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Abstract

Introduction

Climate change caused by the accumulation of greenhouse gases has
become one of the most serious global environmental challenges.
Among greenhouse gases, carbon dioxide is the most important
pollutant generated by the production, transformation, and final
consumption of energy. In Iran, the structure of the economy is highly
dependent on fossil fuels, and energy consumption has remained
relatively high due to energy-intensive production technologies, low
energy prices, and the expansion of industrial and urban activities. As a
result, CO: emissions have increased continuously over time.

At the provincial level, emissions are not distributed uniformly.
Provinces differ substantially in terms of population density, industrial
structure, income level, climatic conditions, and patterns of energy
consumption. Moreover, environmental phenomena are not necessarily
confined within administrative boundaries. Geographical proximity and
interregional interactions may generate spatial spillovers, meaning that
the emissions or energy-related characteristics of one province can
affect emissions in neighboring provinces. Ignoring such spatial
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dependence may lead to biased or inconsistent estimates and,
consequently, misleading policy implications.

Previous domestic studies on the determinants of CO2 emissions in
Iran have mainly focused on economic and social variables without
explicitly accounting for spatial interactions among provinces. This
study extends the existing literature by incorporating spatial
dependence in provincial CO: emissions and by estimating both direct
and indirect effects of explanatory variables.

Objective

The main objective of this study is to identify and estimate the
determinants of CO: emissions across Iranian provinces while
explicitly accounting for spatial spillover effects. More specifically, the
study aims to examine the effects of provincial per capita income,
energy prices, industrialization, population density, and hot and cold
temperature indices on the density of CO2 emissions.

A further objective is to determine whether CO: emissions in one
province are affected by emissions and explanatory variables in
neighboring provinces. By distinguishing between direct, indirect, and
total effects, the study seeks to provide a more accurate understanding
of how economic, demographic, industrial, and energy-price variables
influence provincial emissions. This distinction is particularly
important for environmental policymaking, because policies
implemented in one province may generate external effects in adjacent
provinces.

Research Method
The study uses provincial panel data for 28 Iranian provinces over the
period 2004—-2011. Since official data on provincial CO2 emissions are
not directly available, CO. emissions are estimated using provincial
energy consumption data and standard emission coefficients for
different energy carriers. These emissions are then divided by the area
of each province to obtain CO: emission density, which is used as the
dependent variable.

The explanatory variables include provincial per capita gross
regional product, energy price, industrialization rate, population
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density, hot temperature index, and cold temperature index. The energy
price variable is calculated as a weighted average of the prices of
different energy carriers consumed in each province. The
industrialization variable is measured as the share of industrial value
added in provincial gross domestic product. Population density is
calculated as the ratio of provincial population to provincial area. The
hot and cold temperature indices are constructed based on deviations
from desirable seasonal temperature levels.

Methodologically, the study applies spatial panel econometric
techniques. First, Moran’s 1 statistic is used to test for spatial
dependence in CO2 emission density across provinces. The positive and
statistically significant Moran’s I statistic confirms the presence of
spatial dependence. Then, the Spatial Durbin Model is estimated,
because this model allows spatial dependence both in the dependent
variable and in the explanatory variables. Wald tests are used to
examine whether the Spatial Durbin Model can be simplified into a
Spatial Autoregressive Model or a Spatial Error Model. The test results
reject both restrictions, indicating that the Spatial Durbin Model is the
appropriate specification. Finally, the spatial Hausman test supports the
use of fixed effects. Therefore, the final model is estimated as a Spatial
Durbin Model with spatial fixed effects.

Results and Discussion
The empirical results confirm the existence of statistically significant
spatial spillovers in provincial CO: emissions. The estimated spatial
autoregressive coefficient is positive and significant, indicating that
CO: emission density in each province is affected by emission density
in neighboring provinces. This finding suggests that environmental
pollution in Iran has an important spatial dimension and that provincial
emissions cannot be analyzed independently of neighboring regions.
The estimated direct effects show that provincial per capita income
has a positive and significant effect on CO: emissions. A one percent
increase in per capita income increases CO: emission density by
approximately 0.29 percent. This result is consistent with the view that,
at the observed income levels, higher income is associated with higher
production, greater energy demand, and consequently higher emissions.
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Energy price has a negative and statistically significant direct effect
on CO: emissions. A one percent increase in energy prices reduces CO2
emission density by approximately 0.70 percent. This result indicates
that energy pricing policies can play an important role in reducing
emissions. In the Iranian context, where energy prices have historically
been low and subsidized, the finding suggests that energy price reform
may contribute not only to improving energy efficiency but also to
reducing environmental pollution.

The industrialization rate also has a positive and significant effect
on provincial CO: emissions. A higher share of industry in provincial
production increases energy demand and, consequently, CO2 emissions.
This result reflects the energy-intensive nature of industrial activity in
Iran. However, it does not imply that reducing industrial activity is a
desirable policy. Rather, it highlights the need for cleaner technologies,
improved energy efficiency, modernization of industrial equipment,
and greater use of low-carbon energy sources.

Population density has the largest positive direct effect among the
explanatory variables. The results show that higher population density
significantly increases CO: emission density. This finding is consistent
with the concentration of energy consumption, transportation demand,
residential fuel use, and economic activity in densely populated
provinces and metropolitan areas.

The hot and cold temperature indices are not statistically significant
in the estimated model. This suggests that, within the data and
specification used in this study, climatic temperature variations do not
have a robust measurable effect on provincial CO: emission density.

The decomposition of effects into direct, indirect, and total effects
provides further insight. The indirect effect of energy price is
statistically significant, implying that changes in energy prices in
neighboring provinces can affect CO2 emissions in a given province.
This confirms the importance of spatial spillovers and shows that
energy and environmental policies may have cross-provincial
implications. By contrast, the indirect effects of industrialization and
population density are not statistically significant, suggesting that their
effects are mainly concentrated within the province itself.
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Conclusion
This study investigated the determinants of CO: emissions across
Iranian provinces using a spatial panel econometric approach. The
findings show that provincial CO: emissions are spatially dependent
and that ignoring spatial spillovers may lead to incomplete or
misleading conclusions. The results indicate that per capita income,
industrialization, and population density increase CO2 emission density,
while higher energy prices reduce emissions. In addition, the significant
spatial spillover effect confirms that environmental pollution in one
province is related to conditions in neighboring provinces.

The policy implication is that environmental and energy policies in
Iran should not be designed solely at the level of isolated provinces.
Since emissions and some policy variables generate spatial effects,
coordinated regional and national policies are required. Energy price
reform can be an effective tool for reducing CO: emissions, but it
should be accompanied by complementary measures such as improving
industrial energy efficiency, modernizing production technologies,
promoting cleaner energy sources, and taking into account the
socioeconomic differences among provinces. Overall, the results
emphasize the need for spatially informed environmental policymaking
in Iran.

Keywords: Spatial econometrics, Spatial Durbin Model, provincial
energy consumption, spatial spillover, carbon dioxide.

JEL Classification: C21, Q54, R12



@ ,},41‘.2.;

VWAR/ P/ VA 18l 55 e 56

WAGNY/YE s S5k g

d ot

B3

AARA7ANVAR

ISSN:YOYA-FVA Y

elSSN: YarA-FATX

vyi-¥1 Q‘#&&-\é NEeg ﬁ‘i A\" D)LQ-\: cr—"b:.j: JL«

eenr.atu.ac.ir
DOI: 10.22054/eenr.2021.52885.143

35509 1998 SBOLW! (y 5 Mus 163 LI p Y30 Jolge

b mawaladl
. . - . . A ae T s e e3 é o s
ulx\‘ulﬁ LSX.JMLﬁ&Aﬁ}i.ﬁu:’J)‘l waf‘ém“’ﬁ; @W‘°A?°’
. kg - . s 5 & . T < ) o ¢ -
d\_).:\“)‘_).e.t dﬁJ“L'ﬁgf@ﬁ.:‘i.ﬁuzJ)”l JLC—W_,.AGL&JB\@); * L;1\.\3‘5.,\,,6,‘;
u‘LAJ}{ 9 L};J}AT JL; :\.......u}a cg&}\—é:[«aﬁ\ le.dsr;’_m“_.u sga
o ke (7l Lol
UI_/..L| ‘ul_/..g_'v' L§)€.JMUﬂ
oS>

.

