries according to 

Korea Standard Industry Classification. The industry groups included are as 

follows: Food & Beverages, Textile & Wearing Apparel, Paper & Wood, 

Chemicals, Medical Supplies, Non-Metallic Mineral Products, Iron & Metal 

Products, Machinery, Electrical & Electric Equipment, Medical & Precision 

Machines, Transport Equipment, Distribution, Electricity & Gas, Construction, 

Transport & Storage, Communications, Banks, Securities, Insurance, and Services.  

On the other hand, the KOSDAQ sample consists of 18 general industry group 

stock price indexes and 12 IT industry group stock price indexes. We also divide 

the KOSDAQ sample into two subsamples, general industry group and IT 

industry group, to examine how the mean reversion behavior of stock prices is 

different between the two groups.  

The industry classification in KOSDAQ industry group is different from that 

in KSE industry group. In particular, the former explicitly distinguishes IT 

industry firms from the general industry firms. Further, even for the general 

industry groups, the industry classification is slightly different between KSE and 

KOSDAQ industry groups. We separately consider these two samples to examine 

 
5 We also consider quarterly and yearly data to check the robustness of our results but obtain 

similar results (see Section IV.3).  
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how the different industry classification affects the mean reverting behavior of 

stock returns.
6
  

We study three sample periods: the entire sample period of 1988:02 to 

2016:03, the pre Asian currency crisis period of 1988:02 to 1997:09, and the 

post-crisis period of 2001:01 to 2016:03. We set the beginning of the post-crisis 

period at 2001:01 so that we can compare the results between the KSE sample 

and the KOSDAQ sample more consistently. Note that the data for many of 

industrial stock price indexes in the KOSDAQ sample are only available since 

2001, although the KOSDAQ index is available from 1997.
7
 We consider the 

two subsample periods to take into account of several factors which may affect 

stock price behaviors.
8
 First, Korean financial markets faced significant changes 

right after the Asian currency crisis: Korea accelerated its integration with 

international financial market by implementing extensive capital liberalization. 

According to our sample collected from DataGuide, the data for stock trades in 

Korea by foreign investors started to appear since 1996:02. Our sample further 

reveals that foreign investors actively participated in trading activity since 2000. 

In addition, currency crisis caused structural changes of the Korean economy in 

several dimensions [see e.g., Moon (2015)]. This may have affected fundamental 

values of stocks.  

Table 1 presents some summary statistics for our sample. We calculate the 

averages of the number of stocks per portfolio, of annual returns, of annual 

Sharpe ratios, and of the ratio of market capitalization by foreign investors. For 

comparison, we also present relevant statistics for both KOSPI and KOSDAQ 

indexes. 

For the KSE sample (the entire sample period of 1988-2015), the average of 

the number of stocks in industry-sorted portfolios is 44, the minimum number of 

stocks is 4 (Communications), and the maximum number of stocks is 101 

 
6 This is quite conventional in the literature. For example, Gropp (2004) considers three samples of 

NYSE, NASDAQ, and AMEX in the US, respectively, for studying the behavior of industry- 

sorted stock portfolios.  
7 In particular, most IT specialized companies are added to the IT industry group since 2001.  
8 The results are robust with particular threshold dates: for example, we consider various dates 

around the currency crisis period for dividing the entire sample periods but find similar results. 

These results are available upon request.  
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(Chemicals). For the KOSDAQ sample (the sample period of 2001-2015), the 

average of the number of stocks in industry-sorted portfolios is 45, the minimum 

number of stocks is 6 (Transportation), and the maximum number of stocks is 

269 (IT Hardware). 

 

Table 1. Summary Statistics for Industrial Portfolios 

Source: DataGuide (accessed April 17th, 2016). All the numbers are the averages of industry portfolios. The 

numbers for KOSPI and KOSDAQ indexes are the averages over sample periods. Annual returns and 

Sharpe ratios are calculated using the year end of stock price indexes. 

 

  

 

Number of 

stocks 

per portfolio 

Annual 

return (%) 

Sharpe 

ratio 

Ratio of 

market 

capitalization 

by foreign 

investors (%) 

KSE(1988-2015) 44 2.97 0.50 32.01 

KSE(1988-1996) 58 -2.57 -0.43 NA 

KSE(2001-2015) 43 7.85 0.98 36.01 

KOSDAQ 45 -0.03 0.03 11.21 

KOSDAQ (General) 31 2.61 0.27 8.57 

KOSDAQ (IT) 67 -3.98 -0.32 12.14 

KOSPI Index (1988-2015) 931 2.91 0.46 31.06 

KOSPI Index (1988-1996) 1118 -3.77 -0.52 NA 

KOSPI Index (2001-2015) 896 7.61 1.2 35.14 

KOSDAQ Index 992 -0.26 -0.03 11.05 
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For the KSE sample, the averages of annual industrial portfolio returns are 

2.97% for the entire sample period of 1988-2015, -2.57% for the pre-crisis period 

of 1988-1996, and 7.85% for the post-crisis period of 2001-2015. These numbers 

are comparable with the returns of KOSPI index: its annual returns are 2.91, -3.77, 

and 7.61%, respectively, for the corresponding sample periods. The average of 

annual industrial portfolio returns for the KOSDAQ sample is -0.03% for the 

post-crisis period, which is much smaller than the average portfolio rerun from 

the KSE sample during the same sample period. Further investigation reveals that 

this low return is mainly due to the bad performance of IT industry portfolios: the 

averages of annual industrial portfolio returns are 2.61% for the general industry 

groups and -3.98% for the IT industry groups in the KOSDAQ sample.  

 

IV. EMPIRICAL RESULTS  
 

1. The KSE Sample 

 

Figure 1 displays the results of two panel variance ratio tests, ( )M

NU q  and 

( )NU q , employing monthly 20 KOSPI industry group stock returns. Panel A 

presents the results from the entire sample period of 1988:02-2016:03, Panel B 

presents those from the sample period of 1988:02-1997:09, and Panel C presents 

those from the sample period of 2001:01-2016:03. We set the maximum value of 

return horizon at 120q  months for the entire sample period and at 60q 

months for the two subsample periods. We view that these values are large 

enough to capture mean reversion in long horizons. At the same time, this large 

value will increase the relative size of return horizon q  to the time dimension of 

T  and may cause a negative bias for the estimation of univariate variance ratios. 

Note that /q T  is about 0.36 for the entire sample period and 0.33 for the 

post-crisis period, suggesting that there are about only 3 non-overlapping 

ten-year returns and 6 non- overlapping five-year returns for each stock price 

index. Our panel variance ratio tests mitigate this problem by incorporating 

information from cross-section variations.  
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Figure 1. Panel Variance Ratios of KSE Industry-sorted Portfolios 

 

               ( )NU q                                 ( )M

NU q  

 

A. Entire Sample Period: 1988:02-2016:01 

 

       

 

B. Pre-crisis Period: 1988:02-1997:09 

 

       
   

 

C. Post-crisis Period: 2001:01-2016:03 
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The horizontal axis represents return horizon of q  and the vertical axis 

represents the t  values of the panel variance ratio statistics. There are three curves in 

each box: one with circles displays t  values of variance ratios with respect to the 

return horizon q ; the other two dotted curves are critical values at 5 and 95 percentiles 

of the empirical bootstrap distribution generated from 1000 simulations. We 

reject the null hypothesis that all industrial stock price indexes follow a random 

walk when t  value is greater than the critical value at 95 percentile (at the right tail) or 

less than the critical value at 5 percentile (at the left tail) for each q . The rejection of 

the random walk hypothesis at the left tail implies that some of industry stock 

price indexes contain mean reverting components.  

 

We Observe the Following Results from Figure 1. 

 

 In the entire sample period, the two variance ratios tend to stay between 

the two critical values.  

 In the pre-crisis period, ( )NU q  rejects the random walk hypothesis at the 

left tail for most of q values greater than 18 months. 

 In the post-crisis period, the two variance ratios tend to stay between the 

two critical values. Exceptionally ( )NU q  rejects the random hypothesis 

at the left tail for q values less than 8 months. 

 

These results suggest that the predictability of industry stock returns is 

strongly detected in the pre-crisis period and significantly reduced in the 

post-crisis period. That is, past returns do not predict future returns in the 

post-crisis period, implying that the tests fail to reject the weak-form efficient 

market hypothesis. The third result implies that even if stock prices deviate from 

the fundamental value, these deviations are quickly adjusted to the fundamental 

value (within one year). These results are consistent with the argument that 

Korea’s financial markets have become more efficient since the currency crisis 

due to the significant integration with international financial markets and the 

massive amount of free capital flows.  

We also find that the predictability of stock returns in the pre-crisis period is 

closely related to the mean reversion over long horizons. Specifically, the 

inversed hump-shaped pattern of t  values with respect to the return horizon q  
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is consistent with the mean reverting hypothesis: stock prices contain persistent 

stationary components. For example, as displayed in Panel B of Figure 1, 

( )NU q  is negative over almost all return horizons q , suggesting negative serial 

dependence patterns over q . Further, it tends to decrease over shorter return 

horizons (smaller values of q ), reaches the minimum around 24q   months, and 

then increases beyond it. As in equation (4), when the first order autocorrelation 

coefficient   in the stationary component is close to one, it is difficult to 

distinguish the first differences of stock prices with stationary components from 

those of random walk stock prices. However, the former behave less like random 

walk increments as the return horizon increases. Therefore, it is easier to detect 

mean reverting components by comparing longer first difference variances to 

shorter first difference variances. This is exactly what the variance ratios do for 

large values of q .  

 

2. The KOSDAQ Sample 

 

Figure 2 displays the results of two panel variance ratio tests, ( )M

NU q  and 

( )NU q , employing monthly 18 KOSDAQ general industry group stock returns 

as well as 12 KOSDAQ IT industry group stock returns for the sample period of 

2001:01-2016:03. Panel A presents the results from the KOSDAQ sample which 

contains all 30 industry group stock returns, Panel B presents those from the 

general industry sample which only contains 18 general industry group stock 

returns, and Panel C presents those from the IT sample which only contains 12 IT 

industry group stock returns.  

 

We observe the following results from Figure 2.  

 

 In the KOSDAQ sample, ( )NU q  strongly rejects the random walk 

hypothesis at the right tail for q values less than 36 months.  

 In the general industry sample, two variance ratios tend to stay between the 

two critical values for almost all q values considered. 

 In the IT sample, ( )NU q  rejects the random hypothesis at the right tail 

for q values less than 40 months.  
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Figure 2. Panel Variance Ratios of KOSDAQ Industry-sorted Portfolios 

 

( )NU q                              ( )M

NU q  

 

A. KOSDAQ Sample: 2001:01-2016:03 

       

 

B. KOSDAQ General Industry-sorted Portfolios: 2001:01-2016:03 

       

 

C. KOSDAQ IT Industry-sorted Portfolios: 2001:01-2016:03 
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These results suggest, first, that the behavior of industry stock price indexes in 

the KOSDAQ sample is mainly influenced by the behavior of IT industry stock 

price indexes. The serial dependence pattern of stock returns in the IT sample is 

quite similar to the KOSDAQ sample which includes both general industry and 

IT industry stock price indexes. Second, the serial dependence of IT industry 

stock price indexes is positive over most of return horizons, suggesting that stock 

prices do not revert to the trend even in the long run. Third, the autocorrelation 

pattern of general industry stock price indexes over return horizons is quite 

similar to that of the KSE industry stock returns during the same sample period. 

So, the main difference between the KOSDAQ sample and the KSE sample 

regarding the serial dependence pattern of stock returns comes from the behavior 

of IT industry stock price indexes.  

 

3. Robustness 

 

So far, we have obtained empirical results that the predictability of Korean 

industry group stock price indexes has been significantly reduced after the 

currency crisis. In this subsection, we conduct three additional exercises to check 

the robustness of our results: First, we replace nominal stock returns with real 

stock returns; second, we select different data frequencies; finally, we drop 

industry group portfolios which contain less than 20 firms from our sample. We 

discuss the results from these robust exercises one by one in detail below.  

We begin with our first exercise. Although the weak-form efficient market 

hypothesis does not explicitly state that real or nominal stock returns are 

unpredictable, it may be natural to use real returns for testing it, in particular over 

long return horizons such as multi-year return horizons. For this, we adjust 

one-month continuously compounded nominal returns with the inflation rate of 

the Korean Consumer Price Index (CPI) and then sum to get overlapping 

monthly observations on longer horizon returns.  

Panel A in Figure 3 displays the results of the panel variance ratio test, ( )NU q , 

for the three sample periods, employing monthly 20 KOSPI industry group real 

stock returns. From now on, to conserve the space, we only report the results 

based on ( )NU q  and omit those based on ( )M

NU q . We find that the results 

using real returns are almost identical to those using nominal returns for each of 
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the three sample periods: like as the case of using nominal stock returns, we find 

significant mean reversion for the pre-crisis period and little evidence for the 

post-crisis period.  

 

Figure 3. Robustness Check 

  

     Entire sample period            Pre-crisis period            Post-crisis period 

 

 

A. ( )NU q  of KSE Industry-sorted Real Returns 

         

 

B. ( )NU q of Weekly KSE Industry-sorted Returns 

         

 

C. ( )NU q  of Quarterly KSE Industry-sorted Returns 

         

 

D. ( )NU q  of 15 KSE Industry-sorted Returns 
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In the second exercises, we consider different data frequencies and use weekly 

or quarterly data.
9
 Since the efficient market hypothesis is not limited to a 

particular data frequency, considering various data frequencies will help us to 

check the robustness of the results. The use of weekly data obviously increases 

the size of time dimension, T , while the use of quarterly data decreases its size. 

Accordingly, we change the time unit of the return horizon q . That is, for the 

entire sample period, we have 520q  weeks as the maximum value of q  for 

weekly data and 40q  quarters as the maximum value for quarterly data so that 

/q T  does not change with respect to data frequencies.  

Panel B and C in Figure 3 display the results of the panel variance ratio test, 

( )NU q , for the three sample periods, employing weekly and quarterly 20 KOSPI 

industry group stock returns, respectively. Overall, we find quite similar results 

to the case of using monthly data. We find significant mean reversion over long 

horizons for the pre-crisis period using both weekly and quarterly stock returns, 

consistent with the case of monthly stock returns: ( )NU q  is much less than 

critical values at the 5 percentiles of the empirical bootstrap distribution for q

values greater than two years. For the post-crisis period, we find significant mean 

reversion using weekly stock returns in relatively short return horizons, again 

consistent with monthly stock returns: ( )NU q  is much less than critical values 

at the 5 percentiles of the empirical bootstrap distribution for q values less than 

one year. However, ( )NU q  tends to stay between two critical values of the 

distribution for each q  quarter when quarterly stock returns are considered. 

This may be due to the lack of the power of the test: the size of time dimension is 

significantly reduced for quarterly stock returns.  

In the third exercise, we concern with a potential data snooping bias and 

restrict the minimum number of stocks to be included in a portfolio following 

Fama (1976) who argued that portfolios should contain more than 20 stocks in 

general to obtain gains from diversification. By applying this rule to our KSE sample, 

we drop three industry portfolios such as Medical & Precision Machines, Electricity 

& Gas, and Communications from the sample and merge three finance-related industries 

 
9 We do not consider yearly stock price data since our sample periods considered are too short. 
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of Banks, Securities, and Insurance to form one industry. With this modification, the 

KSE sample now consists of 15 KOSPI industry group stock price indexes.  

Panel D in Figure 3 displays the results of the panel variance ratio test, ( )NU q , 

for the three sample periods, employing 15 KOSPI industry group stock returns. 

For the entire sample period and for the pre-crisis period, we find quite similar results 

to the benchmark case which does not restrict the minimum number of stocks in 

each portfolio. However, for the post-crisis period, we fail to reject the random 

walk hypothesis in contrast to the benchmark case: ( )NU q  stays between the two 

critical values. These results further support our previous conclusion that Korean 

stock markets have become more efficient since the Asian currency crisis.  

 

V. CONCLUSIONS 
 

We test the weak-form efficient market hypothesis for industry-sorted portfolios 

from Korean stock markets. Based on a panel variance ratio approach, we find 

significant mean reversion of KSE industry-sorted stock returns over long 

horizons in the pre Asian currency crisis period but little evidence in the post-crisis 

period. We also conduct several robustness checks and find that the conclusion 

remains unchanged. Our empirical findings are consistent with the fact that Korea 

accelerated its integration with international financial market by implementing 

extensive capital liberalization since the crisis. 
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This paper analyzes the role of absorptive capacity in R&D spillovers through strategic 

R&D investments in a game-theoretic framework. In the model, a firm’s effective R&D 

is composed of idiosyncratic R&D, which produces its own innovations, and identical 

R&D, which improves absorptive capacity. The model shows that in the presence of 

absorptive capacity firms have a tendency to underinvest (overinvest) in idiosyncratic 

(identical) R&D relative to the social optimum. As the spillover becomes larger, firms 

decrease their own R&D while they become more inclined towards strategic 

exploitation of rivals’ efforts. Since the former effect overpowers the latter, the total 

amount of R&D decreases as the spillover increases. This is socially undesirable, 

providing a potential justification for a governmental subsidy for idiosyncratic R&D 

and a tax on identical R&D. The findings may have important implications for newly 

industrialized or emerging countries that consider a redirection of national R&D policy 

and intellectual property rights (IPR) regime. 

Keywords: Absorptive Capacity, R&D, Spillovers 
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I. INTRODUCTION 

 

Technological advantage is one of the key factors to guarantee competitive 

advantage and, by extension, business success. This is the reason why firms engage 

in research and development (R&D). Therefore, a vast literature has been devoted 

to the discussion of firms’ R&D activities. Spencer and Brander (1983) pioneer the 

model of multiple stage strategic investments as a tool to analyze how a firm’s R&D 

investment increases its profits, thereby increasing its market share at the expense 

 
* Korea Institute for International Economic Policy (KIEP), National Research Complex, Sicheongdaero, 

Sejong-si 30147, Korea  

e-mail: ckbae@kiep.go.kr, Phone: +82-2-3460-1208, Fax: +82-2-3460-1077 

ID 

http://orcid.org/0000-0002-2066-853X


192    Chankwon Bae 

ⓒ Korea Institute for International Economic Policy 

of its rival. It is assumed that R&D is undertaken before the production of its 

associated output and firms anticipate the effect of R&D on the output share. 

R&D serves as a commitment or credible threat in their model. Hence the game 

naturally results in overinvesting in R&D relative to the social-cost minimizing 

level, analogously to the prisoner’s dilemma, and the government has an incentive 

to impose taxes on R&D.  

As seen in Spencer and Brander (1983), the strategic interaction between firms 

plays a crucial role in firms’ decision on the levels of their output and R&D. The 

strategic behavior, however, is not a single factor determining market outcome. 

The new information created by a firm’s R&D cannot be exclusively possessed 

by the firm because R&D has partly the nature of a public good. In reality, there 

exist numerous channels through which the information is spilled out. According 

to Mansfield’s (1985) empirical study, detailed information concerning a new 

product and process generally ends up in the hands of rivals within a year, 

through input suppliers and customers, patent disclosures, reverse engineering, 

professional meetings and informal communications networks among engineers 

and scientists, and movement of personnel from one firm and another. It is 

especially true in the context of developing countries with weak intellectual 

property rights (IPR) protection. Since Spencer and Brander’s seminal work, 

many subsequent modifications have been developed to better reflect this characteristic 

of R&D. These models are different in detail, but common in the fundamental 

structure. They consider a firm’s R&D efforts imperfectly appropriable and thus the 

full or partial information on the firm’s R&D results is leaked out to rivals. The 

degree of these spillovers is formalized by the spillover parameter with a range [0, 

1]. In the presence of spillovers, firms have a tendency to free-ride on rivals 

when they make an R&D investment decision. This leads the firms to underinvest 

in R&D.
1
 As a result, whether firms overinvest or underinvest in R&D depends on 

the relative magnitude of the conflicting forces of firms’ strategic actions and the 

spillovers. The conclusion is made, not so surprisingly, as follows: when the 

spillovers are sufficiently large (small), firms underinvest (overinvest) in R&D 

and thus a R&D subsidy (tax) can be justified.
2
  

Most of the existing literature, however, treats the R&D spillovers as virtually 

 
1 See d’Aspremont and Jacquemin (1988), De Bondt (1996), Amir et al. (2000). 
2 See Qui and Tao (1998), Leahy and Neary (1999), Kang (2006), Liao (2007). 
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exogenous. They assume that the level of R&D spillovers is influenced by institutional 

factors such as protection of IPR.
3
 Although some studies try to endogenize the 

spillover by treating the IPR regime as a policy choice,
4
 it is not purely endogenous 

in a sense that firms may still access a revealed portion of the new knowledge 

generated by rivals’ R&D efforts costlessly and use it immediately to reduce their 

production costs. It seems somewhat odd that the amount of spillover from one to 

the other is treated as exogenous. In reality, the spillover is not actually acquired 

costlessly, but instead depends on firms’ ability to evaluate and utilize outside 

knowledge. Cohen and Levinthal (1989) call it “absorptive capacity”. More exactly, 

they define absorptive capacity as an ability to recognize the value of new 

external knowledge, assimilate it, and apply it to commercial ends (Cohen and 

Levinthal, 1990). 

