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Iridustrial Sector 
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Abstract: This study aims to measure the environmental performance 

index (EPI) using a Data Envelopment Analysis (DEA) approach with 

time-series data for the industrial sector of high-and middle-income 

countries， and to investigate the existence of environmental Kuznets 
C町 ve(EKC) for indus仕ialEPI using panel data for 24 coun凶es企om

1993 to 2008. The main findings紅 esummarized as follows. First， the 
middle-income COl皿住民S訂 esuperior泊 termsof production efficiency 

to high-income coun位ies.In particular， the performance of China has 
dramatically improved in terms of efficiency of producing desirable 

outputs. Second， high-income countries are superior in terms of 
emission efficiency也anmiddle-income coun'凶es，and由eperfomances 

of Chile and Indonesia have deteriorated in terms of efficiency of 

discharging undesirable outputs. Third， the time-series EPI has increased 
加 bo也 high・andmiddle-income countries since the late 1990s. Among 

all countries， China is the best performer， whereas Chile and Indonesia 
紅 e由.eworst. Finally， the EKC for indus仕ialEPI is followed a N-shaped 

relationship. 
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1. Introduction 

Thep田poseof this study is to meas町 ethe environmental performance index (EPI) 

using time-series data for the industrial sector of the developed and developing 

coun凶es，which mainly belong to high-and middle-income coun仕ies，respectively. 

F町出er，through血euse of a panel data set of EPI based on sulfur dioxide (S02) and 

nitrogen oxide (NOx) emissions， this research examines whe出erthe environmental 

Kuznets c町 ve(EKC) hypothesis is applicable to the indus仕ialsector企om1993 to 

2008. 

Industrialization is a major driver of economic growth in advanced 

industrial countries. However， it is also true that many of these countries have 

experienced severe health damage and environmental destruction due to industrial 

pollution. Even the newly indu紺 ializingcountries in recent ye訂 shave experienced 

serious environmental problems that threaten human health， as economic growth has 

been given priority and the production activity has rapidly expanded. Thus， it is an 

urgent旬skto improve the environmental performance， which represents the balance 

between the economy and血eenvironment. Consequently， it is important to alleviate 

the burden on the environment caused by production activity in order to achieve 

S山 tainabledevelopment. 

To deal with these challenges， it is necessary to grasp the environmental 

performance， and the objective of this work is to measure the EPI based on the 

industrial pollution， by applying a data envelopment analysis (DEA) approach. 

Further， in order to predict how the EPI changes with economic development， this 

study aims to investigate whether the EKC form exists. By finding也epattems of 

EPI with industrialization， this study provides policymakers with guidelines for 

harmonizing the relationship between economic development and environmental 

e:fficiency (EE). 

百leremainder of出ispaper is organized as follows. Section 2 presents a 
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brief review 'Of the lit町ature.Secti'On 3 derives the EPI and explains the data used， as 

well as spec泊es血eEKCm'Odel恒也.epanelda旬.Secti'On 4 rep'Orts the results 'Of the 

empirical analyses. Secti'On 5 c'Oncludes the study and pr'Ovides p'Olicy implicati'Ons. 

2. Literature Review 

百leDEA appr'Oach is a useful meth'Od t'O analyze也eEE. Originally， the purp'Ose 'Of 

DEA was t'O identiち， a piecewise linear企ontier血.atc'Ombines the m'Ost e:fficient 

decisi'On making units (DMUs) using a n'Onparame凶cme.由。ιand託meas町 'es血e

e:fficiency based 'On the distance t'O ine:fficient DMUs and the企'Ontier(C'O'Ok and 

Zhu，2013).百lep血narycharacteristics 'Of this appr'Oach are as f'Oll'Ows. First，血血e

relati'Onship between 'Output and input， it is n'Ot necess紅 Yt'O determine a specific 

functi'Onal f'Orm. Sec'Ond， multiple 'Outputs and inputs can be c'Onsidered 

simultane'Ously in the m'Odel. Third，江 cansimultane'Ously c'Onsider a reducti'On也

'Outputs such as envir'Onmental p'Ollu旬nts.

Inpartic叫ar，the last characteristic is an imp'Ortant pr'Operty c'Onnected wi白

血.eassumpti'On 'Of j'Oint pr'Oducti'On. Usually， if pr'Oducti'On activi世es町ec紅ried'Out， 

lab'Or and physical capital町'eused as恒putst'O pr'Oduce desirable 'Outputs such as 

pr'Oducts and value added， while undesirable 'Outputs such as air p'Ollutants， water 

p'Ollu蜘 ts，and s'Olid waste are als'O discharged回 pr'Oducti'Onbypr'Oducts. Fare et al. 

(1989) have c'Onsidered undesirable 'Outputs t'O match血.ethe'Ory 'Of the pr'Oducti'On 

functi'On， and have als'O intr'Oduced an assumpti'On 'Of the weak disp'Osability 'Of 

'Outputs， which implies n'Ot being able t'O reduce undesirable 'Outputs with'Out the 

burden 'Of p'Olluti'On reducti'On c'Osts. In terms 'Of practical applicability， many 

researchers have utilized血.eDEA m'Odel c'Onsid町ingundesirable 'Outputs. 

Since Fare et al. (1989)， many empirical studies have pr'Op'Osed vari'Ous 

measures 'OfEE by assuming the ab'Ove tw'O出sumpti'Ons，i.e.， the j'Oint pr'Oducti'On 'Of 

desirable and undesirable 'Outputs and the weak disp'Osability 'Of 'Outputs. B錨 ically，
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血eEE measured by the DEA approach can be divided血to由.efollowing fo町 types.

First，血einput-oriented model of EE showed by Fare et al. (1996)， which is scaled 

M血.em砿 imumequi-proportion剖erate ofcon仕action泊 the血，puts，while desirable 

and undesirable outputs are kept constant. Second， the input-undesirable output 

model of EE represented by巧明ca(1997)， which is simultaneously scaled創出e

maximum equi-proportionate rate of contraction in the inputs and undesirable 

outputs， while desirable outputs are kept constant. Third， the desirable output-

oriented model ofEE applied by studies such as Fare et al. (2004)， which is scaled at 

血emaximum equi-proportionate rate of expansion in the desirable outputs， while 

加.putsand undesirable outputs are kept constant. F our血， the undesirable output-

oriented model ofEE used by studies such as Fare et al. (2014)， which is scaled剖

the maximum equi-proportionate rate of con仕actionin the undesirable outputs， 

while inputs and desirable ou中utsare kept cons旬nt.Consequentl)んfourtypes of EE 

obtained by the DEA approach can be measured only in one direction; namely， it is 

eith町 theexpansion direction or the con住actiondirection. 

