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Abstract : This research examines the impacts of urban population growth on per capita CO,
emissions with particular focus on the interaction effect between urbanization and income levels.
Employing the Panel Fixed Effects model together with the Pooled LS and Panel GLS models, the
research reported here analyzes the relevant data on 84 countries. The statistical results show a non-
linear(an inverted-U) relationship between urbanization and per capita CO, emissions; that is, while
the urban agglomeration leads to increases in per capita CO» emissions for low income countries,
this adverse impact does not hold true for high income countries. The research findings can
contribute to addressing broad issues of urban compactness and patterns of energy consumption
that should be considered by those concerned about the sustainable urban development.
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20159& 71202 A AA Q1
TAlof| AL Qlh, EAIS = X]—‘—ﬂ S g X3y Lo]
2050 ofli= o] B} 239 ol Fold 63 o ¢l
I7F ZAlO] AF Ao & o ZFE T (United Nations
2015), A AIA| =X F7tel 718 2 719E 8t
I Qe F7he A=(18%), S=(13%), W=(4%) &
S 2 20509714 A AIA A8 571} 35% ol
S A Ao 2 HoltkCentre for Liveable Cities
2014). FAlol o] B7FE2 A AlA A7k v &<
249] =7HE0]7]%= it

TS ALY H Ao whE o] & AET| =
SEAAE, Al Zhof whE H] A4 (diseconomies)
& HoyF7| = $tth(Bertinelli & Black 2004), &
o FAA oz EAISE gl et ¢4 2ol
HAsHA =W ol& & Al 7HE3A A AAI S
of 71ofsh= AHE Feth, LY SAlof o gt
TAZ2 9] 99t FF(agglomeration)©] AH- A 2o
o) A= WA & A SELH 5=
SIA[A o] Ho| AstE = wAIE WA, 55
TAStE Qleh 247EA uijE A= o9 7t
Z9l o2kl & 4= JtHCentre for Liveable Cities
2014).

19979 WEJAGXT} 2AZIA TAES A AA A
ol SR A7|gE o, 2000 o] HolEHA =
A Sk} Bk S 7He] A o)) gk ALt 24 Ao
Z olF At 279l & ¢5-(population) 7} T
2 B E0] vA = FAE FHLE A7 Xt
(Dietz & Rosa 1997; Hamilton & Turton 2002;
Shi 2003). ©]$ o3t 2 213} vl&o] EA3}
£ B 2l 383 SR st A7t
A =% tHCole & Neumayer 2004; Martinez—
Zarzoso & Maruotti 2011), ©]& Lol & =
AlBtel gha vijE 7He] Al FH Ao, A &
oA A2 Q1 HF-2 9] A (economies
of scale)& A& =L o] 2 Ql&j o] AHE-9
/ol SHEo] B4 viEo] & 4 Sl Py

E AR Mgl 4 FFE A Y &

% 409 ol

Al
T1

gof &5 4d #ut ok} s w7k A A
Zof wpebA 235]8 B viEs ST =
At =AA g o] A|FFsh= 452 (compact) B
o] ZAA= BEXE ?JQWEE ARESHA| e, o]
of et o]F A7t i, Aol 7hssiA=
5 oA ARE-S] BEA0] Ztﬁﬂ‘ﬂ g vl &
E Ao 7| Wi UN-Habitat 2015; Chen et
al, 2008), L2yt FAlol =A] 2|2 o] A Ao] g
Aol whet 71 Q1o WA o] AU A A A =W
olg|gh A9 o)) AT = v}, 1 &
AlgE R QI 309 18 oY) mAISEIE AR
otz 7|E Ate B A vijE U]i]h -7
A - B aaks geksA Sod 4 gltk
£ 7R, weba] 2 Ats BAS] wE
Ao A gl g v A E-HL—]M
2 Z43517] Yall A 1005 i ool AtzAl
(metropolis)?of] A& W=7} s},
of2|gh Wgtol A 2 At v F AZol et
He AN AE 5402 et AA, 2AIS)
7b o =71 gha wjEo] o wet YFS vA=
7F? bA] A2 wpel o] mA|gke] At F A o
RS SFELO| AL} RO S A7} FAlof TS
o= QUL ofof whe} g4 v A DepRin), whebA
= ‘E-TL Q15+ 1007 7§ o] o] A=Al E &5t
I = A AA 8470 = 7ke] s HlolEE Faf =
*]QV} & n|A= YFs ASH R 74
gt
EA, EAISel B uijE 7He] WA= =7 A
5 ol wet ofFA Hslet=t? i e EA
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1) thEEe] 718 e EAERE ] tigl dlofE & World
Banko|| 4] A5 PE - 3091 o] wAfoll A= 1t
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2) A A= APHA O “QIEe} of2] 712] AFS] A 7]50]
AR HEshe Aol heA's JYE, HE 147}
ek e o gyl 43| - A - 73 52 Sl
= 7% 3= EAIE 2JulgHhttp://krdic. naver.com/),




