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Analyzing the Proportion of Employees Returning to Work after Taking Childcare Leaves

FHAE S (REALEEEN)
Mayumi NISHIMOTO, Faculity of Economics, Hannan University

B
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LT, SEOHBIETEOAREILOWTHERT 5.

Abstract

This study presents positive analysis of the proportion workers returning to their job af-
ter completing their leaves taken for childcare. The impetus for this study is the noticeable
trend among many female workers who take childcare leaves with the intention of returning
to their jobs, but actually end up quitting and never re-entering the workforce. This study
aims to elucidate the working environment and childcare support measures introduced in
companies that have high proportion of employees returning to work after taking childcare
leaves.

F—9—F  FRKE BSEE SHEHHHE, FoOFMERRGIE
Keywords: Childcare Leaves, Return to Work, Short Working Hour System, Narsing Leave
System of Child
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A Study on the Maintenances and Intergenerational Burden of the Public Long-term Care
System: Focusing on the Imposition of the Environmental Tax
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Abstract

We analyzed the effects on the economy of reducing the self-payment rate of users of the
public long-term care system and reducing the financial burden on the working generation.
Specifically, we considered policies of using the collection of an environmental tax from com-
panies that cause environment pollution and the collection of income tax from households as
the sources of funds to reduce the retired generation’s self-payment rate for their use of
long-term care services, or to reduce the financial burden on the working generation who
support the public long-term care system. Then, we analyzed the effects that each of these
policies will have on capital stock, pollution stock, the price and quality of long-term care
from private sector long-term care service providers, and economic welfare.
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Keywords: Public Long-term Care System, Social Security,
Two Sector Overlapping Generations Model, Environmental Tax
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Estimtion of SOy, NOy, and CO, Emissions in China:
Environmental Kuznets Curve in Thermal Power Generation

Nlasayuki SHIMIZU, Faculty of Law and Letters, University of the Ryukyus®

Abstract

This study examines the applicability of the environmental Kuznets curve (EKC) to sec-
toral and regional emissions of SOy, NOy, and CO, in China. These emissions have increased
dramatically since the 2000s, primarily from coal fuel, with the largest sectoral and geo-
graphical sources of these emissions being the thermal power generation sector and the east-
ern region of the country. However, the growth of these emissions is now higher in the west-
ern region. For the EKC, the per capita relationship between emissions and gross domestic
product follows an inverted U-curve for the thermal power generation sector. However, this
finding does not support the EKC hypothesis because the emissions showed a tendency to es-

sentially monotonic increase.

Keywords: China, Environmental Kuznets Curve (EKC), SOy, NOy, and CO, Emissions,
Thermal Power Generation

JEL Codes: 044, Q53, Q56

Since 1978, the Chinese Government has
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1. Introduction

The purpose of this study is to estimate
the sectoral and regional emissions in China
of sulfur oxide (SOy), nitrogen oxide (NOy),
and carbon dioxide (CO,) resulting from
fuel combustion. In addition, through the
use of a panel data set of SOy, NO, and CO,
emissions, this study examines whether the
environmental Kuznets curve (EKC) hy-
pothesis is applicable to the thermal power
generation sector from 1995 to 2012

*  E-mail: mshimizu@ILu-ryukyu.ac.jp.

promoted the ‘reform and open door’ policy,
resulting in rapid development of the Chi-
nese economy. At the same time, China's en-
ergy consumption has dramatically in-
creased, as shown in Figure 1. Since the
1950s, China has been heavily dependent on
coal, and consumption is far greater than
that of petroleum and natural gas. Specifi-
cally, the thermal power generation sector
has seen the greatest coal consumption of
all sectors, accounting for approximately
51% of total coal consumption in 20120,

1) Author's calculation using China Energy Statistical
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Figure 1 Changes in Energy Consumption in China, 1953-2012
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Source: China Energy Statistical Yearbook,

Increasing coal consumption by develop-
ing countries such as China is a factor in
global and domestic environmental prob-
lems. From a global perspective, increasing
CO, and NOy emissions are expected to ex-
acerbate global warming, while from a do-
mestic perspective, increasing SOy and NOy
emissions are associated with worsening air
pollution. China has delayed the substitu-
tion of coal by cleaner natural gas (see Fig-
ure 1), and some regions use a low quality
coal with high sulfur content (see Appendix
D. In addition, China's increasing coal use is
mainly attributed to growing demand for
electric power. Although the country’s coal
consumption decreased following the adop-
tion of the Ninth Five-Year Plan of China
in the second half of the 1990s, it subse-
quently increased again since the Tenth
Five-Year Plan in the 2000s®. As a result,
the levels of many environmental pollutants

Yearbook [2013].

2) In this regard, Sinton [2001] indicates that coal con-
sumption might be underreported in the second half
of the 1590s.

1983 1986 1989 1992 1995 1998 2001 2004 2007 2010

have increased greatly during the past sev-
eral decades.

In contemporary China, detailed data on
environmental pollution play an important
role in assessing environmental problems.
The Chinese Government has published en-
vironmental statistics since 1990, such as the
China Environment Yearbook (CEY). This
provides environmental data on wastewater,
waste gas, and solid waste emissions on a
regional and industrial basis. CEY data,
however, are mainly collected at the scale of
the industrial sector. Therefore, this study
estimates SOy, NOy, and CO, emissions by
using the energy balance table in the China
Energy Statistical Yearbook (CESY), and
contributes to environmental data on China
by providing sectoral data by region.