Olpl 53 ol ladle (b el (6531 o pan 51 3 o, 2aa 58 o Sodas oS o S uuS g Ll

L3 e g (ol (galadl Jal s o) 54 o sls Aad g cpl 3 el 4IS (63 g0 Ly,
&;;J?JL;,;wum@\);ﬁw}@j&u&;.‘.,_,w;,g),:s6uobtJ;=&UTd_1)mtﬂ;y
o ize 1S Sls 55 5558 Okl Olo 53 02 S S 163 b UT 15 o gLh Jalod 55
dalowa |y 538 Calitne (slaolanl 53 COZ 58 L o Ikl canllla ol 3 ¢ shtn oty ol Ja
Slsn o 5 S (S5 Odb gxio 5 ¢ Gliol 6l LT3 08 S sy 4y s 5 03500
o sy andlle s amls y sLdb 53 duke Sl eslizal L 5387 (slaokwl 533w 50 5
(bl &l LTy s sl 355 5 LB 1) 55387 SLaOkwl Ola 3 o S AnSTiss ot UT oL
ORI L e e OLES ol ¢ roman a3 s OLE 1) CO2 HLESI b Camaz (S5 5 Ol sixis 5
o3l oddS b o 2alS )i ladliwl 53 oSS e sl mha (655 gla ol Cad
(ole2d s Sl (655 O e ol 93 Jde ( oload e sl 2l

S HeeSls

C21, Q54, R12 :JEL guaib

m.fadaee @imps.acC.ir :J s otiws 5 *


file:///C:/Users/PC/Downloads/محیط%20زیست%20و%20منابع%20طبیعی/eenr.atu.ac.ir
https://doi.org/10.22054/eenr.2021.52885.143
https://orcid.org/0000-0001-9804-7787
https://orcid.org/0000-0002-4400-4009
https://orcid.org/0000-0002-5054-7317

VEF Sl | VW ol | iy Jlo | (b lis 5 o § Jams 3Ll aslikiad | Y

FVRVISR
Sl Sl ol ans x5 IS b8 (il 5l 56 ol e s T Ol s
G6S a3l nl 5l s Jale RS e 55 S Sl 58 Ll el o
S S I3 HLasl € 0Ll 3 ) el (b eitdplonil Slsloms ol 2 oo
e )5 48 2 6l F AR AN Jew 55 & 8 sl 05 F5) ) (=l 31 sl b
sl oslizal 5 Jits (5 51 o3 55 Lasl ol plael idu Vol 4l 215311 FAA
el S 5 il i dsle 1) Sl blies vt 2 Ly e 3 b 4 45 Sl (6551
B e e

o S5 e e M5 5kl 5 Ol 3Ll 03 ) e wlie (S5
Sy 4 55 Lgy 53 5 3 UL o 53 (6550 sl Jalo 51 5 e o7 ol o
la 5287 i ar 508 ans 53 b 45 das o OLES 5 g0 Slellbl 5 LT sl azils
ol Calizee Lol Gy b1y 6551 A b s e 0 S A4S0 5Lisl Jials
AL K T 5 obssl slay i LBl 53 o UT pl HLisil 5 eslsyl 5 Coda
il 300 sl 5 o ST AS g HLisl &l w0595 ol b aS Sl ys (il 0di 4l g0
Oler Camezr o3 1,) 31 2SOl o8 o 53 Y018 Lo s cJled] et (ol 4l
ALY Tl s axils s o S S I3 5Ll 51 5o )3 1,8 g co3 ol
,Lg;)g;_wm_.:l;u,}_.isvwop,:l,&;.\:_wf\@)l_;w\.x_:u)'cf'h_w;:n
S (651 sls Jul> J,@Achwj\;iuyiig‘ﬂ)uﬁ\da.n&l“.(T'WHOb&w
o)l gan os Lol oS Lol (6551 51 (6,13 00 2 SIS (65 51 (36 K306 5
Rl i eh 5 S il ST Dkl a5 Laey UT Lasl izl dals
Ll F e G55 B O350l (ST Jale LS 5o axio Sla it Al (Cmer
Lyl g e bl (So T s o a il s So T s, 8 56 Lelse
(.A;m;wu}@&gﬁw,Q,,@«@twuﬁuzfqﬁu@ym{u
e Loy 5 5 @i g odd LOT w oLdb Lo Eob Ll 5 o0
1 Crippa et al.




£ 0K 5 Glgho! | oy 35S Bkl o S w6 HLES) 5 5 5o Jal s

s i3 b 1) Calibes bl

DLzl e Jolse g p 80553 iy Olellan e 5 L anlllas ol 53 950515
6‘5—;:‘)3géu\iu\q-C)L’Jua.é‘j‘éﬁ?c*bﬁ)‘)@‘)}.&féhdb\)}ﬁj}ﬂr
)‘@U&L«bﬁ)ﬂ&‘j“ﬁ.}-‘)ﬂﬁ‘?dT@éMh))ij(bﬁ‘h)}.&;
\)QL’L«&\oj_&'&.aJ;A:_«S\LSJdbuju-‘-fg%)aawwbﬁbudb\&))w
b

e 5 (el gy (Bome e M5 w5 S Sle 25w ) g aalsl 5o
e Joaias anlllas oyl 55 eslinwls ) ge Glaesls OT 5l s s 5 V':A‘? SR
C‘fr.'.'_..u‘a &5;3)3 aosls k)'-{‘).‘ aJL&_wlLfdu\.ﬁ ))}Tﬂ C','b OT}‘M)J_&M‘?

-wbyw‘d;.f@)é%@?@}é?&e-“*ﬁ‘?

PRI ey, 5 5 Sle Y
6 ke (Ll
Sladlae 5055 03 28 s Olgm 3 ¢ Jolse s 6o b 31 CO2 Ll fiUs aslllas
a.u(.\?;;\upuGt_.p;‘_;slﬂa:é\‘_;uu:sg)&”_:sdﬁ‘d,}_:scb);‘_;;m
by oslasl 5 ela! Jolse plaw 5 eslasl dsy daly Sllas 51 & Cul
jJj_mﬁbo-‘-ob;ﬁbjéjjls:ﬁ%;};%?ﬁcﬁ‘ob;w)ﬁ\ﬁ;b)"-
@B 1250 3 Bos (F iy Blos S gy S ITOT w5 5 6551 3080
Laods UT [lisl s bl S Julw 1 s jlew tastls  alins ol ooy p 4
Al § L s,
Jﬁ\,;g._,ﬂ\puL;mwdu;@,u;nuqu?,;,;e&ﬁ,uuﬁélﬂ
S a3 50 Ol 3 e B LU 33 8 sy OT oS s
BEY TIPS r\.@‘ub:xadmij el UT HLasl ials” 5 Jz8” bl 53 Olgy Julss

5 &5 G el Cad i S ey a0 ge (3Ll Slusl e canfllas -yl



VEE Sl | VY oyl | oty | (oan lin 5 G 3 Jauona Sl aslidiad | £

S STl 63 SLaml Ol e Oliwl o addil 5 elasl goloasl gla S5y 35U 50
S O e (L 53l s 558 SOkl mha 53 (551 5 e I (5L
ool Slallae plal 5 ol o S0 S i ST i jLasl gline 4 65!
4 Ol s WOkl o 55 CO2 5Ll 5 (655 sy e 5 350 olge iy
B S5 e g f e Jolgo e S (S 205 it (AT n aelsl s o
5 85 Cad b0 (6551 O e 51 M5 GLoWE Wb G wilsys ol (655
S5 GLoB (6551 L (2l AL g sla Sl Lol 056 5 Ly o g sl g T s
G Gl Sl F oS o luTSll 28l o S STl 6s HLaDH Ol e ety
Sl odiyls Glie FauUT Oljoe s ol ol 5 sl S0uSS b o il 015l
DS Ol5en 53 i o 551 JST SLBWE 53 o sl ol s ol (o ad
551 O e b aT s sl Sy Lol b ¢ oman s al 5 35 CO2
b il 53l dilae ¢S5 (65 51 OB S o ez 4l s T 53 O s dr o e )3 ol
S3apiladl b a5 (s JT Lzl Lalae 5 6550 O e 355 00 s
i Sl (sl ) g e T 53 UL o 3 i3S gomite b
5o 5 3 609 kS e 5 0 T3 UL Sl pslia |5 8
O 03 s 35— S5 Sose e 5 2O SRIP s s (6551 oS s e
s shasl acals BT Lasl 2als , cute 51 Wls o aT s tal il asl 5
O nis pela cd 3l SIS 1 S JT 5Ll 5 (550 ey Ll 50 7 also
ar ,a g Sl (6551 O3 e DUl 5 s Il L i (dd 3 ol Ol
Al e oy bl bl |y adlate LAl g Gl 515 5SS 5 i S !
sl 505 Gl ol o g dal s UL Ol adlats OT 53 (e (6351 ok 5
2l e bl Ao Juims les o3l 51 aST slajey sa Ol a ys Jw
S il 5 (iale 8 Ol S5 003l Sge S IT HLasl 5 (5550 O
in (6551 3 e a3 iy o e3lit ol Laes 035 S 5 p 8 it



FO | 01y Ken 5 Glgho! | oy i8S GaBLl o S uenSI0 HLED) 5 5 5o Jalse

Sdaoli ST S 58 Eel Ll 5 o | gp 50T Dbl g a5 LleslsOlis 5o s la oy
P Caraz oS5 Olpe das 13 Sbas 1, CO2 Hlssl g 5pd (6551 sLolis o
L5 o i Slalllas 1 S b ilae 5 Okl Camwg 4 Carasr Cmed 2 (Ol
e o2 0l 51 AU (8351 O e Dl T B 3 0 Dbl (6551 5 e
2 addlas p) )3 4T (IS5 o e Lol 6 il 5 ST S Ies HLASI Ol i
5 S sbes ol Laglil (S JT HLesl ) p Okl Kloes 56 r2ols 4SBT
5ol LOT f oladd gl ,w s K6 Jolws & sgw ol bl o Slan
P8 iy das o)l 3 B 1y Ghle el S Slaodsdy 55 4 g