However, technological knowledge which enters the public domain has typically 

been regarded as a free good. Even though the knowledge is a public good, there 

are some costs in processing it. The classic economic literature argues that these 

costs are relatively small compared to the costs of inventing new technology.
5
 

However, Cohen and Levinthal (1989) assert that these costs are not inherently 

small, but rather are determined by the amount of related knowledge that firms 

have, and may be substantial in the long run. They stress that firms cannot 

passively assimilate external knowledge, and instead should invest in their own 

R&D as a basic source of knowledge to absorb the R&D results of their rivals. 

This is the so-called “second face” of R&D. In this sense, absorptive capacity is 

endogenous and so are spillovers. 

Although the importance of absorptive capacity has gained immense attention, 

studies that incorporate absorptive capacity into the model of strategic R&D 

investments are rare. Beginning with Kamien and Zang (2000), only a few 

studies have tackled this problem. These studies divide R&D approaches of firms 

into two categories, narrow (or firm-specific) and broad (or identical). The intuition 

is that in the presence of R&D leakage, firms may choose narrow approaches to 

 
3 Firms can internalize the spillover by forming a research joint venture. In this case the spillover 

parameter may be set to be one. The issue on a joint venture may be another topic for future 

research. In this study I restrict my interest only to the non-cooperative (or competitive) R&D 

game. 
4 See Poyago-Theotoky (1999), Kang (2006), Liao (2007). 
5 See Arrow (1962), Hamberg (1963), Müller (1962) and Nelson (1959). 
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offset exogenous spillovers, while they may choose broad approaches to develop 

connectedness to external sources of knowledge, especially when there is no 

great danger that they are of benefit to rivals (Wiethaus, 2005). This classification 

of R&D may more or less correspond to that of the OECD. The OECD manual 

for surveys on R&D broadly distinguishes R&D into basic research and applied 

research. According to Cassiman et al. (2002) and Hammerschmidt (2009), basic 

research may be interpreted as broad R&D to build up absorptive capacity, as it 

allows firms to learn from knowledge that is externally available and, on the 

other hand, applied research may be understood as narrow R&D to generate 

firm-specific innovations. However, these links are highly ambiguous, and opposite 

links may look more reasonable sometimes. The important thing is that this dichotomy 

between the two research categories may fit reality to some extent. 

The models of strategic R&D investments vary with how to apply these two 

research components to effective research, consisting of their own research and 

exogenous spillovers from rivals. Kamien and Zang (2000), as a pioneer of the 

endogenous absorptive capacity model, introduce a research approach choice 

variable with a range of [0, 1]. If this variable is one (zero) as an extreme case, 

then it corresponds to a strictly narrow (broad) approach. The game is composed 

of three stages, including a first stage where two firms simultaneously choose 

their R&D approaches, a second stage where they simultaneously choose their 

R&D expenditures, and a third stage where they simultaneously choose their 

output levels in Cournot competition. The equilibria of this game appear at the 

extremes, that is to say, in the presence of exogenous spillovers the firms only 

choose purely firm-specific R&D approaches to secure perfect appropriability of 

their R&D investments, while they choose broad R&D approaches only if there 

are no exogenous spillovers. Kaiser (2002a) develops the results of Kamien and 

Zang (2000) by providing various comparative statics. The main result is that a 

decrease in research generality leads to an increase in R&D spending when the 

R&D approach is sufficiently broad or if R&D expenditures are sufficiently high. 

In particular, empirically testable hypotheses are derived from the theoretical 

model, which are tested using German service sector data in Kaiser (2002b). 

Contrary to the findings by Kamien and Zang (2000), Wiethaus (2005) shows 
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that firms may also adopt broad research approaches in the competitive case.
6
 

The basic setting of his model is analogous to Kamien and Zang (2000), but 

slightly differs in the definition of effective R&D. Kamien and Zang (2000) 

assume that a firm’s effective R&D is homogenous of degree one in its own 

R&D. An increase in its own R&D raises the amount of spillover from the rival’s 

R&D. On the other hand, in Wiethaus’ (2005) model, the spillover is determined 

by its choice of R&D approaches and the rival’s R&D investment, but not by the 

amount of its own R&D investment. This difference might result in the 

distinction between the two conclusions.  

Grünfeld (2003) and Hammerschmidt (2009) adopt a different approach from 

the studies above. Grünfeld (2003) defines a spillover variable as a function of its 

own R&D investment and shows that the effect on absorptive capacity of its own 

R&D does not necessarily drive up the incentive to invest in R&D. Hammerschmidt 

(2009) distinguishes explicitly between investments in narrow and broad R&D in 

defining effective R&D. Firms invest both in firm-specific and absorptive 

capacity at the same time. The finding is that firms invest more in absorptive 

capacity when the exogenous spillover parameter is higher. 

In this study I develop a non-cooperative R&D investments model with 

endogenous absorptive capacity. I address the question about how R&D spillovers 

affect strategic R&D activities of firms in the presence of absorptive capacity and 

derive implications for government policies. Following the previous literature, I 

define two different components of R&D, investment in idiosyncratic research 

and investment in absorptive capacity. In the Kamien and Zang (2000) types of 

models, it seems somewhat awkward that the decisions on the amount of R&D 

expenditures and R&D approaches are made at separate stages because both 

decisions should affect the level of absorptive capacity. If a firm’s own R&D 

investment is dropped from the spillover term of effective R&D as in Wiethaus 

(2005), the absorptive capacity is determined solely in the first stage. However, 

this is also awkward. In Grünfeld (2003), the spillover variable is described as 

the sum of exogenous spillover parameter and absorptive capacity. It implies that 

the spillover can be realized even if there is no investment in absorptive capacity. 

 
6 He argues that a firm gains from the adoption of a broader R&D approach as long as its own 

expenditures are not too high in proportion to its rival’s R&D. From the rival’s point of view, a 

broader R&D approach implies lower appropriability and thus reduces the profitability of R&D 

investments. 
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This is contradictory to the idea of absorptive capacity. Hence I assume that firms 

invest in the two types of R&D in the same stage, as suggested in Hammerschmidt 

(2009). Idiosyncratic research directly reduces one’s own marginal cost, while its 

results leak out to the public domain very quickly and thus may help reduce the 

rival’s marginal cost. Broad research indirectly reduces the marginal cost by 

enhancing the ability to assimilate and exploit externally available technological 

information. Since the model is set up as a Cournot duopoly, carrying out broad 

R&D is equivalent to investing in research projects identical to a rival’s.  

Unlike previous studies, the model is described with general functional forms 

for flexibility in its application. In particular, the assumption of perfect substitution of 

products is relaxed to allow for more flexible market structure. Moreover, it is 

assumed that the actual R&D spillover rate is determined not only by regulatory 

factors, as usual, but also by technological similarity between firms. At the 

extreme end, where the two firms produce completely different products, it 

implies that there is nothing to learn from each other and consequently the 

spillover term should be zero. As a more important innovation, this study includes 

the government sector in the model to examine what should be the government’s 

role in the presence of the two types of R&D and discusses how the existence of 

spillover and absorptive capacity affects firms’ strategic motive for R&D investments 

in analyzing the results of the models. 

The game proceeds along the framework of Spencer and Brander (1983) as 

follows: in the first stage of the game firms simultaneously choose the level of 

R&D and makes decisions as to how to balance it between the two types of R&D. 

In the second stage firms observe the results of the first stage and engage in 

Cournot competition. The game is solvable with backward induction to obtain a 

sub-game perfect Nash equilibrium (SPNE). Finally, I introduce the role of 

government into the model. This expands the game to three-stages. In the first 

stage the government announces its subsidy (tax, if negative) rates for the two 

types of R&D. In the second and third stage firms decide their R&D and output 

levels respectively, responding to the government policies. 

The rest of this paper is organized as follows. The next section describes a 

spillover model that allows for absorptive capacity. In particular the market 

demand is characterized by a general functional form rather than the simplest 

linear form. Sections III and IV provide equilibrium output and R&D investment 

solutions respectively for the non-cooperative symmetric game and present 
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comparative static analyses. Section V discusses optimal R&D policies introducing 

the government sector in the model. Section VI shows an example of a simulation. 

Finally, section VII summarizes the findings and makes concluding remarks. 

 

II. THE MODEL 

 

I suppose that there are two one-product firms producing product i and j 

respectively in a market. The firms produce differentiated products and compete 

by setting quantity. Demand for the goods is given by the general inverse demand 

function: 

 

( ), 0,i i j ip p q q p         (2. 1) 

 

where ip  is the price of product i, and iq  and jq  denote the quantity of 

product i and j respectively. The parameter   represents a measure of 

substitutability of the two goods, ranging [0, 1]. If 0  , the two varieties are 

independent of each other in demand. As   approaches one, the varieties 

become closer and closer substitutes, and they all become perfect substitutes 

when 1  . I assume that ip  is decreasing and is twice continuously 

differentiable, with 0i i ip q p    ,
7
 as usual.  

Initially the firms have a constant and identical marginal cost, which means 

that it is independent of the production level. They can reduce their marginal cost 

through investing in R&D as the game progresses. The assumption is that the 

firms will invest in two types of R&D, idiosyncratic (firm-specific) and identical 

(broad), as in Hammerschmidt (2009). This classification reflects the nature of 

R&D, which not only generates a firm’s own innovations but also improves the 

ability to absorb the knowledge transferred from its rival. In other words, each 

firm lowers its marginal cost by conducting its own research and at the same time 

 
7

 This assumption holds in most cases: in a linear demand with ( ),i i jp a b q q      

0,i i ip q p b       in a concave demand with 
2( ) ,i i jp a b q q    2 (2 ) 0,i i i i jp q p b q q        

and finally in a convex demand with ln( ),i i jp a b q q    
2/ ( ) 0.i i i j i jp q p b q q q         
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by enhancing its absorptive capacity to effectively imitate the rival’s successful 

innovations.  

The results of idiosyncratic research are leaked to the rival at a rapid rate 

through various channels as revealed by Mansfield’s (1985) empirical work. It is 

assumed that a firm’s own successful innovations flow out to the public domain 

at a rate of  . Consequently, the effective R&D of firm i is characterized by  

 

( ) ,s t s

i i i jx x x x           (2. 2)   

 

where , 1,2i j   and i j . 
s

ix  and 
t

ix  are the investments in idiosyncratic 

and identical research respectively. ( )   describes absorptive capacity of firm i 

as a function of t

ix  and is placed in the range of [0, 1] for all t

ix . As firm i 

increases t

ix , the level of its absorptive capacity should also increase, but at a 

decreasing rate due to the property of diminishing returns to investment. Hence it 

is assumed that ( )   is twice continuously differentiable, increasing, and strictly 

concave in t

ix , i.e. 0    and 0    for all t

ix . Furthermore, it is required 

that a firm cannot realize the spillovers from the rival if it does not invest in t

ix . 

As a firm increases t

ix , it can approach full appropriability of spillovers, while 

the marginal productivity of t

ix  nears zero as t

ix  approaches infinity. Additionally, 

the following conditions need to be assumed: (0) 0, (0) ,     and 

( ) 0.     As a result, if ( ) 1,t

ix   then the R&D spillovers are costless to 

obtain, and on the other hand, ( ) 1t

ix   suggests the absorptive capacity case of 

R&D spillovers.  

The parameter   is exogenously determined by regulatory factors such as 

intellectual rights protection and satisfies the range of [0, 1]. In addition, I 

consider that it should be easier for a firm to utilize its rival’s successful 

innovations when they produce technologically similar products. The 

technological proximity between the two firms is captured by the parameter  . 

As their technologies become more substitutable, the firms can internalize the 

spillover from each other at a lower cost. If   or   is set to be zero, then the 
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rival’s unique knowledge is not appropriable, while it is perfectly accessible only 

if the two have attained unity, but not necessarily used because absorptive 

capacity itself may be costly. As a consequence, the actual strength of the 

spillover is determined endogenously by the level of absorptive capacity in the 

model. 

Assuming that the effective R&D of equation (2. 2) reduces the unit cost of 

production through the knowledge production function f, then the marginal cost 

of firm i is given by 

 

( ),i iMC c f x          (2. 3) 

 

where c is the initial marginal cost, which is constant, and is large enough such 

that iMC  is positive, which means ( ) .if x c  Similarly with the properties of 

 , it is assumed that 0f    and 0f    for all ix  and ( ) 0f     and 

(0)f    .  

The model describes the interactions between two firms using a two-stage, 

one-shot non-cooperative game. In the first stage of the game, each firm 

simultaneously chooses how much to spend on each R&D. In the second stage, 

each firm observes the level and combination of the rival’s R&D investments and 

engages in Cournot competition, iq  and jq . Since R&D projects are launched 

prior to the production of output and the firms anticipate impacts from R&D on 

their output and profit, R&D acts as a credible threat in this game. The second 

stage solution is written as a function of the optimal levels of the two types of 

R&D given in the preceding stage. Hence the subgame perfect equilibrium 

outputs and R&D investments are seen retreating from the second stage to the 

first stage. I focus on symmetric solutions to simplify the analysis. 

 

III. SECOND STAGE (OUTPUT STAGE) 

 

Each firm seeks to maximize its profit function, which is given by 

 

[ ( ) ( )] ( ),s t

i i i j i i i ip q q c f x q x x              (3. 1) 



200    Chankwon Bae 

ⓒ Korea Institute for International Economic Policy 

where , 1,2i j   and ,i j  and ( ) ( ( ) ).s t s

i i i jf x f x x x    Given the pairs 

of the two types of R&D, ( , )s t

i ix x , then firm i chooses output qi that maximizes 

equation (3. 1), leading to the following first order conditions: 

 

( ) 0,i
i i i i

i

p q p c f x
q


     


 where 1,2.i        (3. 2) 

 

Suppose that 
2 2/ii i iq     and 

2 / .ij i i jq q      2 0ii i i ip q p       by 

the second order conditions of profit maximization, and ( ) 0ij i i ip q p       

because of strategic substitution of outputs. Then, the stability condition is 

satisfied, which means that the Jacobian determinant of the profit function is 

positive, i.e. 1 0.ii jj ij jiJ        The two first order conditions of equation 

(3. 2) can be solved to draw the Cournot-Nash equilibrium outputs and profits, 

denoted by 
*( , )s t

i i iq x x  and 
*( , ),s t

i i ix x  1,2.i    

I now examine how changes in R&D investments affect the market outcomes. 

First, I look at the effect of a change in the amount of investment in idiosyncratic 

research 
s

ix . Differentiating equation (3. 2) with respect to 
s

ix  gives    

 

*

* ( )

s

ii ij ii i

ts

ji jj j jj i

fq x

f xq x

 

   

      
            

, 

 

and solving them for 
* s

i iq x   and 
* s

j iq x  , then I have the following 

comparative statics with a symmetric property of outcomes: 

 
*

1

1
( ) 0,ti

ij jjs symm
i

q
x f

x J
   


     

      (3. 3) 

 
*

1

1
( ) ,

j t

ji iis symm
i

q
x f

x J
   


    

     (3. 4) 
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** *

1

1
( )(1 ( ) ) 0.

j ti
ij jjs s s symm

i i i

qQ q
x f

x x x J
   

 
          

   (3. 5) 

 

Since the stability condition implies 
jj ij   in the symmetric case, equation 

(3. 3) is always positive, so an idiosyncratic R&D increases its own output 
*.iq  It 

means that the more research a firm conducts on its own behalf, the lower its 

marginal cost, leading to higher output. However, a higher output for one firm 

implies a decrease in the rival’s output, whereas in the presence of spillovers an 

increase in its idiosyncratic research also reduces the rival’s production cost, 

resulting in a higher rival’s output. Its effect on the rival output 
*

jq  is determined 

by the relative magnitude of these two conflicting forces, which depends on the 

strength of spillovers realized by the magnitude of , ,   and ( ).tx   

Equation (3. 4) can be rewritten as  

 
*

1

1
( ) ( 2 ) ( ) .

j t

s symm
i

q
p q p p q p x f

x J
  


          

 

 

In the above equation, if ( )tx   is large enough (small enough) so that the 

bracket above is positive (negative), then equation (3. 4) is positive (negative). 

Given a large spillover, the spillover effect dominates the own effect and 

accordingly an increase in s

ix  raises 
*

jq . The presence of an absorptive capacity, 

however, requires a higher critical rate of exogenous spillover to derive the 

favorable effect of one’s own research on the rival’s output, because of the 

imperfect assimilation of the rival’s externally exposed knowledge ( 1)  . 

Nonetheless, the aggregate industry effect of 
s

ix  is not ambiguous. Since 

0ij jj    in equation (3. 5), the market output 
*Q  always increases with an 

expenditure on 
s

ix  irrespective of whether the exogenous spillover rate and the 

absorptive capacity are large or small. In summary, I have 
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Result 1. If ( ) ( 2 )p q p p q p         , an increase in idiosyncratic R&D 

expenditure by a firm raises both its own output and its rival’s output. On the 

other hand, if ( ) ( 2 )p q p p q p         , it leads to a higher own output 

and a lower rival output. The industry aggregate output is always boosted by 

one’s idiosyncratic research. 

 

A firm’s knowledge in the public domain is no longer a free good in this 

model. On the part of the firm the existence of absorptive capacity implies a 

decrease in the rival’s use of its own spilled-over knowledge. This results in 

decreasing its own output loss caused by the leakage of knowledge to the rival. 

At the same time its own absorptive capacity makes it difficult to utilize the 

knowledge created by the rival. The first term of equation (3. 3) and the second 

term of equation (3. 4) capture these effects of absorptive capacity. As a result, 

comparing the case of absorptive capacity ( 1)   to the case where firms 

obtain the rivals’ specific knowledge ( 1)   without cost, then I obtain  

 

* *

1 1

i i

s s

i i

q q

x x
  

    
   

    
 and 

* *

1 1

j j

s s

i i

q q

x x
  

    
          

    (3. 6) 

 

Next, I analyze how the individual firm’s output and the industry aggregate 

output at the second stage equilibrium react to a change in the firm’s investment 

in absorptive capacity in the first stage. Similarly, differentiating equation (3. 2) 

with respect to 
t

ix  yields  

 

*

*

( )

0

t t s
ii ij i i i i j

t

ji jj j i

q x f x x

q x

   

 

       
          

, 

 

and solving it for 
* t

i iq x   and 
* t

j iq x   and using symmetry, then I get 

 
*

1

1
( ) 0,t si

jjt symm
i

q
x x f

x J
  


      

  

  (3. 7) 



 R&D Spillovers with Endogenous Absorptive Capacity: Lessons for Developing Countries    203 

ⓒ 2016 East Asian Economic Review 

*

1

1
( ) 0,

j t s

jit symm
i

q
x x f

x J
  


     

      (3. 8) 

 
** *

1

1
( ) ( ) 0.

j t si
ji jjt t t symm

i i i

qQ q
x x f

x x x J
   

 
          

   (3. 9) 

 

The effects of t

ix  on outputs are quite obvious. Equations (3. 7) and (3. 8) show 

that increasing expenditures to enhance absorptive capacity leads to a higher own 

output while shrinking the rival’s output. Similar to the effect of 
s

ix , however, in 

equation (3. 9) the industry aggregate output level always increases when one of 

the firms increases its investment in identical research. Improving absorptive 

capacity directly increases own output, whereas an increase in own output 

indirectly affects the rival’s output by depressing the market price. Unless the 

price change does not perfectly reflect the increase in own output, the industry 

aggregate output always enlarges with t

ix .   

