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a b s t r a c t This paper addresses the issue of the relationship between economic growth and environmental quality in China. The main hypothesis to be examined in the study is the environmental Kuznets curve hypothesis, which postulates an inverse U-shaped relationship between pollutions and income. The empirical analysis uses prefecture level panel data of China over the period 2003–2010, and employs ﬁxed effects model and a sample split method. The empirical results tend to conﬁrm the inverse U-shaped relationship as well as the N-shaped relationship between income and pollution. © 2015 Elsevier Inc. All rights reserved.
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1. Background Is economic growth good for environmental quality? It seems that economic growth requires more natural resources and thus gives rise to more environmental pollution. However, it is not necessarily the case that economic growth inﬂicts damage on the environment. This issue has been discussed in previous research on the relationship between trade and environment (for a review of the literature, see Beghin & Potier, 1997; Ferrantino, 1997). In their seminal work, Grossman and Krueger (1991) suggest three effects of trade liberalization on environmental quality: i) the scale effect refers to the simple intuition that economic growth demands for energy and thus increases harmful pollutants; ii) the composition effect indicates that since trade liberalization allows developing countries to specialize in the sectors of comparative advantage such as labor-intensive and pollution-producing industries, free trade would be hazardous to the environment in developing countries; and iii) the technique effect implies that international trade can facilitate diffusion of clean technology and thus developing countries can reduce pollution per unit of output. Given that trade can generate an increase in income levels, the studies of the relationship between trade and environment provide insight into the question of how economic growth affects the environment (for a literature review of the trade, growth, and environment link, see Copeland & Taylor, 2004). The most famous theory about the relationship between economic growth and the
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environment is the hypothesis of environmental Kuznets curve proposed by Grossman and Krueger (1995) and Selden and Song (1994). The environmental Kuznets curve refers to an inverse U-shaped relationship between environmental pollution and income, which argues that environmental pollution increases with income at low levels of income and decreases with income at high levels of income (for a survey, see Bo, 2011; Dinda, 2004). Although a few empirical studies such as Hettige, Mani, and Wheeler (2000) reject the environmental Kuznets curve hypothesis, many empirical studies tend to conﬁrm the hypothesis (for example, see Andreoni & Levinson, 2001; Cole, 2003; Grossman & Krueger, 1995; Lamla, 2009; Zaim & Taskin, 2000). However, the robustness of the ﬁndings is open to doubt (for a review, see Stern, 2004). The environmental Kuznets curve is observed in a sample of high-income countries but not in a global sample (Stern & Common, 2001) and the empirical results are often different across econometric techniques (Halkos, 2003). In addition, if the estimated turning point is far above acceptable income levels, the environmental beneﬁts of economic growth does not exist in real economies (List & Gallet, 1999). We may also need to consider an alternative model, an N-shaped curve, explaining the relationship between income and pollution. This model suggests that the inverse U-shaped relationship exists initially, but beyond a certain income level, the relationship turns positive. There are some possible explanations for the cubic relationship: i) the recovery effect indicates that when oil prices are low, the government does not have to be sensitive to the pressure to promote energy efﬁciency (Friedl & Getzner, 2003, pp.145– 146) and ii) the scale effects implies that demand for resources increases as economy grows, and it cannot eventually be offset by technology and regulation (Poon, Casas, & He, 2006, p.574). This N-shaped pattern is empirically conﬁrmed by Day and Grafton (2003) and Friedl and Getzner (2003). Let us ask again: Is economic growth good for the environment? In this paper we revisit this issue by using newly available Chinese regional data. We examine whether the environmental Kuznets curve and the N-shaped curve exist in a developing country context. Since China has experienced rapid economic growth as well as environmental degradation in the last two decades, the study based on the data of China is especially relevant to the issue of the economy–environment relationship. 2. China Since the 1980s, China has achieved rapid economic growth, followed by strong growth in energy consumption and thus pollution emissions (Guan, Hubacek, Weber, Peters, & Reiner, 2008). This section brieﬂy discusses the unique feature of China's economic development and then reviews empirical studies of economy and environment in China. China's economy has shown uneven regional growth. Economic growth has been more rapid in the coastal regions of eastern China than in the other regions since the Chinese economic reform in 1978. Several factors are likely to cause the differences in regional development. First, the regional disparity may be due to different paces of development of private ﬁrms. Second, different regions have experienced different changes in industrial structure, which can lead to the regional disparity. Third, coastal areas have received the concerted support of the central government (De Groot, Withagen, & Minliang, 2004). China has adopted the policies of shifting to manufacturing and attracting investment ﬂows from abroad. During the Chinese economic reform that began in 1978, the government set up special economic zones in the coastal area in which foreign ﬁrms can receive tax privileges. This leads to inﬂux of foreign investment into the coastal area, which also makes the coastal regions grow faster than the other regions. The rapid growth of Chinese economy and its signiﬁcant regional differences can be attributed, at least in part, to the exogenous government policies. Feng, Hubacek, and Guan (2009) use comparative analysis of the development of ﬁve regions in China and show that signiﬁcant differences exist between regions due to differential policies in China. Thus, the Chinese experience offers researchers a good opportunity to study the relationship between economic growth and the environment while possibly controlling for endogeneity. Previous empirical studies of the environmental Kuznets curve hypothesis using data of China provide inconclusive evidence. Some studies clearly conﬁrm the environmental Kuznets curve hypothesis: Roumasset, Burnett, and Wang (2008) conduct a regression analysis for NOx, SO2, and TSP, and the result is mostly consistent with the environmental Kuznets curve hypothesis though SO2 emission seems to be just reaching the ﬂat portion of its inverse-U curve. Song, Zheng, and Tong (2008) ﬁnd the inverse U-shaped relationship between economic growth and environmental pollutants such as waste gas, waste water, and solid wastes. He (2009) ﬁnds the inverse U-shaped relationship for per capita SO2 emission and the increasing tendency for SO2 emission density, and explains that a fast population expansion would slow down the increasing tendency of per capita SO2 emission. Govindaraju and Tang (2013) conﬁrm the environmental Kuznets curve hypothesis by conducting Granger causality test. In contrast, there exist empirical studies showing the positive effect of income on environment: free trade mitigates environmental damage via income growth (Dean, 2002) and faster economic development tends to reduce air pollution emissions by enhanced regulation and policy enforcement (Zeng & Eastin, 2007). Cole, Elliot, and Zhang (2011) ﬁnd the environmental Kuznets curve for water pollution, but the turning point is beyond the acceptable range. For air pollutants, they report positive relationships and insigniﬁcant relationships. Other studies yield mixed results. Shen (2006) provides the evidence supporting an inverse U-shaped relationship for water pollution and a U-shaped relationship for SO2.De Groot et al. (2004) report a negative relationship between income and water pollution, while showing mixed results for air pollution: an environmental Kuznets curve for waste gas emission in levels, a positive relationship for per capita waste gas, and a negative relationship for gas emission per unit of output. The cubic (i.e., N-shaped) relationship is also found. Brajer, Mead, and Xiao (2008) ﬁnd evidence for both a quadratic and a cubic environmental Kuznets curve for SO2 emission in China. In their following paper, Brajer, Mead, and Xiao (2011) examine three individual pollutants as well as three comprehensive measures of air pollution and also ﬁnd the inverse U-shaped relationship and the Nshaped relationship.
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Table 1 summarizes the ﬁndings of the existing empirical studies. Several factors can explain the different results. Poon et al. (2006) use spatial econometrics that consider potential regional spillover effects and ﬁnd an inverse U-shaped relationship for SO2 and a U-shaped relationship for soot particulates. They explain the different results between pollutants by different technologies and regulations. In the case of SO2, low-sulfur fuels had been increasingly used and state regulations limiting the use of leaded gasoline had been developed. In contrast, in the case of soot, emission regulations for diesel vehicles and locomotives did not exist. Yaguchi, Sonobe, and Otsuka (2007) hypothesize that local governments have incentives to reduce SO2 emission but not CO2 emission, since the former causes an immediate damage to the health of the residents while the latter causes global warming in the long run. They investigate data in Japan and China and ﬁnd evidence for the environment Kuznets curve hypothesis in Japan but not in China. According to their results, SO2 emission increases with income in China, while it decreases in the coastal region. The mixed results may be attributed to recent structural change in China's economy. Minx et al. (2011) examine China's annual CO2 emissions by structural decomposition analysis and ﬁnd that while efﬁciency improvements have offset additional CO2 emissions between 2002 and 2007, the strong increases in emissions over the period are explained by the result of capital investments. In addition to the environmental Kuznets curve, several studies pay attention to the relationship between foreign direct investment (FDI) and pollution in China. Theoretically, FDI has dual effects on pollution levels: i) developing countries attract FDI by lowering environmental regulation, which increases pollution and ii) they obtain advanced technology by FDI, which helps improve environmental quality (Bo, 2011, p.1324). The ﬁrst effect is called the pollution haven hypothesis and the second is called the pollution halo hypothesis (Cole et al., 2011, p.122). Some studies support the pollution haven hypothesis (Di, 2007; He, 2006; Zhang and Fu, 2008) or partially support the hypothesis (Dean, Lovely, and Wang, 2009; Lan, Kakinaka, and Huang, 2012), while others conﬁrm the pollution halo hypothesis (Zeng and Eastin, 2007). 3. Sample and variable description In this empirical study, we use panel data of Chinese prefecture-level cities consisting of the annual observations from the period 2003–2010, obtained from the National Bureau of Statistics of China. Each country has its own economic and environmental trajectory (He, 2007) and the relationship between pollution and economic growth tends to vary across political systems (Deacon and Norman, 2006; List and Gallet, 1999). Thus environmental quality is more comparable across regions within a country than across countries. In this sense, using cross-regional data within a single country may be a good alternative to a cross-country analysis. So far, prefecture level panel data have rarely been used in previous analyses of the relationship between economic growth and the environment in China due to data availability constraints. The beneﬁts of using prefecture level data for this kind of analysis are numerous (for more details, see Herrmann-Pillath, Kirchert, and Jiancheng, 2002). Especially from a policy perspective, the prefecture is the most stable frame of reference. Thus, the use of the prefecture level panel data can make this empirical study more rigorous. The period 2003–2010 covered in the current study has not been examined in any of the earlier studies. Since China experienced rapid economic growth during this period, examining the period appears to be critical to understanding the relationship between