Al (58 sl sl 5 LB LG =8 50 5 N5 e S Sllelas

SR e (@
S 4S5 58 Ul fse Jalse () Ogal s s 3 (s3ate Slalllas 08T
Sl o 5 65558 (55 558 o 5> Slalllae g4 sl 0ol
St s gble fw S Joles 1 a8 Sladlas bl (il os g 55 5 5i8 &K (galaibl
335 sm A acollst by aalsl 53 i 5L Ol Al 4 8 a5 55 1 ey UT
|y Cales bl 55 Jaome s 5 loodu UT Sl 5 S50 ol j14S Slalllas
Lo gos Llod 551y Jemalws j Ollalas &S Slalas ioman 9 Ales gl )
3 8 o e

Seslinul 5 1pn OT ¢35 68 Dol cdaTys 1 (s p g (Y200) gl
5588 CILIFA 531848 5145 ladle b o SacuSTles 58 jlasl , oKewdle
e Sl esliial 55, 50,8 SlsasT & Cl 48 3 a5 a5 S T
5,13 CO2 HLasl b canitns dbal

L;u;tf)t_mw\c;aéjjs\gﬂmgu,;,;wu.'(x..q);,b&@j&;

\ Aldy
y Lin and et al



VEOF ol [ VY ol | ey b | (greb wlis 5 o § Jams Sluaidl aslilad | £5

e o - FP P PRI SO R
lasls Jaoee s 5 el UT Lzl 5 (65 51 s 5 OAd sxs e
gl e e OTl ey 5 56 0 5655 Comar o8 s 0 DL s
AR 25 BU S e 65 DA 5 8l s el 5 O e
IS o 5 e LS

S5 s 3T o pa o 4 (YY) (55l 5 sl 25k
2l el w5153 VAVD Y00 Slej ey 03 (o canw il 55 (slay iS55 CO2
b glaysiS 55 31 pl bl 63,3 CO2 38 Ws UL 5T i g 5 & eslsplss
J.":'\4:5\.3'4:_.»}5}“»5)AAT)JV_{‘_;La)j_ﬁ.f):}abﬁQ)&hcql&AJ_AT)JCE_w
el AZE]S (6 s

Dl 5 (6331 O e ¢t adly Jdo 0 T(YNY) 5 0
..\.:.i;l:)'\ éb— @L"..S ozl p YerQ-1440 6595 53 e Ol YA s o 0.3;..\.:...5\‘_;:
Wl 1 S S5 I 5 55 (i gl dor 5 BB g Lote ) g eSS

Sl (galaml uiy (65 51 a1y CO2 il o alal (Y1) s
Yo V=NAYY Jl Sl sl s 52878 Ll slaests (sl i b 5 5 5 31T
Ja{\j)l.a\53)\.\5aﬁ)Laﬁé:.owd;.\.a.\;lfqb.bM:wougw.w\obﬁa‘,ﬁjT
0 3l s, CO2 izl 4 53T Syl 5 (g3lambl diy 5l Sodeoli 57 4 LSS
3135 g 3T Sl 4 i b 1 s (galal iy 4 35T Sl (65 51 3 e

o cs3lamdl mlaw (o o 51 alse s T 0, 5
Sl a3 5 (6551 2 e sl L (O g e ¢ 2 b e (550
T e T Ll T ol 4 0T Lzt 5 €O, il oy )L

y Martinez-Zarzoso, Maruotti
vy Dai and Liu

v Hossain

£ Wang et al



Y] 0K 5 Glgho! | oy 35S Bl o S a8 HLES) 5 5 5o Jal s

S8 A5 53 Sl el Wl o Db o a5 & T3 (S g
I Dl 453 5 (5551 O e el (655 e cJl a1l 03 5 IS
sh e (IS a3 g JralS 4 Wil e

5 ol Jalse Slulid 4 (1Y) W 5 2aS 5 W o o1y Slalllas 55
VWAYAYAS Slojoyss b 5 siS (laObul 53 o) laes ST 5 30 ol
(S 5 Camanr Oljen (s &l AaT 53 (65 51 S (G ol )3 s
wlih 5 Jame S5 IT 8 5T olanrl 5 3Ll Jalge o foge O o
RS

‘5%},)_“,6;&,.Quﬁw;t,\_.:a)t_muouojfungmﬂtu);
Sl s S taiys baS 3 5d e o)Ll Slallas 4 canlsl 3.5 g 0t 4 S L ys oLudd
Jolse (s gt aliiee L1 e GbLa Ol Lo UT 55 e 5 o ldd DLl
15 Obe ol Gla s oy s amea e 5 slaedu UT HLisl 5138 5T
Llastls y Calisee

28 s b1y (ST lasl 5 galaml iy o alal, (YY) 0L 5 &5
o i S ealial b Gblin s (L) IS Joles 5 allaie o (sla S b
S Sals 7 oLuab aidg i o ldd  SKiwals o e LOT 65 g anlllae Lo2b
Sl e o S Sy o 5Ldb 4y Joe 60l a5l ite o Lo
) g on G (Sols ol alast o8 Jubo 5 Col b 5 (sl iie ot 4l
slie 3,8 i a1y S Sals 45T e Jhe b g 03 503 oy p 355 andllaa s
355 Je adnd 53 (gL O £ 1 Joke ) Calinn (sl 3o 3T plonil 31 s i3S

©olaml St 5w yls gxe el (6lT L 5148 Wiy doe ol 4 5 03 gad 05zl

0558 53 S A8l Sty S3e elam 5 s3laal ol e oy 1 b LI 53 55 6 803 Slalllas 1)
5 smdy 5 OYAQ) i 5 (gloj 5 ((VFAR) O 5 (655 131 dile LOT 51 (& S Cwl o plol

0¥a9) oK
Y Burnett et al



VEF 5l | VW ol | iy Jlo | (b lis 5 o § Jame sLaBl dslikiad | FA

3133 g Ll mbaw 55 Cad (G2 i) e
okl 55 COz Ll S bl ) 5 op e (YVF) O 5 415
L5 ged 03l Cob Sl ST o bl e 51 LaOT cdzstls YoV Y44 Jw i
Sdudf}.&.\;}uupu@bj&bo)ja@MQWW.\S:}&}W
Sl el BNt b 55 das gyl 3 5B Ol ey &S5 s 1y Ol
s 5 gis S UL dslas s (Olew! Olaws gz ASl) 3 34 amie Ol S Ol ge s
33C02 55w oS wzsls |y lesl opl OKan 5 515 A dal s S e Hlas e
58 g Sl oyl (S35 O e S oSl Bl ol BT 5 5 Lkl pela e
53503355 5551 S e oy GISe (S uly o s S JULl 55b iyl e
0238 o p 3Ll Jool b sadn 4 5551 3 e S 55 0kl Uud 51 o5
bl B3l 1) SoaSs ity on & S0 55 oLl aor Cals Bl ailate 53 o
BRI P O N ARG || P O CHOU | BT [ I
S35 Sl G i e 2013 g e Ol )3 2y e S S Ol
S Sl Saly ol A 53 5 Sl g Dol el 53 ol a8 5 it e
0L il y3 1y oldd Sl 31 aS Ws ST 5,57 5 slds Jue o obl laesls L,
5 AU CO Hlasl oUsd  Sen MOTan's 1 Lostls b 5 il 457 o J 257 0K
Jobe 5l Caliien (glals go T plasil b 5 L3 87 dlons |y i ol 55 (6551 O e
S Ly a4 algi s 8 ealin il 5 2 I 55T sl (gL 90
385 A O sl b Cole dlaly 5 42l GDP &l o by s byl , CO2 L)
35105 CO2 ezt 6,35 (6531 Cood ulgins 5 3505 Jiis o
Sl 3103 S bl 5 olad amiwslasl gla i, 3l 5,8 0,0 b ol anlas o
Jolse b s e sy Slallas ) 5287 la0kial 53 o S unSTlgs HLasl ol 5, 1w

S s 3 s D1 5 0313t 1) 55587 S 0lwl CO2 HLt5l 5

\ Zhao et al (2014)
Y Economic Distance



FR] 01)Ken 5 Glgho! | oy 558 Bl o S unSI6 HLED) 5 5 5o Jal g8
(".‘:'.L""g;‘C‘J":‘“°M@JML5MJ"”)"4§L5“L“;’JJJLB"..J]’)H);S’.L‘”

R Jae \wwuﬁ»}J Y

ity candllan ) 53 Jaome s (slaoduUT Ll S3e Jolse anlllan g
lis yssls Viﬁl;ﬁ-)l}ﬂv\.‘\)”—i{;ﬂ:&ufljs&ﬁuau\.:iUT)L:dl&\_é.é
S (Kaols glyls LT 5 515 0l 5 Cunbse s Slaline 31 5 ¢ A3l
et 4555 oo okl oL (glaesls (lalive 4,8 ottt andllans ) go LS >
oslizul b8 LaOT Lot 61 (OWT gl slaBas claosls (Sicon dalsas 5 g
Sty 358 Blod LOT o 53 Waesls  Soan sl (6 g & Sl 25U 5 0345
4 g3l Slallae 3 olad awwslasdl CIB 55 oLuas gbaosls ol b Lo e g LT
S aie S0 b olad atwalamsl (Y VP ol L)L yd o 4 S L8
Caleen Bl 5> Olalicn oy 5Ldd (Saealy (L1233 ,8 o 51loze oo szl
Jde sl byl b Laulsy 51 56 olad Slueal (o