While the spillover parameter   is fixed in this model, an actual value of   

may be changeable according to the extent of the government’s IPR protection. 

To show how the output level is changed when the government loosely or tightly 

enforces IPR protection, differentiating equation (3. 2) with respect to  , then  

 
**

( ) .
j t si

ii ij i i j

qq
f x x   

 


   

 
 

 

With symmetry, I get  

 
* 1

( ) 0.
( )

t s

symm
ii ij

q
f x x 

  


      

    (3.10) 
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Equation (3.10) is always positive and accordingly, if the government loosens 

IPR protection enforcement (higher  ) in the second stage of the game, it can 

increase industry output.
8
  

In the rest of this section I take a tractable example to provide a better 

understanding of second stage outcomes of the game. Suppose that the two firms 

face a linear demand function, which is given by  

 

( ).i i jp a b q q           (3.11) 

 

The maximization problem for firm i is then described as  

 

max [ ( ) ( )] ( ),
i

s t

i i j i i i i
q

a b q q c f x q x x         

 

leading to the following first order conditions: 

 

2 ( ) 0,i
i j i

i

bq b q f x
q


 


     


    (3.12)  

 

where 0a c     to ensure positive outcomes. The profit function is strictly 

concave in quantity and the second stage solutions are stable because the second 

order and stability conditions are satisfied as follows: 

 

2 0, 0,ii ijb b         and 
2 2(4 ) 0.ii jj ij ji b         

 

The optimal output follows from the first order conditions: 

 

2

*
2( ( )) ( ( ))

.
(4 )

i j

i

f x f x
q

b

  



  



     (3.13)

 
 

 
8 Equation (3.10) represents the impact of an increase in β on q*, after a firm’s investments in xs 

and xt are already made. However, if the level of β is revealed before the firm invests in xs and xt, 

the results can vary because a change in β affects the firm’s decision on investments in xs and xt. 

This is discussed in section IV. 
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With symmetry the comparative statics for expenditures on 
s

i
x  and 

t

i
x  are 

presented in equations A1.1 through A1.6 of appendix 1. In equations A1.1 and 

A1.3 the effects of 
s

i
x  on the own output and on the market output are always 

positive and the results from equations (3. 3) and (3. 5) are confirmed. As seen in 

equation A1.2 the direction of the effect on the rival’s output is determined by 

the sign of the parenthesis. Comparing it to the costless case, I confirm that 

inequalities in (3. 6) hold and the introduction of absorptive capacity increases 

the critical rate of   to / 2  , which is greater than / 2   in the costless 

case. As a result, I obtain 

 

Result 1.1. When the demand function is specified by equation (3.11), the critical 

rate of exogenous spillovers in equation (3. 4) is given as / 2  . An increase 

in idiosyncratic research by a firm leads to a higher (higher) own output and a 

higher (lower) rival’s output if and only if / 2    ( / 2 )   . 

 

Equations A1.4 through A1.6 present a linear demand version of the effects of 

investment in t

i
x . Since the positive effect of t

i
x  on the own output is stronger 

than its negative effect on the rival output, as given in equations A1.4 and A1.5 

respectively, an improvement in absorptive capacity increases the total output 
*Q . 

 

IV. FIRST STAGE (R&D STAGE) 

 

In the first stage of the game, firm i simultaneously chooses its level of the two 

types of R&D investments s

i
x  and t

i
x  to maximize its own profit. Firm i is 

conscious of the dependence of output on their R&D efforts. Given the solutions 

to the second stage problem, the first stage profit function can be defined as 

 
* * * *[ ( ) ( )] ( ), , 1,2s t

i i i j i i i i
p q q c f x q x x i j         and i j  (4. 1) 

 

with the associated first order conditions 
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**
* 1 0,

ji
i i is s

i i

q
f p q

x x




 
      

   
     (4. 2) 

 

**
*( ) 1 0.

jt si
i i j i it t

i i

q
f x x p q

x x


  

 
       

   
      (4. 3) 

 

Similar conditions holds for firm j. In equation (4. 2) the first term represents the 

effect that a firm’s idiosyncratic research increases its profit by directly reducing 

its marginal cost. At the same time the firm’s efforts to create firm-specific 

innovations reduce the rival’s marginal cost through the spillover. The second 

term of equation (4. 2) is rewritten as 
1

1 ( ( ) )t

i ji ii j jJ p x f         by equation 

(3. 4), and in the equation above the second term of the parenthesis catches the 

spillover effect of own research. I observe that the effect of its own R&D is 

weakened by outflows of knowledge to the rival, depending on the rival’s 

absorptive capacity and regulatory and technological factors. Similarly, the term 

in the bracket of equation (4. 3) captures the positive effect of the rival’s 

externally available idiosyncratic innovations.  

These first order conditions provide useful insight into the firms’ strategic 

behaviors associated with incentives for R&D. Similar to Qui and Tao (1998), I 

divide equations (4. 2) and (4. 3) into the following two parts: 

 
**
ji i i

s s s

i i j i

q

x x q x

     
 

   
              (4. 4) 

 
**
ji i i

t t t

i i j i

q

x x q x

     
 

   
     (4. 5) 

 

As seen in equations (4. 4) and (4. 5) above, the first order derivatives of profit 

function with respect to the two types of research consist of the two motives, 

profit and strategic. In each equation, the former suggests the profit motive, 

which means that a firm’s R&D increases its profit directly by reducing the 
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production cost. The latter catches the strategic motive that the firm’s R&D has 

an indirect impact on its profit through changing the rival’s output.  

The strategic motive for idiosyncratic research s

ix  could be either positive or 

negative in equation (4. 4). The sign of this term is determined by * s

j iq x  , 

which is given by equation (3. 4). As mentioned in the previous section, when the 

realized spillover rate is small enough, 
* s

j iq x   is negative and consequently 

the strategic motive is positive. The first order conditions then suggest that the 

firm is overinvesting in its own R&D. On the other hand, if the spillover is large 

enough, then the firm is underinvesting in s

ix .
9
 In Spencer and Brander (1983) 

the absence of spillovers results in overinvesting in R&D because the strategic 

motive is always positive, while in this model whether firms overinvest or 

underinvest is uncertain and actually relies on the magnitude of  ,  , and  . 

However, it is obvious that firms are likely to invest more in s

ix  in the presence 

of absorptive capacity ( 1)   when compared to the costless case ( 1).    

In equation (4. 5), meanwhile, firms have an incentive to overinvest in 

identical research t

ix  because an improvement in absorptive capacity reduces 

the rival’s output. Since   is increasing ( 0)    and concave ( 0)    in 
t

ix , a smaller t

ix  implies a bigger incentive to invest in t

ix  As    approaches 

zero, the incentive for investment in t

ix  disappears. As a consequence, together 

with the statements in results 1 and 1.2, I obtain 

 

Result 2. If ( ) ( 2 ) ( )p q p p q p            , a firm has an incentive 

for overinvestment (underinvestment) in idiosyncratic R&D. Considering the 

linear demand of equation (3.11) the critical rate of   is given as / 2  . On 

the other hand, a firm always has an incentive for overinvestment in identical 

R&D.  

 

 
9 As a result, the government’s R&D subsidy for firm-specific research may be justified when the 

spillover is sufficiently large. A discussion of R&D policy will take place in the next section in 

detail.   
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The first order conditions of equations (4. 2) and (4. 3) also describe how firms 

should distribute their R&D resources between the two types of research s

ix  and t

ix  

in the first stage of the game. Setting the two equations equal gives 

 

 
* *

( ) 0
j jt s

i i i j i s t

i i

q q
f f x x p

x x
  

  
           

      (4. 6) 

 

Since the effect of t

ix  on the rival’s output is always negative, the second term 

of equation (4. 6) is negative if 
* s

j iq x   is positive. It implies that the first term 

should be positive when the spillover of s

ix  is large enough. In other words, if  

( ) ( 2 ) ,p q p p q p          then the firms should split their R&D budget 

between s

ix  and 
t

ix  to be ) ,t s

i i i jf f x x      which means that the 

marginal productivity of s

ix  is greater than that of t

ix . As a result, with a large 

spillover the firms tend to allot their R&D resource to t

ix  rather than s

ix  and 

ultimately they are likely to underinvest in s

ix , but overinvest in t

ix . This result 

accords with the analysis in the preceding paragraph.  

Equations (4. 2) and (4. 3) jointly determine the firms’ optimal R&D 

investments and the corresponding profits. In the symmetric case, firm subscripts 

can be suppressed. Before solving the equations, I impose the following 

assumption on the profit function for the sake of guaranteeing the existence of 

solutions to the first stage problem: 

 

Assumption 1. In the symmetric case the profit function is strictly concave in sx   

and 
tx , satisfying both second order and the stability conditions, i.e. 

 

* 0kl   for ,k l  where 
2 *

*

kl k lx x






 

 for , ,k l s t  and 
* * * *

2 0.ss tt st tsJ        

 

Together with the assumption above, equation (4. 6) yields the equilibrium 

amount of idiosyncratic research 
*sx . As presented in equation (4. 7) the optimal 
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spending on sx  is specified as a function of research injected to improve 

absorptive capacity and the other parameters: 

 

 
*

1

1
.s ii

ij

p
x

p J

 

   


 

   
         (4. 7) 

 

Partially differentiating equation (4. 7) with respect to   provides the 

comparative static for a change in the exogenous spillover rate at a certain level 

of absorptive capacity. According to De Bondt (1996), Poyago-Theotoky (1999), 

and Kang (2006), an increase in   lowers the equilibrium expenditure on sx

when the level of absorptive capacity is fixed. In the model of endogenous 

absorptive capacity, however, the impact of   on sx  are no longer 

determined unilaterally because a change in   affects the optimal amount of 

investment in absorptive capacity .tx  In consideration of this, totally 

differentiating equations (4. 2) and (4. 3) with respect to 
s

ix , 
t

ix  and  , then 

in the symmetric case, I have 

 
** *

** *
,

s

sss st

t

ttt ts

x

x





  

  

    
           

 where 
* 2 * ,k

k x       , ,k s t  

 

leading to the following comparative statics: 

 

 * * * *

2

1s

st t tt s

x

J
    




 


 and  * * * *

2

1
,

t

st s ss t

x

J
    




 


 (4. 8) 

 

where 
* 0kl   for , , ,k l k l s t   and 

2 0J   by assumption 1. It seems 

that 
* 0st   for k l  because of strategic substitution between 

sx  and 
tx .

10
 

Hence I obtain 
 

 
10 If the demand function is specified, a condition for strategic substitution can be drawn. I will 

draw this condition in the linear demand case later.  
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Result 3. When sx  and tx  are strategic substitutes, i.e. 
* 0st  , it is sufficient 

for 0sx     and 0tx     that 
* 0s   and 

* 0t  . 

 

In result 3, the strategic substitution between sx  and tx  implies that an 

increase in tx  leads to an increase in the rival’s use of own innovation sx  and 

consequently a decrease in productivity of sx . The conditions for   may be 

very natural because an increase in   improves the return on investment in 

absorptive capacity while reduces profitability of investment in idiosyncratic 

research, due to a larger leak-out of its results to the rival.  

Result 3 suggests that equation (3.10) is not valid any longer if the rate of   

is revealed before the firms’ decisions on sx  and tx  are made. For instance, if 

the government announces the level of its IPR protection in the preceding stage, 

the firms can respond to the change by adjusting the amounts of sx  and 
tx . In 

this case, equation (3.10) should be changed as follows: 

 

* 1
(1 ) (

( )

s t
s

symm
ii ij

q x x
x f    

    

   
        

    
   (4. 9) 

 

Equations (3.10) and (4. 9) imply that when the government intentionally 

increases the level of   by loosening IPR protection enforcement, it can boost 

the industry output in the short term while its long run impact is not clear. If an 

increase in   significantly reduces the amount of sx  so that the sign of the 

bracket in equation (4. 9) becomes negative, then it eventually leads to a decrease 

in the industry output.
11

 

 
11 After firms make their investments, increasing β apparently raises q*, however, increased β also 

has a negative impact on firms’ investment xs in the next period, making the overall effect on q* 

ambiguous. In this regard, a simulation result is presented in section VI. It shows that the effect 

of an increase in β on q* is negative. For another parameter, a similar equation can be drawn. 

However, equation (4. 9) has a special meaning to the point that the degree of β is manageable 

by the government. 
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I now continue the example started in the previous section and derive a linear 

demand version of the results in this section. Using the second stage outcomes of 

equation (3.13), the first stage profit function becomes  

 

2
*

2 2

1
(2 ) 2 ( ) ( ) ( ),

(4 )

s t

i i j i if x f x x x
b

   


       
   (4.10) 

 

The amounts of 
s

ix  and 
t

ix  that maximize equation (4.10) can be derived from 

the following first order conditions: 

 
*

2 2

2
(2 ) 2 ( ) ( ) 2 ( ) 1 0,
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i j i j js
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x b
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 (4.12) 

 

It is supposed that assumption 1 is satisfied and thus the first stage profit 

function is strictly concave in 
s

ix  and t

ix .
12

 Then the symmetric solution to 

investment in idiosyncratic research is described as a function of t

ix  as follows: 

 

   * 2
.

2

sx
   

  





          (4.13) 

 

Equation (4.13) represents the linear demand version of equation (4. 7). Partially 

differentiating it with respect to  , then  

 
*

2

1
0

sx

   


  

 
        (4.14) 

 
12 In the linear demand case assumption 1 is shown in appendix 2. 
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Thus I confirm that an increase in the exogenous spillover rate has a negative 

effect on 
s

ix  at a certain level of absorptive capacity.  

I next derive the condition for result 3 in the case of linear demand. The second 

order conditions require 
*

ss  and 
*

tt  (equations A2.1 and A2.2 in appendix 2 

respectively) to be negative. For 
*

ss  to be negative, 
2 (2 )( )f f f       

should be negative because 
2 2 2 2 2 2 2 2(2 ) 2 2 .               

Furthermore, 
22 (2 )( )f f f       being negative is a sufficient 

condition that 
*

tt  is negative. It implies a sufficiently high curvature for the 

knowledge production function f. In other words, if 2 ( )f f f      

(1/ 2) ( ) ,f f    then the second order conditions are satisfied, and 
*

st  

(equation A2.3 in appendix 2) automatically has a negative sign, which means 

that 
sx  and 

tx  are strategic substitutes. To sum up, I have 

 

Result 3.1. When the demand function is specified by equation (3.11), the second 

order conditions of the first stage profit maximization problem are satisfied, and 
sx and 

tx  are strategic substitutes if the concavity of function f is strong 

enough so that 2 ( ) (1/ 2) ( ) .f f f f f          

 

I now look at the second order derivatives of the profit function with respect to

 , which are stated in appendix 3. It is easy to see that 
*

s  (equation A3.1) 

should be negative if the second order conditions are satisfied. However, the sign 

of 
*

t  is not evaluated in a simple way. An increase in the exogenous spillover 

rate improves productivity of investment in absorptive capacity 
tx , whereas the 

increased total amount of effective R&D weakens the effect. Hence the sign of 
*

t  (equations A3.2) depend on the relative magnitude of these two conflicting 

impacts. Finally I obtain the following condition under which the optimal 

expenditure on idiosyncratic research 
sx  (absorptive capacity 

tx ) decreases 

(increases) as the exogenous spillover parameter increases: 
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Result 3.2. Given Result 3.1, the comparative statics for a change in the 

exogenous spillover rate are given by  

 

0
sx







 and 0

tx







 if 

2 1
( ) ( ) .

s
f f f f f

x
 


        

 

V. R&D SUBSIDY 

 

In this section I examine the impact of government intervention on firms’ 

R&D activities. Introducing the government sector extends the model into the 

three-stage game. I assume that the government maximizes social welfare by 

improving the knowledge base of its country. Suppose that the government is 

interested in subsidizing firms’ idiosyncratic research first. Then the order of 

moves in the game is as follows: in the first stage, the government announces its 

subsidy rate 
ss (tax if negative) for idiosyncratic research. Given the subsidy 

rate ,ss  firms simultaneously decide their R&D investments and outputs in the 

second and third stages respectively.  

In the R&D stage then firm i  faces its profit function, which is given by 

 

( ) ( ) (1 ) ,s s t

i i i j i i i ip q q c f x q s x x                (5. 1) 

 

leading to the first order conditions: 

 

(1 ) 0
j si

i i is s

i i

q
f p q s

x x







 
       

   
           (5. 2) 

 

) 1 0
jt si

i i j i it t

i i

q
f x x p q

x x


  




 
       

   
.    (5. 3) 

 

Solving equations (5. 2) and (5. 3) simultaneously gives the equilibrium R&D 

investments and profits as a function of 
ss  i.e. ( )s s

ix s


, ( )t s

ix s


and ( ).s

i s 
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The impact of R&D subsidy on the two types of research can be obtained by 

totally differentiating the first order conditions with respect to 
s

ix , 
t

ix , and .ss  

With symmetry I get  

 

/ 1

0/

s s

ss st

t s
tt ts

x s

x s

 

 

 

 

      
          

 , 

 

and solving this equation system yields 

 

2

0
s

tt

s

x

s J

 
  


 and 

2

t

ts

s

x

s J

 



.    (5. 4) 

 

In equations (5. 4) /s sx s  is always positive by the second order conditions, 

while /t sx s  is negative under the condition of strategic substitutes between 

s

ix  and 
t

ix .  

In the first stage the government, meanwhile, chooses its R&D subsidy rate so 

as to maximize its welfare, which is defined as the profits of firms minus the 

subsidy payments, for simplicity,
13

 i.e.  

 

( ) ( ) ( ) ( )s s s s s s

i j i jW s s s s x x 
       . 

 

Since 
s s

i jx x
 

  and ( ) ( )s s

i js s    as a result of symmetry, the 

government’s problem can be compressed into finding the optimal subsidy rate 

for idiosyncratic research that maximizes firm i’s profit. 

 
13 This definition of welfare seems not to be unusual in the context of developing countries, at least 

for the short term. Instead it may be simply assumed that the two firms compete in the third 

market. Ideally, however, the government maximizes the social welfare including the consumer 

surplus. 
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As with the other stages’ optimization problems, to ensure the existence of 

equilibrium subsidy rate ,ss


 I add the following restrictions to the profit 

function and R&D expenditure:  

 

Assumption 2. (1) The second order derivative of 
i


with respect to ss  is 

negative, i.e. 
2 2/ ( ) 0s

i s    , and (2) the first order derivative of 
s

ix


 with 

respect to ss  is greater than its second order derivative in absolute terms, i.e.

2 2/ / ( )s s s s

i ix s x s
 

     . 

 

Under this assumption, the social welfare function W   is strictly concave in ss , 

satisfying the second order condition, 
2 2/ ( ) 0sW s   , and there exists the 

optimal subsidy rate 
ss


that maximizes .W  14
 This would be a sufficient 

assumption for the second order condition for .W   to hold, because if the 

second derivative of the profit function is sufficiently large by absolute value, the 

second order condition could hold even if assumption 2. 2. does not. 

Hence I obtain the optimal subsidy rate 
ss


 from solving the following first 

order condition: 

 

0
s

s si i
is s s

W x
x s

s s s





   
   

  
.     (5. 5) 

 

Equation (5. 5) gives useful insight into the government’s R&D policy with 

regard to the firms’ strategic behavior. The first term on the right hand side of 

equation (5. 5) can be rewritten as  

 

 
14 The second derivative of W   is given by  2 2 2 2 2 2/ ( ) / ( ) 2( / ) / ( )s s s s s

i i iW s s x s s x s              . 

Given assumption 2, the second order condition for W  is satisfied, as the second term is 

positive by equation (5. 4) and 
ss is less than 1. 
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s ts t
j ji i i i i i i i

s s s s s t s t s s

i j i j

x xx x

s x s x s x s x s s

     
               

    
         

.    (5. 6) 

 

Note that the first and third terms are zero by the first order conditions of R&D 

stage and the last term is 
*s

ix  by the envelope theorem. Substituting equation (5. 

