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In the literature on international trade, the issues 
of income distribution, growth as well as distortions 
are more or less discussed in terms of endowments 
of capital and labour, their growth as well as their 
relative prices.
In the income distribution literature, it is again 

the functional distribution of the two major factors 
of production which explains the movement of 
inequality in income distribution over time.
Although infrastructure plays the role of a very 

important catalyst, it hardly gets any mention 
explicitly in the relevant literature on trade and 
inclusive growth. 



In this paper, infrastructure implies economic 
infrastructure which includes services from:

Public utilities, like power, 
telecommunications, piped water supply, 
sanitation and sewerage, solid waste collection 
and disposal, and piped gas.

Public Works, like roads and major dam and 
canal works for irrigation and drainage.

Other Transport sectors, like urban and inter-
urban railways, urban transport, ports and 
waterways, and airports.



Globalization in Asia-Pacific has been 
accompanied by growing social and income 
inequalities

Thus, free trade is not necessarily a 
pro-poor growth strategy, where pro-
poor growth is taken as either the 
change in first order inequality as 
captured by gini inequality or change in 
the number of people below a pre-
specified poverty line.



The present work attempts to provide a 
succinct answer to the debate on trade, 
inequality and infrastructure linkages.
The upshot of the research on 

infrastructure and growth is that 
infrastructure has a very strong impact on 
the growth process of a nation, especially if it 
is a low income country. 
The methodology in almost all cases is 

growth regressions.



Hulten (1996) used four different 
indicators to quantify performance of 
public capital, namely, faults in 100 
telephone mainlines, satisfactory paved 
roads as percentage of total roads, 
electricity generation losses to total, and 
percentage of diesel locomotives to total 
rolling stock for transportation and then 
aggregated them into one performance 
index



 He then used data for 46 low and 
middle income countries in the period 
spanning over 1970 to 1990. The 
regression used is real GDP growth per 
capita on infrastructure performance 
index, private investment and human 
capital.  The output elasticity to 
infrastructure which includes the 
efficiency term shows variability from 
0.009 to 0.244, that indicates countries 
which used infrastructure more 
efficiently, attained much faster growth 
of per capita real GDP. 



 Roland-Holst (2006) mentioned 
that infrastructure and growth have 
both ways causation. Thus, failure 
to take this into account would 
result in the overestimation of the 
contribution of infrastructure to 
growth. 



 Fedderke, Perkins and Luiz (2006)
attempted to explain the relationship
between investment in economic
infrastructure and long-run economic 
growth by examining the experience of
South Africa in a time-series context. 
Their results indicated that infrastructure
does have both a direct and an indirect
impact on output, and it may have an
important role in pushing the country
onto a higher long-run growth trajectory. 



 Ghosh and De (2005) carried a 
detailed study on the role of 
infrastructure in exacerbating the 
inter-state inequality in India. They
have taken data for 18 major 
Indian states for the period 1970-
71 to 1999-2000. They regressed 
real per capita state GDP on 
several social, financial and 
physical infrastructure variables. 



 Ghosh and De’s conclusions support 
the findings of Ravallion-Datt (1999). 
Hence, inclusive growth requires a
balanced development of
infrastructure across regions so that
growth is evenly spread across rich
and poor states over time. However,
to overcome initial imbalance, the
poorer regions need more accelerated
investment in infrastructure as
revealed in case of Indian states. 



 Khandker, Bakht and Koolwal 
(2006) found the importance of rural 
roads in Bangladesh in reducing rural 
poverty using quintile regressions. 
 Binswanger, Khandker and 
Rosenzweig (1989) highlighted the 
importance of rural roads in India’s 
rural economy through more 
efficiency in marketing 
 Barnes and Binswanger (1986)
found the same in case of the effect
of rural electrification on agricultural
productivity in India.



 Fan et al. (2002) documented the critical role of 
infrastructure development in China. Using 
provincial data of China from 1970-1997, the 
simultaneous equations model indicated that 
government investment in irrigation, education 
and infrastructure (particularly roads, electricity 
and telecommunications), not only helped in 
raising the growth levels but also contributed 
significantly in reducing rural poverty and 
regional inequality in China. The authors have 
shown that this happened mainly because of the 
increased opportunity of rural non-farm 
employment that followed expansion of 
infrastructure. 



 Jacoby (2000) found somewhat a 
discordant note in his research for the 
landlocked South Asian country of 
Nepal. 
 The benefits of rural roads are due to 
the lower costs of transporting crops to 
market and obtaining modern inputs 
such as fertilizer. 
 The primary beneficiaries of 
infrastructure projects are landowners, 
who are typically not that poor. 