=

Glg.a e Slyls laesls 53 a8 Cul (glods ¢ olad Sl ali e

nl bl s s g s T Bl Joue 65 4 by po (slodalitin By ) sboar s e 65,
ki Bl e SKoaaly Sl al g O 55 S5 Sldalie 4 ol
) oS S st |y i 3 MR Kl T by das - edal e
53 oddodal e slie 4 Ladd ) dais ¢S s oddodaline (5145 gai (slaosls 39,50
Sldalive o Jaulgy 55 Col ol 4y 0,lal G o Udd  Sluenl il als s OIS
AV VP sell o sls Wad oLl aer (SO mlaw 5
S Slaaiz s 4 Ll G a5 (Sl s () Sl Sy
o sl Hlal s Slelbl & 33 E P s ol el gl osls y Dlualia
edalive 2 dbolb 015 o bl nl 65 Sl GWlom (20 5 b Cond o (S Ub

Wl okl tal (Y V) oy gl 51 Bk 2 ol ol o5 e 53 0ek20Ly s )
2 Paul Elhorst



VEE Sl | VY oyl | oy | oanb alin 5 o3 Jaoma Sl aslidiad | 8¢

V.aA{SL;\AA\_imccﬁ\ﬁt{b}».ixz_w\:udjffliC,{U”Q\J._A\_J:..u\_ZC,.._“Jl)
UL ldd (Kol oS St il i 5555 o 51 S G OT & Lo L 3055
):wﬁdd.:é}»a.l;fng‘mf@léw}ﬁ))jlqucu}bwglrjsch.ul{
b sl (6, sadoly 4 o codtal e (glailate Ay S (gLuab
Lt O yglome b SO Lnes alasly shyls 457 gladoly oloas Sowly 3 8 Jaiys
UL olas Koals a3 b it s wlwan S Sladols b b Jous & s
L&OTL}LJSWSbjlbbﬁjdjwﬁdu‘}))&wd))j\?uMé‘ﬁ.“bdl—iﬁ
b Spgloes e S S slome ABle ) Sy plome ! Jas slome 1) A5
a5 b laba) onl 51 a TaSle & slomn 574 b gs Aile 5 ol Tad b s
S s o b 3l e (sl Jaula) i dial i OBl ey 23 g0 Al Coale
4 ol il GbLe Ols () slaes Llgy Cypls edlins 0L 45T e e e
Wl L2 (ahs) e g Lad Opglon ty by e Ko il o sgde S5
4;51.5Juéﬁblé@\@b}éhéﬂMJ>@QJM\@@$wdhft
drs (slyls Wosls a7 Sladllas 5 .ol Lias Jsb s Jlasl poee 4 ol J.::-LT WOb;
Mlé.b-l,&Q&S@!@\Mm@g&wﬁstw@cmg&
Cgr,ler b3 53 Ll 5 o ol (ladsy a5 it s ode i OIS &S5 51 5590
S & by o OB Las 40 gomn b L3I 53 (2Lds b sl L5 (5,8 5101
dlens Sltalie G55 o Kbe sl 1y (pLdb b Jus o ggde cal 53l o5
y Linear Contiguity

¥ Rook Contiguity

v Bishop Contiguity

¥ Double Linear Contiguity

» Double Rook Contiguity
% Queen Contiguity



BV | 01, Ken 5 Glgho! | oy i8B! o S uenS I JLES 5 5 5o Jal g8

25 b5 Sl e o S Saly oa gL ladile IS Sl o
o o Oller o GG (Sl cmen 5 ls sl e oy SIS (Sl
Sy o3l (65 5,5, Gl 4 (odaze 510 53 Ll g o SIS I pln g b oo

310l (V) alaly Sy g 0155 oo 15 T(GNS) olas IS Je o
Y=ay+pWY+ XL+ WXy +u )
u=AMu+e

SLSe Combgn s NXN e 8 S35 w ile Wocan sl jize NX1 415, Y
S5 K pIY ol ers 5 o piie NXK s 5L X 5 ke 5 _alaite Soltalie
Slodasolots s AW ol ¥ g e Sl Sl 31 KL XY 57 Jss Sllelas
ijsoujvﬁgjygguﬁwdl(awS@Jy,:.c,_.ﬂl"wgu‘qwguﬁw
(SDM)” oLz o955 508 5 Jde a0 IS Jue ol e 5l 4z 815 552
ey 531) 355 oo 03w (SEM)* oL sllos Jde 5 (SAR) Y oLuib 4o £, 5
o pp 3 Sl ainly (sla e b oL Sl oLdb ys3 Jike 3 (Y0OF
Sl e ey o SIS (Kol (pLdd 5§ 51 ke 53 okinsm s 5 (sl ke
(315 350 g ot Sl S Kty 55 oldd sl Jde 3 ol 4l
oloee aibae sl i salie &S o5 5l aibate S5 3 edis sdalie oS 48 s len

(NP5l ol @ & 5T

Loayls s sy Solime slalseT (solamsl (gla e lis ;wl)&xx”)}bc\{

v Elhorst (2014) and Li, Yu (2010)

¥ General nesting spatial model

v Endogenous interaction effect

£ Exogenous interaction effects

o Interaction effect among error terms
% Spatial Durbin Model

v Spatial Autoregressive Model

A Spatial Error Model



VEF Sl | VW ol | niy Jlo | (b lis 5 o § Jamo SLaidl aslikiad | B

(1) ol JSo w0 ozt ls ol oS o o0lized "(MD) (g5 50 s L 5l andllas ol 55

:J}fu@ wbu
' _ ZiZjwijvi—-y) (V=)
Moran's] = Tox Wiy 57 ™)
1 _
s? = ;Z(}’i -y)
_ 1
y=-20)

St L (Sals oina0lis il Ste S5 550 0 i [V0] el )
230 (S oL 3 i ldie s oo 0LE |y SAST], dil i S
Ll glad
Aﬁ‘uu,_@ij\,;ﬁ,fu@&jwbwo,ﬁﬂ(\e;lj\m
bl 53T ol j‘uﬁgﬁa—w‘gﬁw“fﬁﬁf@ S aly gldd s Jde o5
o a b p Bl ssmeslw glss Kos gladus 4oy s 0l LR L YUl
s;Hoty+pB =0 51555 w05l SAR Jus 4 SDM Juts it 3, Hpry = 0
J) S (or o3Lizl SDM Juts 51 ast 33 55 51 SEM Juse oz
Y VP 5l
ol wl 5 (F) alaly IS IS i b oLodd s Jibe &5 5l canlas oyl 4o
P
N N
Vit = PZ Wij Yje + Xt +Z Wij Xje ¥ + 1 + 8 + e ()
j=1 j=1
PZ]N=1 Wij Vit 3 el 55 S e o SIS P ZjN=1 wij Xje Y (F) aly s
b ol 318, )@&ﬁquu;irﬁui.M:wgwbw\}‘suﬁawgﬁ;ﬁb
4 a3 o 0L 1y Gl (86 S pglme W (555 oo jlo i o b 55 15 Slo
y Morans'l

Yy Wald Test
v Likelihood Ratio



oY | 01, Ken 5 Glgho! | oy 5iS” aBL o S a8 HLES) 5 5 5o Jal g6

S S psba dsdl i 25 K8 @ 5 e D) pon Sl pl 4l (i
335 plp e p ez o il s5ledle

WN = —Wij” (‘c)

a.udeju.la\))ulj@cszuﬁmwﬁjWQ\;\&oupm

9E(y41) 9E(y1)

X1k 09Xk Br o Wanvk
N N e I ®)

9E(yn) IE(y1n) WyiVk B

00Xk ' 0XNK

SN polie a5 dns oo OLES |y ditane DI Jiol o (555 molie o 5o ol 5o
s 1y s Sllas o Kol O SDM Jube 53 a3 o DL 1y e b
b e o VSIS sl ay das o e 1) e DI LD B ol S
YV 5dl B)3 55 o a8 8 15 53 wlaen bl (3,
Coosd (il daT 53 3T o s dsad aadllan oyl 3 cdd Ol 3 o 4 6 S 0len
I 1 slme L;b&b\COzjlf)l_xsluﬂig-)Qva\j dsa slos (65
o L ] ) st by s 13 ) 230 50 Ol o o S nSTIis 56 Lt
215 S bl o ol 53 58 1 el Ol e o7 o S A4S T63 58 sLesl J&s
il A 51 ey edsh Al e 53 1087 o deslona Ol (6551 3 e ol
alos () alasly 511, CO2 o UT Sl Oljms (5551 ol o' S 0T S il
e s
COy¢ = angas * NGAS, + aygas ¥ LGAS + aperror * Petrol, %)
+Qpetror * Kerosy + Qgasoir * Gasoily + aygzye * Mazut,
Gl slos Kle (651 Cand cOliwl (63Lasl Ay g &l aT 3 Jolse 1 s

5458 o Oly (S5 J g b (5o pl 3l ge 059 dmly & (S3 T 055 b 1) e Sledbd 5 (So T e
iy £ o sl s 0T o