However， the directional distance function (DDF) approach proposed by 

Chung et al. (1997) is one of the methods to overcome the above weak:ness.百leEE

measured by the DDF approach can be divided into血efollowing three types. First， 

the output-oriented model of EE developed by Chung et al. (1997)， which is 

simultaneously scaled at血em依 imumequi-proportionate rate of expansion恒也e

desirable outputs， and the maximum equi・proportionaterate of con仕action面白e

undesirable outputs， while inputs are kept constant. Second， the input-desirable 

output model of EE introduced by Picazo・Tadeoet al. (2005)， which is 

simultaneously scaled at the m鉱 凶umequi-proportionate rate of con仕action血血e

inputs， and the maximum equi-proportionate rate of expansion in the desirable 

outputs， while undesirable outputs町'ekept cons旬nt.百世d，血e也put-outputmodel 

of EE reftected by Picazo・Tadeoet al. (2005)， which is simultaneously scaled at由e
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maximum equi-proportionate rate of contraction in the inputs and undesirable 

outputs， and the maximum equi-proportionate rate of expansion in the desirable 

outputs. 

Other than these， there is pioneering research (Fare et al.， 2003; 2004)， 

which has considered the output-oriented model of EE in DEA without using the 

DDF approach. These studies propose the EPI， and the index is applied to the 

ana1ysis of this research.百leEPI can be basically derived by me泊目白gtwo types 

ofEE: one is白eEE of the desirable output司 orientedmodel and由eo也町 IS血剖 of

the undesirable output-oriented model. Further， Fare et al. (2003; 2004) constructed 

血.eEPI corresponding to time-series da旬組dcross-section da旬， respectively百lUS，

the index can be applied to由iswork based on time-series analysis. 

百lere町esome studies也athave measured血eEPI using time-s町iesda旬

or cross-section da阻.In血.etime-series analysis， Shimizu (2014) measured the time-

series EPI， sim叫taneouslyaccounting for carbon dioxide (C02) and sul白remtSSlons 

in Japan， the United States， and the United Kingdom for the long-run period of 

1890ー1992.I The study revealed血at血.eenvironmental performance of these由ree

courr住民shad been伽 lowestbefore血eSecond Wor1d w:訂'.After白ewar， however， 

the performance has tended to recover sharply. In particular， Japan showed the 

highest performance副nongthe three countries 

Likewise， Shimizu (2016a) measured the time-series EPI， simu1旬neously

accounting for S02' NOx， and CO2 emissions in South Korea， Taiwan， China， 

Malaysia， Thailand， and India for世leperiod 1970ー2008.百leresults showed白羽白e

environmental performance of these coun位ieshad remained almost unchanged 

d町泊g血.eperiod. Among the six countries， China was出.ebest performer， while 

百lai1andw:節也.eworst. 

Meanwhi1e， Shimizu (20 16b) analyzed the relationship between 

environmental performance and血dustria1ization，similar to血ecurrent research.百le
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study measured the time-series EPI in the industrial sector， simultaneously 

accounting for indu柑 ialS02 and NOx emissions in Japan， South Korea， and China 

for the period 1970ー2008.百四 studycon:firmed血atthe environmental performance 

ofthe indus甘ialsector has improved basically in each co田町ysince the 2000s. 

However， it also found that the level of environmental performance differs for each 

coun佐y;Japan was由ebest performer， whi1e China was the worst of the three 

coun仕ies.

Furthermore， Fare et al. (2003) estimated the factors ofEPI血panelda旬 at

a coun句ーleveland examined恥 EKChypothesis.百lestudy measured血etime-

series EPI， simultaneously accounting for CO2 emissions and solid particulate ma伽 r

也 240ECDcoun凶esfor血.eperiod 1971-1990. The results indicated由atIceland， 

Sweden， and France showed high performance levels， while Mexico，百rrkey，and 

Greece showed low performance levels. In addition，世lestudy showed白瓜也eEKC

hypothesis is supported; consequentl弘血eEKC is followed by an inverted N-shape 

forEPI. 

h由eαoss・.sectionanalysis， Fare et al. (2004) measured theαoss-section 

EPI， simultaneously accounting for sulfur oxide (SOx)， NOx， and CO2 emissions for 

17 OECD countries in 1990. The study found that France showed the best 

performance， whi1e West Germany showed the worst performance， when 

considering all the血reepollutants. However， when on1y SOx and NOx emissions 

are inc1uded， the result is different; consequent1y， Austria showed the best 

pe由 Irmance，while the United States showed the worst performance. In addition，血e

study c1arified由at血eEKC hypothesis is not applicable when cross-section da泊町e

used. 

Similarl)らYo凶kand Zaim (2006; 2008) measured the cross-section EPI， 

simultaneously accounting for the pairs of CO2 and organic wat町 pollutant(WP) 

emissions， CO2 and NOx emissions， and NOx and WP emissions in 27 and 28 
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OECD countries for由ep町iod1983-1998.2百leresu1ts indicated that Poland W:儲

血.ebest performer， while Swi位er1andwas血.eworst血OECDcountries. In addition， 

the study found血.at也.eEKC hypothesis is applicable when the pairs of CO2 and WP 

emissions and CO2 and NOx emissions町'econsider吋，respectively. 

As mentioned above， previous empirical studies have primarily focused on 

developed coun出esor high・incomecountries using maαo伽ta，except由.estudy of 

Shimizu (2016a; 20 16b).百lecurrent study contributes to由eprevious studies on血e

EPI in two aspects. First，由iswork me錦町田由etime-series EPI血 theindustria1 

sector， by including developing countries由atbelong to middle-income coun住ies.3

Second， this work examines the EKC hypothesis， which is relevant to 

industrialization， using a panel data set of industrial EPI， which simultaneously 

accounts for S02 and NOx emissions in 24 developed and developing coun凶esfor 

血ep町iod1993-2008. Based on the resu1ts obtained丘om血etwoぉpects，由isstudy 

proposes policy implications for policymakers 旬 ma血旬.ina sustainable relationship 

between industria1ization and the environment. 

3. Models and Data 

Measuring the environmental pe，ヴormanceindex 

官邸 sectiond町ivesthe EPI based on the DEAapproach following Fare et al. (2003; 

2004). First，由isstudy uses也eDEA企ameworkapplied as a pollution-genera也19

technology in Fare et al. (2014)， which is considered with the joint production of 

desirable and undesirable outputs. Let由.evector of production factors (inputs) be 

r叩，resentedby x = (xh …， XN)εJt1， the vector of desirable outputs by Y = (Yh …， 

YM) ER/f， and the vector of undesirable ou刷 tsby b = (bh …， bJ) ER{_. Then， the 

technology can be represented as follows: 

P(x) = {(x，y， b): x can produce (y， b)}. 、‘.，，
4

・i，a‘、

P(x) is assumed to impose appropri瓜econditions; for example， P(x) is 
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bounded and a c10sed set， and inputs and desirable outputs町'estrongly disposable 

σare and Grosskopf， 2003). In terms ofundesirable outputs， this s同dyimposes two 

assumptions on P(x): the nul1てjointoutputs and weak disposability of outputs.百le

nul1サointoutputs assumption holds in the production process as fol1ows: 

(y， b)εP(x)， and b = 0 theny = O. (2) 

百世sassumption implies th剖 ifdesirable outputs訂 eproduced， undesirable 

outputs are also necessarily discharged. This means that the environment wil1 be 

polluted as long as production activities訂 ecarried out.百leweak disposability of 

outputs holds in the production process as fol1ows: 

(y， b)EP(x) and 0三O三1，血en(砂，Bb)εP(x). (3) 

This assumption shows that if the undesirable outputs are reduced， the 

desirable ones too must be reduced simultaneously at the same rate， when inputs訂 e

kept constant. This implies that it would be necess紅 Yto incur pol1ution reduction 

costs in order for the undesirable outputs to decrease; consequently， the opport山首ty

cost due to emission control is measured as the decreased production of desirable 

outputs. 