 The neo-classical as well as new 
trade theories rely heavily on two 
country- two factor- two goods model 
(the 2x2x2 model). Hence, infrastructure 
appears mainly as a complementary 
factor which facilitates trade. 
 Trade and Infrastructure are 
explicitly related in the context of trade 
costs 
 Following Limao and Venables 
(2001) trade costs do depend heavily on 
infrastructure. 



 In Limao and Venables (2001) Infrastructure 
is a composite term measured as an average 
of the density of the road network, the paved 
road network, the rail network and the 
number of telephone main lines per person. 
 The authors found that a deterioration of 
infrastructure from the median to the 75th 
percentile of destinations raises transport 
costs by 12 per cent. 
 A similar conclusion is reached by De 
(2009) and Brooks and Hummels (2009) 
regarding port efficiency 



 Pinstrup-Andersen and Shimokawa (2006) 
argued that insufficient domestic rural 
infrastructure is a major bottleneck to 
achieving the potential benefits from 
international trade liberalization and other 
aspects of globalization. 

 Acharyya (2008) argued that urban poverty
in India has declined and income inequality
increased significantly during the 1990s
when some policy changes with regard to
trade and exchange rates had been
implemented.  
 



Figure 1: Infrastructural Development Helps in the Reduction in Poverty 
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 Datt and Ravallion (1998) discussed about 
the role of social infrastructure in enabling 
some states in India to reduce rural poverty 
faster than the others- they discussed the 
case of the state of Kerala. 
 Raychaudhuri and De (2009) analyzed the 
impact of increased trade in services in India 
on Inequality – they discussed the case of 
Information and Communication technology 
and its growth, which is largely driven by 
trade. 



Data and Methodology

We have taken data from 14 Asian countries, 
namely, Bangladesh, China, Hong Kong 
(China), India, Indonesia, Republic of Korea, 
Malaysia, Nepal, Pakistan, Philippines, 
Singapore, Sri Lanka, Thailand, and Viet Nam.
The methodology used is both static 
unbalanced panel data analysis as well as a 
dynamic panel data analysis on the same 
dataset.



 To explore the relationship of inequality with
trade openness and infrastructure, we use the
following equation.  

 
it

l
itlit3it2it1it eZδIQβISβTOβαINQ +∑++++=
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where INQ stands for inequality measures 
(represented by Gini coefficient), TO stands for trade 
openness (represented by trade-GDP ratio), IS 
represents physical infrastructure stock, IQ presents 
infrastructure quality (represented by transmission 
and distribution loss in electricity), Z is  set of control 
variables, and e is the error term. Here, i represents 
country and t is time period. 



Basic Statistics 
Variable Obs Mean Std. Dev. Min Max 
Inequality (INQ), represented by Gini 
coefficient 120 39.82 6.69 23.20 53.10 
Trade openness (TO), represented by 
trade-GDP ratio 120 100.53 104.95 9.69 476.78 
Infrastructure stock (IS) 120 3.97 1.21 2.50 7.14 
Infrastructure quality (IQ), represented by 
transmission and distribution losses in 
electricity 120 12.93 7.62 2.41 35.62 
Income per capita (PCI) 120 4010.54 6893.20 142.39 32250.00
Geography (Land), represented by per 
capita availability of land 120 5.62 4.80 0.15 26.19 
Inflation (Inf)   120 6.23 5.49 -17.63 24.56 
Population (Pop) 120 62.66 6.18 52.45 73.17 
 



 However, there is strong 
correlation among some of these 
variables.TO and PCI are two 
variables which are highly correlated 
between themselves. Similarly, IS is 
not highly correlated with IQ, so that 
they could be  paired in a panel 
regression 



 The relationships described above cannot be 
interpreted as causal until we rule out the 
possibility of endogeneity in equations. 
 To address this problem, we use a dynamic 
GMM estimator (system-GMM) to analyze 
changes across countries and over time. 
 The estimator also effectively deals with reverse 
causality by including lagged dependent variable 
to account for the persistence of the inequality 
and/or trade openness indicators. 



 One of the main advantages of the system-GMM 
estimator is that it does not require any external 
instruments other than the variables already 
included in our dataset. It uses lagged levels and 
differences between two periods as instruments 
for current values of the endogenous variable, 
along with external instruments. 

 This approach ensures that all information would
be used efficiently, and that focus is given to the
impact of regressors (such as trade openness) on 
inequality, and not vice versa. 
 