guly - 0187 / =AIEH11g Bt HiEO] OjXl= & 309

ol 238 Tk MiES AaATIchs 7HES A
A3} 0|2 Ak sk
A3 g i ko) BAE SeluetolAl s

Fa3 BAlolt, Seluet oA EAE BE u
of ARl Fmo] AR FAlol WAEka ol
Agoleks Q15 10008 1 ool AAl 419
5} 2ol Aol me e AAS WA,
T AI) 9 A 0R BA7} AR Bl
wfe R0 BAAT HAE B o]0l ks
Ryl ek ek e =AST 84

of DIXI% e %—*43}_

[e]

rlok
0N
=2
z
rol
08
ool
kO
re
H
ogk

ol P vA= 80E A AT 2Y

Commoner?} Ehrlich & Holdren AFo]9] 9.2

=3l 4 =31tk Ehrlich & Holdren(1971)

3} 710“ EH’B‘}- Oﬂfﬂr _Q_?_]_ % 7]-7(]— 7\_9_'5‘]— Q

°J°1% 4 32 el o521 =P -
)O

L aglo] Qeks A4S W 29

3t Akgrol 7} B7ol mlX ] Bt G4l

Y, o5 F ?:.# A= om} Fauee ﬂ%&
1

o]o| EHGH Commoner+= 7\1 A7)} 5 A+
(Commoner, Corr & Stamler 1971)& £3f 91 5
7Pt g0l ml A= FIFE nin|stn, vl=oA] vet
U P Hste di 2 4719 wstolA] 714l
gthe 7Hd & AlARY, 53] & Ehrlich &
Holdren(1971)2] I = P - F 2o A F gt <l
£ B4R sk Ao of et &5 (Affluence) ¥} 7|

(Technology)& W42 3fjof 3}, AA| H& oA

A5(A) a%1E E}% 714 (T) 8lo] &4
of ¢ % FFE vt 28T, Commoner
971)9] o]t HM‘-" Ehrlich & Holdren
(1979)%= 34 L2 B3| vlubelgnt o] 5L [ =
PAT 23S 2-gs}eiete of 3] ql4t7} &7 7t
 AA FFe A Kelojgks FS HolHE &

o|30] ATELS [ = PAT BH S 234 WA
7 o ARGt oS o] TS AH| 45
()2} 41 @ DJ%% Sl oet IO TE

28 (Waggoner & Ausubel 2002), 3
42 =7}t [ = PBAT 28 (Schulze 2002)
o] Z1Alo]t},

oft ot st
&)
r&

Jeu vl o 71eketal Ql= 1 = PATY &
P52 A Alo]9 B olEd S L}E}IJEJ a9l
tt= ZAdlo] 24 3cH(Dietz & Rosa 1994; Lee &

Kang 2012). &3t 274 ool gt ol oS0
27bsshthe BAYE 73 9lek, ol whet 2
MAES Bofstol SEH RYoR ATAY I
Qo] A7|%9laL, Dietz & Rosa(1994, 1997)+=
STIRPAT(STochastic Impacts by Regression on
Population, Affluence, and Technology) =& &
AIABF T, 279 STIRPAT 288 7148.91(T)
& WE HEHA] ¢l e Lofl 2RA =T,
o]F AN 7|2l Frlselct