VEE Sl | VY oyl | oy | amb salin 5 G 3 Jaoma LBl aslibuad | 0F

DL ol g0 5 Camaz (0S5 Ol O g el (Ol Oline ) 5 Oliss

""’J?Ls‘ aadlles ;J‘AT
23303 b me (V) Sy geot |y e Ol o e e 3 oLid HUT o5 8 baiys 05
LnCO2D;; = B1LnP; + B,LnPOPD;, + B3LnPCGRP;; W)

+ BaLnIND;, + BsTCiy + BeTHyr + p; + 8¢ + uze
S8 ol Sl Ol e s 3148 ol bl 2 55 CO2 L] J&s CO2D;; 0T 53 8
POPD;; «Oliwl 12 53 (5551 Cuasd Py o355 o0 Jmeol Oliasl Cm s Ol s
3! ) O x5 INDje cOliasl & W T,5 PCGRP; «Cwrax v_(\;
sl e Li oa THip 5 TCip 5 (Obul ja Jotls [all b dd 5 5l Cao (25w 039530
Azn 08 53 (slsn (slos
W3 bl e e 5 ey p 4 clmosls (e Sl canlllan ol aalsl
et 5 e Ol SIS (Slg 3 s s 81 Il by 55 ) skt o
op 4 0SS (Saals 35 s D 53 ¢ S 0 03lil (ST 5 50
S sy 3 esliwl LSEM 3SAR joslw cladds 4 SDM Ju oL |5 oISl
55 kb Ja 55 Balai b ol S (8 8 e 5 5m 53 015 0 0B B e

b}.».- ol &LA} ua.wl.h Q}A)T)‘ d‘}f@

bl Slelbl 5 Wesls £
WA AYAY Gladlow (b Ol 1 Lokl plas cllin opl 55 andllans s 3o (5l wnsl-
A 4 Lokl 1 (S 5ol S1ui s (6 58S SlowedS 0593 ol (b 5. dites
5 o (535 DLl Dbl i 0 WA Jlo 55 Ol 5 Ol Lol s Ol
S (6551 a3l 5 s da 4 VAP Lo Sl okl ol Slelbl bl ws oSS 5

sk (g p il LS \.Aq-rA)" 0585 ol sl 35 55 0l 9 5,3 (opoman -"\ij

wrhﬁg:@@):g&;ilw.wluﬁau;ga,,;qf.bﬁ,awuualrk?alélﬂw}“;);L;uml; \
gy el L LB 635 gl 53 Consd i 1 ok 5 035 slgl 3 (63,1 Sla ale Cond



80 | 81y Ken 5 Glgho! | oy i8S BB o S unSI6 HLED) 5 5 5o Jal g6

w5 8 by odits ¢SS 1y aokwl ol oy 93 Jsb )3 LOLwl des glaosls 3 oslicnl
Sl glresls ¢ yoes Sy —ed LD g el r.;_mfu" aS (gloy9s 4oy Lol laosls 9
JUw A Jsb 5 5 Olwl YA Slelbl b (65T ansl ¢ pl sl eﬁiafﬁﬁ S

igﬂ\ o .)li

535S aOkul 53 op S anSTgs HLaml (S
Sl s 53 5558 SOkl 53 Jaea s 5 (slaedsUT jLisl a4 b g e (slaesls
daly b 5 (YVF) 0L 5 515 5 (Y1) 0L 5 &5 Sldlas dsban ¢l
o3l ¢l g5 S o ool 0SS5 HLal anloms (gl o B ESG S (Y)
ALl s (6,8 S a5 Okl a3 (6531 Uil (sl Jalo 5 n2e Ol e
o dambs (51 iy §0S o b |y o UT Lt g gazen Ol 5n (55 51 Jol
555 oS aoded bl 5 g 65 aeljl 5 eds —tme Silelbl 51 COp LS Lt

3 o 03lial (sl 0 daT (V) Jgudem 55 87 CO2 S8 Y Mol 5Ll sl 16

IPCC s gu Gl il 31 56 o S dST g5 HL oyl N J g

CO2 (KG/GJ) CO2 (KG/LITER)* S g g
00/AY V/A b 8
/ey /Y =S
WA AL Rpee
v1/04 g oS S
VAL \7a\ s
VY/YY YA Josi

Al KGIM® s 58 (gl s g ol
eia.gov e

JCOZJKL;\J{QTQ:{_L%JM&LB.Lp))}:}jQTQ@W;%;&‘M&E:Q\;%‘{};&JQ\

PPN TN S E P PG YA g



VEOF ol [ VY okl | ey b | (b ol 5 o § Jams Sl aslidad | 05

(b 1 oo UT ol il Ol e 5 035 550 e K3l (1) Jdar 3 305 drls
W oK S b das o 0L 5458 Calisee glaiskiwl 53 5 V¥4 B AFAY gladlu
otwl poles 53 dlw 438 55 oy Su ST gs 58 Lssl o oS 33 Ol 5 e
N3 05 53 48 5 sb0ken S USl65 58 L O je s 5 e el 03 8 Iy 2153
O 05k VE ALY Jlo 55 cJladl sy ol Ol Ol 0 Glate Sl b o
ool gdm lsesy 55 ,gd e s Olul 5 Oliw) s Olgisl Okl .l 05 o
23 35 Goku Jlweslgz 5 plbl el 3 5 4 LSS Ll sl 61,1 5 aole !
SOkl o 503 0T s o La g BOUS wdl5 )3 L1503 58l 5Lt eny o 50l
e Bl 5 UL Conaz 4 0155 (o0 OT s 514 A5 o e O )
3,5 oylal 03 28
S5 Cnd Zlal = b (gl 2l s a5 L 8T ol Sl ] 5t 5 BB 4SS
534S 5 sb0lan (g5 Calises sl ol Coad il 331 5 VWA ola 5T 55 0l 1 5o
4 s WA Il 3 Ll o s Okl 1 (6 b 3 ol odtaliie b6 J gl
03,5 Iy ialS 55 Ll e Lokl jI 5 3 oo g il _ialS 4508 gladla
(03 g1 al g0 S5 IT Hlinl Kacior 5531 L A Jlaw )3 & Sliwl L .ol
OFAS Jlo & Cod Ol (2l 53 0 S 1S53 58 Ll o 45T ol g Ol

el 03 S 1y 2153l Aoy OF Ol e 4

WYAr — VAT Ol bkl 3 (o5 O ks CO2 58 [LE31 o Y J gk

A¥AY [ AYAQ [ AYAA | AYAV | AFAT [ AYAO | AYAL | AYAY bl pb
v/ AR AATAN IR AV Al Al vafy | Al S Ol 3l
yol Vo velo | vela | vy | YA VY /Y o Ol 3
o/n 1 ofr ¢IA ¢ $ ¥iv | vle sl
oY | o | ev/a | vy | oA | AV | otY/a | vafy Olgio!

Y V4 VA A% A% v/o Ve A ol
vola LA I A VAT IR AV IR 2 A2 IR BV /N IR RV A N B/ ey
vle AN IRAVL U VAV S B CVL U I VYA S B A I WY A olLe




AV | O Ken 5 gt | oy 5iS GlaOk! 3 S dnSIiss JLisl 330 Jol g6

A¥Ae [ OAYAR | AYAA | OAYAY | AYAT | YA | VYAS | AYAY Okl pl

v/s yiv YIA v/t Y/ v/t Y ylv ol Jlma L
YAV I CVA TN I VLU B VAT B e VAT B 'YL I f 7 LN R olal =

gvfe | vale | volo | volv | vy/a | vY/y | vely | valo Ol g
¢/4 ¢ ¢ Ay A v/4 v/o \Al Ol

ofy 0 ¢/a ¢/A glo sy ¢/t ¢ Ol

a/q N Voly | aedy Ve ARVAN BNy Za Ol s 5 Ol
YolA | YVIA | YAIY | YVt YA Yo/[v | v | YA ool

vela | vele | vols | vele | el | YD | Ay | VA R

/4 Wy Wy Al s A olv o/ o

Al /4 vy vlo vy Ay ¢/a A Ol S

AR EREIA Vo 3% ARAl Vo Velv | YA ol S

(7AW IR VAR AR 74 S IR R VAT INEVA AR NY viv oliils S

V/4 V/4 V/a Vv At \Vhs VY A Aol 2 50 5 40 LSS
A o/a oft ofY 0 0 glo ¢/t R{ELY

WV | YV | YA Y Y (A 7AZN R RVLN B RVA ols

ofo o/A ol We | ols ofo L} L} R{EW!