In this research， P(x) is constructed by the DEA framework. Let出ek= (1， 

…，めindexbe represented by the observations of inputs and outputs， (x¥ /， bうfor

k = 1，…， K. P(x)， based on the assumptions of null-joint outputs and weak 

disposabi1ity of outputs， can be shown as fol1ows: 

P(x) = {(y， b): 

K 

LZkY，伽三 ル m=l，...， M， 
k=1 

K 

エz紗k沙内内bkj命kj=付.-叫め，j戸片=

k炉=1

K 

Z午初三い=1， λ 
k=1 
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L:>k= 1， 

Zk ~ 0， k=1，…，K}. 

百les凶ctequality on undesirable output cons回 intsis assumed to impose 

weak disposability in P(x)， and由.enu11てjointnessis assumed as follows: 

J

K

 

-F

」
F

A

U

A

U

 

〉

〉U

M

 

L

U

L

U

 

k

す-伺
J

ヤ
ム
戸

(5) 

(6) 

Zk is an intensity variable， whi1e the fourth constraint， which is :Lf.l zk=l， is 

assumed to impose variable re卸msto scale (VRS) technology in血eproduction 

process. 

Second， assuming that the production technology can be expressed as a 

pollution-generating technology and也atthe above ass田nptions町 esatisfi.ed， this 

study defines two distance functions to construct the quantity indices of both 

desirable and undesirable outputs; one is the output distance function on the 

desirable outputs and the other is由einput distance function on the undesirable 

outputs.百leoutput distance function is defi.ned錨 follows:

Dy(x，y， b) =担f{8:(x，y/8， b)EP(x)}. (7) 

百lisdistance function means由atthe reciprocal of the Dy(x， y， b)壬lis

technical ine:fficiency， which implies maximizing血.edesirable outputs錨 much部

possible， when the inputs and undesirable outputs町'ekept constant; consequentlぁ

Dy meas町 esthe EE from血.eviewpoint of production efficiency担保 desirable

output圃 onen胞dmodel. In addition， 1ろishomogeneous of degree + 1 in the desirable 

outputs by definition. 

Likewise， the血putdis蜘 cefunction is defi.ned as follows: 
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Db(x，y， b) = sup{A.: (x，y， b/A.) EP(X)}. (8) 

百世sdistance function means th剖 thereciprocal of the Db(X， y， b)三listechnical 

ine:fficiency， which implies minimizing the undesirable outputs as much as possible， 

when血einputs and desirable outputs町'ekept cons胞nt;consequentlぁDbme部 ures

血.eEE企om血eviewpoint of emission e:fficiency in the undesirable output-oriented 

mode1.4 In addition， Db is homogeneous of degree + 1 in the undesirable outputs by 

definition. 

h由etime-series analysis， Fare et al. (2003) shows the quantity indices of 

bo由 desirableand undesirable outputs by using the output distance function Dy and 

the input distance function Db' respectively.百lequantity index of desirable outputs 

is expressed as a ratio of two output distance functions出 follows:

DムIv(_xOJlλノ
Qy{_xO，bO Jl〆F片k，yノ今)=:: 

Dy(xO ，y ，bO). 
(9) 

官邸 meansthat when the same amount of undesirable outputs町edischarged using 

血esame amount of inputs as由.erefc町enceye町 0，也eEE meas町田血.eproduction 

efficiency of desirable outputs for year k and year 1， respectively; consequently， 

Qy(XO， bO，/，/) is represented as a ratio ofthe EE in years k and 1. Th町eおre，ifthe EE 

is higher in ye町 k也知 inye紅 1，ye訂 kis more efficient in terms of producing 

desirable outputs. 

Likewise，血eq田 ntityindex of undesirable outputs is expressed as a ratio 

of two input distance白nctionsas follows: 

D'b(_xO ~ ，bk) 
Qb(_xO ~，bkめ- 7"'10. /..... "，.，1 

U ，.  ， Db(xO ~，b') 
(10) 

百世smeans血atwhen the s創neamount of desirable outputs紅 'eproduced us加g由e

same amount of inputs as the reference year 0， the EE meas町 esthe emission 

e:fficiency of undesirable outputs for year k and ye町 1，respectively; consequentl弘

QlxO，yO， b七めisrepresented as a ratio of血eEE in years k and 1. Therefore， if血e

EE is higher也 ye町 k出m泊 ye町 1，ye町 kis more e:fficient也termsof discharging 
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undesirable outputs. Additionally， the above two quantity indices satis命 some

properties， such as homogeneity， time reversal， transitivity， and dimensionality， 

according 旬 Fareand Grosskopf(2003). 

Finally， the time-series EPI is derived as a ratio of血.etwo quantity indices 

as follows: 

ι " Q(_xO ，bo ，yc .1) 
EPI，l(xO〆，bO，yc〆，b¥bう=-y k .1 

， Qb(xO，y1丸町)
、‘.，，

--aA 

t
i
 

，，.‘、

Therefore， if the production efficiency of desirable outputs and the emission 

efficiency of undesirable outputs紅'eincreased compared to the reference year，由e

EPI will improve; consequent1y， better environmental performance takes a higher 

score.百lUS，血eEPI is a model applying the HickトMoorsteenproductivity index. 

In order to seek也.eva1ues of the output and input distance functions und町

VRS，出isstudy uses the method of linear progranlffiing.5 Following Fare et al. 

(2003)，加sume也前thereference year 0 is the comparison ye町 1.Let血.ek= (1，…， 

K) index be represented by血eyear血血.esample. F or each year k' = 1， ...， K in each 

studied coun句，血estudy solves血.eoutput and input distance functions us泊gtwo

line紅 programmingproblems as follows: 

(め←。向。)Y1=m蹴 θ (12) 

s.t. L叫主的I，m=l，...，M 
k=1 

F
J
 

-F 
MJ 

dJ 
La防z
 

k

で，
I
白
山
町

エ城主~，吋 ， N
k=1 

LZk= 1， 
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Zkと0，k=1， ...， K， 
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K 

s.t. I z，凡三ルm=l，...， M 

k=1 

J
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勾

K
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J
]
制
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おく一材

K

す
f
]
制

I zk = 1， 

Zk三0，k=1， ...， K. 

