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Abstract 
 

Using the analytical framework of the environmental Kuznets curve, this study 
examines whether developing countries in the world enjoy the latecomer’s advantage or 
suffer the latecomer’s disadvantage in the area of environmental management and 
technology, with a focus on representative environmental indices of sulfur emissions and 
carbon emissions. The study’s two main findings represent clear contrasts in panel 
estimation results between sulfur emissions and carbon emissions First, sulfur 
emissions follow the expected inverted U-shape pattern of the environmental Kuznets 
curve, while carbon emissions show monotonous increasing trends with per capita 
income in the observed range. Second, sulfur emissions represent the dominance of the 
latecomer’s advantage while carbon emissions reveal that of the latecomer’s 
disadvantage. The contrast in the emission-income patterns appears to come from the 
difference in the origin of emissions: sulfur emissions mainly from production 
(emissions from production are easily regulated on the local level), and carbon 
emissions from both production and consumption (emissions from consumption are 
easily externalized). In addition, the contrast in the latecomer’s effects seems to be 
related to the degree of maturity in the know-how and technology to abate emissions: 
prevailing desulfurization and unrestricted “carbon leakage.” 

 
Key words: environmental Kuznets curve, latecomer’s advantage, pollution heaven, 

carbon leakage  
JEL Classification Codes: Q53, Q56 
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1. Introduction 
 

At the Heiligendamm Summit in 2007, G8 leaders agreed to seriously consider 
reducing global greenhouse gas emissions by at least half by 2050. Such a long-term 
global goal can be achieved only when developing countries participate in an 
international framework set up to help solve environmental issues, and when 
environmental know-how, skills, and technology are transferred and disseminated from 
developed countries to developing countries. The spillover effect of environmental 
know-how, skills, and technology on developing countries can be shown as the 
“latecomer’s advantage”1 in their environmental management and technology: the 
availability of latecomer economies to integrate progressive know-how, skills, and 
technology—which have already been created by the more advanced economies—into 
their environmental government policies and private activities. Latecomer economies 
are expected not to repeat the mistakes made by developed economies, but to leapfrog 
over environmental difficulties by absorbing their know-how, skills, and technology. 
One counter-argument to this hypothesis of the latecomer’s advantage is the well-known 
“pollution heaven” hypothesis, in which the pressure that global competition places on 
environmental regulations results in outsourcing or relocation of polluters from 
developed countries to developing countries, thereby leading to the “latecomer’s 
disadvantage.” 

The purpose of this study is to examine whether developing countries in the world 
enjoy the latecomer’s advantage or suffer the latecomer’s disadvantage in the area of 
environmental management and technology, focusing on representative environmental 
indices: sulfur emissions as local air pollutants, and carbon emissions as global air 
pollutants. The analytical framework of the Environmental Kuznets curve (EK curve) is 
used to arrive at a conclusion. In the following sections, we will first review previous 
studies on the EK curve and clarify this article’s position in the debate surrounding the 
EK curve (Section 2), present our own empirical study of the latecomer’s advantage 
(Section 3), and end with concluding remarks (Section 4). 
 
2. Previous Studies, Our Position  
 

The EK curve postulates an inverted-U relationship between pollution and economic 
development; At early stages of development, environmental quality deteriorates with 
increases in per capita income, while at higher levels of development, environmental 
                                                  
1 The hypothesis of the “latecomer’s advantage” was advanced by Alexander Gerschenkron. See 
Gerschenkron (1962). 
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degradation is seen to decrease with further increases in per capita income. Kuznets's 
name was apparently attached to the curve by Grossman and Krueger (1993), who noted 
its resemblance to Kuznets inverted-U relationship between income inequality and 
development. Dasgupta et al. (2002) describe the process as conceived by the 
“conventional” explanations for the inverted-U relationship as follows: “In the first 
stage of industrialization, pollution … grows rapidly because people are more interested 
in jobs and income than clean air and water, communities are too poor to pay for 
abatement, and environmental regulation is correspondingly weak. The balance shifts as 
income rises. Leading industrial sectors become cleaner, people value the environment 
more highly, and regulatory institutions become more effective. Along the curve, 
pollution per capita levels off in the middle-income range and then falls toward 
pre-industrial levels in wealthy societies.” 
 