Some studies have estimated SOy, NOy,
and CO, emissions using the energy balance
table. This study uses the estimation meth-
od of the National Institute of Science and
Technology Policy (NISTEP [1992]1), which
estimated sectoral SOy, NOy, and CO, emis-
sions for Asian countries from 1975 to
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1987%, In this case, emission factors are es-
tablished from the results of previous stud-
ies and field surveys of each country, and
thus NISTEP appears to present the most
reliable representation of environmental
conditions. Furthermore, the NISTEP meth-
odology also estimated regional SOy, NOy,
and CO, emissions in China, because there
are many differences between regions. Simi-
larly, Zhang [2003] used the NISTEP meth-
od to estimate industrial SOy, NOy, and CO,
emissions in China during the period 1980-
1997. The main divergence from the NISTEP
[1992] method was that Zhang [2003] ad-
justed SOy emissions for the removals of in-
dustrial sulfur dioxide (SO,), using data re-
ported in the CEY. However, previous
studies on China focused solely on the peri-
od from the 1970s to 1990s, and do not con-
sider the period of increasing coal consump-
tion since the 2000s. Therefore, this study
specifically focuses on recent emissions in
China, and estimates the sectoral and re-
gional SOy, NOy, and CO, emissions by ap-
plying the methods of NISTEP [1992].
Furthermore, through the use of a panel
data set of regional basis, this study exam-
ines the EKC hypothesis, which suggests an
inverted U-shaped relationship between en-
vironmental pollution and economic develop-
ment. In the past decade or so, many empiri-
cal studies have examined the EKC in China,
most of which focused on the EKC of waste-
water, waste gas, and solid waste emissions
in the industrial sector and the country as a
whole. By only reviewing the EKC for pol-

3) NISTEP was affiliated with the Japan Science and
Technology Agency until 2001, and is now part of the
Ministry of Education, Culture, Sports, Science, and
Technology.

lutant gas, De Groot et al. [2004] and Jiang
et al. [2008] showed that industrial waste
gas emissions take the shape of an inverted
U-curve or an N-shape in the fixed effects
estimator. Song et al. [2008] found the same
result using the dynamic ordinary least
squares (OLS) estimator. However, the re-
sults for industrial SO, emissions vary by
the estimator. The findings of He [2008] for
the random effects estimator and Jayantha-
kumaran and Liu [2012] for the fixed ef-
fects estimator suggested that the EKC
forms an inverted U-curve or an N-shape,
whereas Shen [2006], using the two-stage
least squares (2SLS) estimator, reported
that the EKC was not applicable. On the
other hand, in previous empirical studies of
aggregate emissions by region, emissions of
S0, (Llorca and Meunie [2009]) and CO,
(Auffhammer and Carson [2008]; Du et al.
[2012]) followed an inverted U-curve in the
fixed effects estimator.

However, even if the EKC forms an in-
verted U-curve, it has not always supported
the EKC hypothesis. If the turning point
(at which income continues to increase but
pollution levels begin to decrease) is much
higher than realistic income levels, the find-
ings do not necessarily support the hypoth-
esis. In this respect, the result of De Groot
et al. [2004] and Du et al. [2012] suggests
that the EKC relationship shows a tendency
to basically monotonic increase.

As described above, previous empirical
studies mainly focused on waste gas, SO,
and CO, emissions, thus this study extends
the previous empirical EKC studies of China
in two ways. First, by using the NISTEP
[1992] method, it is possible to examine the
EKC of aggregate SOy, NOy, and CO, emis-

_Ssi

T ek £, GRS SRR IR

1
i
i
|

B © Estimtion of SOy, NOy, and CO, Emissions in China:Environmental Kuznets Curve in Thermal Power Generation

sions by region. Second, to extend the anal-
ysis, & detailed examination is conducted of
EKC for the thermal power generation sec-
tor by region, which has recently been the
main source of environmental pollution in
China (see Section 3).

2. Methodology and Data

This section describes the methodologies
and data used in this study. First, the meth-
od is explained for estimating the emissions
of SOy, NOy, and CO, resulting solely from
fuel combustion, which refer to NISTEP
[1992]. This study provides emission data in
the case where the pollutant from fuel com-
bustion is released into the atmosphere in
unchanged form*. Secondly, this study pres-
ents an empirical static and dynamic panel
data model to examine the EKC hypothesis.

2.1 Estimation of SOy, NOy, and CO, Emissions

Environmental pollutants emitted by the
combustion of fossil fuels are estimated by
multiplying fuel consumption by emission
factors, which are obtained in the form of
units of pollutant emitted per unit of fuel
consumed, as follows:

4) NISTEP [1992] also suggests that the estimation
needs to take into account the following two points: 1)
emission increases by using raw materials, and 2)
emission decreases by adsorbing onto the raw materi-
als during production processes. However, these are
difficult to estimate, since data on raw materials by
region are unavailable in China. Furthermore, Zhang
[2003] suggests that the estimation should deduct
emissions that are removed as a result of pollution
abatement. However, this study is not adjusted for
such removals, because removals data are only avail-
able for the industrial sector in China.

N0x=i1EF, X X, 6
where EF is the emission factors, and X is
the total consumption of fossil fuels. If a
certain sector burns fuel type { (=1, 2, 3,--,
n), then NOyx emissions are the sum of the
results obtained by multiplying the total
consumption of fuel { by emission factor of
fuel 7. In equation (1), the emission factors
vary according to the fuel type and the fuel
combustion procedure in each sector. How-
ever, they are constant each year and are
not included in the effects of pollution
abatement.

In the estimation of SOy emissions, the
basic approach of equation (1) is slightly
modified to give equation (2), according to
the assumption that the sulfur contents of
coal and petroleum differ by region and fuel
type, because the quality of coal and petro-
leum reflects geographic considerations and
product characteristics, respectively. Thus,
the emission factors of SO consider the sul-
fur contents of the fuels®. Some emission
factors of SOy are multiplied by the sulfur
content S as follows:

SOx=31EF,x ;% X; @
=1
Next in the estimation of CO, emissions,
equation (3) is basically treated in the
same approach as equation (1). However,
the method assumes constant emission of
CQO, per unit of fuel consumed in each sec-
tor, as follows:

5) Appendix I shows the regional sulfur contents of coal
and petroleum for each product in China.
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CO:=SEF x X; @
i=1
In the case of CO, the energy of coal and
gas need to use emission factors in the form
of plutant emissions per unit of calorific
value®). Thus, fuel consumption is converted
to lower calorific value, because a conversion
factor of lower calorific value is calculated
in the CESY?.