2. CA|3tQt EtAHIE

B wiEol GaFS A= Aol gk 7]E At
52 ob A3 = PAT 20| o|&ata 9t} &
gb S a7 RA 2 S 1 7ke) A uijE A
T, A5, 71E Qaf P wheths Aot A
23 BAZE A AAER QA2 FARE 19904
tf FEHS 71H 08 ghaulE dgkaclel gz 7]
Atolls T2 QI aglell 21& e A50] Wk

t}(Dietz & Rosa 1997; Hamilton & Turton 2002;
Shi 2003). €3] Shi(2003)= 1975+ 19967}
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)kl 3519 tH(Parikh & Shukla 1995; York
et al. 2003; Cole & Neumayer 2004, Fan et al,
2006; Poumanwong & Kaneko 2010; Martinez—
Zarzoso & Maruotti 2011), €3] Parikh & Shukla

(1995 EAIBF AL Hjzo
NEA 0 U 20 AFo] Sttt o]
BP7L A 7HA) AL B3 U A o] og%
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L ?‘%)
olge wa
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ABI7E of e A] AxBlo]l G

o] el =
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A4 Az o7 Aol
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O|= 2l3f of

7| AMo] Z7hakt S, EAISHE Asel Av]
2o it 4208 hE Z74A171=d) Asel AlH|2
A Aol o] o] Aw] Z717} UA o] 9l
o A, EA3k2 QI8 7Ho) A HEoly i
A7} skt Tof wet o) 4wz} Z7hei

Table 1. Studies on the impact of urbanization on CO: emissions

Authors Data Dependent variables Main independent variables Impgct (.)f
urbanization
Parikh & Shukla 1965-1987, (gégen}éoﬁseg;scess) GNP per capita, share of agriculture in GDP, -
countries, Pane - population density, urbanization rate
1995) 78 ies, Pancl em15512(;ns eﬁlergy use lation density, urbanizat
1975-1996 GDP per capita, population, share of
Shi(2003) 93 countries P’anel CO; emissions manufacturing in GDP, share of services in none
’ GDP, percent population of working-age
. urbanization rate, GDP per capita, population,
York et al.(2003) 192?;i:_§ec:c(:}$]t;es, ecological footprint capitalism dummy, percent population of H(¥FF)
working-age
Cole & Neumaver 1975-1998, CO: emissions SOz urbanization rafe, GDPAperAcaplta, population, "
(2004) 86 countries, Panel emissions share of manufacturing in GDP, percent )
’ population of working-age, energy efficiency
1960-2000 o . .
Liddle(2004) (10-year intervals), road energy use urbanization rate, %E:S?er capita, population -(*)
23 countries, Panel ty
o . . H-I: +
1975-2000 o urbanization rate,' GDP per cgplta, population, UMLL: +
Fan et al.(2006) 208 countries, Panel COz emissions percent population of working-age, energy LML +
efficiency
L-I: +
1997-2002 AEP cities’ compactness (urbanization rate
) 4 i 4 _(HH*
Chen et al.(2008) 45 cities(China), Panel (16 ie;(;gg;rrnsintal population density etc.) %)
Poumanwong & 1975-2005 CO, emissions urbanization rate, GDP. per capita, population, H-I: +
Kaneko(2010) 99 countries. P’anel energy use ’ share of manufacturing in GDP, share of ML 4%
? services in GDP L-L: (%)
19752003 past CO, emissions, urbanization rate, GDP
Martinez & > . per capita, population, share of manufacturing
88 developing CO; emissions +*)

Maruotti(2011) countries, Panel

in GDP, percent population of working-age,
energy efficiency

#k n<0),01, ** p<0.05, * p<0.1
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ek A0l B8 FUA7]7] gl oy A] A
I EA Wi &S £t Fshs AT E EAgtt
(Liddle 2004; Chen et al, 2008), Liddle(2004)&
1960 5-E 2000W7H4] 104 7+4 2] OECD 237H=+
g dlolg g gste] ¥ A QP U}
2N ARSEE o2 FE FaAZIThE A
£ 3t} Chen et al (2008)9] 74 1997HH
20029744] =% 457 TA] dlo]E & Egate] A
shgolut A= 59| ZA] &4 (compactness)
o] gotdE 7149 ofufz] 4|7} Yok A
& g