(a) Inequality and Trade Openness     (b) Inequality and Per Capita Income 
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(c) Inequality and Infrastructure 
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List of Variables and Sources 
 

Label Content Sources 
Inequality (INQ) Gini coefficient UNU-WIDER World 

Income Inequality 
Database, Version 2.0c, 
May 2008 (UNU-WIDER, 
2008), and ADB (2007) 

Trade openness (TO) Trade (export and import) as 
percentage of GDP (%) 

World Development 
Indicators CD-ROM 2009, 
World Bank (2009) 

Trade liberalization (TL) Simple average tariff (%) World Trade Integrated 
Solution (WITS) 

Infrastructure stock (IS) Infrastructure quantity, 
which is summed over 
normalized indicators such as 
(i) air freight transport 
(million tons-km); (ii) electric 
power consumption (kWh per 
capita); (iii) fixed line and 
mobile phone subscribers 
(per 1,000 people); (iv) 
households with television (% 
of total households); (v) rail 
lines (km per 1,000 sq km of 
geographical area); (vi) 
roads, (km per 1,000 sq km of 
geographical area); and (vii) 
personal computers (per 
1,000 people).  

World Development 
Indicators CD-ROM 2009, 
World Bank (2009), and 
Asia Infrastructure 
Database Version 1.0 
(AID), (De, 2009) 

Infrastructure quality (IQ) Electric power transmission 
and distribution losses (% of 
output) 

World Development 
Indicators CD-ROM 2009, 
World Bank (2009) 

Income per capita (PCI) GDP per capita (constant 
2000 US$) 

World Development 
Indicators CD-ROM 2009, 
World Bank (2009) 

Geography (Land) Per capita land availability 
(sq. km) 

World Development 
Indicators CD-ROM 2009, 
World Bank (2009) 

Inflation (Inf)   GDP deflator (annual %) World Development 
Indicators CD-ROM 2009, 
World Bank (2009) 

Population (Pop) Working population 
(population ages 15-64, % of 
total population) 

World Development 
Indicators CD-ROM 2009, 
World Bank (2009) 

 



Inequality, Trade and Infrastructure: Baseline Regression Results 
Dependent variable = Inequality (ln_gini) 

Variables ln_gini ln_gini ln_gini ln_gini ln_gini ln_gini 
(1) (2) (3) (4) (5) (6) (7) 

Trade openness 
(ln_trade_gdp) 

0.124*** 
 

0.137*** 0.122*** 
 

0.121** 
(0.0243) (0.0344) (0.0367) (0.0474) 

Trade liberalization 
(ln_tariff)  

-0.0430** 0.0122 
 

-0.0156 -0.002 
(0.0194) (0.0232) (0.0355) (0.0401) 

Infrastructure stock 
(ln_infrastock) 

-0.304*** -0.393*** -0.297*** -0.251** -0.304** -0.251** 
(0.0965) (0.101) (0.097) (0.108) (0.116) (0.109) 

Infrastructure quality 
(ln_tdloss) 

0.0871** 0.0724* 0.0907** 0.0903** 0.0835** 0.0905** 
(0.0399) (0.0419) (0.0398) (0.034) (0.0349) (0.0347) 

Per Capita Income 
(ln_pc_gdp) 

0.0919*** 0.140*** 0.0921*** 0.263*** 0.317*** 0.264*** 
(0.0289) (0.0275) (0.0294) (0.0678) (0.0664) (0.072) 

Land (ln_land) 0.0605*** 0.0830*** 0.0561*** 0.475** 0.323* 0.475** 
(0.0157) (0.0166) (0.0179) (0.18) (0.161) (0.181) 

Inflation (ln_inf) -0.0248 -0.0319* -0.0244 0.00948 0.0119 0.00922 
(0.0206) (0.0191) (0.0207) (0.0108) (0.0104) (0.00978)

Population (ln_pop) -0.269 -0.240 -0.244 -0.689** -0.598 -0.693** 
(0.204) (0.211 (0.214) (0.323) (0.371) (0.295) 

Constant 3.789*** 4.109*** 3.588*** 4.448** 4.186** 4.549*** 
(0.845) (0.952) (0.942) (1.55) (1.541) (1.386) 

      
Observations 107 107 107 107 107 107 
R-squared 0.442 0.357 0.444 0.855 0.843 0.855 
Country fixed effects No No No Yes Yes Yes 
Model OLS OLS OLS OLS OLS OLS 
Breusch and Pagan 
LM test, chi2 (p-value)    

63.60 
(0.000) 

89.89 
(0.000) 

62.46 
(0.000) 

Hausman test, chi2 (p-
value)    

17.76 
(0.0131) 

15.23 
(0.0331) 

16.37 
(0.0374) 

Mean VIF 4.07 3.88 4.72 

 

Cameron & Trivedi's 
IM-test, chi2 (p-value) 

49.61 
(0.0519) 

57.97 
(0.0086) 

65.52 
(0.0193) 

Ramsey RESET-test,  
F (p-value) 

4.09 
(0.0089) 

3.27 
(0.0246) 

4.00 
(0.0100) 

Wald test, F (p-value) 
(Trade openness = 
Trade liberalization)   

24.79 
(0.000)  

14.52 
(0.001) 