Appendix II shows the emission factors of
SOy, NOy, and CO, from NISTEP [1992].
Environmental data in this study are esti-
mated using these emission factors and the
regional energy balance table from CESY.
The CESY divides fuel energy into 27 types,
and the economic sector into 12 branches—
including both the energy transformation
sector and the energy consumption sector,
as shown in Appendix II®, The estimation
period for the whole country covers the pe-
riod 1980 to 2012. Furthermore, environmen-
tal data are also estimated by region, divid-
ed into 30 provinces, except Tibet from 1995
to 20129,

2.2 EKC Models
Through the use of environmental data
for regional SOy, NOy, and CO, emissions,

6) Coal energy comprises raw coal, cleaned coal, other
washed coal, briquettes, and gangue. The energy de-
rived from gas comprises coke oven gas, blast furnace
gas, converter gas, other gas, and natural gas in Ap-
pendix IL

In this regard, the estimation of SOy and NOy emis-
sions also converts fuel consumption to lower calorific

7

~

value for gas energy. See Appendix IL

8) Until 2009, the CESY divides fuel energy into 17
types.
9) Data for Chongging are available since 1997, and are

unavailable for Hainan in 2002 and for Ningxia from
2000 to 2002.

the unbalanced panel data are established
for 29 provinces from 1995 to 2012, and the
EKC hypothesis is tested for the aggregate
emissions and the emissions from thermal
power generation sector'®. The empirical
static panel data model of EKC assumes the

following:
n(EM) =p+a+mn(CBE),
" @
+ s [}n (GL;,P)“]- +é&n

where EM denotes the emissions of SOy,
NOy, and CO, P denotes population; i de-
notes each region; and ¢ denotes each year.
Real gross domestic product (GDP) is esti-
mated by multiplying the index of real GDP
converted to 1995 prices by nominal GDP in
1995 (Chow and Li [2002]). Data on nominal
GDP, index of real GDP, and population
come from the China Statistical Yearbook
(CSY). & and A, denote unobservable individ-
ual effects and time effects. &, denotes an
error term, which is generally observed in a
problem of heteroskedasticity. Thus, this
study estimates equation (4) with a robust
standard error.

In the basic EKC model, the terms of £
are variables representing the pattern of the
EKC. If the EKC hypothesis is applicable,
the estimated parameter is expected to rep-
resent £,>0, f,<0. Thus, the relationships
between environmental pollutants per capita
and real GDP per capita are described by an
inverted U-shape. In addition, empirical
studies of EKC are concerned with the turn-
ing point in the level of GDP per capita,

10) Sichuan is included in Chongqing because the data
for Chongging are available from 1997.
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which is estimated at [exp(—5,/28,)].

In this regard, the static panel data model
in equation (4) concerns the potential for
simultaneity bias. As a way to deal with
this problem, He [2008] and Du et al. [2012]
applied the GMM estimator developed by
Arellano and Bond [1991], using dynamic
panel data for China. As with those previ-
ous studies, the empirical dynamic panel
data model of EKC assumes the following:

(54

[0 (CB2) [+t dt e

According to Arellano and Bond's GMM
method, equation (5) is estimated by tak-
ing the first difference to eliminate the indi-
vidual effects g, which are the cause of cor-
relation between the lagged dependent

: EM
variable (T)!.l—l and the error term (x,=
u#;+A,+e,). However, there is still the simul-
taneity bias, which is the correlation be-
tween the differenced dependent variable

differenced error term Ag;=g,—¢;,-,. The
Arellano and Bond's GMM estimator cor-
rects for the simultaneity bias by adopting
instrumental variables, which are the

predetermined variables [(%l g

("%%L*[")”_J.'". (%)“] In terms of the

independent variable (G}QP )“, this study

adopts instrumental variables which are the

predetermined variables [(Qgﬁ),m,

(G_g.i),-,-a-'“- (%)“_J. This also ap-

plies to the independent variable [( Gg )ﬂr.

Regarding the time effects 4, this study is
estimated by using year dummy variables.
Here, equation (5) adopts the GMM with
one-step estimation using a robust standard
error.

Finally, empirical studies often indicate a
serious problem with panel data analyses in
the levels. A typical problem includes the
stationarity of each variable. In previous
studies of EKC in China, Song et al. [2008]
and Du et al. [2012] were careful to consider
the stationarity of panel data. Following
those studies, this study investigates wheth-
er the panel data contain unit roots, using
the Fisher-ADF (Augmented Dickey-Fuller)
and Fisher-PP (Phillips-Perron) tests by
Maddala and Wu [1989]. If the panel data
used in this study contain unit roots, the re-
sulting estimation has potential for spuri-
ous regression. To avoid this problem, this
study uses the panel cointegration tests by
Kao [1999] and Pedroni [2000]. If a long-
run cointegrating relationship exists among
variables, this study is analyzed in the lev-
els.

3. Estimation Results of SOy, NOy, and CO,
Emissions in China

Figure 2 shows estimated SOy, NOy, and
CO, emissions by fuel for the whole country.
These emissions show an increasing trend
from the 1980s to the first half of the 1990s,
and then temporarily plateau during the
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Table 1 SOy, NOy, and CO, Emissions by Sector, Selected Years

SOy emissions (10" tons)

NOy emissions (10' tons)

CO,emissions (10' tons)

1980 1990 2000 2010 2012

1980 1990 2000 2010 2012 1980 1990 2000 2010 2012

Energy transformation sector
1. Thermal power generation 395 752 1,500 4,154 4,801

2. Heating supply — 75 195 351 460
3. Coking 12 20 31 87 100
4. Petroleum refineries 5 8 14 68 86
5. Gas works 1 2 3 3 2

7
2 3 5 23
0

146 285 57115751818 857115395 30,733 87,346 101,503
— 33 92 163 215

— 1,937 5198 10,459 13,668
3568 6,679 10241 30,804 35,227
6,791 9,460 17,523 39,683 44726
1 1 1 i 102 238 707 758 533