Table 1 Previous studies of China. Literature



Period



Dean (2002) De Groot et al. (2004) Poon et al. (2006)



1987–1995 1982–1997 1998–2004



Shen (2006)



1993–2002



Yaguchi et al. (2007)



1985–1999



Zeng and Eastin (2007)



1996–2004



Brajer et al. (2008) Roumasset et al. (2008)



1990–2004 1990–2001



Song et al. (2008) He (2009) Brajer et al. (2011)



1985–2005 1992–2003 1990–2006



Cole et al. (2011)



2001–2004



Govindaraju and Tang (2013)



1965–2009



Air pollution



Water pollution



Waste gas SO2 Soot SO2 Dust



+, , Π Π U U 0



SO2 CO2 SO2 Soot SO2 NOx SO2 TSP Waste gas SO2 SO2 TSP NO2 Waste gas SO2 Soot Dust CO2



+ 0 − − Π, N Π + Π Π Π N Π, N Π + + 0 0 Π



COD Waste water



COD Arsenic Cadmium



Π Π Π



Waste water



Π



Waste water Petroleum



+ +



The table summarizes the previous empirical studies investigating the relationship between income and pollution emission using Chinese data. The symbols +, −, 0, U, Π and N refer to positive, negative, insigniﬁcant, U-shaped, inverse U-shaped, and N-shaped relationships, respectively.
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Table 2 Four Region groups. East