\TA Y| yyle | vale | vafa | ANV | A | VAN Ok
VUV | vele | AUy | e | vely | aely | ey | YA S
VUV Y | e | avle | vely | g | vy |y O 50,0
ATARN B RVA S RV a/A a/A afy MY AV RIEVNY

AT R/ IR RVA S B RVA 4 Al A ') 55

Ge Slwls 5 (5H 5 S ey 5 (655 bzl g Slelbl e

L5 o SLS] e ey Sl Doslite ol 55587 55 Okl Sl S 4 42 55 L
21 Ol HLasl o g o5 035 5T sty (sl bl nlin Julas adss 61
("i\""’k.sé ealaiw) andlas J.‘JJ)ULSS‘ J@)‘3°JJ§MOT I S

S5 b (2
ol (631 sla ol Cd (555 e Sl Ol 2 55 (6551 Cond | il g

O glate Calidee a0l wl 5 (65 51 sla Jol> o e g._.;;,,\.woﬁ.rﬁu@



VEF Sl | VW ol | iy Jlo | (oanb lis 5 o 3 Jamo SLaidl aslikiad | BA

Sty dslre Sleslial b1y (6550 Cad s dal o Sgline 55 (6550 Cad (ol
.C.Mlo.a\..i:‘tt.wbu(/\)@‘)&Qu\ﬁ)b(dﬁ‘o‘)}f

B =x|(r )., o

> (qijexNCV;)

c‘l St u.ajl:- @’)‘j’- J))‘\NCVIJC_,_.J 09> A > r‘l szfv\ JA\J‘ (yya.

el 0))>JA)JJ- Q\;’.«J\)J éjj‘b‘jﬁijt RG]

b piis gl (7

loa slos \—G
55 TH) 5 (slsn slos asla 555 (TC) 5 sl g sles oot Sl aslllae (5l 55
Lo o ¢ ot L 93 ol dalonn (1225 5 n 03lil Ja 0 dins s 5 Sla it O i
55 0kl (gl 5558 lislgn Olo 3l SlelUbl 1 Ol 5 Oliws ) Jnzd glos
S 4 Ol 5 Ol J g2 53 o llan (los (5 3L e 503 5 2 el Sl o
& (sl g Olojlw 3l el sl (slos Ol el 51,8 Sl 453 YF 514
o a3 o s 4 Ol 2 6l Ty 0 8 55 1ga (slas s s oo gllae slales
Sy oo Tty (slales Lo o 5115 YF 5o o 8 (glos oL 5 Dl Jna (s
Sy 4 5L & el b F s Sl dslo sue 503,57 oS Ol
33348 ol il il deol 308 45 5 ) g0y el ol Wiy dal g5 oS S
SV okl (slm (slas 35 Olmes Juab (51355 o0 48 5 Jai 55 i Laesls
A 53 Ols Jud 53 Okl (glsa (les e ld Ol giea | odaTCwsa 3de 505 S

F=ir Gl S 0l 6l 55 i O e 4 5L S 58 5 polie e S

ol &G JolST Bl o8 53 48T il e S Hlie i w by 5,1~ 35,1 :NEet Calorific Value s

.;:;&;le&y&}iﬁjlrﬁ



88| 01y Ken 5 Slgho! | ouuy i8S BBk o S uenSI6 HLES 5 5o Jal g6
gk o a5 b ys ho e polie 55 bebl 3.0

Sl Sl g &Y
2 Okl 13 sl 4 5 s 51 (PCGRP) il a Jotls Ll o 6 4l
WAF L Jlw Coad olal 5 LT 57 0 Slellbl 51 aS” oleul 0T Comax

395 oo dloes L (gl 5 c.ﬁ\o.&.&cb}e;w‘

L0kl §4d oo pela

oAU W 5 5okl OT Cans 035531 55 i ((INDO) Ol 2 Ok gt & 5
A5 3 5 55 e o Sl 4 bk Lol 0T 5 05 s
58551 e s Sl (655 4 b pl (i35 Jsa cdas JSC5 1 Ol
Al I 8 e 5 b ST OT wisy

Corerr o515
AT s Cd & 0T Cols Okl 2 Comaz Cod 5 (POPD) Comaxr o571 5

(F) Jadm 55 adllan ol 3 e3lizals s go Dlelbl IS (sl 5 awollst ¢ ulul ol
S&s CO2D U ol 53 edd Ol o 51 Lt 45 @58 Oles ool 0 031> ol
o517 POPD (5331 aad PE ¢ Sl i 5 41, PCGRP ¢, S oS ls5 il
5p8 lnslos el 54 TC 3 TH 505 axi o & 5 INDO oomexr

a3 g a ey el

Jde ‘51.&}:5.'&6 ‘_;4.3.0‘93 oJLoT Y JJJ?/

MEAN STD. DEV. MIN MAX L oie
£V TIW/AW Fa/VYE FAVA/ A CO2D
YACTV/AT AR avitl TATY/YAC VY EY/A PCGRP
TY/AAL £VO/) Y VAO/VET ATRVARY PE

AV/FVY /v o/ATY0 VVO/AL POPD




VEF ol [ VY 0l | ey b | (oreb wlis 5 o § Jams Slual aslidad | 54

MEAN STD. DEV. MIN MAX s oie
¥/O¥A A7AmS . \da\ns TH
V1/41V £/40V . YoV TC
V0/YE) 4/YAC £/887 £4/8TV INDO

G Olaslowe o

u.‘(&}}; @L‘b .0
G\b C|J>=‘2_.w‘ 9 Jue Lg‘j" Y J:"A}}.’. ou\_fuu.éja.a Lg\.hab\b )‘ oala il L’ u;ou U‘-’.‘ BE
5 plil Ao G gl s S 55 5m 0 sa3T Izl ) shae sy RSP

.MM\)&JJ)TﬂoM&L»uLS)Q\W

-t s ga31 (I
S sa3T plowil 4y S ol 53 cdie slaosls 2 iate 3 (S s g
Ge s S 55 oL sl Sy 5 S la Soen Lol Calois
Olabl s e s SIS 5 pldd (Soly 555 5l 515 o s
Sy ize olad (Sals 5 o3lital T35 g0 as L 3l ¢y late s o350 Jol
2 S or o 1 s SOkl Ola 3 (1 S AeS s sl JEs) ke

RG] cMLJL.AJaB (f) djvb- B Q}AJT U’.’-‘ 4 ‘by_}.»

b Koty 0050 & g

Q}A}T U\.ﬂi

Jlaz=l 3,

) TN &5l

Gizes Oliwlowe o
RW-REYA C]a,w 33 laline s

Ol T= 5l 30 (o5 05057 gl (4 YVY) 05057 05 leT 035 St 4 42 55 L
SOkl plaw 55 o S uaS63 Sl J&a Ol loline 5ldb Soly o das o

JUsl 5 S Jelse s p 05 Okl oLd (gl e ey 0pl5la,ls 5 g 558



SV | 0)Kan 5 lgheol |y 558 ol S S5 Hlis) 5 50 Jol e

el NS 5T pa8 SOkl mlaw 53 o S 1Sl is 58
ol malie Jute Ll a0 Al ¢ oL ok Sleslial pg ) 3l 55 L 0S|
wlad sldie 51 eSS 8 4 (SDM) Las o jss dde b s OSGl 5 s
o3l Ol ) g cpl ol 65, (SEM) sl sllas | (SAR) 5 5, 51
s g o3lil W1 0037 51 53 dke 93 5165 a4 oloadd w93 Joke O

) 0l C)b(b)d)b)bdjﬁ)-‘-a‘kbff erl;'a

el Jde plulid 04051 .0 J g

Jlaz=t 255 35 68 o5l WALD TEST
T /A sld s S 5]
:;Hié./. e YY/YA Ls_iL.a_% 6&;—

M):&C]a.«); Slslae s
Ol oslw 5 2w Hp:y =0 @Jéj.sjac@\auab‘bolﬂi&é}ég}).\q-pc\f«s;ow
‘_g)lsg'.ml{SEM A{JJAQ.\_&.:JLMJHG:T»HO:)/+5,B = 0 sSAR Ju 4+ SDM Jue
Jm,;;lf.\.xf@»gouo;u&uSDM J,\Mkﬁsgte.,uu;)m)gaiicb_ﬂ,;
.@l&woﬁjjsd.udwsjjTﬁdlﬁdmd;wtﬁjnfﬁs

oslizul slad ala 05037 31 50 de 53 Boleas b ol Ol 51 oLl S

23 olar Sl acs b Odd 5y 0diasOLES () i 55 O30T ol doed .3 980 o0

C,\.w\ M).} g’_i.i cb
b euls Oga30 g
Jlaz| 33! Oga30 oyl
FEE v AlYAr3 el als

Loy S ClaMﬁ Jlslxe




VEF Sl | VW ol | niy Jlo | (b lis 5 o § Jamo SLaidl aslikiad | S

slax 1S5 5505 405 Ol (65 15 el Sy gl (slenl b L8 5L O 93T o dess
o) 95 el pecpl plo 6308 eslimal b Sl SIS aaL ¥ Sl 28 oy

.3,,;uu;,,\g.{\sQ\;\‘;j,;\,\ipﬂjkd\ﬁﬁ;@@

SR e 3550 (o
5 L D sy 35 55 5 dde g3 gLdd (Sels 35 pade i3 ) s 055
Bl Jaa 1l 515 oo Ja 35Ty candllan ol 6l o Ldd s e AU
Cmulie Jle 503505 3557 5 3193 a5 Slej ol ¢ SIS Cubt flaw a LI,y oL
ol b b Ol S e acw gl 5y o Ldd y9s Jde e opl plu 358 0 oLl d anllbs

el o 03] J:\.."LQJ(V) d)u\?)) b@\:ﬁjab}*} JJJTJ{

@b w93 dda 3 Gl g SIS cub Ol 51 Jguer

SIS 5 Gy 3 g g Sl a1 S b S|
AR —ATY YVYA
(+/AN) O\V/ve) FEE(L/0T) p

Loy S c]a.w 33 ,labiae sesies

Al Sl Sl SISIL Bl (oUa8 b o das or OLE Jue s () (radnd ol
Lo )3 &S5 a5 K6 ol DI STl B e o s e S5 5 Sloj S s
.gZ,..»ldiL,a'.éJjL;s)jTﬁg;@.?d.u@jwbjosﬁ)lst&a