1116 47 5

Energy consumption sector
L. Agriculture, forestry and fishing 32 43 23 39 41
2. Industry 642 1,016 1,192 2,294 2,457
3. Construction 1 12 12 20 20
4. Transport, storage and post 47 56 59 8% 99
5. Wholesale, retail trade and g8 18 23 34 4l
hotel, restaurants
6. Residential consumption 188 272 139 156 158
7. Others 19 35 27 46 53

11 16 9 16 18
232 372 441 857 905 19,653 30,237 37,183 78,244 82,585
4 4 7T 18 17 493 579 1,037 3,054 2771
40 64 184 423 508
2 § 712 14 268 639 970 1,615 1971

22 33 22 45 54
8 16 22 3 42

1542 2059 1,238 2143 2318

1,804 2,554 5,904 13646 16,503

6322 9,159 5983 9285 10,285
1,002 1677 2,034 3383 4023

Aggregate emissions 1,361 2,306 3,219 7,340 8,317

475 842 1,379 3,217 3,681 15,0106 80,610 118,750 280,422 316,113

second half of the 1990s. In the 2000s, how-
ever, emissions increased rapidly. According
to fuel origin, China emits the most SOy,
NOy, and CO, from coal fuel. Since the sec-
ond half of the 1990s, NOyx and CO, emis-
sions from petroleum fuel have gradually
increased.

Table 1 shows the SOy, NOy, and CO,
emissions by sector for the whole country.
Industry within the energy consumption
sector emitted the most SOy, NOy, and CO,
from 1980 to 2000, accounting for 31~49% of
the total emissions of each pollutant during
the period, which confirms that industrial-
ization has had negative effects on China’s
environment. Since the 2000s, however, ther-
mal power generation in the energy trans-
emitted the largest
amounts of these pollutants. In recent

formation sector
years, the thermal power generation sector
has accounted for a rapidly increasing pro-
portion of each pollutant. From 1980 to
2012, the share of total emissions attributed

to this sector increased from 29% to 58% for
SOy, from 31% to 49% for NOy, and from
17% to 32% for CO,. According to data from
1980 to 2012, the average annual growth
rates of emissions in this sector were 7.8%
for SOy, 7.9% for NOy, and 7.7% for CO,, ex-
ceeding those of industry within the energy
consumption sector by more than 3%. These
indicate that the thermal power generation
sector has recently been the largest source
of pollution in China.

Figure 3 shows estimated SOy, NOy, and
CO, emissions by region. The eastern region
has been the largest source of these emis-
sions since the second half of the 1990s. In
the second half of the 2000s, however, the
central and western regions have gradually
accounted for a higher proportion of these
emissions. Especially in recent years, the
western region has accounted for a high
proportion of SOy emissions. As described
above, recent environmental pollution in
China is attributable mainly to the expan-
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Figure 2 Changes in SOy, NOy, and CO, Emissions
by Fuel, 1980-2012
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Notes: The coal data include raw coal, cleaned coal, other
washed coal, briquettes, and gangue. Coke includes coke, coke
oven gas, and other coking products. Petroleum includes crude
oil, gasoline, kerosene, diesel oil, fuel oil, naphtha, lubricants,
paraffin waxes, white spirit, bitumen asphalt, petroleum coke,
liquefied petroleum gas, refinery gas, and other petroleum
products. Gas includes blast furnace gas, converter gas, other
gas, natural gas, and liquefied natural gas.

Figure 3 Changes in SOy, NOy, and CO, Emissions
by Region, 1995-2012
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Notes: The eastern region includes Beijing, Tianjin, Hebei, Lia-
oning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guang-
dong, and Hainan. The central region includes Shanxi, Jilin,
Heilongjiang, Anhui, Jiangxi. Henan, Hubei, and Hunan. The
western region includes Chongqing, Sichuan, Guizhou, Yunnan,
Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang, Inner Mongolia,
and Guangxi. The regional classification is based on the Na-
tional Bureau of Statistics of China.
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Table 2 SOy Emissions by Province, Selected Years

Aggregate emissions (10* tons)

Emissions from thermal power
generation sector (10' tons)

1995 2000 2005 2010 2012 1995 2000 2005 2010 2012
Beijing 40 38 42 39 34 9 11 14 10 10
Tianjin 40 40 63 89 101 13 16 28 42 46
Hebei 165 191 353 468 522 59 79 131 178 189
Shanxi 136 135 254 405 458 55 60 130 237 266
Inner Mongolia 106 138 295 624 857 53 73 178 413 592
Liaoning 132 136 170 255 276 44 52 71 101 108
Jilin 48 44 69 95 108 17 17 28 34 42
Heilongjiang 65 68 85 122 151 30 32 42 54 59
Shanghai 80 98 122 137 135 36 45 60 70 69
Jiangsu 283 291 572 781 925 131 170 348 455 564
Zhejiang 85 106 204 295 304 37 56 108 176 184
Anhui 84 102 137 235 267 33 33 62 137 164
Fujian 36 51 110 171 202 14 23 52 84 111
Jiangxi 64 36 95 147 158 24 25 51 73 74
Shandong 299 270 858 1,262 1,385 141 122 406 588 620
Henan 132 155 280 442 438 63 77 163 225 246
Hubei 95 108 144 236 261 23 28 54 69 69
Hunan 80 50 117 164 178 18 15 31 58 57
Guangdong 116 151 256 355 387 57 92 170 220 248
Guangxi 91 87 136 243 286 28 28 62 102 121
Hainan 4 4 7 16 22 2 2 5 10 15
Chongging = 155 174 330 342 = 28 60 120 110
Sichuan 412 236 384 554 616 156 87 187 173 180
Guizhou 153 198 359 469 566 44 81 185 284 316
Yunnan 113 121 304 428 432 34 45 122 209 191
Shaanxi 151 117 222 453 563 65 71 133 278 324
Gansu 41 41 66 97 118 14 15 31 54 67
Qinghai 6 6 g 13 18 2 2 5 7 8
Ningxia 31 = 89 176 252 21 == 60 119 194
Xinjiang 42 47 68 124 197 11 17 27 49 100
Eastern region 1,280 1,376 2,757 3870 4,202 543 667 1,391 1,933 2,163
Central region 703 718 L182  L,B46 2019 263 288 560 887 977
Western region 1,147 1,148 2,108 3510 4,248 428 447 1,049 1,807 2,202

sion of the thermal power generation sector.
As shown in Tables 2, 3, and 4, this is also
the case for the individual eastern, central,
and western regions of China.