Center



West



Northeast



Beijing Tianjin Hebei Shanghai Jiangsu Zhejiang Fujian Shandong Guangdong Hainan



Shanxi Anhui Jiangxi Henan Hubei Hunan



Inner Mongolia Guangxi Chongqing Sichuan Guizhou Yunnan Shaanxi Gansu Qinghai Ningxia Xinjiang



Liaoning Jilin Heilongjiang



The table presents the four region groups.



economy and environment in China. Another reason for the importance of this period is the change in pollution control during the period. SO2 emission in China increased until 2006 and began to decline after 2006, which is mainly due to the application of sulfur reducing technology in power plants in response to the government policy of the 11th ﬁve-year plan 2006–2010 (Lu et al., 2010). We include income measured by GDP per capita (gdp/n, in thousands of RMB) as an explanatory variable for an economic factor. For dependent variables, environmental quality is represented by pollution output such as sulfur dioxide emission (so2, in thousands of tons) and waste water discharge (wwd, in millions of tons). The sulfur dioxide emission is used as a proxy for air pollution and the waste water discharge is employed as a proxy for water pollution. There are some reasons that SO2 emission can be a good air pollution indicator in China (He, 2009, p.230). For example, SO2 emission is the most severe air pollution problem in China. According to the 2005 report by State Environmental Protection Agency, SO2 Table 3 Summary statistics. Median so2 wwd gdp/n fdi/gdp emp/fai



49.73 47.54 15.10 1.69 0.01



so2 wwd gdp/n fdi/gdp emp/fai



44.16 42.17 12.28 1.23 0.01



so2 wwd gdp/n fdi/gdp emp/fai



40.51 36.51 12.13 1.10 0.01



so2 wwd gdp/n fdi/gdp emp/fai



62.89 38.92 17.38 1.31 0.01



so2 wwd gdp/n fdi/gdp emp/fai



56.12 86.55 23.43 3.55 0.00



so2 wwd gdp/n fdi/gdp emp/fai



48.73 28.50 11.05 0.44 0.01



Mean All (n = 286) 63.08 78.56 20.82 2.92 0.01 Backward (n = 176) 56.43 57.35 15.52 2.08 0.01 Non-coastal (n = 161) 51.39 48.79 15.70 1.87 0.01 North (n = 67) 76.17 56.04 22.83 2.32 0.01 East (n = 87) 73.63 129.96 29.67 4.93 0.01 West (n = 84) 67.80 55.12 16.32 1.06 0.01



S.D.



Median



Mean



S.D.



63.86 107.64 17.41 3.36 0.04 51.69 61.47 11.90 2.66 0.05



52.11 68.87 22.85 3.08 0.00



46.33 45.55 12.75 2.16 0.05



57.13 71.26 21.17 2.97 0.00



56.83 62.41 18.17 2.80 0.01



44.75 53.82 15.76 2.64 0.00



63.23 144.71 19.81 4.26 0.00



46.48 49.16 12.74 2.09 0.01



86.33 101.79 17.34 1.52 0.01



39.87 32.80 16.58 1.39 0.01



Advanced (n = 100) 64.39 113.84 29.05 4.47 0.01 Coastal (n = 115) 70.53 118.83 27.02 4.45 0.01 South (n = 147) 60.69 99.62 21.96 3.83 0.01 Center (n = 81) 55.00 60.65 15.71 2.84 0.01 Northeast (n = 34) 43.94 47.28 21.48 2.53 0.02



53.97 140.55 20.06 3.97 0.01 58.71 138.07 19.12 4.16 0.01 70.55 136.37 18.09 3.88 0.05 42.41 45.98 10.35 2.36 0.07 25.82 59.81 15.41 3.29 0.02



Notes: The table shows the summary statistics of the variables used in the study. so2 refers to sulfur dioxide emission (in thousands of tons), wwd to waste water discharge (in millions of tons), gdp/n to GDP per capita (in thousands of RMB), fdi/gdp to the ratio of foreign direct investment inﬂows to GDP (in millions of USD/billions of RMB), and emp/fai to the labor-capital ratio (in miilions/millions of RMB). Data source: National Bureau of Statistics.
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Table 4 Full sample regression results. so2 gdp/n



−0.0364



0.1990*



0.1764**



0.6544***



(−0.8453)



(2.4048) -0.0025*** (−3.3296)



(2.7506)



(4.6918) −0.0130*** (−4.8373) 0.00005*** (4.0476)



(gdp/n)2 (gdp/n)3 (gdp/n)m fdi/gdp emp/fai R2



−0.0856 (−0.3567) 20.6118* (−2.2217) 0.0026



−0.1116 (−0.4660) −16.8568 (−1.8082) 0.0082



0.0778 (1.0522)



0.3666* (2.5721) −0.0031* (−2.3692)



−0.4522*** (−4.4647) −0.1454 (−0.6075) −15.8059 (−1.7003) 0.0126



−0.1640 (−0.6859) −13.0440 (−1.3975) 0.0163



wwd gdp/n (gdp/n)2



0.1873* (2.0431)



(gdp/n)3 (gdp/n)m fdi/gdp emp/fai R2



−2.0395*** (−4.9373) −5.4403 (−0.3403) 0.0130



−2.0722*** (−5.0194) −0.8131 (−0.0505) 0.0158



−0.4219* (−2.0179) −2.0701*** (−5.0119) −2.6594 (−0.1659) 0.0150



0.9826*** (4.0943) −0.0172*** (−3.7337) 0.00007** (3.1863)