6) into (5. 5) gives  

 

s ts
j js i i i

s s s t s

j j

x xx
s

s x s x s

 
      

 
    

.               (5. 7) 

 

From ( , , )s t s

i i ix x s 
, I have 

 

s ts
j j j js i

i i i is s s t s

j j

q x q xx
s p f p q

s x s x s
  

   


       
                     

 .    (5. 8) 

 

Since / 0s

j jq x    by equation (3. 3), s

jx  decreases i


, implying that it 

reduces the price through higher 
jq . This impact is captured by the first term of 

the first parenthesis of equation (5. 8). However, in the presence of R&D 

spillovers s

jx  also increases i

indirectly through lowering firm i’s production 

cost. As seen in the second term of the first parenthesis, the strength of this effect 

depends on productivity of knowledge function f  , absorptive capacity  , 

exogenous spillover parameter  , and technological factor  . Since 

0t

j jq x   , the parenthesis of the last term catches the negative impact of 

higher t

jx  on i


 through higher .jq  From equations (5. 4) I find that 

0s s

jx s


    and 0t s

jx s


    when 
s

ix  and 
t

ix  are strategic substitutes. As 

a result, it is sufficient for 
ss to be positive that ( / ) 0s

j jp q x f       . 

Using equation (3. 3), in the symmetric case this condition becomes 
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2
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      (5. 9) 

 

Assuming that the government subsidizes identical research 
t

ix , the versions 

for ts  of equations (5. 4) and (5. 8) can be obtained in the same way: 
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2
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t
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t

x

s J
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*
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,
s
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x
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      (5.10) 

 

* * * **
*.

s tt
j j j jt i

i i i it s t t t

j j

q x q xx
s p f p q

s x s x s
  

       
                     

    (5.11) 

 

Since in equation (5.10) * 0t t

jx s    and * 0s t

jx s    when 
s

ix  and 
t

ix  

are strategic substitutes, the second term of equation (5.11) is negative. Inequality 

(5. 9) is a sufficient condition for 0.ts   Overall, I have 

 

Result 4. When sx  and tx  are strategic substitutes, i.e. 
* * 0,st ts    the 

government subsidizes investments in idiosyncratic research ( 0)ss   while 

imposing taxes on investments in absorptive capacity ( 0)ts   if the spillover is 

large enough so as to satisfy inequality (5. 9). 

 

Result 4.1. Given Result 3.1, i.e. 
2 ( ) (1/ 2) ( )f f f f f          in the 

linear demand case, then the rate of   satisfying the condition of result 4 is 

given as / 2 .   If / 2 ,    the government subsidizes (taxes) investments 

in idiosyncratic R&D (identical R&D).
15

 

 
15 Note that this is only a sufficient condition so the converse need not hold. If the second terms of 

equations (5. 8) and (5.11) were to be very large in absolute terms, the actual spillover rate 

satisfying * 0ss   and * 0ts   should be much smaller than the rate given by inequality (5. 9). 

In fact, it depends on the forms of functions and the values of parameters. As an extreme case, 
* 0ss   and * 0ts   always hold for all spillover rates.  
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The results above suggest that the government’s R&D policy is closely related 

to firms’ strategic behavior. In the previous section I find that a large spillover 

offers a weaker incentive to invest in idiosyncratic research while a stronger 

incentive to invest in absorptive capacity. The intuition is that with a large 

spillover each firm tends to free ride at a small outlay on the rival’s effort rather 

than to take a risk of large flow-out of its valuable knowledge. After all, the firms’ 

strategic behavior comes down to underinvestment in the former, but 

overinvestment in the latter. In this setting the government’s optimal choice 

should be naturally a subsidy to pull up the firms’ investment in own R&D to the 

desirable level and a tax to remove the socially worthless portion of investment 

in absorptive capacity.  

It is established in the traditional R&D game that firms have a strategic motive 

to overinvest in R&D and consequently the government taxes the firms to 

restrain their strategic motive. In the presence of R&D spillover the government 

may or may not subsidize (tax) R&D investments depending on the spillover rate, 

which is exogenously determined. For example, given a large spillover the only 

role of the government is to subsidize its firms’ R&D. In this model, however, a 

free ride on the other’s R&D is not allowed, and instead, a firm should invest in 

its absorptive capacity to learn from the competitor. Since the full appropriation 

of the rival’s knowledge is not actually possible, the presence of absorptive 

capacity results in a higher critical rate of exogenous spillover, which gives 

justification for the government intervention. 

 

VI. SIMULATION  

 

Introducing absorptive capacity makes strategic R&D models very 

complicated. Unfortunately, it is hardly possible to find analytical solutions to 

R&D games with absorptive capacity in most cases. Instead, in this section I find 

numerical solutions from a simulation example and look into the impact of a 

change in the exogenous spillover parameter  . First of all, to run the numerical 

simulation, I need to set specific functional forms and parameter values. I 

propose the following functional forms of absorptive capacity and knowledge 

production:  
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( )
1

t
t i
i t

i

x
x

x
 


 and ( )i if x x , where ( )s t s

i i i jx x x x   . 

 

The functional forms of ( )t

ix  and ( )if x  above satisfy all the conditions 

suggested in section II. The magnitude of ( )if x  is restricted to less than c to 

guarantee that iMC  is positive in equation (2. 3). The linear demand function is  

taken, as in equation (3.11). The parameter values are chosen as a=10, b=1, and 

c=2.5.  

An increase in product substitution   may discourage R&D investment 

through lower product prices, and on the other hand it may become an incentive to 

overinvest in R&D relative to the social optimum at a certain level of   and   

because R&D is likely to be a greater threat to a rival’s market share. 

Additionally, the technological aspects may affect firms’ R&D activities. For 

instance, as the technological similarity between the firms increases, they may 

place more importance on investments in absorptive capacity. Therefore, I 

compute the symmetric equilibrium solutions to sx  and tx  at each level of   

in the following four cases: ( =0.7,  =0.9), ( =0.2,  =0.9), ( =0.7, 

=0.3), and ( =0.2,  =0.3).
16

 

The simulation is carried out using Mathematica 7.0. The main results are 

stated in tables A4-1 through A4-4 of appendix 4. It is shown in the tables that 

)( ixf <2.5 (see column 4), the second order and stability conditions hold, and 

sx and tx  are strategic substitutes (see columns 8 through 10). The simulation 

examples satisfy the conditions discussed in results 3.1 and 3.2 (see the last three 

columns). As a result, I confirm that the functional forms and the parameter 

values are properly selected. 

As consistent with the previous theoretical findings, the optimal amount of 

idiosyncratic research 
sx  decreases as the parameter   increases. Contrary to 

this, the optimal amount of identical research 
tx  increases with  . More 

 
16 Firms that produce similar products are likely to have a greater ability to imitate each other’s 

innovations than firms that are in more or less different markets. In reality, however, many 

products that are not substitutes at all in consumption are produced with similar technologies. I 

consider these various market characteristics in the simulation. 
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importantly, I observe that the total amount of R&D investments and knowledge 

production f decrease with the parameter   in the fourth columns of the tables. 

It suggests that when the degree of exogenous spillovers increases, the free-rider 

effect overpowers the absorptive capacity effect, corresponding to Hammerschmidt 

(2009). Consequently, even though I introduce absorptive capacity to the model, 

I reach more or less the same conclusion as in the previous studies that a higher 

spillover results in a lower R&D investment. 

The fifth columns of the tables show that a higher   leads to a lower 

aggregate industry output, that is to say the sign of equation (4. 9) is likely to be 

negative. It suggests that the government’s measure to mitigate IPR protection 

may discourage firms from investing and eventually reduce industry production.  

Finally I find evidence supporting results 4 and 4.1. As seen from the sixth 

columns of the tables, in the presence of absorptive capacity the optimal policy 

on the part of the government would be to mostly subsidize idiosyncratic 

research sx and to increase its subsidy rate as the spillover becomes stronger. 

However, it is shown in tables A4-3 and A4-4 that a subsidy for sx  should not 

be a good policy in industries with higher   or lower  . As   increases, the 

market size decreases while firms tend to invest more in their own R&D than the 

optimal level. A decrease in   lowers the actual rate of spillovers. On the other 

hand, the seventh columns of the tables imply that the government imposes a tax 

on firms’ investment in absorptive capacity 
tx , irrespective of the spillover rates, 

and applies a higher tax rate when the spillover rate becomes higher. This result 

may be associated with the finding from result 2 that firms always have an 

incentive to overinvest in 
tx . 

 

VII. CONCLUDING REMARKS 

 

In this paper I set up a model that combines the traditional strategic R&D 

game and the concept of absorptive capacity. A firm’s effective R&D is 

composed of two different types of R&D investments: one that aims to produce 

its own innovations (idiosyncratic R&D) and another that seeks improvements in 

absorptive capacity (identical R&D). In the model the spillovers cannot be 

realized costlessly, and instead firms need to invest in absorptive capacity to 

utilize knowledge in the public domain. For more flexibility, I design the model 
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using general functional forms and parameters that represent the degree of 

product differentiation, technological factor, and exogenous spillover.  

I find that a firm’s own research can increase or decrease its rival’s output, 

depending on the realized spillover rate, while its identical research always decreases 

its rival’s output. The impact of its research on the rival’s output affects its strategic 

motive to invest in R&D. In general, a firm has a tendency to underinvest in 

idiosyncratic research, but to overinvest in absorptive capacity, especially when the 

products are not much substitutable in demand and the firms adopt similar 

technologies in production. This tendency becomes stronger as the degree of 

exogenous spillover becomes larger. Given high spillovers, a firm chooses to 

strategically free-ride on its rival’s research performances rather than to exert its own 

efforts. Since the former effect dominates the latter effect, the total amount of R&D 

investments decreases with the rate of spillovers. This is socially undesirable and 

thus the government intervention to offset it has some rationale. The optimal policy 

is that the government subsidizes idiosyncratic research, whereas it taxes identical 

research in most cases. Additionally, a policy to increase the level of exogenous 

spillover, such as loosening IPR protection, can shrink industry production.  

The findings may have important implications for newly industrialized or 

emerging countries that consider a redirection of national R&D policy and IPR 

regime. Since the signing of WTO TRIPS (Agreement on Trade-related Aspects 

of Intellectual Property Rights) in 1995, international standards of legal 

protection and enforcement for IPRs have continually strengthened. Nevertheless, 

as many developing countries are still hesitant to strengthen IPR protection due 

to concerns about negative economic consequences, international disputes over 

IPRs are on the rise. This study shows however that IPR reforms will have a 

positive effect on R&D spending, especially for idiosyncratic one. It is important 

because the possibility that strong IPR protection can encourage local innovation 

and creativity in developing countries has been often overlooked. As a result, the 

IPR reforms and idiosyncratic R&D supports will be a more effective policy mix 

and ultimately lead to economic benefits.
17

 

 
17 This should be understood as a suggestion about the desirable direction of national R&D policy. 

In principle the WTO does not allow R&D subsidies. See the Agreement on Subsidies and 

Countervailing Measures for further information. A full discussion of this issue is beyond the 

scope of the study. 
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This study may be extended to the following two directions: one is to provide 

empirical evidence on the roles of R&D spillovers and absorptive capacity in 

firms’ R&D investment decisions using actual data. However, it is not 

straight-forward to distinguish between the two different types of R&D. This task 

needs to be solved, perhaps through finding some proxies for idiosyncratic and 

identical research activities, before reliable empirical estimation can be 

performed. Another is that on the theoretical side one can introduce international 

competition into the model. It is a more natural setting than the local spillover of 

knowledge, considering that many advanced technologies created in developed 

countries are duplicated in developing countries. Even if international R&D 

spillovers are allowed, the results from the two-stage game are practically not 

changed. The only difference is an additional assumption on the firm location, i.e. 

two different firms located in two different countries. However, if the game is 

extended to the three-stage by introducing the government sector, the problem 

becomes more complicated. Since each government cares only about the profit of 

its domestic firm, the impact of a government’s policy should be different 

between domestic and foreign firms. It suggests that one should examine 

asymmetric equilibria in the second stage. These are left for future research. 
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APPENDIX 

 

A1. When the demand is linear, the comparative statics for .
s

ix . and 
t

ix  are 

calculated by 
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      A1.6 

 

A2. Given the linear demand function of equation (3.11), in the symmetric setting the 

second order derivatives of the profit function with respect to and  

become   
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    A2.3 

 

Assumption 1 implies that * 0ss  , * 0tt  , and * * * *

2 0ss tt st tsJ        so that 

the profit function of equation (4. 1) is strictly concave in s

ix  and t

ix . 

 

A3. Using the linear demand function 
*

s  and 
*

t  are given by 

 

 2

2 2

* 2(2 )
( ) (2 ) ( )

(4 )

s

s
symm

f f f f f x
b




     




         
 

    A3.1 

 2

2 2

* 4(2 )
( ) ( )

(4 )

ss

t
symm

f f f x f f x
b




     




         
 

    A3.2 

 
A4. Simulation results 
 

A4-1. Numerical solutions at 0.7   and 0.9  . 

  Β xs   xt    f    q   ss    st πss πtt  πst(πts)   C1   C2   C3 

0.1 3.920 .031 1.991 3.568 -.314 -.017 -.087 -17.247 -.087 -.237 -.099 37.141 

0.2 3.693 .095 1.956 3.555 -.276 -.057 -.093 -6.924 -.091 -.250 -.104 11.807 

0.3 3.426 .160 1.914 3.539 -.227 -.107 -.101 -5.000 -.097 -.267 -.111 6.848 

0.4 3.158 .217 1.868 3.522 -.173 -.161 -.109 -4.293 -.103 -.287 -.118 4.996 

0.5 2.902 .266 1.821 3.504 -.115 -.217 -.119 -3.941 -.110 -.311 -.127 4.096 

0.6 2.663 .306 1.773 3.486 -.052 -.274 -.129 -3.735 -.118 -.336 -.137 3.597 

0.7 2.443 .339 1.725 3.468 .013 -.333 -.141 -3.602 -.127 -.365 -.148 3.305 

0.8 2.241 .366 1.678 3.451 .081 -.393 -.152 -3.511 -.136 -.396 -.160 3.133 

0.9 2.056 .389 1.632 3.433 .153 -.455 -.164 -3.447 -.146 -.431 -.173 3.039 

1.0 1.887 .407 1.586 3.416 .227 -.520 -.176 -3.402 -.156 -.469 -.188 3.001 

Note: 2 1 1
1 ( ) , 2 ( ) , 3 ( )

2 s
C f f f C f f C f f

x
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A4-2. Numerical solutions at 0.2   and 0.9  . 

β xs xt f q ss st πss πtt πst(πts) C1 C2 C3 

0.1 4.947 .047 2.229 4.422 -.079 -.002 -.075 -11.966 -.075 -.169 -.022 22.091 

0.2 4.841 .141 2.215 4.416 -.033 -.066 -.077 -5.351 -.076 -.173 -.022 6.851 

0.3 4.712 .238 2.197 4.408 .026 -.124 -.079 -4.094 -.078 -.177 -.023 3.786 

0.4 4.574 .328 2.178 4.399 .091 -.187 -.081 -3.602 -.080 -.181 -.023 2.599 

0.5 4.435 .409 2.159 4.390 .160 -.254 -.084 -3.335 -.081 -.186 -.024 1.992 

0.6 4.296 .482 2.138 4.381 .232 -.323 -.086 -3.162 -.083 -.192 -.025 1.631 

0.7 4.159 .547 2.118 4.372 .307 -.394 -.088 -3.037 -.085 -.197 -.025 1.395 

0.8 4.025 .607 2.097 4.362 .383 -.468 -.091 -2.942 -.088 -.203 -.026 1.230 

0.9 3.894 .661 2.076 4.353 .462 -.544 -.093 -2.866 -.090 -.210 -.027 1.110 

1.0 3.767 .710 2.055 4.343 .543 -.623 -.095 -2.803 -.092 -.216 -.028 1.019 

Note: 2 1 1
1 ( ) , 2 ( ) , 3 ( )

2 s
C f f f C f f C f f

x
   


             

 

A4-3. Numerical solutions at 0.7   and 0.3  . 

β xs xt f q ss st πss πtt πst(πts) C1 C2 C3 

0.1 3.996 .004 2.000 3.572 -.328 -.002 -.086 -117.345 -.086 -.234 -.098 275.348 

0.2 3.927 .016 1.987 3.567 -.323 -.009 -.088 -32.287 -.088 -.239 -.100 73.182 

0.3 3.826 .033 1.967 3.559 -.315 -.019 -.091 -16.618 -.090 -.246 -.103 35.585 

0.4 3.704 .052 1.943 3.550 -.305 -.031 -.095 -11.166 -.094 -.256 -.106 22.293 

0.5 3.571 .072 1.916 3.540 -.294 -.045 -.099 -8.652 -.097 -.266 -.110 16.044 

0.6 3.435 .092 1.888 3.529 -.281 -.061 -.104 -7.288 -.102 -.279 -.115 12.582 

0.7 3.298 .111 1.859 3.519 -.267 -.078 -.110 -6.465 -.107 -.292 -.120 10.449 

0.8 3.164 .129 1.830 3.508 -.253 -.095 -.116 -5.931 -.112 -.306 -.126 9.035 

0.9 3.034 .145 1.802 3.497 -.237 -.113 -.122 -5.565 -.117 -.321 -.131 8.048 

1.0 2.909 .160 1.773 3.486 -.221 -.132 -.128 -5.304 -.122 -.336 -.137 7.330 

Note: 2 1 1
1 ( ) , 2 ( ) , 3 ( )

2 s
C f f f C f f C f f

x
   


             

 

 

 

 

 



226    Chankwon Bae 

ⓒ Korea Institute for International Economic Policy 

A4-4. Numerical solutions at 0.2   and 0.3  . 

β xs xt f q ss st πss πtt πst(πts) C1 C2 C3 

0.1 4.983 .007 2.233 4.424 -.097 -.003 -.075 -76.340 -.075 -.168 -.022 163.319 

0.2 4.950 .025 2.227 4.421 -.090 -.010 -.075 -21.344 -.075 -.170 -.022 42.930 

0.3 4.901 .051 2.219 4.418 -.078 -.022 -.076 -11.268 -.076 -.172 -.022 20.502 

0.4 4.841 .081 2.208 4.413 -.063 -.036 -.078 -7.782 -.077 -.174 -.023 12.542 

0.5 4.774 .114 2.196 4.407 -.047 -.053 -.079 -6.178 -.078 -.177 -.023 8.776 

0.6 4.702 .146 2.184 4.402 -.028 -.071 -.080 -5.305 -.080 -.180 -.023 6.672 

0.7 4.627 .178 2.170 4.396 -.009 -.091 -.082 -4.773 -.081 -.183 -.024 5.363 

0.8 4.551 .209 2.157 4.389 .012 -.112 -.084 -4.422 -.082 -.187 -.024 4.483 

0.9 4.474 .239 2.143 4.383 .033 -.133 -.085 -4.175 -.084 -.191 -.025 3.859 

1.0 4.397 .267 2.128 4.377 .056 -.155 -.087 -3.993 -.086 -.194 -.025 3.396 

Note: 2 1 1
1 ( ) , 2 ( ) , 3 ( )

2 s
C f f f C f f C f f

x
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We study the effect of the high-skilled emigration rate on the growth rate of the source 

countries. We incorporate the foreign direct investment and the policy variables into the 

panel model and also their interactions with the high-skilled emigration rate, as they are 

related to the network externality that may be created by the high-skilled emigrants 

working abroad. We apply the static fixed-effects model and compare it with the results 

obtained in the dynamic panel model with system generalized methods of moments 

estimators. We find the negative effect of the high-skilled emigration rate by itself and 

in its interaction with the foreign direct investment only in the dynamic model. 

However, we find positive coefficient for the interaction of the high-skilled emigration 

rate and the civil liberties index, which holds across the static and dynamic specifications. 

This implies that the effect of the high-skilled emigration rate on the growth rate of the 

source countries can be positive, and the extent is larger for countries with „poor‟ civil 

liberties. The developing countries with low levels of foreign direct investment inflows 

and „poor‟ civil liberties can best benefit from the high levels of skilled emigration 

outward. Through finding significant interactions with other variables, we confirm that 

the high-skilled emigration should be considered along with other related variables in 

measuring its impact on growth. The implications offer suggestions for the international 

trade and aid policies.  
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I. INTRODUCTION 

 
International migration has become a central issue in global society as it can 

cause other problems as well as serve as a solution for shortage in workforce. An 

example of a recent problem is that of the Syrian refugees, about a total of 2 million, 

who have spread out to all over Europe. The problem of illegal immigrants from 

Latin American countries, such as Mexico, is not new to the U.S. On the other hand, 

East Asian countries like Japan and South Korea are facing the problem of aging 

population and World Bank report (2016) suggests the adoption of young 

immigrants to maintain the supply of labor force. The rate of immigrant population 

is very low in both countries, at 1.1% for South Korea and 1.7% for Japan in 2015. 