In order to solve the two linear programming problems， however， it is 

necess紅Yto select the reference year. When the first year of the studied data is set as 

the reference ye町 followingFare et a1. (2003) and Zaim (2004)， a part of linear 

programming problems is infeasible in this study.6 To avoid infeasible solutions，出is

study decides to set a hypothetical ye訂 asreference to reflect the minimum desirable 

and undesirable outputs as well as maximum inputs， following Fare et al. (2004)， 

smce血isapproach has the advantage th剖 thereare no infeasible solutions in the 

above linear programming problems. Hence， this study ass田nes血瓜血ecompanson 

ye訂 1is the reference year 0 which refers to the above hypothetical year， and obtains 

血eEPI by comparing the selected ye訂 wi白thehypothetical reference year. 
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To meas町 e白eEPI，出isstudy applied time-series data on也eindus仕ial

sector for 24 high-and middle-income coun:出es企om1993 to 2008. In血ISS加dy，

由eindus仕ialsector inc1udes the mining， manufacturing， uti1ities (which inc1udes 

el印刷city，g部， and water supply)，組dcons住uctionsectors. Desirable output refers 

to real value added at constant 2005 nationa1 prices (泊 mi11ions)，sourced企omthe 

Oroningen Orowth and Development Centre (OODC) 10-Sector Database of 

Timmer et a1. (2015). 

Undesirable outputs refer to S02 and NOx emissions (in thousand tonnes)， 

which have caused significant industrial pollution depending on the progress of 

indus住ia1izationand have inflicted de位imentaldamage to human health. This study 

uses emissions resu1ting企omfuel combustion activities and indus仕ialprocesses， 

sourced企om也.eEmission Database for Oloba1 A伽losphericResearch (EDOAR)也

version 4.2 of the European Commission， Joint Research Centre (EC-JRC)/ 

Nether1ands Environmental Assessment Agency (PBL) (2011). As a source of 

industrial S02 and NOx emissions， this study considers the emissions from the 

energy transformation sector (which includes elec位icitygeneration， petroleum 

m白血19，and oth，町 en町gyindus凶es)，which is也el釘gestsource of emissions in血e

modem society， as well as企om血efina1 consumption. 

Inputs refer to由elabor and capital stock. Labor is defined as血.enumb町 of

persons employed (in thousands)， sourced from OODC 10-Sector Database. 

Because it is difficult to estimate the capital stock of血.eindus仕ialsector owing to 

data cons住細胞，出isstudy uti1ized the elec.凶cityconsumption (白出ousandtonnes 

of oi1 equivalent) sourced企om由eEnergy Balances of OECD and non-OECD 

Coun位iesof由eIntemational Energy Agency (IEA)， which is a better proxy for 

capital stock adjusted for capital uti1ization r剖es(Bumside et al.， 1995). As 

described above，血iswork employed one desirable output， two undesirable outputs， 

and two inputs in order to seek血eEPC
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Through the application of the industrial EPI， which simultaneously accounts for 

indus仕ialS02 and NOx emissions from high・andmiddle-income coun仕iesfor the 

period 1993-2008， this study investigates to verifシwhetherthe EKC hypothesis is 

supported. Typical1y， the standard EKC models in the panel data assume the 

following: 

EPlit=s1 GDPPCit+sl GDPpcii+，μi+ん+εit (14) 

or 

EPIit=F1GDPPCtt+F2(GDPPCJ2+F3(GDPPCtt)3+μi+ん+ε~ (15) 

where the dependent variable represents血eindus仕ialEPI under VRS; GDPPC is 

GDP per capita and indicates血eincome level; i and t denote each coun町 andyear， 

respectively;μi and A.t denote unobservable individual and tIme e自民ts，respectively; 

andら denotesan error term. 

In equations (14) and (15)， the p訂 ametersof GDPPC examine whether the 

EKC exists. Fol1owing the empirical result of Yoruk and Zaim (2006)， if the 

coefficients of sI and s2 in equation (14)訂 eshown to be negative and positive 

respectively， the EKC hypothesis is valid; thus， the EKC is described by a U-shape. 

Following the empirical result ofFare et al. (2003)， ifthe coefficients of sI> s2' and s3 

in equation (15) are obtained as negative， positive， and negative， respectively， the 

EKC hypothesis is supported; thus， the EKC is described by an inverted N-shape. 

GDPpercapi旬 bycoun仕yat constant 2010 US dollars are sourced from the World 

Development Indicators of the World Bank. 

4. Empirical Results 

Table 1 reports the results of the q田 ntityindex of desirable outputs in the industrial 

sector of the developed and developing countries， which is divided into high・and

middle-income coun仕ies.The last column of the table shows the geome仕icmean of 
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each coun句rfor the entire sample period. As a result， South Korea and Sweden are 

the highest performers among the high-income countries. However， among the 

middle-income co田町ies，the index is the highest for China， India， and Malaysia， 

which su叩assesSouth Korea and Sweden. In particular， China is overwhelmingly 

superior to these coun仕ies;血isindicates that China has dramatically improved in 

terms of the e:fficiency of producing desirable outputs. Confirming血etrend of血e

geometric mean for each year in both high・andmiddle-income coun佐ies，the index 

is gradually increasing in both groups. In terms of producing desirable outputs， 

however， the middle-income countries are more e:fficient than high-income countries 

in the overall trend. 

Meanwhile， Table 2 reports the results of the quantity index of undesirable 

outputs in the indus仕ialsector of the high-and middle-income COUI】仕ies.百lelast 

column of the table shows that South Korea and Spain had the highest quantity 

index among the 脳出-incomecoun仕ies，while Chile and Indonesia had the highest 

among the middle-income countries. However， the index is higher for Chile and 

Indonesia than for South Korea and Spain. This suggests that Chile and Indonesia 

have deteriorated in terms of the e伍ciencyof discharging undesirable 0吻 uts.For 

the overall trend of both groups， the results show that the index for high-income 

countries increased in the beginning of the 2000s and have subsequent1y had a 

decreasing悦 nd，whereas that for middle-income countries has basically followed 

an increasing仕end.Thus， in terms of discharging undesirable outputs， the high-

income coun仕lesare more e宜icientthan middle-income countries in the overall 

trend. 

Further， Table 3 reports the results of the time-series EPI based on both 

desirable and undesirable output quantity indices， which simultaneously accounts for 

S02 and NOx emissions. The last column of the table shows that Sweden has the 

highest EPI among the high-income countries， and the result is consistent wi白血e

-93 -



1993-2008 

1.236 

2008 

1.334 

1.274 

2007 

1.345 

1.289 

1.200 

2006 

1.349 

1.255 

1.182 

2005 

1.313 

1.247 

1.149 

2004 

1.296 

2003 

1.275 

1.208 

2002 

1.284 

Table 1. Quantity Index ofDesirable Outputs恒 theIndustrial Sector by Country， 1993ー2008
COlUl'句 1993 1994 1995 1996 1997 1998 1999 2000 2001 