Tables 2, 3, and 4 show aggregate SOy,
NQy, and CO, emissions and those of the
thermal power generation sector by prov-
ince. The thermal power generation sector
accounted for the highest percentage of each
pollutant by region, representing 22~52% of

the total emissions. The overall trend shows
that the highest emissions of SOy, NOy, and
CO, originate from eastern provinces such
as Jiangsu and Shandong. In recent years,
however, these emissions have increased
dramatically in western provinces such as
Inner Mongolia. Especially in terms of SOy
emissions from the thermal power genera-
tion sector, the western region overwhelms
the eastern region and there is a progres-
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Table 3 NOy Emissions by Province, Selected Years

Aggregate emissions (10 tons)

Emissions from thermal power
generation sector (10' tons)

1995 2000 2005 2010 2012 1995 2000 2005 2010 2012
Beijing 25 28 37 46 47 6 7 9 8 7
Tianjin 22 27 43 62 73 8 9 17 25 28
Hebei 83 97 189 253 282 3l 41 69 93 99
Shanxi 69 68 127 213 239 28 31 66 121 136
Inner Mongolia 37 49 110 235 317 19 26 63 145 208
Liaoning 82 90 128 198 224 29 35 48 68 73
Jilin 40 37 63 90 104 15 15 25 30 a7
Heilongjiang 52 59 76 103 128 24 26 34 44 48
Shanghai 41 55 78 100 102 17 22 29 35 35
Jiangsu 85 93 184 257 306 37 48 99 129 161
Zhejiang 44 59 114 169 178 17 27 50 83 87
Anhu 41 51 70 122 146 16 17 3l 87 81
Fujian 17 25 52 86 101 5 9 21 35 46
Jiangxi 23 23 40 62 68 9 9 19 27 27
Shandong 82 74 255 384 430 37 32 105 152 160
Henan 62 74 139 224 230 30 k1 78 108 118
Hubeti 49 57 85 135 151 11 15 27 35 35
Hunan 45 a2 74 107 116 11 9 18 34 33
Guangdong 67 87 153 226 247 28 43 7 105 119
Guangxi 22 24 41 71 84 6 i 14 23 28
Hainan 3 4 7 13 17 1 1 3 5 7
Chongging — 26 33 62 66 — 4 10 19 18
Sichuan 63 42 72 113 128 25 14 30 28 29
Guizhou 23 31 60 85 102 8 14 32 49 55
Yunnan 19 21 58 86 90 6 20 34 31
Shaanxi 29 25 49 100 122 12 13 25 52 60
Gansu 21 23 kg 54 €5 * 16 28 35
Qinghai 4 4 7 11 16 1 2 3 5 6
Ningxia 8 — 25 48 69 5 = 16 31 5l
Xinjiang 20 25 42 73 113 6 9 14 25 51
Eastern region 550 638 1,241 1,796 2,005 217 275 527 738 821
Central region 381 401 675 1,086 1,181 144 158 297 466 514
Western region 246 271 533 938 1,171 96 103 243 440 570

sion of air pollution to inland areas. Fur-
thermore, the average annual growth rate
of these emissions from 1995 to 2012 is
higher in the western region than the east-
ern region. Take the case of the thermal
power generation sector: the growth rate of
each pollutant in the western region is esti-
mated as 9.6% for SOy, 10.5% for NOy, and
10.6% for CO,, while those of the eastern re-
gion are 8.1% for SOy, 7.8% for NOy, and

8.1% for CO,. These suggest that the pollut-
ed area has the potential to gradually ex-
pand not only to the coastal areas but also
to inland China.

4. Examination of EKC in China
Based on the previous findings, the study

examines whether the EKC hypothesis is
applicable in China from 1995 to 2012, by

— 45—
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Table 4 CO, Emissions by Province, Selected Years Table 5 Panel Unit Root Tests

Emissions from thermal power gen-
eration sector (10" tons)

Aggregate emissions Emissions from thermal power generation sector

T

Aggregate emissions (10 tons)