There is a reason why the two countries have restricted the inflow of immigrant 

population. Accepting immigrants has many implications for the destination societies 

and economies, such as the openness of culture and the risk of terrorist attacks. 

Most importantly, the incoming immigrants under the work visas play a role in the 

economies of the destination countries. They imply an increase in the supply of the 

labor force, which ultimately changes the equilibrium in the labor market. Hence, 

the policies governing the international migration have to be carefully implemented, 

and it would also be helpful and necessary for various international organizations 

to keep evaluating the implication for the health of the global society as well as that 

of each country.  

International institutions such as International Monetary Fund and World Bank 

as well as many scholars and researchers have studied the economic perspective of 

the migration problem. On the receiving side of the problem, it is a well-established 

belief from a simple economics theory that the supply of immigrant labor increases 

competition in the job market and increases the unemployment rate. While such an 

unfortunate event may occur in countries such as New Zealand (Koh, 2015), the 

influx of immigrant labor may be a requirement for higher production outputs in 

other societies that are experiencing fast growth. Even so, this is still not a complete 

picture of the international migration. There are many other considerations on both 

sides of the migration, the destination and the source economies. Highly developed 

nations are in the position to benefit from sourcing highly intellectual individuals 

from out of the country. They can promote innovation and growth using the 

infrastructure and technology that they already have in place. Capable workers 

from poorer countries who seek employment in these posts would be helping the 
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firms in the country that they work for, and at the same time the higher wages they 

earn would certainly bring income to their home countries. In the case of very poor 

countries, the remittances sent from citizens working abroad may in some instances 

be enough to end poverty and bring sustainable economic development. 

Currently, many professionals including scientists, engineers and physicians 

from developing countries work and earn income in the United States, Canada and 

West Europe (Carrington and Detragiache, 1999). The phenomenon of skilled labor 

moving to the highly developed countries in order to seek better career opportunities 

is called brain drain. Often defined as the international transfer of resources in the 

form of human capital, brain drain mainly applies to the migration of relatively 

highly educated individuals, and this movement is typically from lower-income 

countries to higher-income countries (Beine et al., 2008). There have been many 

studies on the economic factors that affect the skilled workers‟ decision to move to 

the developed countries to work there (Lee, 2006; Narayan and Smyth, 2006; 

O‟rourke and Sinnott, 2006; Gibson and McKenzie, 2011; Lee, 2013). Other works 

by economists have focused on the economic impacts on the destination countries in 

various contexts (Beine et al., 2001; Feridun, 2004; Borjas, 2005; Card, 2005; Beine et 

al., 2008).  

The effect on the destination countries has received much attention because it 

has border control policy implications. However, the other side of the problem 

has not been investigated as in depth in literature, perhaps because the problem of 

its citizens emigrating out to other countries is not under the control of the 

government in most democratic/civilized nations. Nonetheless, the problem of 

losing educated human resources can have a serious implication for sustained growth 

and innovation of the country. In order to answer the questions on the perspective 

of the source country and possible implications, this study attempts to address the 

variances in literature about the effect on the source countries that the high-skilled 

workers leave behind.  

Other factors have been identified in literature as being related to the high-skilled 

emigration, and they include foreign direct investment (FDI) and policy variables. 

While some prior studies provide a facet of the problem surrounding the high-skilled 

emigration, often considering one channel of the effect or narrowly defined 

regional or local effects, the literature providing a fuller picture of the supply-side 

problem is lacking. Our work wishes to address this gap in the literature by extending 

the scope of the analysis to the entire database of all existent countries and to prior 
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years from 1975, which is as far as the data are available. An anecdotal speculation 

that a certain medium-income country would stop growing because of many of its 

high-skilled workers leaving the country for better opportunities abroad has called 

for our attention in recent years. The result of this research provides answers for 

whether the speculation is correct, and the actual impact on the growth rates can be 

examined for different groups of countries in varying socioeconomic statuses.  

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

literature review on the underlying theories of high-skilled emigration. Section 3 

explains the variables and the data used in the study. Section 4 introduces the panel 

model and Section 5 covers the results of the analysis. The paper provides discussion, 

including the implications and limitations, and concludes in Section 6.  

 

II. LITERATURE REVIEW 
 

1. Economic Impact in Source Countries 

 

According to Docquier and Marfouk (2006), there were 20 million highly skilled 

emigrants living in the OECD countries, a 63.7% increase in the last ten years 

compared to only a 14.4% increase for unskilled emigrants. While the economic 

impact of the high- skilled migration on the US labor market has been thoroughly 

studied (Borjas, 2005; Card, 2005; Borjas et al., 2012), there are contrasting 

literatures on the impact of the high- skilled emigration on the various source 

countries. Although a number of papers have been written on the subject in the 

past decades, some papers claim that the effect is negative while others find 

positive results. This is at the center of the intellectual quest we set out to answer 

in this paper. We first examine the related literature in detail.  

A traditional research of brain drain on source countries is done by Bhagwati and 

Hamada (1974), and their argument is that it is possible that the average product of 

labor and per capita income might fall due to the emigration of educated labors. 

Moreover, a more recent OECD report in 2001 supports Bhagwati and Hamada‟s 

idea by claiming that the absence of R&D-related human capital, due to the brain 

drain phenomenon, may slow down the source country‟s innovative performance 

and disrupt the research base (OECD, 2001). As a result, the number of students 

who are willing to acquire college and graduate education might possibly decrease 

when faced with the lack of opportunities at home countries. Groizard and Llull 
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(2006) state that when the high-skilled labor emigrates to developed countries, there 

will be a harmful influence in forming human capital in the source country. 

In contrast to the negative claims made in the aforementioned papers, some 

researchers have shown that there are positive impacts of brain drain on the 

source countries, and thus renamed it to „brain gain‟ or „brain bank‟. Beine et 

al. (2001) and Stark et al. (1997) commonly explain that there are several positive 

and feedback effects in the presence of emigrated high-skilled labors. Emigration 

eventually increases the accumulation of human capital when the benefit of 

investing in education is broadened especially in the developing countries. When 

the expected income is higher because of the opportunities to work at higher-income 

countries abroad and achieve a higher standard of living, the incentive to invest 

more heavily in higher education rises and the average education level of the 

population also follows. This improves the human capital in the source countries 

that is essential in promoting economic growth.  

Feedback effects also exist through several mechanisms. Many high-skilled emigrants 

working abroad send remittances to their home countries (Cinar and Docquier, 2004). 

Transfer of funds should promote economic growth in developing nations. Remittances 

help alleviate poverty and improve the standard of living for families left behind at 

home countries, and may also enable the family members to get more education. 

When the high-skilled workers return home after years of studying and/or working 

at other countries, they bring with them the skills and the knowledge they acquired 

through the experience abroad, and they serve as the advanced human resources 

critical for innovation and growth of the source countries (Stark et al., 1997; Beine 

et al., 2001). However, Beine et al. (2001) acknowledge that this effect is lost when 

the high-skilled workers decide to remain in the destination countries.  

Another feedback effect may occur through the creation of business networks. 

Rauch and Trindade (2002) and Stark et al. (1997) state that through the influences 

of the returned high-skilled workers and the diasporas pervasive throughout the 

highly-developed countries, often new technology and resources for innovation are 

transferred from those highly-developed countries to the source countries. This 

creates a network of high-skilled workers linked by their origin and further makes 

it possible for FDI and business/trade contracts to occur between the destination 

and source countries.  

While many papers have investigated the effect of high-skilled emigration on the 

source countries, our conclusion from this literature is that there are contrasting claims 
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in them and that the phenomenon is complex with many mixed and feedback 

effects. Hence, we aim to address this question by collecting all available historic 

emigration data for all countries (which have become available only in recent 

years), and by constructing an empirical estimation model that attempts to embody a 

fuller picture of the phenomenon. Other factors that are included in our estimation 

model that may be related to the high-skilled emigration‟s impact on the source 

countries are explained in the next subsections, and incorporating them into the 

model enables us to empirically examine whether the hypothesized network effects 

are indeed present.  

 

2. Emigration and Foreign Direct Investment 

 

In between 1990 and 2000, an increase in international trade and global FDI 

flows has been twice and six times that of the world output, respectively (Kugler 

and Rapoport, 2004). These statistical figures highlight the importance and the fast 

growth of trade between countries, and its implication for developing countries is 

supposedly much more significant. FDI can act as a source of private external 

finance for developing countries but perhaps, the most important aspect of FDI 

may be that it implies the transfer of production technology, skills, innovative 

capacity, organizational and managerial knowledge as well as an access to the 

international marketing networks. When the highly skilled emigrants play the role 

of transferring the skills and the technology to their home country, this is known as 

„diaspora externality‟ as explained by Docquier and Lodigiani (2010). According to 

Docquier and Lodigiani, diaspora externality is an important channel through 

which brain drain can positively affect the source countries. Their empirical study 

has shown that an increase in the emigration rate of the high-skilled labor leads to 

an increase in the FDI inflow (Doquier and Lodigiani, 2010). An insight from their 

empirical analysis is that the size of the diaspora is an important factor and that 

larger countries will likely benefit more from the business externalities.  

This theory is in contrast to the traditional theory that Samuelson (1948) explains in 

his work: the relationship between migration and trade (FDI) is a relationship of 

substitutability, because trade contributes to factor price equalization and therefore, 

it lowers the incentives for factor mobility. At the same time, factor mobility 

reduces price difference and the scope of the trade. A more recent study by Aroca 
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and Maloney (2005) is in agreement with Samuelson that migration and FDI are 

negatively related since FDI and trade variables are substitutes for labor inflows. 

Other recent studies about migration and FDI focus on the complementary 

relationship. Gould (1994) argues that trade and migration appear to be complements 

rather than substitutes. Gould explains that the participation of emigrants in trade 

network reduces the transaction cost between host and home countries and 

furthermore, this link encourages future FDI inflow to home countries, which will 

then foster development and growth in the source countries. Rauch and Casella 

(2003) also support the complementary relationship of migration and FDI. Rauch 

and Casella state that diasporas play as conduits for trade, investment, and technology 

transfer from developed countries to developing countries in several ways. First, 

diaspora creates trust in a weak international legal environment. Co-ethnic 

networks provide business community with trusting relationships and prevent 

potential violation of contracts. Second, diaspora provides market information and 

referral services. Third, diaspora reduces communication barriers; migrants know the 

language, the culture, the values, the law, and the practices of their home country. 

Gao (2003) supports Rauch and Casella‟s claim by investigating Chinese diaspora 

externalities. Gao studies the role of ethnic Chinese networks in attracting FDI, and 

his empirical analysis result shows that 1% point increase in the ethnic Chinese 

population share in the investing country leads to a 3.7% or higher increase in 

cumulative FDI inflows to China.  

There is a mixed idea about migration and FDI in Kugler and Rapoport (2004) 

paper. They conclude that skilled migration and FDI inflows are negatively 

correlated contemporaneously but past skilled migration is associated with an 

increase in current FDI inflows. The idea is that skilled migration and FDI are 

substitutes immediately in the match between the firms and the workers, but over a 

long run the network of high-skilled emigrants is created, which facilitates FDI 

eventually. Together with the literature on the complementary relationship between 

emigration and FDI, we hypothesize that high-skilled emigration and FDI are 

interrelated in the process of both factors affecting the growth of the source countries.  

 

3. Emigration and Policy/Institution 

 

In this section, the underlying theories on the relationship between the high-skilled 

emigration and the source country‟s institution quality are reviewed. There are 
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several papers that study the topic of the home country‟s policy, but the most 

prominent and related work is Docquier et al. (2015), which investigates whether 

emigration and good policy are positively associated and lead to economic growth 

in source countries.  

Docquier et al. (2015) outline that migration affects institutions because it 

implies an „exit option‟ for people. In order to explain what is meant by an exit option, 

Hirschman‟s exit and voice theory needs to be reviewed. According to Hirschman 

(1970), there are two dichotomous options with which people can response to a 

declining state: either they exit or they voice. To exit means to simply leave the 

country and to voice means to make noises by complaining, protesting, or organizing 

internal opposition. Another possible action would be a reverse of exit; people who 

have exited previously can return home and make up for the loss that they created 

for their home countries during their absences. Hirschman calls this a „reversal 

phenomenon‟, and Docquier et al. (2015) introduce a successful story of Croatia 

where Croatian diaspora has made a dramatic institutional change. Many Croatians 

who had exited the country before returned home and supported their home country 

economically and politically. They actively participated in raising funds, organizing 

demonstration, petition, and media campaign, and lobbying activities that they took 

12 seats out of 120 seats at the national assembly during the first post-communist 

election in 1990 and this was ultimately called the Croatian Diaspora Effect.  

Although it is well established in literature that good institution plays an important 

role for economic growth and prosperity (Acemoglu et al., 2005), there are some 

contrasting claims in literature on the relationship between institution and emigration. 

According to Li and McHale, emigration can have an indirect effect on institution 

by influencing the action of people who are educated or willing to be educated (Li 

and McHale, 2006). As Li and McHale states, highly educated people contribute 

more to institutional change and they tend to resolve problems through negotiation 

and voting, rather than through other violent actions. Thus, educated human capital 

contributes to form less violent and more peaceful politics and this can ultimately 

lead to political stability (Lipset, 1960). Importance of human capital in relation to 

institution and growth is studied by several literatures, and one prominent work is 

Glaeser et al. (2004). Glaeser et al. argue that human capital is a more basic source 

of growth for a country than the institutions. Their empirical analysis result shows 

that if there is a greater human capital in a community, then more positive institutional 

opportunities follow. Their conclusion is that institutions have a second-order effect 
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on the economic performance (i.e. growth) while the first-order effect comes from 

the human capital, which shapes the institutional capacities of a society.  

While highly educated people can contribute their knowledge and talents to 

establishing sound policies, the opposite may result when the educated human 

capital is lost through emigration. Docquier et al. (2015) point out that brain drain 

can hurt domestic institutional quality since people who emigrate to higher-income 

countries are typically the upper-middle class and/or highly educated people, and 

thus a reduced number of human capital ends up participating in politics in the 

home country. This phenomenon is referred to as a selective process of migration. 

Addressing the underlying theoretical framework, Docquier et al. (2015) examine 

the relationship between emigration, institutional quality, and human capital. Their 

regression results show that the countries with the openness to migration have a 

positive impact on institutional quality and also human capital has a positive and 

significant effect on institutional quality. These findings imply that arguments of 

both Acemoglu et al. (2005) and Gleaser et al. (2004) are supported. However, the 

skilled emigration shows an ambiguous result on institutional quality. The empirical 

analysis shows a positive but statistically insignificant effect of the skilled emigration. 

Hence, the authors run numerical simulation to find out if the positive effect is 

significant for a certain group of countries yet is being diluted by the other countries 

with insignificant effects. The marginal effect of the skilled emigration on the 

institutional quality is shown to be positive and significant in short run for twenty-four 

countries and they also find that in the long run, even more countries have showed 

positive and significant effect of the high-skilled emigration on institutional quality. 

Through the empirical result and the result of the numerical simulation in this 

paper, the authors offer implications that since emigration prospects provide additional 

incentives to invest in human capital, the effect of the high-skilled emigration on 

institutional quality can possibly become positive in certain countries. This effect 

appears to be pronounced for the countries with moderate levels of institutional 

quality that have high potential for policy improvement.  

Acknowledging that there is a strikingly opposite view on the emigration as a 

„safety valve‟, which releases intensity in political system and reduces demand for 

political improvement in home countries (Hirschman, 1970), it is difficult to ignore 

the evidences presented in other literatures about the reinforcing effect of emigration 

on the source countries‟ policy environments. Following the arguments in Docquier 

et al. (2015), we hypothesize that the high-skilled emigration rates and the source 
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countries‟ policies are interrelated and together they affect the economic development 

and growth of the source countries. Local authorities and educated people in home 

countries can benefit from the high-skilled emigrants‟ enriching experiences abroad 

and those emigrants can act as pioneers for institutionalizing democratic and good 

politics for growth.  

 

III. DATA 
 

1. High-Skilled Emigration Rates 

 

In this research, we are specifically interested in tertiary-educated workforce that 

is working abroad. Tertiary-educated
1
 workforce is defined as the human capital 

that is at least college-educated. University graduates as well as the workforce with 

graduate degrees belong to this group. Any college- or graduate-educated individual 

who is working in another country other than one‟s home country or the country 

s/he is a resident of, is of interest in this study.  

There are a few sources that provide such high-skilled emigration rates by 

sending countries. First of all, OECD has published the “Database on Immigrants 

in OECD Countries” (OECD, DIOC) for 2000 and 2005/2006. The data for 

2010/2011 seem to have been gathered, but the high-educated emigration rates 

have not been calculated or published by OECD yet. This database only represents 

those immigrants that are working in any one of the OECD countries; while most 

high-skilled labor seeks jobs at highly developed OECD countries, and hence this 

emigration rate would account for most of the immigrants globally, this certainly 

does not capture 100% of emigration taking place. Some countries (such as Hong 

 

1 The International Standard Classification of Education (ISCED) provides the guideline on the two 

types of tertiary education: 5A and 5B. Tertiary Education ISCED 5A refers to largely theory-based 

programs designed to provide sufficient qualifications for entry to advanced research programs 

and professions with high skill requirements. Duration takes at least three years full-time, though 

usually four or more years. These programs are not exclusively offered at universities; and not all 

programs nationally recognized as university programs fulfill the criteria to be classified as 

tertiary-type A. Tertiary type A programs include second-degree programs, such as the American 

master‟s degree. Tertiary education ISCED 5B refers to the programs that are typically shorter 

than those of tertiary type A and focus on practical, technical or occupational skills for direct 

entry into the labor markets, although some theoretical foundations may be covered. Minimum 

duration of the program is two years of full-time study (UNESCO Institute for Statistics, 2011). 
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Kong and Singapore) are popular destinations for many immigrants yet they do not 

belong to the OECD classification, and therefore immigrants in those countries are 

not accounted for.  

Another source of emigration rates is by Docquier and Marfouk (2006). In their 

first version of database release, they have gathered the data on high-educated 

emigrants to OECD countries, by source countries in year 1990 and 2000. They 

provide the emigration stock data first, and then provide the emigration rates which 

are based on the stock and the relevant high-educated population in each country. 

The data were gathered from Census in each country. The authors claim that there 

exist some discrepancies in data-collecting practices among the countries and some 

of them cannot be controlled for. They give detailed information about the definition 

of each variable as well as the limitations of the data. The extent of the limitations 

and the implications are given in their paper, and it appears that similar difficulties 

would also be present in other data sources related to emigration rates. Because 

Docquier and Marfouk provide the data on emigration stocks in 1990 and 2000, the 

advantage of this database is the ability to calculate the flow of highly educated 

immigrants between 1990 and 2000. 

Lastly, there is yet another database kept by World Bank, called the “Panel Data 

on International Migration 1975-2000” (World Bank, 2011). The latest update has 

been made in 2013. This appears to be a fairly recent update on the effort to collect 

emigration data by the World Bank. What is unique about this dataset is that it 

covers the years from 1975 to 2000 by 5 year increments. The emigration rates in 

such earlier years had not been available in any other databases. The data set 

provides the emigration stock of the tertiary-educated workers (college-educated or 

higher) by source country, and uses the same methodology that is employed by the 

Docquier-Marfouk data set. This project is part of a larger effort to collect previous 

years‟ emigration rates by collaborating with the census department in each of the 

six receiving countries (Australia, Canada, France, Germany, the UK and the US). 

The information on the emigrants and their education levels are collected from 

these six representative countries and sorted according to their home countries, so 

discrepancies are expected to be minimal when compared with the data coming 

from over 100 countries in the world. We understand that some errors may be 

present for the earlier years such as in 1970‟s and 1980‟s when the record keeping 

practice was not as rigorous or digitized as is nowadays. The data set is estimated 

to represent about 77 percent of the world migration during this period. This World 
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Band data set allows panel analysis by the source country over many years, which 

can better capture the variability across country and time dimensions. In order to 

investigate the effect of high-skilled emigration rates on growth rates, for an 

exhaustive list of countries and for all available years, we use the emigration rates 

in the panel data published by the World Bank in this research. Use of the panel 

model would not be possible on any other dataset on emigration rates, due to the 

lack of the number of years that the emigration rates are published for. The unit of 

measurement for high-skilled emigration rates in this dataset is also the percentage 

of the high-skilled labor in a country that has emigrated to countries other than 

one‟s own home/birth countries.  