High-income countries 

Denmark 1.000 

1.000 1.146 1.227 1.196 

1.117 

1.084 

1.543 

1.162 

1.086 

2.160 

謡
柑
神
山
パ
特
・
蹴
議
事
滞
(
満
宮
中
)
N
C
H
吋
パ
刊
む
泊

1.145 

1.333 

1.516 

1.122 

1.313 

1.623 

2.232 

1.168 

1.257 

1.416 

1.144 

2.169 

1.290 

1.647 

2.299 

1.176 

1.316 

1.443 

1.107 

2.083 

1.234 

1.626 

2.174 

1.160 

1.312 

1.408 

1.091 

1.965 

1.197 

1.580 

2.041 

1.157 

1.285 

1.369 

1.146 

1.066 

1.134 

1.021 

1.783 

1.153 

1.000 

1.304 

1.195 

1.149 

1.032 

1.577 

1.323 

1.166 

1.139 

1.098 

1.558 1.916 1.692 

1.273 

1.117 

1.098 

1.068 

1.389 

1.125 

1.215 

1.085 

1.094 

1.079 

1.221 

1.085 

1.199 

1.049 

1.085 

1.135 

1.335 

1.067 

1.138 

1.036 

1.081 

1.124 

1.282 

1.069 

1.099 

1.126 

1.045 

1.078 

1.098 

1.198 

1.050 

1.069 

1.010 

1.039 

1.091 

1.088 

1.000 

1.117 

1.000 

1.193 

1.538 

1.927 

1.149 

1.160 

1.499 

1.653 

1.139 

1.217 

1.289 

1.189 

1.460 

1.570 

1.133 

1.203 

1.272 

1.190 

1.429 

1.460 

1.142 

1.172 

1.359 

1.473 

1.152 

1.234 

1.259 

1.292 

1.389 

1.139 

1.220 

1.206 

1.215 

1.294 

1.124 

1.179 

1.157 

1.147 

1.224 

1.111 

1.148 

1.147 

1.171 

1.094 

1.113 

1.119 

1.087 

1.155 

1.074 

1.092 

1.099 

1.033 

1.031 

1.067 

1.055 

1.067 

1.055 

1.000 

1.000 

1.000 

1.000 

1.011 

1.000 

France 

Italy 

Japan 

SouthKorea 

Netherlan，也

Spain 

Sweden 

United Kingdom 

United States 

Geome住icmean

1.191 

1.234 

1.280 

1.345 

1.183 

1.256 

1.253 

1.306 

1.399 

2.602 

1.650 

1.664 

1.721 

1.221 

1.646 

1.271 

1.604 

5.917 

2.740 

1.522 

2.146 

1.587 

1.623 

1.718 

5.376 

1.524 

1.490 

1.536 

1.69g 

4.673 

1.585 

1.268 

1.352 

1.175 

1.380 

1.186 

1.396 

1.368 

1.499 

1.650 

4.115 

1.271 

1.468 

1.608 

3.676 

1.144 

1.348 

1.522 

3.311 

1.000 

1.339 

1.458 

2.941 

1.134 

1.312 

1.464 

2.674 

1.198 

1.323 

1.418 

1.227 

1.217 

1.368 

1.161 

1.066 

1.047 

1.233 

1.324 

1.437 

1.821 

1.460 

1.953 

1.357 

1.888 

1.818 

2.653 

1.466 

2.137 

1.449 

1.751 

1.739 

1.445 

1.894 

1.307 

1.831 

1.441 

2.433 

1.379 

2.070 

1.447 

1.642 

1.642 

1.379 

1.792 

1.274 

1.735 

1.351 

2.169 

1.355 

1.984 

1.401 

1.567 

1.570 

1.316 

1.698 

1.214 

1.641 

1.290 

1.988 

1.357 

1.923 

1.119 1.189 1.289 1.316 

1.134 1.145 1.215 1.224 

1.136 1.222 1.312 1.346 

1.560 1.745 1.923 2.092 2.257 2.469 

1.095 1.159 1.139 1.156 1.178 1.117 1.131 

1.099 1.222 1.311 1.361 1.403 1.484 1.558 

1.106 1.218 1.325 1.346 1.127 1.136 1.214 

1.1 00 1.280 1.439 1.536 1.393 1.506 1.669 

1.092 1.000 1.104 1.195 1.261 1.300 1.370 

Morocco 1.000 1.033 1.070 1.116 1.174 1.202 1.225 1.279 

Philippines 1.000 1.062 1.135 1.211 1.289 1.258 1.238 1.319 

SouthA企ica 1.000 1.022 1.053 1.068 1.095 1.083 1.081 1.135 

Thailand 1.000 1.104 1.220 1.305 1.271 1.095 1.195 1.253 

Venezuela 1.096 1.082 1.135 1.175 1.285 1.285 1.163 1.196 1.238 

Geome仕icmean 1.016 1.092 1.168 1.240 1.305 1.287 1.298 1.365 1.381 

Note: The coun位yclassification by income level is based on the World Bank database. 

1.220 

1.815 

1.332 

1.795 

1.164 

1.695 

1.304 

1.681 

1.135 

1.590 

1.261 

1.613 

Middle-income count1・ies

Argentina 1.094 

Brazil 1.000 

Chile 1.000 

China 1.000 

Colombia 1.000 

India 1.000 

Indonesia 1.000 

Malaysia 1.000 

Mexico 1.043 

Uコ
串

1.368 

1.506 

1.250 

1.610 

1.148 

1.564 

1.495 

1.321 

1.439 

1.431 

1.196 

1.493 

1.000 

1.460 

1.314 

1.372 

1.186 

1.366 

1.087 

1.398 

1.377 

1.319 

1.332 

1.157 

1.274 

1.340 
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1993-2008 

1.146 

1.094 

1.052 

1.031 

1.212 

1.052 

1.092 

1.108 

1.109 

1.225 

1.092 

1.573 

1.250 

1.043 

1.262 

1.370 

1.187 

1.117 

1.063 

1.276 

1.065 

1.184 

1.173 

1.199 

1.038 

1.293 

1.000 

1.000 

1.000 

1.000 

1.000 
凸
U

A
U
 

n
u
 --

1.000 

1.000 

1.000 

1.000 

1.000 

1.639 

1.000 

2.004 

2.174 

1.000 

2.119 

1.000 

1.000 

1.095 

1.000 

1.000 

1.000 

1.338 

2.427 

1.471 

2008 

1.046 

1.058 

1.000 

1.070 

1.017 

1.013 

1.209 

1.034 

1.062 

1.109 

1.060 

1.626 

1.030 

2.114 

1.855 

1.046 

1.996 

2.315 

1.560 

1.000 

1.134 

1.056 

1.046 

1.000 

1.157 

1.357 

2007 

1.205 

1.105 

1.096 

1.000 

1.027 

1.000 

1.229 

1.052 

1.124 

1.091 

1.090 

1.445 

1.021 

2.000 

1.733 

1.000 

1.869 

2.188 

1.316 

1.096 

1.110 

1.000 

1.000 

1.263 

1.045 

1.3日

2006 

1.059 

1.185 

1.100 

1.028 

1.122 

1.553 

1.000 

1.109 

1.110 

1.123 

1.292 

1.000 

1.923 

1.587 

1.054 

1.504 

1.319 

1.082 

1.288 

1.045 

1.961 

1.337 

1.147 

1.125 

1.131 

1.013 

2005 

1.170 

1.053 

1.119 

1.029 

1.101 

1.010 

1.104 

1.309 

1.027 

1.095 

1.522 

1.122 

1.125 

1.447 

1.445 

1.000 

1.253 

1.890 

1.212 

1.094 

1.000 

1.215 

1.070 

1.282 

1.031 

1.214 

2004 

1.269 

1.112 

1.092 

1.034 

1.085 

1.080 

1.490 

1.025 

1.178 

1.116 

1.141 

1.000 

1.010 

1.000 

1.206 

1.079 

1.269 

1.681 

1.000 

1.115 

1.140 

1.130 

1.040 

1.000 

1.567 

1.144 

2003 

Table 2. Quantity Index ofUndesirable Outputs in the Industrial Sector by Count町、 1993ー2008
COW1むy 1993 1994 1995 1996 1997 1998 1999 2000 2001 