2.1 Empirical Testing of the EK Curve, Debates 
 

The issue of the EK curve was first discussed in the World Bank’s 1992 World 
Development Report (World Bank 1992). The report described a cross-sectional EK 
curve for concentrations of sulfur dioxide. Since the World Bank’s report, there have 
been numerous empirical tests and theoretical debates on the EK curve. Empirical 
evidence has been accumulating, supporting the validity of the EK curve for some 
regions and environmental problems. Grossman and Krueger (1995) found an EK-curve 
relationship between the per capita GDP and urban air quality (the concentration of 
suspended particulate matter (SPM) and sulfur dioxide (SO2)), while Selden and Song 
(1994) discovered the existence of an EK-curve relationship for the aggregate emissions 
of SPA, SO2, oxides of nitrogen and carbon monoxide. Shafik (1994) had more 
ambiguous results, seemingly implying that the EK curve may not hold at all times and 
for all pollutants. The theoretical works have also shown that an environmental Kuznets 
curve can result if a few plausible conditions are satisfied as income increases in a 
society. Lopez (1994) used a fairly general theoretical model to show that if producers 
pay the social marginal cost of pollution, then the relationship between emissions and 
income depends on the properties of technology and preferences. Stokey (1998) made a 
theoretical contribution to the explanation of the EK curve using dynamic growth 
models. 

Since the mid 1990s, however, the EK curve has been attacked on both empirical 
and methodological grounds. Empirical research has been limited to the environmental 
problems for which data exist, such as the concentration of pollutants in urban areas. We 
were not aware of any empirical analyses of the relationship between income and the 
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degradation of key ecological services. One of the most damaging criticisms of the EK 
curve that advocates caution in interpreting its causes and implications is based on the 
linkage between the EK curve and the international trading of industrial goods. Suri and 
Chapman (1998) and Rothman (1998), notably, argued that the EK curve might arise 
due to the relocation of “dirty” industries to developing countries as a country reaches 
higher levels of development. Cole (2004) stated that the EK curve may thus be no 
more than a “historical artifact.” Empirical studies of the relationship between economic 
growth and various indicators of environmental degradation are still ongoing, with 
mixed results. 
 
2.2 Frontiers of EK-Curve Studies, Our Position 
 

Most of the empirical studies so far have concentrated on validating the EK curve 
hypothesis and its requirements, using cross-sectional data. This cross-sectional 
approach adopted by most studies might, as Borghesi (1999) argued, be misleading, 
since environmental degradation is generally increasing in developing countries and 
decreasing in industrialized ones. Moreover, the EK curve within the cross-sectional 
framework might therefore reflect the mere juxtaposition of two opposite trends rather 
than describe the evolution of a single economy over time. 

One of the frontiers of EK-curve studies, then, is to examine the EK curves of 
specific countries using time-series data, to compare them in terms of the height and 
timing of their peaks, their shapes, etc., and to investigate the causes of different 
EK-curve patterns. De Bruyn et al. (1998), noticing that conventional cross-section 
estimation techniques have generated spurious estimates of the EK curve, estimated 
time series models individually in four countries (the Netherlands, the UK, the US, and 
then-West Germany) for three types of emissions (CO2, NOx and SO2) and showed that 
the time patterns of these emissions correlate positively with economic growth, and that 
emission reductions may have been achieved as a result of structural and technological 
changes in the economy. Irie et al. (2000) tested the empirical validity of the EK curves 
of individual countries for SO2, using relevant time-series data from 30 developed 
countries (OECD countries and the former Soviet Union). The main findings were that 
1) the EK curves were verified for SO2 emissions in 17 countries, 2) the EK curves 
varied in the shape of their trajectories and the height and timing of their peaks, and 3) 
the differences in the height can be explained by five factors: the technology available 
in the country, the scale of the economy, the quality of the fuel used, the leading 
industries, and the political system. 