Notes: Robust standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1 



Trade, Inequality and Infrastructure: Baseline Regression Results 
Dependent variable = Trade openness (ln_trade_gdp) 

Variables ln_trade_gdp ln_trade_gdp ln_trade_gdp ln_trade_gdp
(1) (2) (3) (4) (5) 

Income inequality 
(ln_gini) 

1.456*** 0.993*** 0.670*** 0.352 
(0.304) (0.217) (0.165) (0.307) 

Infrastructure stock 
(ln_infrastock) 

-0.21 -0.315 -0.251 -0.489* 
(0.310) (0.249) (0.194) (0.295) 

Infrastructure quality 
(ln_tdloss) 

-0.145 -0.206* -0.122** -0.115 
(0.122) (0.106) (0.0496) (0.0778) 

Per Capita Income 
(ln_pc_gdp) 

0.363*** 0.209*** 0.215* 0.143 
(0.084) (0.066) (0.117) (0.140) 

Land  
(ln_land) 

-0.0178 0.115*** -1.525*** -0.751*** 
(0.051) (0.038) (0.433) (0.242) 

Inflation  
(ln_inf) 

-0.0213 -0.0235 0.0286 0.00241 
(0.059) (0.048) (0.029) (0.029) 

Population  
(ln_pop) 

1.569** 0.271 1.415 1.060 
(0.743) (0.68) (1.164) (1.023) 

Trade liberalization 
(ln_tariff) 

 -0.362***  -0.104** 
 (0.0404)  (0.0517) 

Constant 
 

-9.539*** -0.262 -6.972 -1.870 
(3.043) (2.847) (5.621) (3.994) 

Observations 107 107 107 107 
R-squared 0.754 0.848 0.967 0.965 
Country fixed effects No No Yes Yes 
Model OLS OLS OLS GLS 
Breusch and Pagan LM 
test, chi2 (p-value)   

108.54 
(0.000) 

82.50  
(0.000) 

Hausman test, chi2 (p-
value)   

16.38 
(0.0219) 

3.29  
(0.9150) 

Mean VIF 3.90 4.04   
Cameron & Trivedi's IM-
test, chi2 (p-value)  

64.92 
(0.0016) 

71.75 
(0.0002)   

Ramsey RESET-test, F 
value (p-value) 

1.27  
(0.2905) 

2.76  
(0.0461)   

Wald chi2 (p-value)    
4925.42 
(0.000) 

Notes: Robust standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1 



System Dynamic Panel-data Estimation (System GMM) 
Dependent variable = Inequality (ln_gini) 

Variables Coefficient S.E. t-Statistic 
Inequality (ln_gini)    

L1. 0.001 0.134 0.011 
L2. 0.167** 0.102 1.646 

Per Capita Income 
(ln_pc_gdp) 0.249** 0.090 2.780 
Trade openness 
(ln_trade_gdp) -0.130*** 0.041 -3.208 
Infrastructure stock 
(ln_infrastock) -0.442* 0.212 -2.089 
Infrastructure quality 
(ln_tdloss) -0.061* 0.052 -1.182 
Hansen J-statistic, 
chi2 (p-value) 

8.329  
(0.402)   

Observations  78   
Note: Dynamic panel counts White period instrument weighting matrix, 
and White period standard errors & covariance (d.f. corrected) Notes: *** 
p<0.01, ** p<0.05, * p<0.1 



System Dynamic Panel-data Estimation (System GMM) 
Dependent variable = Trade openness (ln_trade_gdp) 

Variable Coefficient S. E. t-Statistic 
Trade openness 
(ln_trade_gdp)    

L1. 0.292* 0.134 2.175 
L2. 0.172* 0.090 1.913 

Inequality (ln_gini) 0.097 0.143 0.678 
Trade liberalization 
(ln_tariff) -0.200** 0.081 -2.468 
Infrastructure stock 
(ln_infrastock) 0.428* 0.311 1.376 
Infrastructure 
quality (ln_tdloss) 0.164* 0.141 1.162 
Hansen J-statistic, 
chi2 (p-value) 11.588 (0.171)   
Observations  78 

Note: Dynamic panel counts White period instrument weighting matrix, 
and White period standard errors & covariance (d.f. corrected) Notes: *** 
p<0.01, ** p<0.05, * p<0.1 



 System-GMM estimates suggest initial level of
inequality along with rising trade openness,
improvement in infrastructure stock and quality of
infrastructure lead to fall in income inequality.
Therefore, it can be concluded that initial level of
endowment is important for future equality in the
Asia-Pacific region.  
 Similarly, when it comes to trade openness, both one
period and two period lagged values of trade openness
significantly influence current trade to GDP ratio. 
 Thus, although a more open economy reduces
inequality, the reverse is not true. However,
infrastructure improvement is important for both more
trade and less inequality in the economy. 
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