Db o a3 Jde e 4 cdbe 53 SIS Sul ST el w a5 L Il
nu;_“u,ym)ﬁﬁ)mﬁuwﬁﬁ)mﬁa\ﬁ@|;s@pu
Wl oudosla0las (A) Jgdor 55 (ol o )ss doke 35T 2 s . w53



$Y | 0y Kan 5 lghol |y 558 ol S S Iss HLisl 5 50 Jol e

S col Sl 1 2 8 a5 L SDM Jue 5,50 5 A g

JA.‘(.‘.A 6\.&):&&
wsl g
CO2D PCGRP PE INDO POPD TH TC
Yy —VVEY /Y OA YVEY AT YY)
Main
C/EX V> (SV/OA*F* | (Y/40)*** | (o/Yo)*** (\/70) (=+/YV)
—+/Y\ ¢ VA4 A2 —+/AOA —v /A —+/e
WX
(Y780 )% | (vYv)RF* (+/8Y) (=\/\0) (=+/VY) (=*/¥A)
./Y\//\ ./. A
P o? R? AY
(1707 )*** ¢ (Vg yFr*
Slalise sloas YYS

EWSTAR Cla.« 23 lsbias 8 Aoy 0 Cla.« 55 bl s (Ao ys S Clm 3 slsbiae s

3a>ee uLwau de

ol Cte g sl p o ldd o b (Cal adiie (58 Jader 3 &S 4,8 Oles
St I 51 o3 YA 4 S5 55 oS Sl g o5 o S a2 &l
JS Ol OT sty luwes SOl (L 15 o ) Dlial o o S48 53 58
a3 e
ol it 534S s e 0L B b U 3 sdeT S @Lﬁ (et
Gl T3 (la it ol (Jin (gl it L Sllols 5 515555 0 5o0)
Dlsline dos s &G pmlaw 55 Comer S 5 0L o Tl (855 L Glaa]

)JJ;M“SJJW\‘SMJD'/VM)JiLbew\M\JMMT)J%HM_w.&b




VEF Sl [ VY okl | ey | (b ol 5 o ) Jams sl aslilad | S €

Sl 505 oo WalS Cnd 31 ol &l aT s il 53l sy &G
ol bl o 2l Aoy Y i e UT Sl (65 51 Cad gl 5385
Lot UT o 55 5 Sl 5 2y 31 S0l 5 0550 Jls imn (UL pela s 53 g 5
COz HLisl 5 5 Ol Sl gmio el piin .l (6551 S 1 ama iy 5
Crio i 039 31 355 S G385 (Rl B L oS (me cp 35l ote ]
il 3 Ol oy STUST (65 HLasl Aoy N F a4 &S 5 Ol o3 550 55,1 ST
DLl R o g ey o i b S b 0Les 55 Comer R15)L e
535 SRl Bl e sr Comer (o3850 Sl 5 358 or 0 S S 163 0 UT
ij:Jw‘_;u:L;Lnubl..i»gbﬁfﬂ\ﬁ.:;;dCOz)L‘m\‘;MﬁV@
Aoty S5 e 53 @155 it S 55 Sl I 80 5 03008 1> ime
el 42310 3 g 5 Slos (sla el 5 CO2 LLisl fpm Lls jae

GOt ! Jait e sla ie S3s opS0le SIS A) Jgd WX Ca s s
4 s oo O S ) ool 0 aetia Ol S 48T (63 ATy 4 Lo
HLaS bl & laes L0kl 1 LT3 S35 50k (s )3 il L
oIl lae Co b sl e Al i s 2 /Y s gde Ol OT oy STAuSTles
|y Ol 53 oty UT HLESH ) glos b Oliwl 6551 Caad G55 oSils (5o 3565
s G fae A cpl 5 o b ate ple s e ol 58 Ao ys /Y s gus

) Al amt oLdd i ke ilen Ol (ood el o 31 el ol ples L

(s 8 3 olis OIS gl 5 (A) Jgidor (fadsd ] 8 (g (Dl )5 05 5ad
51C02 38 sl (63,55 50 Ol 51 51 86 gl ol 45 63,0 343 5 sl
AT on e 53 63555k DIl s 5m Olil 4 5 slee (5o Ol
SOkl Jites (sla pize olad Sously 3ot g 5 atly ite o Ldb il

Vo 5 e ol Sh il (oLd s e D131 e 6l ) () il gl

\ LeSage, Pace



S8 ] 0)Kan 5 lghol |y 558 ladlil S S5 Hlisl 5 350 Jol e

)r.:.s.?_‘mQ\;‘c&wﬂ)ﬂﬂd.\))'\'wbbLs‘fdfg_,.;;du\a.\;abuﬁ_w‘

jWﬂLWQ‘j\&)}Tﬁ@L‘&J}NQ))TJJ\)JE»MLSLAWWJTO
el ool OLES (‘\)d}b BE) Q‘;‘C}A}u

2\ )53 Jks s b 5 odins DI F1 A gk

ol;lJS@q- r.,.a.—....,ﬁ.au;l ‘..:E.L...ac;r‘;l s e
VARY) EYAR A VAL
s PCGRP
(\/0Y) (=\V/8Y) (¢/08)
—v/ YA Vau\s —/Ve
PE
(=\V/Y+) (VAQ) (=v/AY)
YTV VARN ANA
* ok INDO
(\/VA) (+/4V) \ZARD)
Y/ YV */YAN Y/vVo
POPD
(8/8+) (/YY) (6/)
/e Yy —a /0¥ VAN \%
TH
/YY) (=+/YN) YARD)
v/ A —a/0g /Y
TC
(=+/0) (=+/0Y) (=+/Y)

Aoy Ve Clg_.d BEIBIE VI R W Ch.u 5 baliae s (Lo s S CEM 35 lolixe seses

c}é_wcéjjjlc,_«.:.;cﬁ\ﬂdﬂ-i’).}%‘RWQ\;\MJJcé}éd}k).}
551 Congd ladh e b 1 53 Aen 1 e Comar S 5 0h o
s lslan Comar (JEo 5 0k a3 I g gemma)s 5 055 l3las
0 S35l T o (81551 )3 K 48T e o O it Ol 51
J...L)J...p).se.i.icgfgjwp,Aﬁsuaﬁl)é\\)d;%“flés)ua\sz~/\"
Q,_i,ual.u)ﬂ/v)~/\V>3»%;Q‘Wu,,;)u\gudwcb

CO2 izl mals Corse (6550 Cansd uljpl ¢ blae 5o dias sa asl 5301, o UT



VEOF ol [ VY okl | ey b | (b ol 5 o ) Jams Sl aslidad | 55

Dgh o Caad Gl Bl Ao 3 Ve Olge
).s,"w;:S.ua@owdjjilg;ﬁ”é%ﬁécr.:ﬁ:_mx'o;;\;\c,.q_..é):l.al
ool L;LAQ\:..»U:J.:JGQ\JSICM Sl el Ol &K s S

Lph n a3 8 o 8 s b ol gladis o ol b SIS ol !

(S5 e 45 s o 0L 558 Jgder i 5 s D11 6 gazes

ol Ol wl 65 53 Comer (ST 5 31 45 s o DL 5 035 Cue Cmar
e ) o Sl 4y a5 g e Ol Slos 3 CO2 sy UT J&s 2331
30 b ) slee slallnl COz J&s 1 s lsline it o I3 s
St st el Bl o DUl plo mha iy 10 3050 03 p 50 )
DRl P e 1 (S s b D Jl a5 o o ) S a5 0
il 35 o Sa STl es 58 Hlisl J&a a1 b 0ad axo o

31 6,250 Hale slaOlial 5 s el LIS 3

S S om 5 (o pe
e du UT Hlasil 5 caddl 5 olozl (ooliamsl Calisee Julse o)y o4 asdlas ol s
SIS Sl Sl clzaly opl s 1 5588 G Olul mha 55 o ST S0
Olyn b s 8,8 b 5 55 aoliw! po Jlas| oLid gl gy w5 Lokl
2l 3V el LG o3 gad 3557 2 1) (e 57 Sla e 5 5 Lo UT o) o Dl 1
3,8 36t Ol o s (S JT HLasl 2als Gl Sl o J ol s
COp (ST slasl  F3o Jolge glolid Cogmr (pLdd Jl Jo &S5 ) 5hte
lrosls jloslizul b 5 b ,me olas Sllele Osla,) 3 e b 558 slaolul s
38 58T Sl