This time-series approach has been developed, as Dasgupta et al. (2002) argued, to 
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examine the hypothesis that developing societies, utilizing progressive environmental 
management and the technologies of more advanced countries, might be able to 
experience an EK curve that is lower and flatter than what the conventional wisdom 
would suggest; they might be able to develop their economies from low levels of per 
capita income with little degradation in environmental quality, and then at some point 
experience improvements in both income and environmental quality. Concerning 
environmental management, Panayotou (1997)—formulating a tentative equation for a 
sample of 30 developed and developing countries for 1982-1994—found that effective 
policies and institutions can significantly reduce environmental degradation at low 
income levels and speed up improvements at higher income levels, thereby lowering the 
EK curves, at least for ambient sulfur dioxide levels. Matsuoka et al. (2000) compared 
the EK curves of various Asian countries and explained the differences in their height 
by the dissemination of environmental monitoring systems in those countries. As for 
environmental technology, Martin and Wheeler (1992) argued that, because increased 
openness to trade tends to lower the price of cleaner imported technologies while 
increasing the competitive pressure to adopt them, firms in relatively open developing 
economies adopt cleaner technologies more quickly. 

One counter-argument to this hypothesis of the latecomer’s advantage is the 
well-known “pollution heaven” hypothesis. For example, Dasgupta et al. (2002) argues 
that the relatively high environmental standards in high-income economies impose high 
costs on polluters, and shareholders pressure the firms to relocate to low-income 
countries, whose people are so eager to get jobs and income that their environmental 
regulations are weak or nonexistent. The scenario may not shift the latecomers’ EK 
curves downward; on the contrary, it may even lift them. 
   This article, which extends the time-series approach in the EK curve studies, tries to 
verify the existence of the latecomer’s advantage or its disadvantage in the area of 
environmental management and technology in developing countries in the world. The 
approach is to confirm the downward or upward shift of the EK curves of the sample 
latecomer economies on both sulfur emissions as local air pollutants and carbon 
emissions as global air pollutants. 
 
3. Empirical Studies 
 

We now turn to the empirical studies within the analytical framework of the 
environmental Kuznets curve. Our analysis consists of two steps. First, we will simply 
overview the relationships between per capita real GDP and environmental indices of 
sulfur and carbon emissions. We then move to a regression analysis using panel data to 
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examine the existence of the EK curve pattern and to see whether the latecomer’s 
advantage or its disadvantage dominates in the environmental management of 
developing countries. 
 
3.1 Data 
 

For sulfur emissions, we will use the data estimated by Lefohn et al. (1999). This 
database was developed for the purpose of estimating the global emissions of sulfur 
from 1850 to 1990, with a common methodology applied across all years and countries. 
In all cases, the emissions estimates for each country are based on the production, 
percent sulfur, and sulfur retention information associated with that country’s activities. 
For carbon emissions, we will use the data estimated by Marland et al. (2008). The 
database, named “Global, Regional, and National Fossil Fuel CO2 Emissions,” covers 
data from 1751 to 2005. The emissions estimates are based on a specific methodology 
using statistics on gas fuels, liquid fuels, solid fuels, gas flaring, cement manufacturing, 
and estimated parameters of carbon coefficients and oxidation rates. For the population 
and the real GDP per capita, we will use Version 6.2 of the Penn World Tables (PWT), 
estimated by Heston et al. (2006). As the per capita real GDP, we will use the 
time-series data of “REAL GDP PER CAPITA (CONSTANT PRICE: LASPEYRES)” 
in 2000 US dollar prices. The database covers data from 1950 to 2004. To conduct the 
following panel estimation, we constructed a table of the annual environmental and 
economic data from the 188 economies for 1950 to 2004 (See Appendix on sample 
countries and data availability). As sample countries, we have two cases for estimation 
on each emission: Group A and Group B. Group A collects countries at maximum 
extent; countries that have at least one available data in both the real GDP per capita and 
each of sulfur or carbon emissions for a certain year. Group B targets the countries with 
a long range of data availability, countries that have fully available data for a certain 
period (from 1960 to 1990 in sulfur emissions and from 1970 to 2003 in carbon 
emissions).   
 