−2.1419*** (−5.1929) 4.3558 (0.2700) 0.0208



Notes: The table shows the results of the panel data regressions. Figures are regression coefﬁcient estimates, and t values are shown in parentheses below coefﬁcient estimates. ***, **, and *, respectively, indicate signiﬁcance levels at 0.1%, 1%, and 5% levels. so2 refers to sulfur dioxide emission (in thousands of tons), wwd to waste water discharge (in millions of tons), gdp/n to GDP per capita (in thousands of RMB), fdi/gdp to the ratio of foreign direct investment inﬂows to GDP (in millions of USD/billions of RMB), and emp/fai to the labor-capital ratio (in miilions/millions of RMB). Data Source: National Bureau of Statistics.



emission in China was the highest in the world. In addition, the major source of total SO2 emission is that from burning coal (Yi, Hao, and Tang, 2007). The fact that most SO2 emission in China is attributed to industrial production is important because the current work focuses on the relationship between economy and environment. Finally, the environmental Kuznets curve relationship seems most plausible for SO2 since it creates localized problems and thus causes a greater response to reducing the pollutant emission (Yandle, Vijayaraghavan, and Bhattarai, 2002). We include two control variables: the ratio of foreign direct investment inﬂows to GDP (fdi/gdp, in millions of USD/billions of RMB) as a proxy for trade openness and the labor-capital ratio (emp/fai, in miilions/millions of RMB) as the indicator of a region's labor



Fig. 1. The inverse U-shaped curve of SO2 vs. GDP: so2 = 0.1990gdp/n −0.0025(gdp/n)2. so2 refers to sulfur dioxide emission (in thousands of tons) and gdp/n to GDP per capita (in thousands of RMB). Data source: National Bureau of Statistics.
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Fig. 2. The inverse U-shaped curve of WWD vs. GDP: wwd = 0.3666gdp/n −0.0031(gdp/n)2. wwd refers to waste water discharge (in millions of tons) and gdp/n to GDP per capita (in thousands of RMB). Data source: National Bureau of Statistics.



intensity. The FDI variable is included in order to control the effects suggested by the pollution haven hypothesis and the pollution halo hypothesis. The labor intensity variable is used to control the composition effect that developing countries specialize in laborintensive production, while developed countries specialize in capital-intensive production. Part of the improvement of environmental performance in developed countries and the degradation of environment in developing countries may be caused by this specialization (Stern, 2004, p.1426). One issue to be considered is the regional disparity. Considering the uneven regional growth in China, we examine whether the difference between developed regions and developing regions affects the relationship between income and environment. In order to address this issue, we use the sample split method by dividing the sample regions into two groups based on income level (backward region and advanced region) as well as based on region (non-coastal region and coastal region), following De Groot et al. (2004, p.518). As expected, most non-coastal regions are included in the category of the backward regions and most coastal regions are advanced regions. According to the environment Kuznets curve hypothesis, the relationship between income and pollution levels would be positive in low-income regions such as the inland regions and negative in high-income regions such as the coastal regions in China. We use one more two-group classiﬁcation: a north–south split. This standard geographical classiﬁcation may also be useful for the current study since coal which is a major source of SO2 emission is used much more extensively in northern China for winter heating. In addition to the two-group split, we use the four-group split—eastern, central, western, and northeastern regions, as shown in Table 2, in which most coastal regions are included in the eastern regions. The approach of using the four groups is useful especially because the northeastern region is distinct from other regions. China has recently been trying to accelerate the development of the northeast area, which was the earliest industrial hub in China. In 2003, China adopted the northeast China revitalization policy to rejuvenate the industrial bases in the northeast region. This project for the northeast region seems to have been successful. In recent years the northeast region's GDP have grown faster than the other regions and foreign direct investment in the northeast region increased remarkably.



Fig. 3. The piecewise curve of SO2 vs. GDP: so2 = 0.1764gdp/n & -0.0025gdp/n. so2 refers to sulfur dioxide emission (in thousands of tons) and gdp/n to GDP per capita (in thousands of RMB). Data source: National Bureau of Statistics.
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Fig. 4. The piecewise curve of WWD vs. GDP: wwd = 0.1873gdp/n & −0.2346gdp/n. wwd refers to waste water discharge (in millions of tons) and gdp/n to GDP per capita (in thousands of RMB). Data source: National Bureau of Statistics.



Table 3 presents the summary statistics of the sample and the subsamples. According to the summary statistics, the regions with high per capita income tend to have high emissions except for the northeast region. The northeast region has an income level which is higher than the income levels of the center and the west regions, but its emission levels are lower than those of the center and the west regions. 4. Empirical methods For the empirical study, we undertake panel data analysis. Generally, ﬁxed effects model and random effects model are considered for the regression analysis of panel data. Fixed effects model tends to be used when analyzing the impact of variables that vary over time since it assumes that something within the individual may affect outcomes. In contrast, random effects model is appropriate when a data set is representative of a random sample since the model assumes that the variation across subjects is random. We conduct the Hausman test to statistically determine which one is more suitable for the data. Since random effects model is rejected by the test result, ﬁxed effects model is used in this study. The basic regression equations used in the empirical study are as follows: so2i;t ¼ a þ b1 ðgdp=nÞi;t þ b2 ðfdi=gdpÞi;t þ b3 ðemp=faiÞi;t þ ei;t



ð1Þ



wwdi;t ¼ a þ b1 ðgdp=nÞi;t þ b2 ðfdi=gdpÞi;t þ b3 ðemp=faiÞi;t þ ei;t



ð2Þ



where ‘a’ refers to the unobserved time-invariant individual effect, ‘i’ to the prefecture, ‘t’ to time period, ‘b’ to parameters, and e to the standard error term.



Fig. 5. The N-shaped curve of SO2 vs. GDP: so2 = 0.65446*gdp/n −0.013028 ∗ (gdp/n)2 + 0.000054225 ∗ (gdp/n)3. so2 refers to sulfur dioxide emission (in thousands of tons) and gdp/n to GDP per capita (in thousands of RMB). Data source: National Bureau of Statistics.