 

2. World Development Indicators 

 

Another popular database maintained by the World Bank is World Development 

Indicators (World Bank, WDI). WDI provides numerous developmental metrics 

for a comprehensive list of countries. Many of the variables used in this study have 

been extracted from the WDI database.  

The dependent variable in this study is the growth rate of each country, represented 

by the annual percentage growth rate of gross domestic product (GDP). The dependent 

variable is taken for the subsequent year to capture the effect of the explanatory 

variable in the previous year. Hence, the emigration rate, other explanatory and 

control variables are for years 1975, 1980, 1985, 1990, 1995, and 2000, while the 

corresponding growth rate is for years 1976, 1981, 1986, 1991, 1996, and 2001. We 

try two different measures for the growth rate: 1) annual percentage growth rate of 

GDP per capita and 2) annual percentage growth rate of GDP. All GDPs are based on 

constant local currencies, but since the growth rates are percentage changes from 

the previous year, variations in currencies among the countries do not matter. GDP 

per capita is calculated by dividing the GDP by midyear population. Using the 

growth rate in GDP per capita as the dependent variable controls for the possible 

changes in population within a year. Also, per capita GDP is one of the control variables, 

so the growth rate in per capita GDP seems to be the corresponding dependent variable 

in this case. On the other hand, many of the explanatory and control variables are 

expressed as percentages of GDP of the whole country, and thus the growth rate of 

GDP as an entire country appears to be more consistent in this case. We investigate 

both measurements of the dependent variable and find that results do not vary 
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much, likely because the population change is gradual in most nations and such 

change within a year is marginal.  

One of our explanatory variables, the foreign direct investment (FDI), is also 

extracted from the WDI. The FDI is the net inflows from foreign investors, and our 

measure is represented as percentage of GDP. Other control variables also taken 

from the WDI database are: per capita GDP, secondary school enrollment, urbanization, 

and trade. GDP per capita is GDP divided by midyear population, and is in units of 

constant 2005 US Dollars. Secondary school enrollment is the gross percentage of 

total enrollment, regardless of age, out of the population of the age group that 

officially corresponds to the secondary education. Secondary school is the 9
th
-12

th
 

year of education after primary (elementary) education but before entering tertiary 

(college or graduate school) education, and in most countries corresponds to high 

school education. Urbanization is the percentage of population living in urban 

areas, and represents the degree of urbanization in each country. Trade is the sum 

of imports and exports of goods and services and is measured as the percentage of 

GDP. This variable represents the openness of each country in its trade activities 

with other nations.   

 

3. Freedom in the World Indexes 

 

Freedom House is a non-partisan and non-governmental organization that advocates 

and conducts research on democracy, political freedom, and human rights. The 

organization publishes a number of reports and “Freedom in the World” is its 

flagship publication that has been reported annually since 1973 (Freedom House, 

2015b). The report includes comparative assessment of political rights and civil 

liberties in 195 countries worldwide. The political rights index and the civil 

liberties index are each assessed on a 1 to 7 scale, with 1 being the most free and 7 

being the least free. The indexes are based on survey results that consider the following 

items for each index: meaningful process by which chief authority and legislature 

are elected, fairness in election laws and campaigning opportunity, reflection of voter 

preference in distribution of power, absence of military or foreign control, etc. for 

the political rights index, and freedom of open public discussion, assembly and 

demonstration, freedom of political censorship in media and literature, nondiscriminatory 

rule of law, protection of personal property rights, freedom of trade unions and 

businesses, freedom from unjustified terror or imprisonment, etc. for the civil 
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liberties index. The rating process of index is composed of a total of 12 political 

rights questions and 15 civil liberties questions. For political rights questions, 

0-12 points are assigned for electoral process, 0-12 points for political pluralism 

and participation, 0-12 points for functioning of government, and two discretionary 

questions each ranging from 0 to 4 and -4 to 0 points. For civil liberties questions, 0-16 

points are assigned for freedom of expression and belief, 0-12 points for associational 

and organizational rights, 0-16 points for rule of law, and 0-16 points for personal 

autonomy and individual rights. Readers are referred to the Freedom House website 

documentation on the survey methodology for more information on the actual 

questions used for each category of surveys (Freedom House, 2015a). The highest 

score that can be awarded to the political rights survey is 40, and the highest score 

that can be awarded to the civil liberties survey is 60. The total scores and the 

corresponding PR and CL ratings are shown in Table 1. Both indexes for all available 

countries for years 1975, 1980, 1985, 1990, 1995, and 2000 are used in this study.  

 

Table 1. Total Survey Scores and PR and CL Rating Indexes 

Political Rights (PR) Civil Liberties (CL) 

Total Scores PR Rating Total Scores CL Rating 

36-40 1 53-60 1 

30-35 2 44-52 2 

24-29 3 35-43 3 

18-23 4 26-34 4 

12-17 5 17-25 5 

6-11 6 8-16 6 

0-5 7 0-7 7 

 

Summary of all variables used in this study, including the definitions and the 

descriptive statistics, are shown in Table 2.  

 

Table 2. Summary of Variables 

Variable Obs Mean Std. Dev.  Min Max Source 

PGDPGR 
Annual Growth Rate in Per  

Capita GDP (%) 
 951 1.758 7.048 -64.997 92.361 

World Bank 

WDI 

GDPGR 
Annual Growth Rate in 

GDP (%) 
 951 3.629 7.154 -64.047 88.958 

World Bank 

WDI 

EMI 

High-skilled Emigration Rate  

(% of Tertiary-educated 

Population That Have 

Emigrated To Other Countries) 

1079 19.089 22.583 0 100 
World Bank 

Panel Data 
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Table 2. Continued 

Variable Obs Mean Std. Dev. Min Max Source 

FDI 
Foreign Direct Investment, 

Net Inflows (% of GDP) 
 817 2.362 5.582 -25.782 89.476 

World Bank 

WDI 

PR 
Political Rights Index 

(1=Most Free, 7=Least Free) 
 991 3.923 2.248 1 7 

Freedom 

House 

CL 
Civil Liberties Index 

(1=Most Free, 7=Least Free) 
 991 3.925 1.937 1 7 

Freedom 

House 

PGDP 
Per Capita GDP 

(Constant 2005 US Dollars) 
 933 8952.496 15159.080 68.567 122438.500 

World Bank 

WDI 

SSE 

Secondary School Enrollment 

(Gross % of Enrollment in 

Secondary School, Based on the 

Age Group for Secondary 

-education) 

745 57.589 33.487 0.643 160.619 
World Bank 

WDI 

URBAN 
Urbanization(% of Population 

Residing in Urban Area) 
1140 48.675 24.568 3.525 100 

World Bank 

WDI 

TRADE 
Trade (Imports + Exports, 

as % of Total GDP) 
898 79.177 51.579 1.085 411.035 

World Bank 

WDI 

 

4. Included Countries and All Available Data  

 

This study is targeted for all existent and listed countries in the world for which 

data are available. The countries considered in the analysis are listed in Table 3, 

categorized by income levels. The classification is based on gross national income 

(GNI) per capita and follows the World Bank Atlas method (World Bank, Country 

Classification). Holy City (Vatican City), Nauru, and occupied Palestinian territory 

are omitted because they are not listed as independent economies in some databases. 

Serbia and Montenegro are also omitted from this analysis, because they underwent 

separation during the years studied here and hence some variables such as the 

emigration rates are not consistent throughout.  

Some countries are completely omitted from the final dataset because the data 

for all variables used in this study were not available for any of the six years. These 

countries are denoted within Table 3. Many of the countries have only a few years, 

out of all six, included in the final dataset, while some high-income countries as 

well as other countries supposedly with good record-keeping practices have all six 

years of data included. The average number of years included for each country is 
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3.6. The number of countries in the final dataset is 154, and the number of all 

observations is 562.  

Data seem to be more frequently available for recent years such as 1995 and 

2000 for high-income countries, but this trend is also found in upper-middle and 

lower-middle-income countries. There seems to be no apparent selection bias 

caused by the availability of data. The exhaustive list of all countries and for which 

years the data were available to be used in this study can be found in Appendix. 

 

 
Table 3. List of Countries by Income Groups 

(World Bank categorization based on Gross National Income per capita). 

Low-Income Economies ($1,045 or less) 

Afghanistan† Congo, Dem. Rep. Liberia Rwanda 

Benin Eritrea† Madagascar Sierra Leone 

Burkina Faso Ethiopia Malawi Somalia† 

Burundi Gambia, The Mali Tanzania 

Cambodia Guinea Mozambique Togo 

Central African Rep. Guinea-Bisau Nepal Uganda 

Chad Haiti† Niger Zimbabwe 

Comoros†    

Lower-Middle-Income Economies ($1,046 to $4,125) 

Armenia Guatemala Moldova Sri Lanka 

Bangladesh Guyana Morocco Sudan† 

Bhutan† Honduras Myanmar (Burma)† Swaziland 

Bolivia India Nicaragua Syrian Arab Rep. 

Cabo Verde Indonesia Nigeria   Tajikistan 

Cameroon Kenya Pakistan   Timor-Leste (East Timor)† 

Congo, Rep. Kiribati Papua New Guinea   Ukraine 

Côte d‟Ivoire Kyrgyz Rep. (Kyrgyzstan) Philippines Uzbekistan 

Djibouti Laos Samoa Vanuatu 

Egypt, Arab Rep. Lesotho São Tomé and Principe† Vietnam 

El Salvador Mauritania Senegal Yemen, Rep.† 

Georgia Micronesia, Fed. Sts.† Solomon Islands Zambia 

Ghana 
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Table 3. Continued 

Upper-Middle-Income Economies ($4,126 to $12,735) 

Albania Cuba† Libya† Peru   

Algeria Dominica Macedonia, FYR   Romania 

Angola Dominican Rep. Malaysia South Africa 

Azerbaijan Ecuador Maldives† St. Lucia 

Belarus Fiji Marshall Islands† St. Vincent and the Grenadines 

Belize Gabon Mauritius Suriname 

Bosnia and Herzegovina† Grenada Mexico Thailand 

Botswana Iran, Islamic Rep.  Mongolia Tonga 

Brazil† Iraq† Namibia Tunisia 

Bulgaria Jamaica† Palau Turkey 

China Jordan Panama Turkmenistan† 

Colombia Kazakhstan Paraguay Tuvalu† 

Costa Rica Lebanon† 
 

  

High-Income Economies ($12,736 or more) 

Andorra† Estonia Liechtenstein† Seychelles 

Antigua and Barbuda Equatorial Guinea Lithuania† Singapore† 

Argentina Finland Luxembourg† Slovak Rep. 

Australia France Macao SAR, China† Slovenia 

Austria Germany Malta Spain 

Bahamas, The Greece Monaco† St. Kitts and Nevis 

Bahrain Hong Kong SAR, China† Netherlands Sweden 

Barbados Hungary New Zealand Switzerland 

Belgium† Iceland Norway Taiwan, China† 

Brunei Darussalam (Brunei)† Ireland Oman Trinidad and Tobago 

Canada Israel Poland United Arab Emirates† 

Chile Italy Portugal United Kingdom 

Croatia  Japan Qatar United States 

Cyprus Korea, Rep. Russian Federation Uruguay 

Czech Republic Kuwait San Marino† Venezuela 

Denmark Latvia Saudi Arabia†   

†: Countries that were excluded due to missing data.  
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IV. METHODOLOGY 
 

1. Fixed-Effects Panel Analysis 

 

We use the panel model to test the effect of high-skilled emigration in relation 

with FDI and policy variables. The panel model allows us to capture each country‟s 

individual characteristics, and hence is more suitable than the cross-sectional 

analysis. The sufficient number of observations gathered over the 25-year period 

makes it possible to utilize the panel structure. In this first part of the analysis, we 

focus on the static panel analysis and we do not model the time effect, because 1) 

the panel is unbalanced and in fact many countries have only one or two years of 

data available, and for the countries that have three to five years of data, those are 

not necessarily consecutive series; 2) the data are available for every five year 

increments (limited by the availability of the emigration rates data), and thus 

autocorrelation in the time series should not be strong.  

We capture the inter-relation between the high-skilled emigration rate and the 

FDI through an interaction term. Likewise, we allow the emigration rate to 

interact with each of the two possible policy variables, the political rights and the 

civil liberties indexes. Hence, the explanatory variables that go into the model 

include: the high-skilled emigration rate, FDI, policy, the interaction of high-skilled 

emigration rate and FDI, and the interaction of high-skilled emigration rate and 

policy. The dependent variable is the growth rate in the following year. Other 

control variables that may affect the growth rate include: per capita GDP, 

secondary school enrollment, urbanization, and trade. Another variable that is 

found in literature as affecting the growth of a country is the investment into 

research and development. However, R&D is omitted from our model because the 

data are not available for many countries, especially for older years. Understandably, 

many of these omissions would represent zero investment into R&D for low-income 

countries. Even for more established nations, the value for R&D investment 

appears to be more frequently available for only recent years. Considering that R&D 

activities mainly affect long-term growth, the effect of R&D in the subsequent 

year‟s growth rate is expected to be limited, and hence we also expect any 

omitted variable problem caused by excluding the R&D from the model to be 

minimal.  
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The rationale behind using a fixed-effects model is that each country has an 

inherent unobserved characteristic that is time-persistent and may affect other 

variables in the model. This individual characteristic should be unique to each 

country and should not be correlated with other countries‟ characteristics. The 

fixed-effects model appears to be appropriate because we are interested in 

understanding how changes in the predictors affect the outcome variable within 

each country, and the scope of our analysis is the exhaustive list of all countries 

(as far as data availability permits) and not just a sample of countries. On the 

other hand, the random-effects model assumes the variations across countries to 

be random, and the individual effects to be uncorrelated with other regressors; 

this sounds unlikely for our data. In order to test which model is appropriate, we 

run the Hausman test on all versions of our model. The null hypothesis is 

strongly rejected in all cases, and we confirm that the fixed-effects model is 

suitable for our analysis.  

The first version of the model is shown below.  

 

Model (1): 

 

𝑃𝐺𝐷𝑃𝐺𝑅𝑖,𝑡:1 = 𝛽1𝐸𝑀𝐼𝑖𝑡 + 𝛽2𝐹𝐷𝐼𝑖𝑡 + 𝛽3𝑃𝑅𝑖𝑡 + 𝛽5(𝐸𝑀𝐼𝑖𝑡 × 𝐹𝐷𝐼𝑖𝑡) + 𝛽6(𝐸𝑀𝐼𝑖𝑡 × 𝑃𝑅𝑖𝑡)

+ 𝛽8𝑃𝐺𝐷𝑃𝑖𝑡 + 𝛽9𝑆𝑆𝐸𝑖𝑡 + 𝛽10𝑈𝑅𝐵𝐴𝑁𝑖𝑡 + 𝛽11𝑇𝑅𝐴𝐷𝐸𝑖𝑡 + 𝛼𝑖 + 𝜀𝑖𝑡, 

for 𝑡 = 1975, 1980, 1985, 1990, 1995, 2000  and  𝑖 = 1,… , 154 

 

where PGDPGR is the growth rate in per capita GDP, EMI is the high-skilled 

emigration rate, FDI is the foreign direct investment, PR represents the political 

rights index, PGDP is per capita GDP, SSE is secondary school enrollment, 

URBAN is urbanization, and TRADE is the sum of imports and exports. All 

variables are yearly values for each country i, and are available for years t = 

1975, 1980, 1985, 1990, 1995, and 2000, except that the corresponding growth 

rates are for years t + 1 = 1976, 1981, 1986, 1991, 1996, and 2001.  

In an alternative formulation, we substitute the civil liberties index instead of 

the political rights index.  
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Model (2): 

 

     𝑃𝐺𝐷𝑃𝐺𝑅𝑖,𝑡:1 = 𝛽1𝐸𝑀𝐼𝑖𝑡 + 𝛽2𝐹𝐷𝐼𝑖𝑡 + 𝛽4𝐶𝐿𝑖𝑡 + 𝛽5(𝐸𝑀𝐼𝑖𝑡 × 𝐹𝐷𝐼𝑖𝑡) + 𝛽7(𝐸𝑀𝐼𝑖𝑡 × 𝐶𝐿𝑖𝑡)

+ 𝛽8𝑃𝐺𝐷𝑃𝑖𝑡 + 𝛽9𝑆𝑆𝐸𝑖𝑡 + 𝛽10𝑈𝑅𝐵𝐴𝑁𝑖𝑡 + 𝛽11𝑇𝑅𝐴𝐷𝐸𝑖𝑡 + 𝛼𝑖 + 𝜀𝑖𝑡, 

              for 𝑡 = 1975, 1980, 1985, 1990, 1995, 2000  and  𝑖 = 1,… , 154 

 

where CL stands for the civil liberties index.  

Model (3) and (4) are the parallel versions of model (1) and (2), except that the 

dependent variable is the annual growth rate in GDP instead of per capita GDP. 

The formulations follow.  

 

Model (3): 

 

𝐺𝐷𝑃𝐺𝑅𝑖,𝑡:1 = 𝛽1𝐸𝑀𝐼𝑖𝑡 + 𝛽2𝐹𝐷𝐼𝑖𝑡 + 𝛽3𝑃𝑅𝑖𝑡 + 𝛽5(𝐸𝑀𝐼𝑖𝑡 × 𝐹𝐷𝐼𝑖𝑡) + 𝛽6(𝐸𝑀𝐼𝑖𝑡 × 𝑃𝑅𝑖𝑡)

+ 𝛽8𝑃𝐺𝐷𝑃𝑖𝑡 + 𝛽9𝑆𝑆𝐸𝑖𝑡 + 𝛽10𝑈𝑅𝐵𝐴𝑁𝑖𝑡 + 𝛽11𝑇𝑅𝐴𝐷𝐸𝑖𝑡 + 𝛼𝑖 + 𝜀𝑖𝑡, 

                 𝑡 = 1975, 1980, 1985, 1990, 1995, 2000       𝑖 = 1, … , 154 

 

and Model (4): 

 

𝐺𝐷𝑃𝐺𝑅𝑖,𝑡:1 = 𝛽1𝐸𝑀𝐼𝑖𝑡 + 𝛽2𝐹𝐷𝐼𝑖 �
+ 𝛽4𝐶𝐿𝑖𝑡 + 𝛽5(𝐸𝑀𝐼𝑖𝑡 × 𝐹𝐷𝐼𝑖𝑡) + 𝛽7(𝐸𝑀𝐼𝑖𝑡 × 𝐶𝐿𝑖𝑡)

+ 𝛽8𝑃𝐺𝐷𝑃𝑖𝑡 + 𝛽9𝑆𝑆𝐸𝑖𝑡 + 𝛽10𝑈𝑅𝐵𝐴𝑁𝑖𝑡 + 𝛽11𝑇𝑅𝐴𝐷𝐸𝑖𝑡 + 𝛼𝑖 + 𝜀𝑖𝑡, 

           for t = 1975, 1980, 1985, 1990, 1995, 2000  and  𝑖 = 1,… , 154 

                              

where GDPGR is the growth rate in GDP. Hence, Model (3) and (4) also include 

possible changes in population within its dependent variable, but represent more 

macroscopic country-wide changes in the growth rates. Since the estimation 

equations include independent variables that are both per capita basis (per capita 

GDP) as well as country-wide basis (trade as a percentage of total GDP), the 

choice of either version of the growth rate is arbitrary.  

 

2. Dynamic Panel Analysis 

 

The shortcoming in using a simple fixed-effects panel model is that the variables 

in this study may cause endogeneity problem. For example, civil liberty may cause 

growth, which then may enhance civil liberty in return. All three variables that are 
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used as proxies for the channels through which emigration rates may affect growth 

(foreign direct investment, political right, and civil liberty) may indeed be correlated 

with error realizations in previous and/or current years. In order to address these 

possibly endogeneous variables, we run dynamic panel analysis in the same data 

set. Previous growth rate is added as an explanatory variable, which gives the model 

a dynamic structure. We add the year dummies and divide the independent variables 

into a set of endogenous and exogenous variables. The dynamic panel specification 

takes the following form in general: 

 

yit = β1yi,t;1 + β2Xit + β3Zit + uit 

 

where Xit  represents a set of endogeneous variables, Zit  represents a set of 

exogenous variables, and uit includes unobserved country-specific effects and the 

errors. In our study, the unit of time in the dynamic structure is 5 years, i.e., all 

variables are set to evolve with a 5-year period. Although some variables have 

annual data available, the high-skilled emigration rates are only available for every 

5 years during 1975-2000, which limits the data set for use in the dynamic model 

as well. The endogenous variables for our study include foreign direct investment, 

political rights index, and the civil liberties index. The exogenous variables are the 

high-skilled emigration rates, per capita GDP, secondary school enrollment, 

urbanization, trade, and the year dummies. Emigration rate is taken as an exogenous 

variable because it is determined by factors outside of the system under study. 