3.2 Overview of Cross-sectional and Time-series Relationships 
 

Next we will summarize the relationships between per capita income and 
environmental indices of sulfur and carbon emissions. Figure 1 indicates the 
cross-sectional relationships between per capita real GDP and per capita sulfur 
emissions in 1970 and 1990, and between per capita real GDP and per capita carbon 
emissions in 1970 and 2003. We found that the case of sulfur emissions does not appear 
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to show a clear trend in the spot distribution, while the case of carbon emissions seems 
to reveal an increasing trend. As for the comparison of the spot locations between 1970 
and a recent year, sulfur emissions indicate the downward shift of the average level of 
per capita emissions from 1970 to 1990, while carbon emissions show the upward shift 
from 1970 to 2003. 

Figure 2 reports the time-series relationships between per capita real GDP and per 
capita emissions in main sample countries. Such developed countries as the United 
States, Japan, and Italy approximately create an inverted-U shape pattern in sulfur 
emissions, while none of countries do in carbon emissions. In addition, the downward 
shifts from the trajectories of developed countries to those of developing countries are 
clearer in sulfur emissions than in carbon emissions. China, which has the highest 
trajectory for both environmental indices, may be reflected its peculiar economic 
structure, which is characterized by a heavy dependence on coal as an energy source. 

The income-emissions relationships described above may produce different 
implications in the shape and location of trajectories between sulfur and carbon 
emissions. This point will be statistically clarified through a panel estimation in the 
following section. 
 
3.3 Regression Analysis Using Panel Data 
 

We’ll now move to a regression analysis using panel data to examine the existence 
of the EK curve pattern and to see the latecomer’s advantage or its disadvantage 
dominates in the environmental management of developing countries. 
 
3.3.1 Methodology 
 

We will first clarify some methodological points related to our analysis. To study the 
relationship between pollution and growth, there are two possible approaches to model 
construction. One is to estimate a reduced-form equation that relates the level of 
pollution to the level of income. The other is to model the structural equations relating 
environmental regulations, technology, and industrial composition to GDP, and then to 
link the level of pollution to the regulations, technology, and industrial composition. We 
here take the reduced-form approach for the following reasons. First, the reduced-form 
estimates give us the net effect of a nation’s income on pollution. If the structural 
equations were to be estimated first, one would need to solve back to find the net effect, 
and confidence in the implied estimates would depend on the precision and potential 
biases of the estimates at every stage. Second, the reduced-form approach spares us 
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from having to collect data on pollution regulations and the state of the existent 
technology, which are not always available. Although a reduced-form relationship gives 
no indication of the direction of causality—namely, whether growth affects the 
environment or the other way around—we think that the reduced-form relationship 
between pollution and income is an important first step.2 

We then specify the reduced-form equation in accordance with our analytical 
interests. Our specific concern regarding the EK curves for the sample economies is 
whether the EK-curve trajectories have shifted downward or upward, depending on the 
dominance of either the latecomer’s advantage or its disadvantage; in other words, 
whether the levels of environmental pollution have been affected not only by the levels 
of per capita income following the EK curve, but also by the speed of development. If  
a sample economy later reaches a certain level of development and then lowers its 
environmental pollutants, we speculate that the economy does not repeat the EK-curve 
trajectories already experienced by the developed economies; it should leapfrog over the 
environmental difficulties by absorbing their know-how, skills, and technology. On the 
contrary, if the later development is linked with higher pollution, the sample economies 
may suffer from the disadvantage caused by the “pollution heaven” scenario brought 
about by globalization. Therefore, we will include a term representing the speed of 
development of the latecomers into the ordinary regression model of the EK curve, and 
specify the modified model as follows. 
 

[SOPit, COPit, ]=  +  YRPit+  YRP2
it+  YEARit+eit   (1) 

 
where i is the country index, t is the time index, and e is the error term. The dependent 
variables SOP and COP are measures of environmental pollutions: SOP is for the 
sulfur emissions per capita, and COP is the carbon emissions per capita. As for the 
independent variables, YRP is the real GDP per capita, YEAR is the year in which the 
data were collected and represents the speed of development of the latecomers. 