80



S. Lee, D.-W. Oh / China Economic Review 36 (2015) 73–85



Fig. 6. The N-shaped curve of WWD vs. GDP: wwd = 0.98263gdp/n −0.017284(gdp/n)2 + 0.000073559(gdp/n)2. wwd refers to waste water discharge (in millions of tons) and gdp/n to GDP per capita (in thousands of RMB). Data source: National Bureau of Statistics.



Table 5 Two-subsample regression results (so2). Backward gdp/n



Advanced



−0.0174 (−0.2871)



0.1334 (1.1307) −0.0025 (−1.4918)



0.1330 (0.4147) −14.3178 (−1.7697) 0.0027



0.0543



(gdp/n)2



−0.2692*** (−3.4394)



0.0539 (0.2688) −0.0033 (−1.7492)



0.1267 (0.3952) −13.0165 (−1.6004) 0.0046



0.8660*** (4.0759) −0.0251*** (−4.3942) 0.0001*** (4.1343) 0.1291 (0.4053) −9.6787 (−1.1919) 0.0184



−0.4430 (−1.2738) −329.8135*** (−4.5222) 0.0332



−0.4415 (−1.2715) −275.1500*** (−3.4721) 0.0374



1.3547*** (3.3804) −0.0337*** (−4.0386) 0.0001*** (3.7380) −0.4263 (−1.2391) −170.4400* (−2.0447) 0.0566



Non-coastal 0.1782



0.8730***



−0.2418**



Coastal 0.1508



1.2529***



(−3.2378)



(0.8464) −0.0044* (−2.4253)



−0.3588 (−1.1834) −131.6853* (−2.5146) 0.0167



−0.3454 (−1.1424) −98.3388 (−1.8215) 0.0241



(3.6744) −0.0325*** (−4.2494) 0.0001*** (3.7792) −0.3055 (−1.0185) −59.2360 (−1.0864) 0.0415



South 0.1342



1.0515***



(gdp/n)3 fdi/gdp emp/fai R2



gdp/n



(0.8871)



(1.5599) −0.0019 (−1.2843)



0.2462 (0.5517) −14.6084 (−1.8516) 0.0050



0.2024 (0.4525) −13.5012 (−1.7016) 0.0065



(4.1065) −0.0230*** (−4.0700) 0.0001*** (3.8658) 0.1841 (0.4139) −10.2430 (−1.2916) 0.0196



−0.0277



North 0.2613



0.6047



−0.1967**



(−0.3484)



(1.4999)



(−2.7665)



(0.8792) 0.0041* (−2.4485)



−0.1711 (−0.2601) −212.1102** (−3.2337) 0.0248



−0.3292 (−0.4976) −153.4511* (−2.1140) 0.0320



(1.8898) −0.0086 (−1.6831) 0.0000 (1.2790) −0.2903 (−0.4386) −115.4000 (−1.4720) 0.0355



−0.3643 (−1.2206) −13.3722 (−1.3160) 0.0089



−0.4007 (−1.3444) −10.8182 (−1.0617) 0.0147



(gdp/n)2 (gdp/n)3 fdi/gdp emp/fai R2



gdp/n



(gdp/n)2 (gdp/n)3 fdi/gdp emp/fai R2



(3.7092) −0.0298*** (−4.3119) 0.0001*** (3.8298 −0.4327 (−1.4608) −7.1719 (−0.7055) 0.0289



Notes: The table shows the results of the panel data regressions. Figures are regression coefﬁcient estimates, and t values are shown in parentheses below coefﬁcient estimates. ***, **, and *, respectively, indicate signiﬁcance levels at 0.1%, 1%, and 5% levels. so2 refers to sulfur dioxide emission (in thousands of tons), wwd to waste water discharge (in millions of tons), gdp/n to GDP per capita (in thousands of RMB), fdi/gdp to the ratio of foreign direct investment inﬂows to GDP (in millions of USD/billions of RMB), and emp/fai to the labor-capital ratio (in miilions/millions of RMB). For a description of each region, refer to De Groot et al. (2004). Data source: National Bureau of Statistics.
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In an extended model we add a quadratic term of the income variable to the regression equations in order to examine the inverse U-shaped relationship between pollution and GDP suggested by the environmental Kuznets curve theory. The regression equations are as below: 2



so2i;t ¼ ai þ b1 ðgdp=nÞi;t þ b2 ðgdp=nÞ



þ b3 ðfdi=gdpÞi;t þ b4 ðemp=faiÞi;t þ ei;t



i;t



2



wwdi;t ¼ ai þ b1 ðgdp=nÞi;t þ b2 ðgdp=nÞ



i;t



ð3Þ



þ b3 ðfdi=gdpÞi;t þ b4 ðemp=faiÞi;t þ ei;t



ð4Þ



We conduct the Regression Equation Speciﬁcation Error Test (RESET) proposed by Ramsey (1969) before doing the regression analysis. The RESET is a misspeciﬁcation test for correctness of functional form and determines whether nonlinear combinations of the independent variables help explain the dependent variable. The test results support the quadratic model for the data, although some caution is required since the null hypothesis of the RESET is the correct speciﬁcation, and thus, there might be different reasons for the rejection of the hypothesis. We employ another method to detect quadratic relationships–piecewise linear regression. Piecewise linear regression detects a linear relationship that has different slopes for certain ranges of an explanatory variable. We use a speciﬁcation that is piecewise linear in the levels of GDP per capita. The sample is broken at the inﬂection values of GDP per capita values that are calculated using the results of the quadratic regressions. The piecewise linear regression equations used in this study are as follows: m



so2i;t ¼ ai þ b1 ðgdp=nÞi;t þ b2 ðgdp=nÞ



þ b3 ðfdi=gdpÞi;t þ b4 ðemp=faiÞi;t þ ei;t



i;t



m



wwdi;t ¼ ai þ b1 ðgdp=nÞi;t þ b2 ðgdp=nÞ



i;t



ð5Þ



þ b3 ðfdi=gdpÞi;t þ b4 ðemp=faiÞi;t þ ei;t



ð6Þ



where. m



ðgdp=nÞ



i;t



h i ¼ ðgdp=nÞi;t −m D;



m



D ¼ 0if ðgdp=nÞi;t bm&1if ðgdp=nÞ



i;t N



¼m



ð7Þ



Table 6 Four-subsample regression results (so2). East gdp/n



Center



−0.4732*** (−4.8070)