High-income countries 

Denmark 1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.031 

1.536 

1.064 

1.637 

1.014 

1.148 

1.142 

1.178 

1.185 

1.131 

1.046 

1.000 

1.096 

1.280 

1.040 

1.083 

1.221 

1.100 

1.244 

1.161 

1.170 

1.049 

1.000 

1.000 

1.637 

1.139 

2002 

1.541 

1.054 

1.493 

1.179 

1.138 

1.000 

1.000 

1.002 

1.183 

1.190 

1.165 

1.081 

1.000 

1.211 

1.222 

1.567 

1.000 

1.112 

1.013 

1.209 

1.067 

1.225 

1.005 

1.005 

1.473 

1.145 

1.000 

1.143 

1.066 

1.035 

1.490 

1.024 

1.477 

1.042 

1.104 

1.250 

1.151 

1.339 

1.294 

1.866 

1.000 

1.105 

1.049 

1.164 

1.116 

1.000 

1.058 

1.000 

1.244 

1.179 

1.244 

1.174 

1.267 

1.130 

1.000 

1.026 

1.326 

1.006 

1.520 

1.085 

1.029 

1.225 

1.151 

1.381 

1.208 

2.179 

1.053 

1.054 

1.215 

1.333 

1.034 

1.252 

1.092 

1.412 

1.139 

1.385 

1.144 

1.253 

1.248 

1.200 

1.002 

1.005 

1.225 

1.058 

1.242 

1.153 

1.022 

1.190 

1.131 

1.346 

1.124 

1.953 

1.153 

1.106 

1.103 

1.000 

1.361 

1.300 

1.012 

1.890 

1.238 

1.309 

1.326 

1.276 

1.235 

1.074 

1.046 

1.050 

1.517 

1.066 

1.214 

1.135 

1.000 

1.071 

1.290 

1.451 

1.292 

1.254 

1.111 

1.137 

1.131 

1.181 

1.828 

1.115 

1.000 

1.255 

1.182 

1.027 

1.838 

1.203 

1.531 

1.126 

1.038 

1.068 

1.379 

1.035 

1.062 

1.233 

1.236 

1.048 

1.166 

1.112 

1.163 

1.502 

1.167 

1.012 

1.115 

1.000 

1.277 

1.096 

1.000 

1.675 

1.139 

1.466 

1.000 

1.179 

1.070 

1.074 

1.178 

1.057 

1.261 

1.000 

1.242 

1.081 

1.170 

1.029 

1.113 

1.000 

1.104 

1.230 

1.112 

1.029 

1.038 

1.000 

1.119 

1.042 

1.046 

1.626 

1.052 

1.351 

1.028 

1.116 

1.000 

1.000 

1.073 

1.057 

1.116 

1.000 

1.074 

1.000 

1.045 

1.033 

1.039 

1.040 

1.052 

1.112 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.063 

1.379 

1.026 

1.131 

1.000 

1.053 

France 

I句ly

Japan 

SouthKorea 

Ne也erlan也

Spain 

Sweden 

United Kingdom 

United States 

Geome虻icmean

Middle-income countri，田

Argentina 1.000 

Brazil 1.000 

Chile 1.000 

China 1.000 

Colombia 1.019 

India 1.000 

Indonesia 

Malaysia 

Mexico 

Morocco 

Philippines 

SouthA企ica

百 ailand

Venezuela 

Geome出cmean

1.000 

1.000 

1.000 

1.000 

1.003 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.002 

巴D
CJ1 
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1993-2008 

1.078 

1.047 

1.061 

1.051 

1.273 

1.103 

1.031 

1.441 

1.028 

1.075 

1.112 

2008 

1.334 

1.274 

1.162 

1.086 

2.160 

1.313 

1.623 

2.232 

1.168 

1.257 

1.416 

2007 

1.286 

1.218 

1.200 

2.223 

1.108 

1.187 

1.361 

1.070 

1.362 

2.132 

1.273 

2006 

1.120 

1.136 

1.078 

1.234 

1.324 

2.067 

1.032 

1.107 

2.029 

2005 

1.239 

1.052 

1.045 

1.044 

1.912 

1.066 

1.017 

2.041 

1.044 

1.158 

1.220 

2004 

1.108 

1.166 

1.024 

1.036 

1.739 

1.089 

1.011 

1.908 

1.041 

1.141 

1.195 

2003 

1.005 

1.086 

1.643 

1.074 

1.006 

1.613 

0.967 

1.090 

1.130 

1.038 

0.988 

1.084 

0.892 

1.548 

0.986 

1.054 

1.080 

1.057 

1.102 

0.970 

1.102 

1.118 

Table 3. Environmental Performance Index in the Industrial Sector by Country， 1993-2008 