To verify the inverted U-shapes of the EK curves, the signs and magnitudes of a1 
and a2 should be examined. Environmental pollutants can be said to exhibit a 
meaningful EK curve with the real GDP per capita, if a1>0 and a2<0, and if the turning 
point, –a1/2a2 is a reasonably low number. Of particular importance is the coefficient of 
YEAR, a3, which is useful for identifying the dominance of the latecomer’s advantage 
or its disadvantage. The negative sign of a3, the downward shift of the trajectories, 
indicates that the latecomer’s advantage surpass its disadvantage, while the positive sign 
                                                  
2 Grossman and Krueger (1995), and Selden and Son (1994), which we introduced in reviewing previous 
studies, also estimate a reduced-formed equation. 
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of a3, the upward shift of the curve, reveals the dominance of the latecomer’s 
disadvantage. 

Apart from the real GDP per capita, the speed of development of the latecomers, 
there are also likely to be exogenous factors that affect emissions. For instance, climate, 
geography, and energy resources vary widely among countries and may well be 
correlated with emissions. Insofar as these factors cause the error term e to be correlated 
among countries for a given period, pooled cross-section estimates that ignore this 
correlation will be inefficient. To address this issue, we must specify an 
error-components model, in which: 
 

  eit = ri + uit    (2)  
 
where ri is the country effect, and uit is the remaining error term. In choosing between 
fixed-effects and random-effects estimation, an important issue is whether the country 
effect is correlated with the explanatory variables. In the absence of such a correlation, 
random-effects estimation is consistent and efficient. In contrast, if such a correlation 
exists, there may be omitted-variable bias, necessitating fixed-effects estimation. 
According to the statistics of the Wu-Hausman test (Hausman 1978), which is used to 
help choose between these two approaches, we use a fixed-effects estimation on sulfur 
emissions for the sample countries of Group A and on carbon emissions, and use a 
random-effects estimation on sulfur emissions for the sample countries of Group B (see 
Table 1). 
 
3.3.2 Estimation Results and Interpretations 
 

Table 1 lists the results of the estimation of the sulfur and carbon emissions. First, 
we must verify the shape of the EK curve of each emission index. In the case of sulfur 
emissions, the estimates for the coefficients a1 and a2 have the signs of the inverted 
U-shapes, and are different from zero, as high levels of significance in both sample 
countries of Group A and B. The turning point in Group B case indicates a feasible 
number, US$17,900. The case of Group A has the turning point of $82,000, which is 
beyond the observed range. It may be because the distribution of the panel data is biased 
in recent years. The indices for the sulfur emissions can, therefore, be said to reflect a 
meaningful, inverted U-shaped EK curve with the real GDP per capita. On the contrary, 
the carbon emission cases have those coefficients a1 and a2, whose signs show  
U-shapes at high levels of significance in both cases of Group A and B. Since the 
turning points are negative, the observed ranges of trajectories on carbon emissions 
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reveal monotonous increasing trends with per capita income. 
Second, we must see if the trajectories show a downward shift or an upward shift, 

and whether the latecomer’s advantage or its disadvantage dominates in the 
environmental management of developing countries. In the case of sulfur emissions, the 
estimate for the coefficients of YEAR, a3, is negative and discernable, thereby 
representing the downward shift of the trajectories and the dominance of the latecomer’s 
advantage. On the other hand, the carbon emission cases have the positive and 
discernable coefficient of a3, showing the upward shift of the trajectories, the 
dominance of the latecomer’s disadvantage. 

The contrasting result above on the shapes of the EK curves is consistent with the 
findings of the exiting empirical literature on local and global air pollutants. For 
example, Rothman (1998) and Stern (1998) argue that the EK curve pattern is usually 
found to hold for pollutants with local impacts such as sulfur emissions, which cannot 
easily be externalized, while carbon emissions—the impacts of which are relatively easy 
to externalize—show no tendency to decline with increasing per capita income. Another 
contrasting result on the latecomer’s effects is one that this study found for the first time 
in the literature on the EK curve. 