−0.3363 (−1.3078) −0.0013 (−0.5767)



−0.4374 (−1.2897) −446.888* (−2.3777) 0.0374



−0.4328 (−1.2753) −382.2100 (−1.7485) 0.0379



(gdp/n)2 (gdp/n)3 fdi/gdp emp/fai R2



gdp/n



0.0781 (0.8647)



(gdp/n)2



West 0.3537 (1.9505) −0.0022 (−1.7516)



(gdp/n)3 fdi/gdp emp/fai R2



−0.3799 (−0.3923) −72.0956 (−1.3917) 0.0060



−0.4869 (−0.5027) −45.8610 (−0.8519) 0.0113



2.4172*** (5.9087) −0.0860*** (−5.4330) 0.0008*** (4.6572) 0.2442 (0.5077) −4.5319 (−0.6882) 0.0739



0.0258 (0.0520) 0.0114 (0.9950) −0.0000 (−1.1918) −1.9696*** (−3.6875) −207.6300** (−3.2581) 0.1958



−0.0220 (−0.2991)



0.7065*** (3.8528) −0.0137*** (−4.3263)



0.4044 (0.8142) −10.7941 (−1.6030) 0.0061



0.3138 (0.6412) −7.4319 (−1.1133) 0.0381



0.3806*** 3.5685)



−1.9270*** (−3.6134) −194.1638*** (−3.8599) 0.1888



Northeast 0.5451* (2.2863) −0.0019 (−0.7717)



−1.9388*** (−3.6307) −173.5400** (−3.0447) 0.1909



0.3218 (1.0354) −0.0015 (−0.2859) −0.0000 (−0.1267) −0.4937 (−0.5085) −47.6480 (−0.8555) 0.0113



1.2564** (2.5863) −0.0370*** (−3.8771) 0.0002*** (3.8474) −0.4238 (−1.2629) −76.0200 (−0.3301) 0.0612



Notes: The table shows the results of the panel data regressions. Figures are regression coefﬁcient estimates, and t values are shown in parentheses below coefﬁcient estimates. ***, **, and *, respectively, indicate signiﬁcance levels at 0.1%, 1%, and 5% levels. so2 refers to sulfur dioxide emission (in thousands of tons), wwd to waste water discharge (in millions of tons), gdp/n to GDP per capita (in thousands of RMB), fdi/gdp to the ratio of foreign direct investment inﬂows to GDP (in millions of USD/billions of RMB), and emp/fai to the labor-capital ratio (in miilions/millions of RMB). For a description of each region, refer to Table 2. Data source: National Bureau of Statistics.
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and ‘m’ represents the inﬂection value of gdp/n. This model consists of two models in one, which can be shown as.



ðgdp=nÞi;t ¼ b1 ðgdp=nÞi;t þ … if ðgdp=nÞi;t bm ¼ ðb1 þ b2 Þðgdp=nÞi;t þ … if ðgdp=nÞi;t N ¼ m



ð8Þ



where the slope of the income variable changes from b1 at lower levels to b1 + b2 at higher levels. Thus, if the environment Kuznets curve exists, we should observe that b1 is positive and b1 + b2 is negative.



Table 7 Two-subsample regression results (wwd). Backward gdp/n



Advanced



0.0152



0.5631**



1.8674***



(0.1469)



(2.8022) −0.0093** (−3.1806)



0.0898 (0.1639) −10.9771 (−0.7942) 0.0006



0.0669 (0.1225) −6.2545 (−0.4516) 0.0088



(5.1642) 0.0495*** (−5.0847) 0.0002*** (4.3247) 0.0709 (0.1309) −0.3153 (−0.0228) 0.0239



−0.0377



Non-coastal 0.1589



0.8790***



(gdp/n)2 (gdp/n)3 fdi/gdp emp/fai R2



gdp/n



(−0.6075)



(1.3731) −0.0030* (−2.0126)



−0.5289 (−1.1689) −6.9994 (−0.8750) 0.0023 −0.1463* (−2.1034)



(gdp/n)2



emp/fai R2



gdp/n



(gdp/n)2



emp/fai R2



(3.5535) −0.0112** (−3.2806)



−2.7728*** (−4.2732) 100.7545 (0.7384) 0.0325



−2.7646*** (−4.2904) 290.7510 (1.9730) 0.0473



0.1816



Coastal 1.2501**



(4.1243) −0.0523*** (−3.3801) 0.0002** (2.7207) −2.7398*** (−4.2712) 435.1100** (2.7894) 0.0574



3.1350***



(3.2024) −0.0118** (−3.0162)



−0.5984 (−1.3204) −5.2427 (−0.6524) 0.0059



−1.7779** (−2.6394) −89.5205 (−0.7676) 0.0140



−1.7360** (−2.5898) 2.2627 (0.0189) 0.0253



(4.1461) −0.0594*** (−3.5292) 0.0003** (2.9057) −1.6658* (−2.4951) 70.5870 (0.5801) 0.0356



North −0.1404 (−0.9211)



0.9330*** (3.4087)



0.2295 (1.5544)



South 0.8202** (2.6009)



1.7305** (2.9153)



−0.0000 (−0.0433)



−0.9357 (−1.6510) 21.8645 (0.3834) 0.0262



(1.3563)



3.0775***



(1.1017)



(gdp/n)3 fdi/gdp



1.3096***



(4.0827) −0.0249** (−4.3513) 0.0001*** (3.9560) −0.6177 (−1.3717) −1.8678 (−0.2326) 0.0196