COlUl句 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

High-income countries 

Denmark 1.000 

France 1.000 

Italy 1.000 

Japan 1.117 

South Korea 1.000 

Nether1ands 1.000 

Spain 1.000 

Sweden 1.000 

United Kingdom 1.000 

United States 1.000 

Geometric mean 1.011 

1.106 

1.050 

1.032 

1.149 

1.024 

1.130 

0.957 

1.457 

0.965 

0.993 

1.078 

1.323 

1.020 

1.069 

1.414 

1.044 

0.987 

1.094 

1.060 

1.045 

1.145 

0.920 

1.004 

0.989 

1.098 

0.850 

1.281 

1.107 

0.996 

1.048 

1.042 

1.047 

1.118 

0.973 

0.903 

1.092 

1.073 

0.996 

1.025 

0.978 

1.122 

1.099 

0.991 

1.023 

0.971 

0.977 

1.037 

1.081 

0.880 

1.000 

0.945 

1.078 

1.111 

1.033 

1.009 

0.743 

0.920 

1.041 

1.052 

0.929 

1.033 

1.035 

0.950 

0.885 

1.062 

0.960 

1.053 

0.973 

0.915 

1.038 

0.950 

1.050 

0.875 

1.068 

0.918 

1.062 

0.988 

1.069 

1.010 

0.969 

1.032 

0.975 

1.033 

0.960 

1.067 

1.009 

1.033 

1.015 

1.203 

1.292 

1.023 

1.196 

0.889 

2.082 

1.007 

1.664 

0.859 

2.722 

0.976 

1.576 

0.813 

1.171 

1.304 

0.928 

1.351 

1.135 

1.245 

1.059 

1.103 

1.165 

1.012 

1.165 

1.585 

1.293 

0.627 

1.459 

1.437 

1.818 

1.663 

2.898 

1.329 

0.633 

1.370 

1.031 

1.504 

0.849 

1.059 

1.499 

0.858 

2.593 

0.971 

1.430 

1.111 

1.144 

1.334 

1.522 

1.000 

1.221 

1.138 

2.829 

1.457 

2.696 

0.630 

1.302 

1.573 

1.460 

1.953 

1.357 

1.411 

1.449 

1.545 

1.647 

1.382 

1.320 

1.479 

1.642 

1.379 

1.894 1.419 

1.131 

1.178 

1.307 

1.186 

1.366 

0.664 

1.227 

1.219 

1.133 

0.937 

1.073 

0.934 

2.674 

1.020 

1.471 

1.261 

1.592 

1.091 

1.256 

1.087 

1.152 

1.268 

0.840 

1.206 

0.888 

1.007 

0.628 

1.441 

1.221 

1.393 

1.388 

1.299 

1.287 

1.017 

1.063 

0.962 

1.163 

1.125 

1.176 

1.325 

1.127 

1.007 

1.116 

0.723 

0.938 

0.890 

1.282 

1.443 

0.691 

1.484 

2.544 

1.290 

1.586 

0.718 

1.587 

1.250 

2.745 

1.130 

1.430 

0.792 

1.795 

0.895 

1.022 

0.760 

2.469 

1.075 

1.388 

1.185 

1.351 

1.024 

1.558 

1.147 

1.669 

1.101 

2.144 

1.495 

1.239 

1.169 

1.256 

1.185 

1.262 

1.266 

1.151 

1.493 

1.060 

1.221 

0.852 

1.456 

1.039 

1.123 

0.876 

0.949 

0.863 

1.016 

1.036 

0.978 

1.089 

0.689 

1.814 

1.065 

1.272 

1.127 

1.024 

0.970 

1.188 

0.665 

0.875 

0.837 

0.969 

1.009 

1.139 

1.029 

0.718 

1.725 

1.156 

1.271 

1.043 

1.224 

1.011 

1.143 

0.701 

0.910 

0.875 

0.995 

1.041 

1.069 

0.985 

0.814 

1.496 

1.119 

1.027 

0.924 

1.402 

1.117 

1.014 

0.941 

1.233 

1.126 

1.177 

1.218 

1.145 

0.960 

1.095 

1.099 

1.106 

1.100 

1.092 

Middle-income countries 

Argentina 1.094 

Brazil 1.000 

Chile 1.000 

China 1.000 

Colombia 0.981 

India 1.000 

Indonesia 0.997 

Malaysia 

Mexico 

にD
σ3 

1.000 

1.043 

1.022 

0.698 

1.001 

0.902 

0.972 

0.770 

0.997 

0.976 

1.082 

1.037 

1.000 

1.000 

1.000 

1.000 

1.096 

1.015 

Morocco 

Philippines 

SouthA企lca

Thailand 

Venezuela 

Geometric mean 

1.129 

1.349 

1.219 

1.323 

1.121 

1.274 

1.114 

1.288 

0.638 

1.276 

1.175 

1.051 

1.104 

1.046 
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血ulingsof Fare et a1. (2003). F町出町more，South Korea is the second highest after 

Sweden. In con住ast，Spain and the United Kingdom町 ethe lowest performers. 

However， China is overwhelrr血glythe highest加 termsof EPI among the middle-

mcome coun位ies，and the finding is consistent with the outcomes of Shimizu 

(2016a). India and Malaysia訂 ethe second and third highest， respectively， after 

China. In contrast， Chi1e and Indonesia are the worst performers. Among all 

coun仕ies，China is the best performer， whereas Chile and Indonesia are the worst. 

Reg訂 dingthe overall trend of bo白 groups，出eEPI in high・andmiddle-income 

coun肘eshas improved since the late 1990s. However， the improvement factors of 

EPI町'ebasically different between both groups. Consequent私自eEPI in血.ehigh・

mcome coun凶eshave tended to也creasedue to improved emission efficiency of 

undesirable outputs， compared to middle-income coun'仕ies.In contrast， the EPI in 

也emiddle-income countries have tended to泊creasedue to improved production 

e:fficiency of desirable outputs， compar吋 tohigh・血.comecoun仕les.

Finall)んthisstudy investigates the existence of EKC for industrial EPI 

m泊gpanelda旬 for24 countries企om1993 to 2008. Since the panel data is included 

m也ne-s町iesda旬， whichcov町 s16 ye町s，howevl町"it is necess紅Yto confirm白e

s胞.tion町ityof血epanel da旬.Table 4 reports the resu1ts of the panel unit root test， 

using the LLC test of Levin et a1. (2002)，出eIPS test of 1m et al. (2003)， and血e

Fisher-ADF (Augmented Dickey-Fu11er) and Fisher-PP (Phillips-Perron) tests，泊

accordance wi也Madda1aand Wu (1999). In the level data， the resu1ts do not reject 

the nu11 hypothesis，出atis，由epanelscon旬血unitroots， excluding EPI of LLC test. 

However，世leres'叫tsof也e:first-difference da旬吋ectthe nu11 hypothesis. Thus， it is 

subsequent1y assumed that each variable is integrated with ord町 one(i.e.， I (1)). 
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Table 4. Panel Unit Root Tests 

Levels First Di貸erence

Tests EPI GDPPC EPI GDPPC 

LLC -2.271** 3.405 -12.533*** -10.570*** 

IPS 0.327 5.031 -8.930*** -5.304*** 

ADF 45.857 25.943 158.347*** 89.954*** 

PP 49.617 10.607 209.528*** 84.541 *** 

Notes:百leexogenous variables are the individual effects and time trend. 

料 Significantat the 5% level. *** Significant at the 1 % level. 

If社isrevealed that the unit roots are included in the panel da胞， there is 

potential for the problem of spurious regression. Hence， it is also necessary to 

investigate whether a long-run cointegrating relationship exists among variables， 

using the panel cointegration tests of Pedroni (2000). Table 5 reports the results of 

the panel cointegration test， and shows th剖 thenull hypothesis， that is， there is no 

cointegration， is conclusively rejected in four of the seven statistics. Thus， it is 

subsequently assumed that the variables have a long-run relationship. 

Table 5. Panel Cointegration Tests 

Eq. (14) 

Eq. (15) 

Eq. (14) 

Panel statistics 

v-Statistic 

-0.781 

一2.326
Group statistics 

rho・Statistic

3.683 

rho・Statistic

2.326 

3.816 

PP-Statistic 

-6.113*** 

PP-Statistic 

-2.385*** 

-2.297** 

ADF-Statistic 

-5.292*** 

Eq. (15) 5.136 -8.830*** -6.163*** 

ADF-Statistic 

-4.373*** 

-5.170*** 

Notes:百leeχogeno凶 variablesare the individual e能 ctsand time trend. 