These clear contrasts in estimation results between the case of sulfur emissions and 
that of carbon emissions seem to be interpreted as follows. Wealthy consumers in 
developed countries demand a cleaner environment and stringent environmental 
management, including regulations and technologies. This results in the environmental 
improvements of industrial production and/or the relocation of dirty industries abroad, 
thereby the decline in the levels of pollutants arising from production. This is nothing 
but the case of sulfur emissions showing the EK curve pattern, because sulfur emissions 
mainly come from manufacturing production activities. The verified latecomer’s 
advantage can be interpreted in such a way that the know-how, skills, and technology to 
abate sulfur emissions in advanced countries’ production activities are mature and 
feasible enough to be transferred and disseminated to developing countries3, and that the 
desulfurization effects coming from technological transfer overcome the “pollution 
heaven” impacts coming from the relocation of sulfur polluters in developing countries. 

On the other hand, the case is different in carbon emissions. Carbon emissions arise 
from not only production but also from consumption such as automobile use and the 
burning of fossil fuels for the generation of electricity, thereby being easily externalized 
                                                  
3 For example, Iwami (2001) states that the remarkable improvement of sulfur emissions in Japan for the 
period from the beginning of 1970s to the half of 1980s comes from environmental regulations reinforced 
by central and local governments, and technological development for desulfurization and energy 
efficiency promoted by private companies. He also states that the other East Asian economies are trying 
to make the same kinds of efforts as Japan did. 
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even at the global level and thus not subject to regulation (Nahman and Antrobus 2005). 
That is why carbon emissions, which don’t follow the EK curve pattern, continue to rise 
with per capital income. The latecomer’s effect on carbon emissions may be explained 
in terms of the dominance of the “pollution heaven” impacts; the know-how and 
technology to mitigate carbon emissions coming from both production and consumption 
are too premature to be transferred and disseminated (Yaguchi et al. 2007). Thus, the 
effect of the relocation of pollution-intensive industries only remains in developing 
countries. This relocation effect may be so-called “carbon leakage”: the effect that there 
is an increase in carbon emissions in one country as a result of an emission reduction by 
a second country with a strict climate policy. For example, Babiker (2005), using a 
multi-regional computable general equilibrium model, estimated the carbon leakage rate 
in case of significant relocation of energy-intensive industries from countries with 
carbon controls to those without them. 
 
4. Concluding Remarks 
 

In this study, we set out to examine, using the analytical framework of the EK curve, 
whether developing countries in the world enjoy the latecomer’s advantage or suffer the 
latecomer’s disadvantage in the area of environmental management and technology. We 
focused on representative environmental indices: sulfur emissions as local air pollutants, 
and carbon emissions as global air pollutants. For this purpose, we carried out a 
regression analysis using panel data to examine the existence of the EK curve pattern 
and to see whether the latecomer’s advantage or its disadvantage dominates in the 
environmental management of developing countries. 

 Through this analysis, we found two contrasting results between sulfur emissions 
and carbon emissions on the EK curve shapes and the latecomer’s effects: 1) sulfur 
emissions follow the inverted U-shape pattern expected as the EK curves while carbon 
emissions show monotonous increasing trends with per capita income in the observed 
range, and 2) sulfur emissions represent the dominance of the latecomer’s advantage 
while carbon emissions reveal that of the latecomer’s disadvantage. 

We speculate that the contraction in the shapes comes from the difference in the 
origin of emissions: sulfur emissions come mainly from production (emissions from 
production are easily regulated on the local level), and carbon emissions come from 
both production and consumption (emissions from consumption are easily externalized). 
We also presume that the contrast in the latecomer’s effects lies in the degree of 
maturity in the know-how and technology to abate emissions: prevailing desulfurization 
and unrestricted “carbon leakage”. The results imply the urgent necessity to facilitate 
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the internalization of external diseconomy in carbon emissions through such methods as 
emissions charge and greenhouse taxes. 

This study is only an initial step in the analysis of the latecomer’s effects. Analytical 
issues still remain that need to be addressed. First, environmental degradation involves a 
wide variety of pollutants and ecosystems; empirical testing of emissions and factors 
other than sulfur and carbon is therefore needed. Second, methodological improvements 
for the estimation in panel data should be introduced by conducting panel unit root tests 
and co-integration tests. Further studies on the EK curve will provide significant 
information, enabling the improved planning and evaluation of global environmental 
policies. 
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