S 2 gaujEoA EAE}
0| A& k|| tjet 7|& A1E e]sl Table 13}

Table 1> =A|8F7}F £k v Eof) v]2|= gaFo]
ol whet Auije] s @) ke A B
o}, B3 BAISE Q18] gt wiEo] FUlett
FAsHE AT FANE BAISE n|AE e A
=7F A2 g2 yepdt, o oA AFetdE
H Aejolu) glolE, At 1 59 Zpo]ojA] 7]

Q= Aoleha & &= glrt,
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[e:

3. CAISIet ASQ| MSEIR

s

253 S 0. 7ho] Al i YR A4 g
7 F2Y = 34 ( J3} EKC, Environmental Kuznets
Curve)9] 7Hd-& A48 THYork et al. 2003; Dinda
2004). EKC= 1919 253} 37 2.¢o] o Uz}t‘ﬂ
o AR A Aol lrh= 7R, AA T =
710 &50] S7te = g go] AsiA|trt of
e &5 52 olAA 5 e 2 Yol 23]
] Zo]Erh= Aolth York et al,(2003)2} Dinda
(2004)= EKC 7Hd& 1919 250 B3t faE A
ot} Bgo] Frkeke =2 FHstaat shalct,

2 At B F2u= A4 B3t 7)€ A4
e Fe] EASRe A5 Wa Aol EATH=A]
HE A4gstaat sheltt, EKC 7S 2ol o
ot &5 Wo] SHA vAF A BAIE B AR
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_I

£

g W3l £ A EASE ke AAE T,
Z 45 27 et i wiEe] G2 G 9T
S 0)ck s, ol s wEe] HE =
Age] ofgpo] 71 AFEAY H(+) HE ()0l
ehe ko 2a Ag3ITha ZHske Aol o
o 25 wigoh HEAg o] Yol kA 4 glrke
22 9fulak Foltt,

Fan et al.(2006), Poumanwong & Kaneko
(2010) & UH A= A BY AAE L5 o
et Z2lste] 11 Aol & Bzl stARE, 450l nh
2} gk ujEo EHT?_ TA|Ste) o] thEA UEh

A= olth, 45 58 oh2A AAg vE a4
Lo A E/\]ﬂﬂ s v o] A s Pk Y
SHA ()9 Al ks Holet ey O]Eﬁi At
© A 2y A AA Y EAOA 7]Q1%E Aot
A e Hod B AARE B sk g
ofo] k2 W9 F3F A FepE bl glom,
ot HeE 7o Aup Hunte R e 45 Y
LA Jofe dYs] Hofslr]= o Hrh

9h Tee & Kang(2012)9] A7 wA8H 4th
Az F-Esto] BASISITH 2 SAE R A v
et =AISRe) ko] Afol7t QLA o5 A8t
et =Xl T0%E dold 75 g4 viEo]
Solxlth= A o] Eafith, mAISkef vhas vijE 7t
9 H] AgH BAE ¥ &“:}—Eﬂ = -4-47} PLCAR °]

% 847)9) 2712 A
HelL 9005E H g

4) 2 AL B 8471 =7 k= vt 2k, Afghanistan,
Algeria, Argentina, Armenia, Australia, Austria,
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20117HA] A7) 2w E B-E-5H3lT HlolH =
World Bank®?} United Nations??] At 5E 2835}
A=t G5 =7 B AR ASA7E Qo] ol&
Aefstal #Fud e = golHE S5k 2
Aol A g3t i d 31249 75 TlofEl oA
=7 749 Aol & Eedl= w7ta e gt MeE
SEHFE & QA ofyH gEHS7t obd 34
Sob & ma 25 AA ) vet HE AL
(random effects) 2 &3+ 114 &3} (fixed effects)
myo g FAuHol depHint, ofof ek she-2nt
74 (Hausman Test) A3} 7hol Al 4 ol
200,34, pgko] 0,0000.0.8 0,01Hth 27| wjo]
1% $o)gol 4 A Be] 2ol A2
Regolehs ARAHAL 712e0 Hek, 5, 2 A7
o] FA Ky 1A} 2Fo] AYstH, o]F F
3 7 male A}