‘ Fisher-ADF Fisher-PP Fisher-ADF Fisher-PP
1995 2000 2006 2010 2012 1995 2000 2005 2010 2012 m 2] m 2] ) 2] o 2
Beijing 2866 2972 38%6 4511 3973 329 394 535 520 477 § In (SOx/P) 817637  71.6680 5.80461  55.0757 114318 72.1157 104340 583763
Tianjin 2209 2466 3793 6001 7,028 415 485 Sl4 1418 1,543 i In (NOy/P) 6.68545  69.8151 597061  54.0555 103977 72.7926" 945916  56.6337
Hebei 7479 8614 16767 27,587 90828 1671 2204 3738 6075 6530 § In (CO/P) 10,2596 60.4840 6.04045 50,6541 112067  &TOEIZ™  IL1ls4 6454
Shanxi 8769 8251 15326 20941 22553 1485 1634 3470 6413 7212 i Aln (SOy/P) 181172°"" 151.863°°°  187.623°"" 167.974°"" 221.837°"° 158.142°°°  253.121°"" 190.481"""
Inner Mongolia 2789 3703 8177 17131 22,387 1,004 1384 3392 7896 11283 i Aln (NO/P) 168.979°"" 138.255°"" 189.882°"" 150.226""" 227.326""" 160.441°°°  246561""" 193.289"""
Liaoning 9161 10379 15201 22576 23219 1568 1726 2482 3823 4118 Aln (COV/P) 174.964°"" 143487°°°  191.330°"" 162.913""" 237.508"° 178059°°°  202.538""" 216.669°""
Jilin 3405 3,233 5279 7,343 8,338 792 806 1,344 1661 2,008 : _
Heilongjiang 4809 5236 6684 9,124 10754 1,289 1370 1825 2282 2529 Fisher-ADF Fisher-PP
Shanghai 4454 5857 7297 8706 8530 964 1,33 1814 2346 1986 i (1 (2] (1] [2)
Jiangsu 6784 7531 14432 21,895 23797 1,993 2600 5377 7378 8729 f In (GDE/P) 116563 98,0243 9.11656  28.2084
Zhejiang 3,426 4,694 8,875 13,168 13923 935 1443 2763 4,600 4913 [In (GDP/P)]* 7.84533  95.8383"°"" 532123 23.8103
Anhui 3,421 4,168 5,407 8,772 10,035 884 887 1,722 3547 4,333 Aln (GDE/P) 84.7157°* B89.2403"°" 72.6284°  95.7313"""
Fujian 1380 1953 3921 6838 7723 298 436 1130 1,987 2,599 A [In (GDP/P))* 68.3953  95.7467°"" 57.3810  98.6262"""
Jiangxi 2057 2012 3515 5187 5584 460 492 998 1612 1520 = — - R R
Shandong 7100 6987 20412 34005 38150 2037 1760 6508 8701 8918 ::':‘;ez_.ml;h:r::ggenuus variables in Fisher-ADF and Fisher-PP tests are follows: [1] individual effects and [2] individual effects
Henan 5031 6023 10811 18575 18731 1,613 1,953 4,160 6041 6,581 * Significant at the 10% level. " Significant at the 5% level. **" Significant at the 1% level.
Hubei 4380 5033 6828 12328 13373 632 TTT 1464 2,382 2,346
Hunan 3857 2884 6180 8829 9,950 573 475 1,008 1982 2,026 Table 8 Panel Cointegration Tests
Guangdong 5471 7314 11,801 18275 19471 1566 2445 4,402 5871 6,627
Guangxi 159 1639 3222 5784 7,507 346 351 766 1421 1,689 Aggregate emissions
Hainan 157 238 457 1500 1,760 61 71 162 297 408 In (SOx/P) In (NOy/P) In (CO./P)
Chonggin — 2087 2491 4362 5190 — 226 501 1,007 1128 : - -
Sichui: : 5809 3201 5512 10100 11370 1316 767 1617 1523 1721 K bedeont Kao Pedroni Kao Pedroni
Guizhou 2280 2856 455 6352 7,255 a4 738 173 2653 2,617 Statisties  [1] u (2] (i D) (2] (] (1] 2]
Yunnan 1833 1865 4924 7179 8,006 206 384 1,112 2016 13898 ADF —19453" ~5.1520"" -35802"""
Shaanxi 2451 2220 4477 9,631 11,748 651 71T 1,344 2837 2,886 Panel o -01209  -2.4044 00015 —22784 04521  —17187
Gansu 2216 2440 3760 5408 6,95 400 417 854 1513 1875 Panel p 03010 15705 00253 14139 ~0.2495 08714
Qinghai 307 430 675 1,008 1,543 76 8l 192 272 347 Panel PP -2286  —d5197"" —16578"  —2.7931"" —17768"  —37811""
Ningxia 509 — 1712 3470 4817 278 — 809 L1647 2,615 Panel ADF -40291""  —-4.6628"" —46830""  —5.1565" ~40068"" 56634
Xinjiang 2398 2008 4775 8,047 11,051 333 466 719 1414 2789 Group o 3.0181 36912 29089 3.8496 27110 356591
Enstern region 50,495 58,804 106,852 165063 178502 11,837 14967 28,006 43015 46847 Group PP =hpdy  =adeg 04525 — —az0m1™ 03531  —45877"
Central region 35740 36839 60030 91,100 99338 7,727 8302 15001 25921 2855 Group ADF a8 —BeReT C382AE™T 63081 —33720" 73878
Western region 22368 23447 44,279 78,542 97,160 5104 5530 13,079 24,201 30,849 Emissions from thermal power generation sector
In (SOx/P) In (NOy/P) In (CO/P)
applying static and dynamic panel data the first-difference data reject the null hy- Kao Padroni Kas Padeaii Kao Pedtomi
models. First, the stationarity of each vari- pothesis, excluding the square terms of GDP Statistics [l (1 (2 (1 (1 [2) ] 5 12)
able is investigated via the panel unit root per capita in both tests without time trend. ADF —4.2182" 4,208 52022
test proposed by Maddala and Wu [1999].  Thus, it is subsequently assumed that each ?“EW 0.0626  —3.0477 03581 —2.6884 —0.4005  —35006
. : e 1 anel p -10022  —11238 ~0.8860 1.2194 —1.0688 13000
Table 5 reports the results of Fisher-ADF variable is integrated of order one (le. I Panl PP it —— st -4 081 e Sz
and Fisher-PP tests, using the level and ). Panel ADF ~44141"""  —5.4669"" -5.1674""  —6.2671"" —6.1251""  —66363"""
first-difference data. Using the level data Secondly, the study investigates whether gmupﬂ 21141 39421 20910 3.8748 1.9360 4.0857
) . ; : : roup PP —3.3768°" —4.4946"" —23504"  —4.2552"" —20801°°  —47727""
for each variable, the results mostly do not there is cointegration between per capita Group ADF 45292 5223 P petes: = pranice

reject the null hypothesis: panels contain
unit roots. On the other hand, the results of

pollution indicators, GDP per capita, and
the square terms of GDP per capita, using

Notes: The exogenous variables in Kac and Pedroni tests are follows:

*" Significant at the 5% level. *** Significant at the 1% level.