(gdp/n)3 fdi/gdp



0.1968



−0.9389 (−1.6415) 23.0630 (0.3635) 0.0262



−0.0199*** (−4.5552) 0.0000*** (4.6771) −0.7971 (−1.4225) 143.0600* (2.1299) 0.0700



−0.0072* (−2.1188)



−2.2526*** (−3.6065) −3.4602 (−0.1627) 0.0180



−2.3158*** (−3.7097) 1.1397 (0.0534) 0.0224



−0.0324* (−2.2604) 0.0001 (1.8092) −2.3507*** (−3.7680) 4.8060 (0.2245) 0.0255



Notes: The table shows the results of the panel data regressions. Figures are regression coefﬁcient estimates, and t values are shown in parentheses below coefﬁcient estimates. ***, **, and *, respectively, indicate signiﬁcance levels at 0.1%, 1%, and 5% levels. so2 refers to sulfur dioxide emission (in thousands of tons), wwd to waste water discharge (in millions of tons), gdp/n to GDP per capita (in thousands of RMB), fdi/gdp to the ratio of foreign direct investment inﬂows to GDP (in millions of USD/billions of RMB), and emp/fai to the labor-capital ratio (in miilions/millions of RMB). For a description of each region, refer to De Groot et al. (2004). Data source: National Bureau of Statistics.
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In order to examine the possibility of an N-shaped relationship, we use a cubic model by including a cubic income term. The regression equations used are as below: 2



so2i;t ¼ ai þ b1 ðgdp=nÞi;t þ b2 ðgdp=nÞ



3



i;t



þ b3 ðgdp=nÞ



2



wwdi;t ¼ ai þ b1 ðgdp=nÞi;t þ b2 ðgdp=nÞ



i;t



þ b4 ðfdi=gdpÞi;t þ b5 ðemp=faiÞi;t þ ei;t



3



i;t



þ b3 ðgdp=nÞ



i;t



ð9Þ



þ b4 ðfdi=gdpÞi;t þ b5 ðemp=faiÞi;t þ ei;t



ð10Þ



For the sample split method, we divide the sample into the two and the four region groups and estimate the models discussed above. For subsamples, the piecewise regression results are not reported for brevity. One might consider using dummy variables of regions as a useful option, but this study does not include the dummy variables since the characteristics of each prefecture are already controlled in the ﬁxed effects model. In technical terms, region dummies would cause a perfect multicollinearity problem in the ﬁxed effects regression. One important beneﬁt of the split sample regression is that the method alleviates a potential endogeneity problem. Empirical studies of the environmental Kuznets curve have been criticized for inappropriately accounting for a feedback effect from pollution to economic growth. In earlier studies, pollution is often treated only as the outcome of economic growth. However, severe pollution can inhibit production, and thus economic growth and pollution emission can be jointly determined endogenously in a model (Shen, 2006, p.384). The sample split method suggests that, if the relationships between income and pollution are signiﬁcantly different between groups, the observed differences should indicate the pure effect of income on pollution since there is no reason that the feedback effect is different across the groups. That is to say, even though individual estimates of the per capita GDP coefﬁcients may be biased, the estimated difference in the coefﬁcients between groups will be an unbiased estimate of the true difference since the bias is to be the same for the groups. 5. Empirical ﬁndings In this section, we report and discuss the results of full-sample regressions and the results of split sample regressions. The results of the full-sample regressions are presented in Table 4. For both air pollution and water pollution, linear regression results do not yield signiﬁcant coefﬁcient estimates of the GDP per capita variable. This indicates that a linear relationship is not suitable for explaining the effect of income on environmental quality in China. On the contrary, the quadratic regressions and the piecewise linear regressions provide signiﬁcant results. The results strongly conﬁrm the environmental Kuznets curve hypothesis. Table 8 Four-subsample regression results (wwd). East gdp/n



Center



0.2084 (1.1042)



1.4897** (3.0623) −0.0120** (−2.8548)



−1.7734** (−2.6986) −212.8622 (−0.5857) 0.0245



−1.7252** (−2.6399) 394.0053 (0.9399) 0.0375



(gdp/n)2 (gdp/n)3 fdi/gdp emp/fai R2



gdp/n



0.0640 (0.4075)



(gdp/n)2



West 0.2490 (0.7885) −0.0015 (−0.6754)



(gdp/n)3 fdi/gdp emp/fai R2



−4.2594* (−2.5276) 19.9523 (0.2215) 0.0115



−4.3309* (−2.5637) 37.6945 (0.4016) 0.0123



2.2220*** (4.0473) −0.0699** (−3.2885) 0.0005* (2.3662) −0.1746 (−0.2706) −0.3227 (−0.0365) 0.0517



1.7346** (2.9670) −0.0477*** (−3.5252) 0.0003** (3.2914) −1.1493 (−1.8515) 185.5000* (2.4678) 0.1324



−0.0368 (−0.3760)



1.0556*** (4.3497) −0.0205*** (−4.9019)



0.0085 (0.0130) −7.3414 (−0.8201) 0.0013



−0.1271 (−0.1963) −2.3001 (−0.2604) 0.0422



−0.3142*) (−2.4419)



−1.2504* (−1.9728 28.9478 (0.4776) 0.0843



Northeast 0.0462 (0.1614) −0.0042 (−1.4085)



−1.2637* (−1.9978) 74.4511 (1.0858) 0.0920



0.8028 (1.4858) −0.0133 (−1.3859) 0.0000 (1.2629) −4.2122* (−2.4909) 68.8140 (0.7095) 0.0150



3.4066*** (3.6288) −0.0546** (−2.9760) 0.0002* (2.3841) −1.7169** (−2.6374) 771.8400 (1.7281) 0.0466