57 B4 STATA 12,0 Z213%S 285}
th. 53] 95+ g o] Hlolg Aol ol FedF=
2] k7] Sl sid A a 237 9of pooled
LS(Least Squares) 23, #jd 3] A= o] &3] dr
A5l o] B AL (heteroskedasticity) 2t &}7]AFk
S A=Y 7] 7HE SulE
838t 39 GLS(Panel Generalized Least Squares)
BH o7 FAof A AIE AAEHIT

(autocorrelation)

A

2 7}*‘1 [=1] HA_'IIE
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23 g AHS
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MxE
o
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=
Ashec

(]

.I
27 192 HigoR B gt o)
A
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M) BABHE £S5zl e R7toA s
WS FTAIA, o 254ES Fold
2510 T4 WEE A,

olF & AT TP BN Q1T WF, &
S ABkeh ek v Abo]o] o U 9] WA A B
AZ ujsts ol ol 45 £EB B 9%
e A3 A Sfiofe 27 224 %

Mol FAdats the Aow 2
& = A s %4ﬂ§ gou
Ao} ofake gk,

APoA] 45 53
A7) o

QI ek M vlA 9 R91S BATY]
13 Dietz & Rosa(1994, 1997)7} A A3k STIRPAT
(STochastic Impacts by Regression on Population,
Affluence, and Technology) X2 &-& &-83}%tt.
£3| gjd glo]E & &-85}7] wiol| Dietz & Rosa®l
7|2 Bl AREEAeF =7 deslal o] 5 A
Hasl7] 93 A 2= ot S Ao
o TAHOR A ()3} Zo] AT 4 ek,

Inli=a+bInPi+ cInAi+d InTi + Y+ Ci + i (1)

I = Impact, P = Population, A = Affluence,
T =Technology, Y = Year dummy,
C = Country dummy, e = error term
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[e}
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i Hlole S BeAH 7| ATEo] 4t
majolch T} ol ¢l waof ol
A9 By ARl Avt
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Azerbaijan, Bangladesh, Belarus, Belgium, Bolivia,
Brazil, Bulgaria, Cambodia, Canada, Chile, China,
Colombia, Costa Rica, Cuba, Czech Republic,
Denmark, Dominican Republic, Ecuador, Egypt, El
Salvador, Finland, France, Georgia, Germany, Ghana,
Greece, Guatemala, Hungary, India, Indonesia,
Ireland, Ttaly, Japan, Jordan, Kazakhstan, Kenya,
Kuwait, Libya, Malaysia, Mexico, Mongolia, Morocco,
Mozambique, Nepal, Netherlands, New Zealand,
Niger, Pakistan, Paraguay, Peru,
Philippines, Poland, Portugal, Republic of Korea,
Romania, Russian Federation, Rwanda, Saudi Arabia,
Senegal, Serbia, South Africa, Spain, Sweden,
Switzerland, Thailand, Tunisia, Turkey, Uganda,
Ukraine, United Kingdom, United Republic of
Tanzania, United States of America, Uruguay,
Uzbekistan, Venezuela, Viet Nam, Zambia

5) World Bank: World Bank Open Data, Washington D,
C.: World Bank; [downloaded May 10, 2016], Available
from: http://data. worldbank.org/

6) United Nations: UN Data, New York: United Nations:
[downloaded May 10, 2016]. Available from: http://
data,un,org/

7) Aol A Bget g at ol Ay EAf ol
st A1 LM BA % LM (tho=0)9] Ztol 673 10
Prychi2(1) = 0.00002.% WFepytet, pgrol frolehs 0.01
Wt 27 wjitol 1% §-oa=sellAl A7) dtke] Esh=
ZOR Eefyt}, webA] A ant wago| A A7 ate] &

gt A, 5 AR() eapgo] & Hi ARg-h= T E o]

xtregarg B8t WY R} 2 FS FHekc

Panama,
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Ao A Y E= GDPE =7} AH| GDPR
o W15 LU, 714 2L veh
7|& Aol Al B 7HA] LA (proxy)
7F EE A= 2L FollA 71E Aol A 7HE
&5 Zo] Az nlSo] w3t Hapolth
(Shi 2003; Cole & Neumaver 2004; Poumanwong
& Kaneko 2010; Martinez & Maruotti 2011). ©]
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74]"‘7}5751]313 o ug F(+) 9 g2 e AL,
TAB} 0t 5 HeE 53t wAleke] A4
7h&(- )4 o BAH R fojuet A4t 2
thH 2 -] 7hdo ] J2 5= Ao weksiglr

oo =g uiger & A FF 4 =Y
& AAsH A (2)9F Lt

InFi=a + b; InMj + bz InAj + bz (InM X InA);
+ by InTi+ Y+ Ci+ e )