** Si伊 ific肌 tat the 5% level. *** Si伊ificantat the 1 % level. 

Next，血isstudy tests血emodel spec泊cationto veri命theEKC hypothesis. 

From Table 6， the results of the F-test show that equation (14) includes only the 

unobservable time effects and equation (15) includes both the unobservable 

individual and time e宜ects.In equation (14)，吐leresult of the Breusch-Pagan test 
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shows也剖 therandom e宜ects侭E)model is selected， and世leresult of由etest of 

over-identiちrmgres仕ictions，rather由anthe Hausman test proposed by Arellano 

(1993) and Wooldridge (2002)， shows conc1usively血剖thefi.xed effects (FE) model 

is selected. In equation (15)， the result of the test of over-identiちrmgres仕ictions

indicates也at血efi.xed effectsσE) model is selected. 

Table 6 also reports the results of testing血eEKCforEPI恒也eindus凶al

sector. As the results of血.estan白rdEKC models， which町eshown in equations 

(14) and (15)，血ecoe:fficients of GDP p町 capita泊 equation(15)町esignificantly 

positive，血.eq回世aticterms are significantly negative， and血.ecubic terms are again 

Slgr討ficantlypos耐ve.Consequently， the EKC depicts an N-shape.百l1Smeans由at

indus凶a1EPI improves in the initial phase， deteriorates也 thesecond phase， and 

then improves again in由e由irdphase as income level grows. However，白isis not in 

accordance wi白 白eEKC form showed by Fare et al. (2003).官邸 implies血剖也e

indus凶a1EPI of血emiddle-income countries is expected to dec1ine wi血 economic

development， and thus environmental performance in developing countries will 

deteriorate血血e白卸re.

5. Conclusion 

百lIsstudy attempted to me回国e血.eindus凶alEPI， which simultaneously 

accounts for 802 and NOx emissions arising from indus仕ialpollution， and to 

examine whether the EKC for indus仕ia1EPI is applicable， using panel da旬 ana1ysis.

百lemam曲ldings町 esummarized部 follows.

1. From the results of the quantity index of desirable outp脚， the performance of 

middle-income coun仕iesis highぽ血 termsof production e:fficier町也anhigh・

income countries泊 theovera11 trend. Especially， the performance of China has 

dramatically improved in tぽmsof e:fficiency of producing desirable outputs. 
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3.15e-05 

(2.81e-05) 

-1.22e-09 

(1.08e・09)

1.26e・14

(1.10e・14)

1.3364*** 

(0.1515) 

RE 

I'able 6.1凶tof the Environmental Kuznets Curve for the Environmental Performance Index祖 theIndustrial Sector 

Eq. (14) Eq. (15) 

FE RE FE 

8.33e-05* 

(4.72e-05) 

-8.14e・10

(5.07e-l0) 

2.21e・04***

(8.15e・05)

-5.24e-09** 

(2.36e・09)

4.33e・14*

(2.23e・14)

-2.0577* 

(1.2253) 

1.61e・06

(1.45e・05)

-3.75e・11

(3.15e・10)

GDPPC 

(GDPP，の2

1.4764*** 

(0.1477) 

-0.7921 

(1.3270) 

(GDPPの3

Constant 
l
H
o
o
-

0.1094 

791.11*** 

384 

R2 0.6897 

F-test: individual e島 cts 1.99 

F-test: tirne e能 cts 3.55料*

Breusch-Pagan test 828.18*** 

Test of overidenti命ingrestrictions 36.34** 49.71 *** 

Observations 384 384 384 

Notes: Values in parentheses ofFE and RE are robust standard errors， which are clustered on provinces. 
* Signi:ficant at the 10% level.料 Si伊温cantat the 5% level. *** Signi:ficant at the 1 % level. 

0.7118 

3.08** 

3.50*** 

0.1773 
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2. From the results ofthe q聞 ntityindex of undesirable outputs， the performance of 

high・mcomecoun仕iesis higher泊termsof the emission efficiency than middle-

countries in the overall仕end.However， the performance of Chile and Indonesia 

have deteriorated in terms of e血ciencyof discharging undesirable outputs. 

3. From the results of the time-series EPI， EPI has increased in both high-and 

middle-income coun凶essince the late 1990s. Among all coun凶es，China is the 

best performer， whereas Chile and Indonesia are the worst. 

4. From the estimation results ofthe EKC models， the EKC hypothesis is followed 

a N-shaped relationship. 

The four findings have the following implications. From to the frrst and 

third findings， the improvement factor of EPI tends to be different between high閏 and

middle-income coun凶es;consequentl弘 theformer is the enhancement of emission 

e伍ciencyof undesirable outputs， and the latler is the enhancement of production 

e伍ciencyof desirable outputs. In middle-income coun住ies，however，社 isexpected 

that improving production efficiency will slow down as in high・incomecountries. 

According to the four findings， the EPI is expected to decline with economic 

development in many middle-income countries， and it will be necess訂Yto prevent 

the deterioration of environmental performance in the 白ture.Thus， the government 

will require further efforts to promote improvement of emission efficienc弘知d血e

policymakers should focus more on diffusing environmental technology such as 

improving energy efficiency and generating clean energy. As future research tasks， if 

the study can clari命de同ileddeterminants of environmental performance， it will be 

able to derive more concrete policy proposals. 

Notes 

1 Shimizu (2014; 2016a) examined long-run changes in environmental 
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performance using the time-series emission intensity index (EII) based on Zaim 

(2004)， which is derived through the same process as EPI. Zaim (2004) 

measured the EII of the U.S. manufacturing sectors by state using both the 

time-series and cross-section analyses for the period 1972-1986. 

2 In this reg町d，Yo凶kand Zaim (2008) measured the cross-section EII similar to 

Zaim (2004). 

3 The coun仕yclassification is based on the World Bank's categorization. 

4 In general，由e加.putdistance伽 ctionis expressed by Dx(x， y) = sup{s: (坤，
y)EP(X)， which holds desirable outputs as fixed and decreases the inputs as 

much as possible. 

5 Although constant returns to scale (CRS) is basically assumed加manyprevious 

studies such as Fare and Grosskopf (2003) and Fare et al. (2004)， this study 

uses VRS technology because not only technologically developed countries but 

also technologically developing coun岡 田 町eincluded in the analysis. 

6 In the cross-section analysis， such infeasible solutions have also appeared in 

previous resarches ofYoruk and Zaim (2006; 2008)， which takes a hypothetical 

reference coun佐yas the mean of the data. 

7 However， this study has the limitation of datasets. Regarding the industrial 

classification， although the EDGAR and IEA' s data basically follow the same 

industrial classification， it differs from GGDC 10-Sector Database. For 

example， EDGAR and IEA' s data do not include part of the w剖ersupply 

indus町~ but this s旬dyuses the data as it is， since it is di:fficult to consistently 

adjust由edata. 
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