[1] individual effects and

[2] individual effects and time trend.
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Table 7 Estimation Results of the EKC: Static and Dynamic Panel Data Model Estimates in Eqs. (4) and (5)

Aggregate emissions

In (S80y/P) In (NOy/P) In (CO,/P)
FE GMM FE GMM FE GMM
In (GDP/P) 3.05117*" 1.2834""" 2.4783""° 1.0356"*" 2.4624""" 1.0578"""
(0.9889) (0.3631) (0.6803) (0.2883) (0.9256) (0.3294)
[in (GDE/P)] * —0,0884*" —0.0383""" —0.0826™" —0.0339""* —0.0766" —0.0287"
(0.0468) (0.0143) (0.0378) (0.0124) (0.0460) (0.0154)
In (EM/P) -, 0.7036""" 0.7206""" 0.7287"""
(0,0940) (0.0886) (0.0672)
Constant —16.4357""" —12.8284""" —154580""" —22.1244"°
(5.8823) (3.7731) (5.3355)
Vg 0.9531 0.9618 0.9492
Individual effects Yes Yes Yes
Time effects Yes Yes Yes
Test of overidentifying restrictions 7.5e+04""" 3.8e+04""" lde+04"""
Arellano-Bond test 1.4291 1.6662" 1.8043°
Hansen test 325.87 357.89° 337.64
QObservations 518 458 518 458 518 458

Emissions from thermal power generation sector
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The Pedroni test is conclusively rejected in 4
of the 7 statistics. From the results of the
Kao and Pedroni tests, this study subse-
quently assumes that a long-run equilibri-
um relationship exists between per capita
pollution indicators, GDP per capita, and
the square terms of GDP per capita. There-
fore, this study examines the EKC hypothe-
sis using the level data for each variable.
Table 7 reports estimated least squares
dummy variable (LSDV) model in the fixed
effects model. As to whether the model
should include the regional and year dummy
variable, the results of the F-test show that
there is an unobservable individual- and
time-effect. Furthermore, this study needs
to choose between the fixed effects model

and its quadratic terms are all significantly
negative. This means that the EKC form
follows an inverted U-curve for the aggre-
gate emissions and the emissions from ther-
mal power generation sector. However, this
result should be treated with caution. The
turning point shows a considerably higher
GDP per capita, which is difficult to realize
in the current Chinese economy. Take the
case of the thermal power generation sector
in the GMM estimation: the turning points
are 967920 Yuan (SOy), 647576 Yuan (NOy),
and 619278 Yuan (CO, at 1995 constant
prices, respectively. However, from the data
used in this study, the highest income levels
are observed in Tianjin and Shanghai, which
achieve 60713 Yuan and 62872 Yuan at 1995

In (SOy/P) In (NOwP) In (CO/P) s .
i, il dhat e and the random effects model, based on the  constant prices, respectively. Therefore, the
FE GMM FE GMM FE GMM . . ;= £
test of overidentifying restrictions'’). The EKCs for SOy, NOy, and CO, in the aggre-
In (GDP/P) 41885°° 18221 40167 L6191°T 389877 179247 results show that the fixed effect del i " d th issions f
(1.0120) (0.4670) (0.9402) (0.4220) (0.8831) 0.4776) esu s' . e fixed effects model is  gate emissions and the emissions from ther-
[in (GDP/P)])* —0.1645°"" —00661°*° —0.1586'"" —00605™""  —0.1544""" —0.0672""" selected in all static panel data models. mal power generation sector show a tenden-
(0.0482) (0.0204) (0.0462) (0.0196) (0.0442) (0.0224) Table 7 also reports the estimation results  cy to essentially monotonic increase. This
In (EM/P),-y 0.6535"" 06861 0.6405""" 3 : - g
(0.0815) (0.0700) (©.0782) of tl:le one-step GMM parameter in the dy- result. agrees with the findings of previous
Constant —21.6485""" —23.7564""" namic panel data model. The results of the  empirical studies such as Du et el [2012],
(6.2024) (5.6928) (5.3176) Arellano-Bond test (AR2 test) do not reject  Furthermore, the estimated parameters of
bid 0.9540 0.9494 0.9511 i ; 3 ; .
Individual effects S T s the null hypothesis, thatl t}"le. first-differ- the lagged dependent variable are all signifi-
Time effects Yes Yes Yes enced error term has no significant second- cantly positive at the 1% level. This suggests
Test of overidentifying restrictions  7.9e+04"" 9.9e+04° 1.0e+05""" order autocorrelation at 5% critical values.  that if the emission level in the previous pe-
Arellano-Bond test 0.7355 0.4412 0,6877 F o : 5 § i 5 . “
s ey Sio6 i ok urthermore, the null hypothesis applying riod is high, emission increases in the next
Observations 518 458 518 458 518 458 the Hansen test of overidentifying restric- period. Consequently, if environmental regu-

Notes: (a) Values in parentheses of FE are robust standard errors which are clustered on provinces.
(b) The GMM is a one-step estimation. Values in parentheses of GMM are robust standard errors.
* Significant at the 10% level. ** Significant at the 5% level. **" Significant at the 1% level.

the panel cointegration tests proposed by
Kao [1999] and Pedroni [2000]. This issue is
examined due to the potential for spurious
regression in the non-stationary level data.
Table 6 reports the results of the Kao and
Pedroni tests. The Kao test strongly rejects
the null hypothesis: no cointegration in pan-

els. On the other hand, the Pedroni test re-
jects the null hypothesis in panel PP and
panel ADF of the panel statistical tests, and
also in the group PP and ADF of the group
statistical tests. However, panel v, panel p,
and group @ in the panel and group statisti-
cal tests do not reject the null hypothesis.
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tions is not rejected at 5% critical values,
meaning that the instrumental variables
used in the GMM estimation are valid.
Thus, the dynamic panel data models are
appropriate.

In Table 7, the estimated parameters of
GDP per capita are all significantly positive

11) This study uses the approach of Arellano [1993]
and Wooldridge [2002], instead of the Hausman test.

lation and pollution abatement have made
little progress in China, the environment
problem is expected to rapidly worsen with
economic development.