Notes: The table shows the results of the panel data regressions. Figures are regression coefﬁcient estimates, and t values are shown in parentheses below coefﬁcient estimates. ***, **, and *, respectively, indicate signiﬁcance levels at 0.1%, 1%, and 5% levels. so2 refers to sulfur dioxide emission (in thousands of tons), wwd to waste water discharge (in millions of tons), gdp/n to GDP per capita (in thousands of RMB), fdi/gdp to the ratio of foreign direct investment inﬂows to GDP (in millions of USD/billions of RMB), and emp/fai to the labor-capital ratio (in miilions/millions of RMB). For a description of each region, refer to Table 2. Data source: National Bureau of Statistics.
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We draw the regression curves by using the coefﬁcient estimates obtained by the quadratic regressions and the range of GDP per capita data used in the study. The curves for so2 and wwd are shown in Figs. 1 and 2, respectively, which conﬁrm that estimated turning points are within the acceptable range of GDP per capita. The inﬂection points of GDP per capita are calculated as 39.80 for so2 and 59.10 for wwd. This clearly suggests that both air and water pollutants follow an inverse U-shaped pattern relative to income. Note that the inﬂection point in the regression on so2 is far below than that in the regression on wwd and the inverse U-shaped pattern is more pronounced in the regression on wwd than in the regression on so2. It shows that a negative effect seems to prevail between income and air pollution. The results of the piecewise linear regression also support the hypothesis of environmental Kuznets curve. For the results, all the GDP per capita variables have statistically signiﬁcant coefﬁcient estimates. The piecewise lines for so2 and for wwd are presented in Figs. 3 and 4, respectively. For so2, the coefﬁcient estimates are 0.1764 for gdp/n and −0.4522 for gdp/nm, which indicates that the slope estimates of gdp/n are 0.1764 in the range before the inﬂection point and −0.2758 after the inﬂection point. A similar result is obtained for wwd: the slope estimates are 0.1873 before the inﬂection point and −0.2346 after the inﬂection point. For the cubic regression, the results conﬁrm the N-shaped relationship between pollution and income. Figs. 5 and 6 show the N curves drawn based on the cubic regression results, which suggest the regression results are not statistical artifacts but reﬂect real changes. According to the full-sample results in Table 4, the coefﬁcient estimate of fdi/gdp on so2 is negative but insigniﬁcant, and the estimate on wwd is signiﬁcantly negative. This implies that FDI does not seem to play a role in reducing air pollution, which is consistent with previous results (e.g., Antweiler, Copeland, and Taylor, 2001), but it contributes to environmental quality of water. The two-subsample regressions on so2 are presented in Table 5. In backward and non-coastal areas, the linear regressions do not yield signiﬁcant coefﬁcient estimates. In contrast, in advanced, coastal, and south areas, the linear term shows negative and signiﬁcant estimates. While the quadratic regressions do not provide signiﬁcant results across subsamples, the N-shaped pattern is conﬁrmed by the cubic regressions in most subsamples. Table 6 reports the results of the four-subsample regressions on so2. The east region in the four-subsample regression has the negative relationship between income and air pollution. Similarly to the two-subsample regression above, the evidence indicates that air quality improves as income increases in developed regions. The four-subsample results indicate an inverse U-shaped relationship in the central region, an insigniﬁcant relationship in the west region, and a positive relationship in the northeast region. Such results ﬁt partially with the prediction of the environment Kuznets curve hypothesis that pollution increases as income increases at low levels of income. The impact of FDI on air pollution in the split sample regressions seems to be negligible in most subsamples. We observe that, in most regions, there are not signiﬁcant coefﬁcient estimates of fdi/gdp. One exception is the northeast region, which shows that the FDI variable has a signiﬁcant and negative coefﬁcient estimate. It indicates that FDI improves air quality in the northeastern area of China. The two-subsample regression results on wwd are shown in Table 7. The two-subsample regressions report that while the linear regressions tend to yield insigniﬁcant estimates in both regions, the quadratic and cubic regressions provide signiﬁcant results for most regions. The four-subsample regressions on wwd summarized in Table 8 show similar results to the results of the twosubsample regressions. The northeast region is particularly interesting since economic growth increases air pollution but reduces water pollution in the region. According to the sub-sample results, FDI plays an important role in reducing water pollution mainly in developed regions. Overall, FDI seems to contribute to water quality in China, which is conﬁrmed by the results of the full-sample regressions and the sub-sample regressions.



6. Conclusion This study examines the relationship between economic growth and environmental quality in China. We focus on the hypothesis of environmental Kuznets curve that pollution ﬁrst rises and then falls with increasing income. We investigate prefecture-level panel data in China over the period 2003–2010 by using ﬁxed effects model and split sample regressions. The empirical results tend to conﬁrm the inverse U-shaped relationship as well as the N-shaped relationship between income and pollution. The full-sample results clearly support the two relationships for both air pollution and water pollution. The split sample results are rather complicated. For so2, the two-subsample regressions report that income contributes to reduce air pollution in advanced, coastal, and southern areas, while the cubic regressions provide signiﬁcant results for the most subsamples. The four-subsample regressions show a negative relationship between income and air pollution in the east region, an inverse Ushaped relationship in the central region, an insigniﬁcant relationship in the west region, and a positive relationship in the northeast region. The N-shaped pattern is statistically signiﬁcant in the east region and the northeast region. For wwd, the two-subsample regressions report the inverse U-shaped relationship and the N-shaped relationship between income and water pollution in most regions. The four-subsample regressions provide similar results. The inverse U-shaped relationship is found in the east and the central regions, and the N-shaped relationship is observed in the east, west, and northeast regions. It is noteworthy in the split-sample regressions that the negative relationship between income and air pollution is observed in economically developed areas such as advanced, coastal, and east areas. This supports the environmental Kuznets curve hypothesis since the hypothesis argues that higher income improves environmental quality at high income levels. Overall, the split-sample regressions show somewhat different results between air pollution and water pollution. Different technologies and regulations can possibly account for the different results between pollutants as discussed by Poon et al. (2006) and Yaguchi et al. (2007).
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