There is a clear pattern in what influences the high-skilled workers‟ decision to 

work abroad (salaries, career prospects, work environment conditions, proximity to 

home country, similarity in languages, etc.) as discussed in previous literature but 

those factors are considered external to the model in this study.  

The estimators for the dynamic panel model have been developed by Arellano 

and Bond (1991) and the extension to the system context has been developed by 

Arellano and Bover (1995) and Blundell and Bond (1998). System generalized 

method of moments (GMM) includes lagged levels as well as lagged differences 

as instruments and increases efficiency compared to the difference GMM. We use 

the system GMM in which all instrumental variables are internal, the coefficients 

for the autocorrelated dependent variable and the endogenous variables are estimated 

GMM style and those for the exogenous variables are estimated IV style. We use 

the improved estimation methods developed by Roodman (2009). 
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In addition to examining the effect of the explanatory variables on the growth 

rates in the following year, we also examine the effect on the lagged dependent 

variable, that are the growth rates 5 years later and 10 years later. Lagged 

dependent variables are motivated by the possibility that the influence of high- 

skilled emigration on growth through human capital and knowledge and technology 

transfer may occur in the long-term. The exact specification used in this analysis 

for a short-term and two longer-term effect models are shown below.  

 

Dynamic Panel Data (DPD) Model (1): short-term, +1 year 

 

𝑦𝑖,𝑡:1 = 𝛽1𝑦𝑖,𝑡;4 + 𝛽2𝑋𝑖𝑡 + 𝛽3𝑍𝑖𝑡 + 𝑢𝑖𝑡 

for 𝑡 = 1975, 1980, 1985, 1990, 1995, 2000  and all available  𝑖′s 

 

 

DPD Model (2): +5 year 

 

𝑦𝑖,𝑡:5 = 𝛽1𝑦𝑖,𝑡 + 𝛽2𝑋𝑖𝑡 + 𝛽3𝑍𝑖𝑡 + 𝑢𝑖𝑡 

for 𝑡 = 1975, 1980, 1985, 1990, 1995, 2000  and all available  𝑖′s 

 

 

DPD Model (3): +10 year 

 

yi,t:10 = β
1
yi,t:5 + β

2
Xit + β

3
Zit + uit 

for 𝑡 = 1975, 1980, 1985, 1990, 1995, 2000  and all available  𝑖′s 

 

 

 

V. RESULTS 
 

1. Multicollinearity 

 

Before we get to the main results, we check for possible multicollinearity problems. 

The correlations of all variables used in the panel model are shown in Table 4. Some 

correlations are expected to be high; the growth rate in per capita GDP and the 
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growth rate in GDP are obviously highly correlated, so are the political rights index 

and the civil liberties index. These are not problematic since the variables are 

substitutes of each other for alternative models. The correlation between the interaction 

term and its constituent is often expected to be somewhat high, which is true for 

some cases in our data. We also find that some of the control variables are highly 

correlated, but this is understandable. While each control variable stands for a 

unique factor, a well-established nation typically has a high per capita GDP, a high 

level of public education, and a high rate of urbanization, while a low-income and 

less developed country likely has low levels of all three variables. We confirm 

that per capita GDP, secondary school enrollment, and urbanization are positively 

correlated. Trade seems to be independent of the three.  

We check the variation inflation factor (VIF) to see if these somewhat high 

levels of correlations should concern us about the multicollinearity problem that 

may invalidate our results. Some sources say that VIFs over 10 should be 

addressed (O‟Brien, 2007), while other sources claim that VIFs up to 30 is 

acceptable (Stata Manual 13). SSE and URBAN consistently have VIFs around 12. 

These two variables are the pair of control variables with the highest correlation. 

All other variables, including the interactions, have VIFs well under 10. We can 

apply mean- centering to SSE and URBAN, which would effectively bring down 

VIFs to around 3 (Table 5). However, since these variables are stand-alone 

variables that are not multiplicative (neither interaction nor power terms), mean- 

centering does not affect the coefficients or the significances. We leave the 

variables as is for easier interpretations on the coefficients.  
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Table 5. Variation Inflation Factors (VIFs) Before and After Mean-Centering 

 

 

2. Fixed-Effects Panel Results 

 

The fixed-effects panel regression results are shown in Table 6. Our main 

results are as follows. 1) The high-skilled emigration rate does not independently 

affect the growth rate of the country in the model. The coefficient is consistently 

negative but is never significant, meaning that it is not significantly different 

from zero. 2) The FDI positively affects the growth rates, and this is consistently 

true for all variations in specification. However, the FDI does not seem to interact 

with the high-skilled emigration rate in affecting the growth rate. 3) The policy 

variable plays an important role, but the effects of the two indexes are distinct. 

The political rights index by itself is negatively associated with the growth rate; 

this means that improving the fairness in political systems (thus lowering the PR 

index) would promote growth. However, the political structure of a country is not 

related to the high-skilled emigration rate in its role in influencing the growth 

rate. On the contrary, the civil liberties index is significant by itself as well as in 

the interaction with the high-skilled emigration rate. The coefficient for the civil 

liberties index is negative, while that for the interaction term is positive.  

 

Pre-Centering Post-Centering 

Model (1) Model (2) Model (1) Model (2) 

 Variable  VIF Variable    VIF  Variable  VIF Variable VIF 

SSE 11.93 URBAN 12.25 EMI 7.36 EMI 8.73 

URBAN 11.80 SSE 12.11 EMIxPR 5.80 EMIxCL 7.26 

EMI 7.80 EMI 9.43 TRADE 5.41 TRADE 5.55 

EMIxPR 6.13 EMIxCL 7.78 PR 4.72 CL 4.93 

TRADE 5.80 TRADE 5.78 SSE (centered) 3.13 
SSE 

(centered) 
3.18 

PR 4.84 CL 5.63 EMIxFDI 2.77 EMIxFDI 2.76 

PGDP 3.40 PGDP 3.55 
URBAN 

(centered) 
2.59 

URBAN 

(centered) 
2.58 

EMIxFDI 2.81 EMIxFDI 2.79 FDI 2.57 FDI 2.57 

FDI 2.57 FDI 2.57 PGDP 2.54 PGDP 2.55 

Mean VIF 6.34 Mean VIF 6.87 Mean VIF 4.10 Mean VIF 4.46 
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Table 6. Fixed-Effects Panel Regression Results 

*, **, and *** indicate significance at 0.10, 0.05, and 0.01 level, respectively. 

†: Constant represents the average value of fixed effects. 

 

Figures 1 and 2 show the interplay between the high-skilled emigration rate and 

the civil liberties index in affecting the growth rate. The marginal changes in the 

growth rate are plotted against the high-skilled emigration rate and the civil 

liberties index, as predicted by our model. Several insights can be drawn from 

these interactions. As evident from the positive coefficient of the interaction term, 

the effect of the high-skilled emigration on the growth rate is positive, and this is 

the only meaningful impact of the skilled emigration under this model, which occurs 

through the interaction with civil liberties. In other words, increasing the percentage of 

tertiary-educated people who emigrate to other countries increases the growth rate.  

 
DV = Growth Rate in Per Capita GDP DV = Growth Rate in GDP 

 
Model (1) Model (2) Model (3) Model (4) 

EMI -0.0242 -0.0503  -0.0189 -0.0533 

 
(0.0567) 

 
(0.0560) 

 
(0.0571) 

 
(0.0563) 

 
FDI 0.2125 0.2090 0.1904 0.1869 

 
(0.0833) ** (0.0828) ** (0.0838) ** (0.0833) ** 

PR -0.4381 
 

 -0.5119 
 

 
(0.2557) * 

  
(0.2572) ** 

  
CL 

 
-0.8631 

 
-0.9377 

   
(0.3239) *** 

  
(0.3258) *** 

EMI x FDI -0.0045 -0.0043 -0.0035 -0.0033 

 
(0.0029) 

 
(0.0029) 

 
(0.0030) 

 
(0.0030) 

 
EMI x PR 0.0117 

 
0.0108 

 

 
(0.0095) 

   
(0.0096) 

   
EMI x CL 

 
0.0201 

 
0.0212 

   
(0.0110) * 

  
(0.0111) * 

PGDP -0.000275 -0.000276 -0.000230 -0.000233 

 
(0.000085) *** (0.000084) *** (0.000086) *** (0.000085) *** 

SSE 0.0012 0.0016 -0.0155 -0.0142 

 
(0.0244) 

 
(0.0241) 

 
(0.0245) 

 
(0.0242) 

 
URBAN -0.0903 -0.1028 -0.1199 -0.1319 

 
(0.0571) 

 
(0.0571) * (0.0574) ** (0.0574) ** 

TRADE 0.0449 0.0448 0.0431 0.0435 

 
(0.0127) *** (0.0127) *** (0.0128) *** (0.0128) *** 

Constant
†

 6.2730 8.4132 10.4946 12.5794 

 
(2.8232) ** (2.9749) *** (2.8405) *** (2.9928) *** 

N 562 562 562 562 

Ni 154 154 154 154 

R2 0.5230 0.5280 0.5363 0.5412 

Adjusted-R2 0.3294 0.3363 0.3481 0.3549 
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Figure 1. Marginal Effect of High-Skilled Emigration on Growth Rate  

The predicted marginal changes in the growth rate of per capita GDP or GDP over the range of 

high-skilled emigration rate are shown for each civil liberties index, from Model (2). 

 
 

 

Figure 2. Marginal Effect of Civil Liberty on Growth Rate  

The predicted marginal changes in the growth rate of per capita GDP or GDP over the range of 

civil liberties index are shown for varying levels of high-skilled emigration rate, from Model (2). 

 
 

However, the extent of this impact depends on the state of the civil liberties in that 

source country. For countries that have „good‟ civil liberties (e.g. CL=1 or 2), educated 

citizens leaving for other countries to learn skills and obtain work experiences 

benefit the growth of the (already developed) home country mildly. On the other 

hand, for countries that have „poor‟ civil liberties (e.g. CL=7 or 6), the effect of the 
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high-skilled emigration is more positive, indicating that those countries would 

benefit a lot by sending their top intellects to more developed countries.  

The impact of the civil liberties on the growth rate also depends on the level of 

the high-skilled emigration rates, and the sign of the effect of the civil liberties 

index changes from (-) to (+) as the high-skilled emigration rate increases. When 

the brain drain is low, the countries with „poor‟ civil liberty structures would have a 

serious problem with economic growth. However, when the high-skilled emigration 

rate is at high levels, the countries with „poor‟ civil liberty structures benefit from 

this trade in human capital and would experience faster growth rates.  

The overall interpretations give support to the network theory that the high- 

skilled labors create externalities that are beneficial for the source countries. For 

already well-developed countries, the benefit of this network effect is smaller, but 

the impact of the high-skilled emigration is still positive on growth. In other 

words, it never hurts to send highly educated people abroad. For developing 

countries, the implication of the high-skilled emigration is larger, and they would 

leap the most benefit from the externalities created by the emigrated high-skilled 

workers.  

We also find that per capita GDP and urbanization are negatively associated with 

the growth rates, meaning that, controlling for other factors, an increase in the per 

capita GDP and the percentage of urban population is associated with a decrease 

in the growth rate. This likely non-causal relationship may stem from the fact that 

a lot of the less-developed nations bear a huge potential in achieving high growth 

while such a possibility would be lower for the already-developed countries. 

Trade is consistently positively associated with the growth rate, implying that an 

increase in imports and exports is associated with an increase in the growth rates. 

This result is in line with the theme of the main result that promoting a network 

with other nations is helpful for the growth of a country.  

 

 

3. Dynamic Panel Results 

 

The system GMM results for the short-term effects are shown in Table 7. When 

the estimation accounts for some of the endogeneous variables, we find slightly 

different dynamics in the results. It is interesting to compare the results with that 

found in static panel analysis, and to note what effects persist vs. what are different. 

We note the following findings. 1) The effect of the high-skilled emigration is more 
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pronounced. The EMI is by itself significant when the interaction terms are excluded 

from the model, and has a negative association with growth rates, implying signs of 

brain drain. When the interaction terms are included, the interaction term of EMI 

and FDI is significant, which was not found in the static panel model, and the 

interaction of EMI and CL remains significant with a positive coefficient. The 

interpretation on the interplay between EMI and CL also remains the same, except 

that the coefficient is about three times bigger. 2) The sign of the coefficient for 

EMI x FDI is negative, which was also the case for static panel results, but what 

was not significant is now strongly significant at 1% level. This implies that for 

countries with high levels of FDI inflows, the negative effect of high-skilled 

emigration on the growth rate is higher. For countries that are not receiving much 

FDIs, the negative impact of brain drain is attenuated. 3) The FDI fosters growth, 

which conforms to the earlier results we found. Although the coefficient for the 

interaction with EMI is negative, the coefficient for FDI alone is much higher, so 

except for the countries with abnormally high levels of emigration rates, the effect 

of FDI is likely to stay positive. However, an increasing level of the high-skilled 

emigration diminishes the positive effect of FDI on growth, and can possibly offset 

the growth-enhancing effect of FDI. 4) The two policy variables have the opposite 

effects. To be precise, the effect of the civil liberties index, and the effect of its 

interaction with the high-skilled emigration rate, remains the same in the same 

direction and increased magnitude, but the effect of the political rights index is 

reversed. The interaction term with EMI, although insignificant, also had the 

opposite sign coefficients under the fixed-effects model. Positive coefficients for 

PR imply that the countries with limited political freedom (non-democratic 

institutions) have experienced higher growth rates. This relationship likely stems 

from observational association that some countries with low levels of political 

freedom (high PR index) have experienced significant economic growth during the 

periods of 1975-2000.  

Longer-term results are displayed in Table 8, in which we do not find interesting 

associations that we expected. Although the signs of the coefficients are the same 

for most variables, all of the effects of the explanatory variables and the interaction 

effects that we observed for short-term have been greatly weakened. We do find 

significant and positive effect of secondary school enrollment, which was missing 

in the short-term results. We can infer that the positive effect of human capital 

investment occurs on a long-term rather than a short-term. The results are similar 
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for when the lag length of 3 to 4 or 3 to 5 is used in the IV estimation. The 

coefficients, the significant variables, and the significance levels do not change a 

lot whether standard or robust errors are used, hence the results for which the 

specification tests pass with high p-values are shown in Table 8.  

 

Table 7. Dynamic Panel Data System GMM Results  

 
(1) DV = Growth Rate in Per Capita GDP, +1 year 

 
Lag: min 3 / max 4 Lag: min 3 / max 5 

 
Std. Err. Std. Err. Std. Err. Std. Err. 

L1.PGDPGR -0.1567  
 

-0.0701  
  -0.1081  

 

-0.0875  
 

 
(0.1212) 

 
(0.1058) 

  (0.1134) 
 

(0.0976) 
 

EMI -0.0308  ** -0.0698  
  -0.0336  ** -0.0644  

 

 
(0.0138) 

 

(0.0507) 
  (0.0136) 

 

(0.0493) 
 

FDI 0.4574  ** 0.5187  *** 0.3781  ** 0.4942  *** 

 
(0.1949) 

 

(0.1935) 
  (0.1825) 

 

(0.1796) 
 

PR 1.7687  ** 2.0885  ** 1.8423  ** 2.0113  ** 

 
(0.8019) 

 
(0.9304) 

  (0.7884) 
 

(0.8853) 
 

CL -2.2113  ** -2.8389  ** -2.4103  *** -2.7157  ** 

 
(0.9496) 

  (1.1195) 
  (0.9256) 

  (1.0590) 
  

EMI x FDI 

  

-0.0103  *** 

  

-0.0103  *** 

 
  

(0.0036) 
  

  

(0.0035) 
 

EMI x PR 

  

-0.0460  
  

  

-0.0428  
 

 
  

(0.0283) 
  

  

(0.0274) 
 

EMI x CL 
  

0.0689  ** 

  
0.0643    * 

 
  

  (0.0350) 
    

  (0.0340) 
  

PGDP -0.000063  * -0.000078  ** -0.000068  ** -0.000072  ** 

 
(0.000034) 

 

(0.000035) 
  (0.000033) 

 

(0.000034) 
 

SSE -0.0108  
 

0.0006  
  -0.0111  

 

-0.0001  
 

 
(0.0123) 

 

(0.0125) 
  (0.0122) 

 

(0.0123) 
 

URBAN 0.0055  
 

-0.0031  
  0.0022  

 
-0.0033  

 

 
(0.0149) 

 
(0.0147) 

  (0.0146) 
 

(0.0143) 
 

TRADE 0.0201  *** 0.0248  *** 0.0212  *** 0.0257  *** 

 
(0.0078) 

  (0.0078) 
  (0.0076) 

  (0.0074) 
  

YR1980 2.5941  
 

2.4737  
  3.1474  

 

2.3344  
 

 
(2.3235) 

 

(2.2411) 
  (2.2618) 

 

(2.1593) 
 

YR1985 2.9554  
 

2.8173  
  3.6727  

 
2.6237  

 

 
(2.4164) 

 
(2.3418) 

  (2.3290) 
 

(2.2405) 
 

YR1990 2.0672  
 

2.4507  
  2.7120  

 

2.2799  
 

 
(2.2738) 

 

(2.2242) 
  (2.1968) 

 

(2.1371) 
 

YR1995 3.6111  
 

3.9146  * 4.4351  * 3.7127  
 

 
(2.4706) 

 

(2.3749) 
  (2.3649) 

 

(2.2635) 
 

YR2000 2.2830  
 

2.6412  
  3.1118  

 
2.5522  

 

 
(2.5424) 

  (2.3709) 
  (2.4377) 

  (2.2604) 
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Table 7. Continued 

 
(1) DV = Growth Rate in Per Capita GDP, +1 year 

 
Lag: min 3 / max 4 Lag: min 3 / max 5 

 
Std. Err. Std. Err. Std. Err. Std. Err. 

N 485  
 

485  
  485  

 

485  
 

Ni 152  
 

152  
  152  

 
152  

 
Ninstruments 42  

 
66  

  46  
 

73  
 

Sargan/Hansen test 0.237  
 

0.189  
  0.314  

 

0.224  
 

Diff Sargan/Hansen test 0.525  
 

0.134  
  0.526  

 

0.078  
 

AR(1) test 0.031  
 

0.003  
  0.015  

 

0.003  
 

AR(2) test 0.296  
  0.451  

  0.386  
  0.411    

*, **, and *** indicate significance at 0.10, 0.05, and 0.01 level, respectively. 

 

Table 8. Dynamic Panel Data System GMM Results for Long-term Effects  

  (2) DV = GR in PGDP, +5 years (3) DV = GR in PGDP, +10 years 

  Lag: min 3 / max 4 Lag: min 3 / max 4 

  Robust Std. Err. Robust Std. Err. Robust Std. Err. Std. Err. 