5. Conclusions
This study estimated sectoral and region-

al SOy, NOy, and CO, emissions, and exam-
ined the applicability of the EKC hypothesis
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in China. The findings have the following
implications. In cases where SOy, NOy, and

na.

R SER LTI

FEia 3 ¢ Estimtion of SOy, NOy, and CO, Emissions in China:Environmental Kuznets Curve in Thermal Power Generation

velopment Economics, Vol. 14, Ne. 2, pp. 227
—262.
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12) China Statistical Yearbook [2013]. Source: NISTEP [1992]
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Abstract

From 1999 to 2010, the number of local governments has been aggregated to almost half
by the Great Heisei Merger. In this study, we estimated a U-shaped quadratic type function
between population and per capita expenditure, and measured the Minimum Efficient Scale
(MES) from the obtained estimation. Statistically significant structural change in U-shaped
cost function was observed after the Great Heisei Merger. According to our empirical results,
the MES increased after the Great Heisei Merger of local governments. However, per capita
expenditure in many local governments with population from 10,000 to 540,000 increased.
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and Gough ® BiaRERAEZHEN 2.
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KBELE. L, REEMNL SLFBEHH
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b EEEEA 0 0K, KEFEOI BT
—HTHHIEN0DEKRE, TLTERSLIRE
O RHYEEER H 5\ i3 F5 B % 1,440 53
(=24 B3] EEIELARBES v T Uh 60
MLt i, EMEETHREZOVT LY
HHEORBE, 1 D THERSS XUEEED
HoBEEERY v T A LBRAZIHATVS.

24 T
T EOTE | HY ) FHERE

M (4 THE. HEAZEEEOHEGEREE
70 2FEHE, kEFETATHOERETLIRG
TH 5, BAFREBICEL T JIPSC TIRHE
HEHSOMECFNEBEE LTS, &
THESESBECERS W e@ETES LA
HE | S0k, FEbLoskiRk@Eo MEIL -
@hwdel), MEI - 33, TEN - daift] &
MR - zofth] 2EV, kEFELATHOD
NOBREEMASEL, &5l 0aEREHI
£REBEO T S BFMEMND 50% FoEMA
boEREEFTNAFLOLBEMIFAGLL
THEH L, 2005 ERMED GDP ¥ 7 L —4 (il
WMAR) THEOVTHEHHFEEER”IELAY,
gv b o—AEHIER, REETATLOOF
B1EY7 0 HEHeER (4, OHFE, @F
B, OEBRTIFELO ORBTATFE
L Ly -, @FF=RetFRES1-. @
FR=/gE s I —, @FERS L RRERE
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3. EESRORR

BEmcEt BLIEFUB T ED 3K
HEXOMELERRIThENE L LE2ITRSE
nTWE, BiEic-owTid (23) ~ (25 R
DEERBT~NTILBVW T Y2 v — T4 R
A RENEREsh, 2o0FBERREIIL D
EHEhTVLE, BERK-OVTIR4>ORER
REXTEFshTHWEWVD,

4. # &
KIS OFER, HPBTH ZoRHHE

1) 2005 ERMGDP 77 L - (MER) RAMFERL
LU AFRFERERHASE (EEEEHAFR T
A% 25 FEAR) K D ELBL A2,

2) EOFWHHHEMEEBESHATHO 1 2LFAL 6N 5.

REMER TN ERATHICMATEEL TS T
DEEFEMIEETRS I LOOFERETHELLSUS
ot BERATZOBRICCAZATHESERZRETS
HENSL S,

DI/ MR . T4 7 v 5 4 7 4 BRE LA ERBOBOFWHHITH
®1 HERR (EF=1DR

(23) R @4 & (25 &
Bom T B ER|BBEFN TR e 7 BRHBEF L
TEE R ¢l EEFEE ¢ il B til

EHTE 398.735 9.958 391.696 9.167 386,795 8.692
FOHEIEIERG —176.459 —2.878 '*  —152979 —2125 ° —245.847 -2.130 °
BOEHOFRIBD 28 178.341 2352 ° 169,232 2188 * 249.217 2414 "
*OEHENR 0.009 0.759 0.000 0.003
EOEHER -0,010 —0.422
Spline

FEORMEN : 51570 0.178 1.364

HOEHFWR : B2 510 —-0.082 —0.854

FOEHEW : BIHH -0.008 —0.111

BOFUFEW : F 4590 0.004 0,143
F D BBH] 0.104 4501 " 0.104 4505 " 0.102 443 °
FEOHEERM -0.423 —14493 " —-0425 —14509 *** —0424 —14442 "
KOBEHEE —1.260 —0.487 —1.357  —0520 —1.246 —0473
PEDFIRELE 2.759 0.764 2.754 0.760 2.935 0.806
ROEE -2.030 —2215 ** —2.047 -—2235 ** ~2.069 -—2251 °
EOER 1.419 1.274 1.399 1.244 1.458 1.202
FABT 3T b0% 3.633 0.825 3773 0.856 3.437 0.777
FLonlLys— —66.604 —5288 " —66.493 —5270 **  —65663 —5180 *°
RF=RUERE : — 61.797 6529 61.764 6.510 ' 62.939 6,604 "
RF=hgEsy s — 19.089 2644 " 19.072 2636 19.668 2718 **
L L REBRIBY § — —19.975 —2866 —19.926 —2.859 °° —-19733 -2823 ™
20 B EORFEEY  — 3.495 0.303 3.633 0.315 3,228 0.279
K=HERY - 9.215 0.727 9.496 0.748 9,825 0.773
BRI 4518 0.836 4.603 0.852 4.427 0.818
Rwithin 0.167 0.167 0.170
Rbetween 0.481 0.482 0,482
Roverall 0.400 0.400 0.400
w7 1,603 1,603 1,603
7 -8 500 500 500

Hausman #5% 1* (Prob<x" 16.10 (0.3009)

14.23 (0.3577) 19.71 (0.1832)
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