23) deTys il 3L s gy oo,z (¢ b sn DLl g i Sl pll
comman il Rl (S JT Lt Llete 5 (6551 O e (511 Lol (Skaoli S

dal g min SuaulT s 5 i 6551 O3 pae dinjs Sl 5 Odd 5 amiws



SV | 0)Kan 5 lghol |y 558 ladlinl S S Iss HLisl 5 350 Jol e

33 ST laml Jal 5l Sl Oliwl Oad aniw 5 g3lwasl i, Sole 4y
a8 Ui 00l 5 Cnl Cllas ol s 5o 5 andllas O-l‘@w ..sj_fldodl.”_w\cb
Sl RT3 o ge Ol 03 gy gt e Sl &l Ty 2153
A5 iy il e Ty 1580 Bl 55 5 e Sl e 55 o S ST 5
o 5n S5 5 D e iy &S Lol (G551 O s A5l 35 g 5 A S e s
St plo @ ol 15 Cato o b dal s (0 S aSTl e HLasl 3
FUL L s ple 4 S Jid opl 53 G55V GLBWE 5005 5 655 o]
OT Claza 5 (6550 O i3] o go Olial QS 5 anis ()0 5) L]
nalr o Sl 3, 51 il e 5 (slaot UT Ll 2y 3
S S 5 e Ay 5 salasl aiy Slagile 5SS s sl ds ) we sl
Gi b S e ey el UT 2alST ) sl (ol ply (0l (e o ld
R ey R I e Y SalS 55 eolasl slacdle ials
S )3 wBlanw 57 6la) 508 5l (ol 4,2 Sl eslinal Ll il o diled e
e sbysls leslaul (SL slas) ! ‘_gj:f)lfd\.g s cl...a S, eslar
Sl 5 U Sl 5 65313 Sl s 5 AT b 5o el UT a8
3 ga5 plBl aie opl 53 55 0 S8, 81,
¢S5 5,05 CO2 HLaml L dtns alaly 4 ol (6,505 ol 55 Ol Comar
b o 5 LS OG5 0ds (S IT SLsl s 5 S o3 g Conax
336 358 ol e b o S (6305 d U eee S § (sl UT
Jlin 53 sl zig (ST o515 &S0 5 5,5 cOlghol O1g Aile gla g5 OUS
ol a8 g es g a8 (S JT Ll (515 bl 28 Conax oS5 e 0
o o las o 1y (6551 O e 5 56 sla ST ks &y sot Ll 5 o
Ll g b n ol b Ll 0 5 anlllan
oAl AT LSS (s (R0 L s, e sl LS @ b g



VEF Sl | VW ol | iy Jlo | (b lis 5 o 3 Jams SLaidl aslikiad | A

3P B pan SAlS 5 A dal i (551 O e SalS Sl (6551 Cad R
AU L0 5B Gl s sl sl g 55 (ST Ll als e
03,5 35 Lo 55087 55 cnlply sl o STAnS 1 (65 5 LSy (65 Cnd WSe
SLasl 2l o Wil oo (6550 sls Jolo 1,0 Osls i b Ol 5 (65 51 Cad
ol sabasil sl Shs 5 oo Towssy mli 4 ar 55 Ll 558 55 ST
Sotul 53 55l Cad plsl 5l 2 1) Gl b Ol ok Ol (oo Ol o
L;.:éb_wjdk&ucjb):)}ﬂd&uébob\‘ﬁjéafﬁpdﬁu
i ¢l Il el Ssline 15 OT (galasl laclas oS 5 5 acils I3
Wl andlae ol g g g0 3l 2 35l g0 !

L;m@ic(fp,_w Slon sles sla jasls o 313005 allln ol s
SWlas al ol Il S ST 65 HLasl (6,8l Ol 5 Oliame ) J gab
b ol Sae Okl (il pn Comd s 51 5 G35 g laesls xdls Hlasl s 5 Koo
aloniy ST HLasl 5 b st ls ol o Ll 5 4

3 S S 163 5 S Ll 53 gLids s e S b 0303018 e ulg s
sslle &S ol Ll ge 51 SC Okl ¢S5 5 (655 Caad L3yl 3935 58S sl Ol
Gobul ST Hlasl ol 30 Ol Oles 5 o S anSTT 63 Hlasl , aSlL
B TV ) LR P Ul PUpC| DESVINCIV I | S PIE
S o o U 1 Okl o s oSS s

él.u ool
N Bl )

ORCID



$A] 0)Kan 5 lghol | oy 558 ladliul S S5 Hlis) 5 50 Jol e

Hamideh Esfahani http://orcid.org/0000-0001-9804-7787
Mehdi Fadaee http://orcid.org/0000-0002-4400-4009
Asma HajiAliyari http://orcid.org/0000-0002-5054-7317


http://orcid.org/0000-0002-6639-9339
http://orcid.org/0000-0002-4400-4009
http://orcid.org/0000-0003-0191-2717
http://orcid.org/0000-0001-9804-7787
http://orcid.org/0000-0002-4400-4009
http://orcid.org/0000-0002-5054-7317

VEE Sl | VY oyl | oy S| oanb salin 5 G 3 Jaoma SLiathl aslidiad | V-

CLA

Flemrl 5 @alaml Lol e ((0YAQ) L Lslemul ¢ SIanlS 35 5 55,0 ¢ U (3505063 g0
Oladzer aolillas NYFF- VYAV (Q‘xl BN Q{; ..\:....f\ 63 4w Ll S5
820732 (V)¥d ¢olazs/

9y Sl ZQ‘J.@.'I ccaltes gla Ju szj‘ MU)‘J,.T .ngj'\)}ﬂ Coglas <3y Syl ‘fudf
(855 slasl Olallas Ml s ds 30
(Caej Loen (sla a5y 0y VY asle JBT p aSTEL Ol 53 o S U8l 63
AOY-VEF C(VOA

boeide T3 5 op Sl Ole o sl oy VAR L doms (Sl 5 _malle cglo) 15
€20015:(Y)FF ¢ clats] Coldcion dolilas (£20015) .5 51 5 e 25 5 ST

€ Sl Ol 5 e Jelss ewny (OFAY) des b 2S5 s o oW
Sl slasl aoliingzy (o b esls Cola)) ,5iS gkl j5 o SALS 6>

A0 YA (B (O

References

Aldy, J. E. (2005). An environmental Kuznets curve analysis of U.S. state-
level carbon dioxide emissions. The Journal of Environment &
Development, 14(1), 48-72.

Behboudi, D., Fallahi, F., & Barghi Golazani, A. (2010). Economic and social
factors affecting per capita carbon dioxide emissions in Iran. Economic
Research, 90. [In Persian]

Burnett, J. W., Bergstrom, J. C., & Dorfman, J. H. (2013). A spatial panel data
approach to estimating U.S. state-level energy emissions. Energy
Economics, 40, 396-404.

Crippa, M., et al. (2019). Fossil CO. and GHG emissions of all world
countries. Publications Office of the European Union.



Y| 0K 5 Sl | ey 58 ladlkiul o, aeSIss Hlisl ) 350 Jol e

Dai, D., & Liu, H. (2011). An empirical research and STIRPAT model
analysis of urbanization and CO: emissions in China. Advances in
Information Sciences and Service Sciences, 3(11), 145-154.

Paul Elhorst, J., (2014), Spatial Econometrics: in SpringerBriefs in Regional
Science from Springer, currently edited by Folmer, H., Partridge, M.,
McMillen, D.P., Rodriguez-Pose, A. and Yeung, H.W.C.

Fallahi, F., & Hekmati Farid, S. (2013). An investigation of the factors
affecting carbon dioxide emissions in Iranian provinces: A panel data
approach. Quarterly Journal of Environmental and Energy Economics,
2, 129-150. [In Persian]

Halicioglu, F. (2009). An econometric study of CO-: emissions, energy
consumption, income and foreign trade in Turkey. Energy Policy, 37,
1156-1164.

Hossain, M. S. (2011). Panel estimation for CO: emissions, energy
consumption, economic growth, trade openness and urbanization of
newly industrialized countries. Energy Policy, 39, 6991-6999.

Institute for International Energy Studies. (n.d). Hydrocarbon balance sheet.
[in Persian]

Lee, L.-F., & Yu, J. (2010). Estimation of spatial autoregressive panel data
models with fixed effects. Journal of Econometrics, 154, 165-185.

Lin, S., Zhao, D., & Marinova, D. (2009). Analysis of the environmental
impact of China based on the STIRPAT model. Environmental Impact
Assessment Review, 29, 341-347.

Martinez-Zarzoso, |., & Maruotti, A. (2011). The impact of urbanization on

CO: emissions: Evidence from developing countries. Ecological
Economics, 70, 1344-1353.

Ministry of Energy, Deputy for Energy Affairs. (n.d). Energy balance sheet.
[in Persian]

Rafiei, H., Ghaznavi, S., & Saleh, 1. (2017). An investigation of the factors
affecting carbon dioxide emissions in Iran, with an emphasis on the
effects of Rio Declaration 21. Environmental Research, 8(15), 153-164.
[In Persian]

Sharzehei, G., & Haghani, V. (2009). An investigation of the causal
relationship between carbon emissions and national income, with an
emphasis on the role of energy consumption. Economic Research, 87.
[In Persian]



VEF Sl | VW ol | niy Jlo | (omnd lis 5 o § Jamo SLaidl aslikiad | VY

Wang, P., Wu, W., & Zhu, B. (2013). Examining the impact factors of energy-
related CO: emissions using the STIRPAT model in Guangdong
Province, China. Applied Energy, 106, 65-71.

Zhao, X., Burnett, J. W., & Fletcher, J. J. (2014). Spatial analysis of China
province-level CO: emission intensity. Renewable and Sustainable
Energy Reviews, 33, 1-10.