L1.PGDPGR -0.1444  
 

-0.1903    -0.3566  
** 

-0.1633  
 

 
(0.1730) 

 
(0.1292)    (0.1803) 

 
(0.1210) 

 
EMI 0.0014   -0.0331    -0.0221   -0.0419  

 

 
(0.0164) 

 
(0.0520)   (0.0200) 

 
(0.0435) 

 
FDI 0.0220   0.3493    -0.1994   -0.0957   

 
(0.2247) 

 
(0.2323)   (0.1869) 

 
(0.1755) 

 
PR 0.6738   0.5598    0.2461   -0.2164   

 
(0.8919) 

 
(1.0489)   (0.9221) 

 
(0.8494) 

 
CL -0.7434   -0.6538    -1.0777   -0.4482   

 
(0.9733) 

  (1.2823)   (1.0316) 
  (1.0444) 

  

EMI x FDI   
 

-0.0044    

  
-0.0036   

 
  

 

(0.0037)   

  

(0.0032) 
 

EMI x PR   
 

-0.0070    
  

0.0117  
 

 
  

 

(0.0311)   

  

(0.0247) 
 

EMI x CL   
 

0.0243    

  
0.0020   

 
  

  (0.0373) 
    

  (0.0312) 
  

PGDP -0.000042   -0.000057  
* 

-0.000102  
*** 

-0.000082  
*** 

 
(0.000029) 

 

(0.000034) 
  (0.000035) 

 

(0.000031) 
 

SSE 0.0377  
*** 

0.0462  
*** 

0.0267  
* 

0.0273  
** 

 
(0.0144) 

 

(0.0154) 
  (0.0146) 

 

(0.0124) 
 

URBAN -0.0218  
 

-0.0174  
  -0.0326  

* 
-0.0259  

* 

 
(0.0159) 

 

(0.0173) 
  (0.0197) 

 

(0.0136) 
 

TRADE -0.0040   -0.0062    0.0035   0.0080   

 
(0.0080) 

  (0.0086)   (0.0095) 
  (0.0064) 
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Table 8. Continued 

  (2) DV = GR in PGDP, +5 years (3) DV = GR in PGDP, +10 years 

  Lag: min 3 / max 4 Lag: min 3 / max 4 

  Robust Std. Err. Robust Std. Err. Robust Std. Err. Std. Err. 

YR1980 1.7220  
 

0.7708    6.1085  
*** 

3.9693  
* 

 
(2.2610) 

 

(2.8459)   (2.2935) 
 

(2.1053) 
 

YR1985 1.7371  
 

0.6991    7.4947  
*** 

5.1772  
** 

 
(2.3648) 

 

(2.8905)   (2.3024) 
 

(2.1827) 
 

YR1990 2.5779  
 

1.8008    7.5309  
*** 

5.2531  
** 

 
(2.3251) 

 

(2.9574)   (2.2888) 
 

(2.0956) 
 

YR1995 2.6724  
 

1.3631    8.7054  
*** 

6.1502  
*** 

 
(2.4987) 

 

(3.0020)   (2.3771) 
 

(2.2128) 
 

YR2000 3.4427  
 

1.8143    8.3936  
*** 

5.6176  
** 

 
(2.4898) 

  (2.9640)   (2.5004) 
  (2.2500) 

  

N 491  
 

491    504  

 

504  
 

Ni 153  
 

153    154  

 

154  
 

Ninstruments 42  
 

66    42  

 

66  
 

Sargan/Hansen test 0.177  
 

0.233    0.166  

 

0.253  
 

Diff Sargan/Hansen test 0.118  
 

0.129    0.544  

 

0.316  
 

AR(1) test 0.011  
 

0.001    0.305  

 

0.000  
 

AR(2) test 0.812  
  0.568    0.042    0.238  

  

*, **, and *** indicate significance at 0.10, 0.05, and 0.01 level, respectively. 

 

4. Post-Estimation Considerations 

 

In order to confirm that the results are not solely driven by the high-income countries, 

we considered the groups of countries by income levels. In general, developed 

countries correspond to the high-income economies as classified by World Bank 

(Table 3). The rest are considered to be developing countries at GNI per capita of 

$12,735 or below, and this includes the majority of the countries that are low- 

income, lower-middle-income, and upper-middle-income economies. When we 

repeated the analyses excluding the high-income countries, we obtained similar 

results as what was found for the entire sample. Because the number of the developing 

countries far exceeds that of the developed countries, the results are driven by those 

lower-income countries and the interpretations should also apply to those economies.  

With the mixed results we find, we offer the following interpretations. The 

setup of the study does not track the exact flow of the newly emigrated high- skilled 

workers, but instead measures the effect of the gross percentage of high- skilled 

workers abroad at each time point. Hence, we should not consider those newly 

emigrated human capital as the „agents‟ that will affect the growth of the source 
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countries in a long-term. Although the theory supports such long-term effects, our 

study measures whether the changes in the gross stock levels of the emigrated high- 

skilled workers have associations with the growth rates, and thus such effects seem 

to be best captured in subsequent years. The stock of the high-skilled workers 

abroad are considered to be positioned to already take part in the externality creation 

process, which is why this study aimed to analyze the immediate effects of such changes.  

We also point out that growth rates and per capita GDP are very different. It is 

often considered that highly developed nations would have the advantage in 

achieving growth, as those nations already have the social and economical 

infrastructure suitable for faster growth. However, it turns out that the nations 

with high per capita GDP have low and stable growth rates. These countries have 

already achieved economical success, and hence there would be a less likely 

chance to achieve drastic growth any further. On the other hand, for the nations 

with low per capita GDP, their economic prospects can go very well or very badly. 

Some countries achieve highly positive growth rates while others experience 

negative growth, and this variance gets larger for poorer countries. Civil liberties 

index also shows a surprising association. While it is true that nations with high 

per capita GDP tend to have good civil liberties index, there are many poor 

countries at all levels of civil liberty. Growth rate is also quite steady across all 

levels of civil liberty, except that there are a few outliers with low levels of civil 

liberty that have experienced notably high or low growth rates. 

When we look at the high-skilled emigration rate data across countries in our 

data set, some countries with very low per capita GDP have experienced extremely 

high rates of high-skilled emigration in the past. It is also true that some poor 

countries are still at a low level of high-skilled emigration (e.g. largely due to the 

economic or political barrier of moving abroad), but all high-skilled emigration 

rates above 50% occurs for nations with under $30,000 per capita GDP (in 

constant 2005 US Dollars). The trend is clear; high-skilled human capital in 

relatively poorer countries is making the international migration, likely to wealthier 

countries with better opportunities: higher income, better career prospects, higher 

quality of life, etc. We also find that high levels of emigration rates are observed 

for all levels of civil liberty, but there is a concentration of relatively good civil 

liberty nations (CL = 2 and 3) making a high level of outward emigration among the 

tertiary-educated citizens. We noted above that there are quite a lot of poor nations 

with good civil liberties. Hence, we can infer that it is the group of poor countries 
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with relatively good levels of civil liberty that is making the high rates of 

high-skilled emigration to other countries. 

There are a few countries that have experienced exceptionally high or low growth 

rates, but these outliers are not the countries that have particularly high emigration 

rates. The relationship between the growth rate and the emigration rate appears to 

be driven not by these outliers but by the majority of cases with growth rates from 

-20% to +20%. There are a group of countries with CL = 1~3 and with exceptionally 

high emigration rates over 50%, that appear to have achieved slightly higher growth 

rates than the other countries with the same CL index but with lower high-skilled 

emigration rates. This group may be driving the positive coefficient for the interaction 

between EMI and CL. The fact that we do not observe that many countries with CL = 

4~7 with high rates of high-skilled emigration informs us that the predicted positive 

effect of the high-skilled emigration in our model hints at the potential for these 

countries to achieve growth. 

We find different results for the effect of civil liberties and the political rights 

index. Although the two indexes are positively correlated in general, the cases where 

the values of the two indexes differ by 1 or 2 are quite common, and the difference by 3 

is also observed. Furthermore, there is a trend in how these differences between the 

two indexes occur. For countries with a high level of political freedom (low PR index), 

the civil liberty tends to be slightly less free. On the other end of the spectrum with 

the countries with less political freedom, the civil liberty tends to be freer [(PR, CL) 

= (2, 3) is more common than (PR, CL) = (3, 2), and (PR, CL) = (6, 5) is more common 

than (PR, CL) = (5, 6)]. This somewhat systematic difference between the two 

indexes explains that the two variables represent different entities and may have 

differing effects on the dependent variable.  

 

 

VI. DISCUSSION AND CONCLUSION 

 
We examine the impact of the high-skilled emigration rate, the foreign direct 

investment, and the policy variables on the growth rate, and especially pay attention 

to the interplay of the emigration rate with the FDI and the policy variables. 

Interesting insights are discovered in its interplay with the civil liberties index. 

We find that the effect of the high-skilled emigration is positive through this 

interaction, and the degree of the impact depends on the civil liberty structures of 
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the source country; the countries that have „poor‟ civil liberty would experience 

faster growth when the high-skilled emigration increases. The direction of the 

effect of the civil liberty on the growth rate depends also on the level of the 

high-skilled emigration; in a restricted environment where people do not emigrate 

to developed nations, the „poor‟ civil structure damages the growth rate, while in an 

open environment where educated people emigrate freely to higher-income 

nations, the countries with „poor‟ civil liberties are positioned to actually achieve 

the highest growth rates.  

The high-skilled emigration rate is found to interact with the FDI when the 

endogeneity of the variables are accounted for in the dynamic panel model. The 

effect of the high-skilled emigration in this context is negative, and this decrease in 

growth rate caused by the educated workers leaving the home country is mitigated 

for countries that have yet to receive much foreign direct investments. Put the other 

way, the growth-enhancing positive effect of the FDI is reduced for countries that 

have high levels of tertiary-educated workers leaving for better opportunities 

abroad. Possible interpretation can be that the high levels of the high-skilled 

emigration imply a void in the human capital that can achieve faster growth 

through receiving capital investments and knowledge/technology transfer. This 

result is in agreement with Kugler and Rapoport (2004), in that the high-skilled 

emigration and the FDI are negatively related contemporaneously and work as 

substitutes. Although it may be true that the externalities created by the emigrated 

workers generate FDI inflows to the source countries on a long run (Kugler and 

Rapoport, 2004; Docquier and Lodigiani, 2010), such investments do not seem to 

generate proportionate levels of growth, as evidenced by the subsequent years‟ 

growth rates.  

In summary, we find that FDI and good civil liberty supports growth, while 

high-skilled workers emigrating out of the country harms growth rates. However, 

by examining the interplay between emigration rates and other variables, we find 

that high levels of high-skilled emigration rates can be beneficial to countries with 

low levels of civil liberty, and the harmful effect of brain drain is mitigated for 

countries for which the FDI inflow is low. Overall, openness, as represented by the 

trade of goods and services (imports and exports), human capital (high-skilled 

emigration) in some instances, and funds (foreign direct investment), appears to 

foster growth. 
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Our analysis pulls data from multiple sources, and incorporates all available data 

for all existent countries. We first use the fixed effects panel model that captures 

the time-invariant country-specific effects, which is appropriate and fits the data 

well. The panel specification is more suitable than using the cross-sectional model 

on pooled data for this problem. Our econometric specifications address the network 

and feedback effect of the high-skilled emigration, together in the model for 

predicting the growth rates. Many of our variables are macro-economic variables, 

yet we found significant associations between some explanatory variables. Next we 

apply the dynamic panel model structure that addresses the possible endogeneity 

problem. We find some new insights from this result, namely the brain drain effect 

of the high-skilled emigration and its negative interaction with the FDI, but the 

positive and significant coefficient for the interaction term of EMI and CL is 

confirmed to hold true for both static and dynamic estimation models. The positive 

interaction of EMI and CL hints that supporting the highly skilled people of the 

developing countries to be able to study and work abroad, for example by hiring 

those workers, may benefit the developing nations and help them achieve faster 

growth rates. This has implications for another form of foreign aid that may be 

effective in promoting growth in developing nations, and merits further empirical 

research in this area as more refined emigration data become available.  

Our work is not without limitations. There are some countries that are omitted 

from the analysis because they had missing data. Although there appears to be no 

bias in the omitted countries, it would be better to incorporate all countries into the 

analysis, perhaps by filling in estimated values for the missing variables if possible. 

In the history of the years studied, some economies experienced abrupt changes in 

political regimes and underwent changes in emigration laws. Our method does not 

control for such events for each of those nations. Remittance is another channel 

through which the high-skilled workers abroad can affect their home countries‟ 

economic growth. This variable is not included in the study because many missing 

data especially for older years reduce the sample size greatly. Although the 

dynamic panel model accounts for the endogeneity among the variables, short-term 

effects are not free from outside forces, namely the economic fluctuations and the 

world-wide prosperity that was observed during the study period. It is important to 

note that the empirical results only provide support for the association of the 

variables, and any causal relationships must be drawn from theoretic developments 

in the literature.  
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We find an insightful and meaningful relationship between the high-skilled 

emigration rate and the civil liberties index, but not with the political rights index. 

So what distinguishes the civil liberties index from the political rights index? 

Although the two indexes are obviously positively correlated, there are some 

distinct differences in the categories of the constructs they measure. Examining the 

actual questions used by Freedom House in evaluating the two indexes for all 

countries may give us some answers. While the questions for the political rights 

index measure the fairness and the oppressiveness of the political system in a 

country, the questions for the civil liberties index are more closely related with the 

implications for engaging in economic activities in a given nation. We speculate 

that this is the critical difference because the network externalities created by the 

high-skilled workers and its impact on the growth rate are of an economic matter.  
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Appendix. Countries and Years Included in the Final Data Set of the 

Fixed-Effects Panel Study 

 

 
 

  

Data available for: 1975 1980 1985 1990 1995 2000 

 
            

Low-Income Economies ($1,045 or less) 

Afghanistan 
      

Benin O O O 
  

O 

Burkina Faso O O O O 
 

O 

Burundi 
  

O O 
  

Cambodia 
     

O 

Central African Rep. 
 

O O O 
  

Chad 
  

O O O O 

Comoros 
      

Congo, Dem. Rep. O O O 
 

O 
 

Eritrea 
      

Ethiopia 
    

O O 

Gambia, The 
 

O O O O 
 

Guinea 
   

O 
  

Guinea-Bisau 
  

O 
  

O 

Haiti 
      

Liberia O O 
   

O 

Madagascar 
 

O 
 

O 
  

Malawi O O O O O O 

Mali O O O O O O 

Mozambique 
 

O O O O O 

Nepal 
 

O O O 
 

O 

Niger O O 
 

O 
 

O 

Rwanda 
 

O O O 
 

O 

Sierra Leone O O O O 
  

Somalia  
      

Tanzania 
    

O 
 

Togo O O O O O O 

Uganda 
  

O O O O 

Zimbabwe O O O O O O 
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Appendix. Continued 
 

Data available for: 1975 1980 1985 1990 1995 2000 

              

Lower-Middle-Income Economies ($1,046 to $4,125) 

Armenia 
     

O 

Bangladesh 
 

O O O 
 

O 

Bhutan 
      

Bolivia O 
    

O 

Cabo Verde 
   

O 
 

O 

Cameroon 
 

O O O O O 

Congo, Rep. 
 

O O O 
  

Côte d'Ivoire O O O 
   

Djibouti 
    

O O 

Egypt, Arab Rep. 
 

O O O O O 

El Salvador 
 

O 
   

O 

Georgia 
     

O 

Ghana O O O O O O 

Guatemala 
 

O O 
 

O O 

Guyana 
  

O 
   

Honduras O O O 
   

India O O 
  

O O 

Indonesia 
   

O O O 

Kenya O O O 
  

O 

Kiribati 
  

O O O O 

Kyrgyz Rep. (Kyrgyzstan) 
    

O O 

Laos 
  

O O O O 

Lesotho 
 

O O O O O 

Mauritania 
   

O O O 

Micronesia, Fed. Sts. 
      

Moldova 
    

O O 

Morocco O O O O O O 

Myanmar (Burma) 
      

Nicaragua O O O O O O 

Nigeria   
 

O O O 
 

O 

Pakistan   O O O O 
  

Papua New Guinea   O 
  

O O 
 

Philippines O O O O O 
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Appendix. Continued 

 

  

Data available for: 1975 1980 1985 1990 1995 2000 

       

Lower-Middle-Income Economies ($1,046 to $4,125) Continued 

Samoa 
    

O O 

São Tomé and Principe 
      

Senegal 
 

O O O 
 

O 

Solomon Islands 
   

O 
 

O 

Sri Lanka 
 

O O O O 
 

Sudan 
      

Swaziland O O O 
 

O O 

Syrian Arab Rep. O O O O O O 

Tajikistan 
    

O O 

Timor-Leste (East Timor) 
      

Ukraine 
     

O 

Uzbekistan 
    

O O 

Vanuatu 
 

O 
   

O 

Vietnam 
   

O 
  

Yemen, Rep.  
      

Zambia O O O O 
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Appendix. Continued 
 

Data available for: 1975 1980 1985 1990 1995 2000 

              

Upper-Middle-Income Economies ($4,126 to $12,735) 

Albania 
    

O O 

Algeria O O O O 
 

O 

Angola 
  

O O 
 

O 

Azerbaijan 
    

O 
 

Belarus 
    

O 
 

Belize 
    

O O 

Bosnia and Herzegovina 
      

Botswana O O O O O O 

Brazil 
      

Bulgaria 
   

O O O 

China 
  

O O O O 

Colombia O O O 
 

O O 

Costa Rica 
 

O O O O O 

Cuba 
      

Dominica 
   

O 
 

O 

Dominican Rep. O O 
  

O O 

Ecuador 
 

O O O 
 

O 

Fiji 
 

O O 
  

O 

Gabon 
 

O O 
 

O 
 

Grenada 
  

O O 
  

Iran, Islamic Rep.  O 
 

O O O O 

Iraq 
      

Jamaica 
      

Jordan 
 

O O O 
 

O 

Kazakhstan 
     

O 

Lebanon 
      

Libya 
      

Macedonia, FYR   
    

O O 

Malaysia O O O O O O 

Maldives 
      

Marshall Islands 
      

Mauritius 
 

O O O 
 

O 

Mexico O O O O O O 
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Appendix. Continued 

 

  

Data available for: 1975 1980 1985 1990 1995 2000 

       
Upper-Middle-Income Economies ($4,126 to $12,735) Continued 

Mongolia 
    

O O 

Namibia 
   

O O O 

Palau 
     

O 

Panama 
 

O O O O O 

Paraguay 
    

O O 

Peru   O O O O O O 

Romania 
   

O O O 

South Africa 
   

O 
 

O 

St. Lucia 
 

O O O 
 

O 

St. Vincent and the Grenadines 
  

O 
  

O 

Suriname O O O O 
  

Thailand O O O O O 
 

Tonga 
  

O O 
 

O 

Tunisia 
 

O O O O O 

Turkey 
 

O 
 

O O O 

Turkmenistan 
      

Tuvalu       
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Appendix. Continued 
 

Data available for: 1975 1980 1985 1990 1995 2000 

              

High-Income Economies ($12,736 or more) 

Andorra 
      

Antigua and Barbuda 
     

O 

Argentina O O O O 
 

O 

Australia 
    

O O 

Austria 
  

O O O O 

Bahamas, The 
 

O O O O 
 

Bahrain 
 

O O O O O 

Barbados O O O O 
 

O 

Belgium 
      

Brunei Darussalam (Brunei) 
      

Canada O O O O O O 

Chile O O O O 
 

O 

Croatia  
    

O O 

Cyprus O O O O O O 

Czech Republic 
    

O O 

Denmark 
 

O O O O O 

Estonia 
    

O O 

Equatorial Guinea 
     

O 

Finland O O O O O O 

France O O O O O O 

Germany 
    

O O 

Greece O O O O O O 

Hong Kong SAR, China 
      

Hungary 
    

O O 

Iceland 
 

O O O O O 

Ireland O O O O O O 

Israel O O O O O O 

Italy O O O O O O 

Japan 
 

O O O O O 

Korea, Rep. 
 

O O O O O 

Kuwait 
    

O O 

Latvia 
    

O O 

Liechtenstein 
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Appendix. Continued 

 

 

 

  

Data available for: 1975 1980 1985 1990 1995 2000 

             

High-Income Economies ($12,736 or more) Continued 

Lithuania 
      

Luxembourg 
      

Macao SAR, China 
      

Malta O O O O O O 

Monaco 
      

Netherlands O O O O O O 

New Zealand 
 

O O O O O 

Norway O O O O O O 

Oman O O O O O O 

Poland 
   

O O O 

Portugal O O 
 

O O O 

Qatar 
     

O 

Russian Federation 
    

O 
 

San Marino 
      

Saudi Arabia 
      

Seychelles 
 

O O 
 

O O 

Singapore 
      

Slovak Rep. 
    

O O 

Slovenia 
    

O O 

Spain O O O O O O 

St. Kitts and Nevis 
  

O 
  

O 

Sweden O O O O O O 

Switzerland 
  

O O O O 

Taiwan, China 
      

Trinidad and Tobago 
  

O O 
  

United Arab Emirates 
      

United Kingdom O O O O O O 

United States O O O O O O 

Uruguay O 
 

O O O O 

Venezuela O O O O 
 

O 
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