= impact per capita

(=I/P,I = impact, P = population),

M = urbanization rate,
= affluence, MxA = urbanizationxaffluence,

T =technology, Y = year dummy,

C = country dummy, e = error term,

i=country, t=year

4] (9)o) A EIFEIHC)E FrER 188 Zhe
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o, AFEIHY)S] A9 AR AIAE BE
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2 AT FEH Fe 1919 COz HiE3-3 AME
SI93L, SYuSRE BAS U Mo 49 A
QA4 Q1 1008 B ol4ke] Ao ARz 2l
¥%S 4kl i% Szo] B Mg AR
20054 7| PPP= 3} 3}

ik,

ol& gelste] ATFEAET A Ul Figure
13} 2},

Flgure 10 yehd 2 - 2Ee 2ol s 4

RS )R] Q018 2|22 2431 Ehrlich & Holdren

(1971)—4 [=P FR2gS 7|4t g 31a1 i}, of7]
A PSP, 2 A ATSE PR F =1/ P 7}
57, o] P} 27l 1915 B7ol vl o] @
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Independent Variables Indicators Dependent Variable Indicator
. urbanization rate
Urbanization(InM) (more than 1M, %)

Affluence(InA) GDP per capita($) .

— - - CO; emissions . .
UrbanizationxAffluence interaction effect between M (InF, F=1/P) CO: emissions per capita(ton)

(InM x InA) and A ’

Technology(InT) share of manufacturing in

GDP(%)

Figure 1. Description of the variables used in the analysis

A A (3) A (4)=2 FeT 4= Qict, IV. 24 Ay}
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Table 2. Descriptive information on the variables

Variable Mean Std Dev. Min Max Obs.

o overall 1.4467 -2.9356 3.4390 N =588

0. ("Lri‘;)s“’ns between 0.9872 1.4491 2.8914 3.4070 n=84
within 0.1205 200141 2.0430 T=7

o overall 0.6517 1.1408 43117 N =588
Urtzinn‘ﬁ;“’“ between 29717 0.6547 12009 42726 n=84
within 0.0235 2.8786 3.0660 T=7

overall 1.4927 5.5208 11.3834 N=588

Affluence(LnA) | between 8.6690 1.4848 5.7556 11.1232 n==84
within 0.2145 7.7227 9.2653 T=7

overall 8.3743 6.5936 47.0210 N =588

LnM x LnA between 26.2008 8.3832 7.3649 45.5264 n=84
within 0.7548 23.1508 28.9612 T=7

overall 0.3255 24216 43902 N =588

Te‘z}i‘;"Tl?gy between 3.4035 0.3218 25289 43588 n=284
within 0.0588 3.1440 3.6198 T=7
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Figure 2. Scatter plot: CO2 and urbanization and CO: and affluence
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Table 3. Estimation results for per capita CO- emissions models

Pooled LS Panel GLS Panel FE
Urbanization(InM) 0.8937(4.06)*** 1.7576(9.25)*** 1.8756(4.27)***
Affluence(InA) 1.0014(14.09)*** 1.0758(17.77)*** 0.5987(5.14)***
InM x InA -0.0898(-3.62)*** -0.1639(-8.09)*** -0.0857(-3.41)%**
Technology(InT) 1.3018(15.99)*** 0.6770(10.42)*** -0.0232(-0.33)
Constant -12.4266(-21.30)*** -11.5754(-20.60)*** -4.5234(-8.18)***
R’ 0.8297 0.5832
Observations 588 588 588

Notes: t-values are shown in parentheses. *** p<0.01
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