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Abstract

The current study has studied the threshold effects of energy consumption structure
and GDP per capita variables on carbon emissions from 2002 to 2019 for 37 selected
countries (with middle to high-income levels) using the non-linear approach of
Panel Smooth Transition Regression Models. For this purpose, two separate models
have been estimated by considering energy consumption structure transfer and GDP
per capita variables. The results indicate a non-linear relationship between the
studied variables in both models. The estimation results of both models show that GDP
per capita (in the threshold state of energy consumption structure) and energy
consumption structure (in the threshold state of GDP per capita) positively affect carbon
emissions. Also, urbanization and trade openness have a positive effect on carbon
emissions in both models. Thus, the results show that increasing efficiency in energy
consumption and GDP per capita structure can significantly reduce carbon emissions.
These findings point to the importance of optimizing energy policies and the crucial role
of changes in the economic structure in managing greenhouse gas emissions.

Introduction
The dynamic links between energy consumption, economic growth and
environmental pollution have been intensively analyzed in the literature of energy
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and environmental economics over the past few decades. With the increase in global
warming, there has been a growing concern about environmental degradation
worldwide, which is mainly caused by significant amounts of carbon dioxide
emissions (Quintero and Cohen, 2019). In this regard, a thorough knowledge of the
underlying mechanism of pollutant emission is essential, as it allows policymakers
to measure appropriate responses and tools to deal with this issue.

Thus, the reduction of environmental quality and carbon emissions have now
reached alarming levels and have increased concerns about climate change. As a
result, the transition to a low-carbon economy has become a fundamental goal for
governments around the world to combat climate change, ensure energy security,
and reduce pollution (De Miguel et al., 2019). Although there is a need to minimize
carbon emissions from energy consumption, this must be achieved while
maintaining economic growth and prosperity (Paramati et al., 2021).

In this regard, the causal relationship between energy consumption, economic
growth, and environmental damage has been discussed in recent decades (Stern,
2004, Chontanawat, 2020). For example, greater economic growth and energy
consumption have led to greater carbon emissions and greater environmental
damage. Therefore, the most important question of the current research is how the
relationship between the structure of energy consumption, economic growth (gross
domestic product) and carbon emissions has evolved over the past few decades and
how these variables are related to each other. Therefore, the purpose of this research
is to investigate the existence of non-linear relationships between the structure of
energy consumption, economic growth (gross domestic product) and carbon
emissions.

Specifically, we go beyond existing studies that use linear models or introduce
quadratic terms when examining this relationship, using annual data over the period
2002-2019 for 37 selected middle to high-income countries, using the non-linear
approach of panel smooth transition regression models developed by Gonz alez et
al. (2005). It is also worth mentioning that by reviewing the relevant domestic
literature, the current research has a unique innovation in terms of technical
dimensions, the studied society and the studied time period.

Methods and Material

Various panel data models that allow regression coefficients to vary over time and
across cross-sectional units (or individuals) have been developed (Hsiao, 2003,
Pesaran, 2015). These models include the random coefficients models reviewed by
Hsiao (2003) and Pesaran (2015) and models with coefficients that are a function of
other exogenous variables. A specific example of the second type of parameter
heterogeneity is the threshold panel regression model developed by Hansen (1999).
In this model, regression coefficients can have a small number of different values
depending on the value of another observable variable. In a different interpretation,
the observations in the panels are divided into a small number of homogeneous sets
or "regimes" with different coefficients in different regimes. One feature that makes
the panel threshold regression model quite attractive is that it does not constrain
individuals to stay in the same set for all time periods if the so-called threshold
variable used to group the observations is variable. The panel threshold regression
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model clearly divides the observations into several sets or groups based on the value
of the threshold variable, but in practice, this may not always be possible (Gonz alez
etal., 2017).

Beside this model, the smooth panel transfer regression model presented by
Hansen (1999) can be interpreted in two different ways. First, it may be considered
as a linear heterogeneous panel model with coefficients that vary over time.
Heterogeneity in the regression coefficients is allowed by assuming that these
coefficients are continuous functions of an observable variable called the transition
variable. Since the transition variable is likely to be individual specific and variable,
the regression coefficients are allowed to be different for each individual in the
panel. Second, the smooth panel transition regression model can be simply
considered as a non-linear homogeneous panel model. The latter interpretation is
actually common in the context of univariate smooth transition regression or
univariate smooth transition autoregressive models (Ter asvirta, 1994, 1998).

Thus, in the present study, in order to investigate the threshold effect of the
structure of energy consumption and GDP per capita on carbon emissions, the model
is defined as equation 1:

(1) LnCO,; = p; + BoLnES;; + B,LnGDP; + B,LnUrban;, + f;LnTrade;;
+(ByLnES;; + B;LnGDP;; + B,LnUrban;; + S;LnTrade;;)
* Gi(qus 4, G) + Uy

Equation 1, LnCO,;, denotes the logarithm of carbon emissions, LnES;, denotes the
logarithm of energy consumption structure, LnGDP;, denotes the logarithm of GDP
per capita, LnUrban; represents the logarithm of urbanization, LnTrade;,
represents the logarithm of trade openness, and Gj(qitf;lj,cj) is the transfer
function. U;, is the component of compound error and finally y; represents cross-
sectional effects.

Results and Discussion

For the first model, the first limit regime corresponds to the state where the slope
parameter tends to infinity and the value of the transfer variable is less than the
threshold limit (where the regime change occurs), in which case the transfer function
has a numerical value of zero, and the model is defined as follows:

LnCO, = 0.0154LnGDP + 0.345LnUrban + 0.018LnTrade

All the estimated coefficients in the above linear model are statistically significant at
the one percent level. Also, the second limit regime corresponds to the state where
the slope parameter tends to infinity, but the value of the transfer variable (energy
consumption structure) is greater than the threshold limit, in which case the transfer
function has a numerical value of one, and the model in this regime is as follows:

LnCO, = 0.8489 LnGDP + 2.1121LnUrban + 1.6803LnTrade

All the estimated coefficients in the non-linear model are statistically significant at
the one percent level. Thus, the results of estimating the model with the threshold
variable of the energy consumption structure show that GDP per capita has a
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positive effect on carbon emissions in both regimes, but in the second regime and by
crossing the threshold limit, its effect on carbon emissions becomes more.
Urbanization in both regimes has a positive effect on carbon emissions, and in the
first regime, its effect on carbon emissions is less. Also, trade openness has a
positive effect on carbon emissions in both regimes, but in the second regime by
crossing the threshold, its effect on carbon emissions increases.

Also, for the second model, the first limit regime corresponds to the state where the
slope parameter tends to infinity and the transfer variable value is less than the
threshold limit (the place where the regime change occurs), in which case the transfer
function has a numerical value of zero, and the model is as follows:

LnCO, = 0.8245 LnES + 2.8764LnUrban + 0.3443 LnTrade

All the estimated coefficients in the above linear model are statistically significant at
the one percent level. Also, the second limit regime also corresponds to the state
where the slope parameter tends to infinity, but the value of the transfer variable
(gross domestic product per capita) is greater than the threshold limit in which the
transfer function has a numerical value of one, and the model in this regime is as
follows:

LnCO, = 0.4702 LnES + 2.0117LnUrban + 0.1035 LnTrade

All the estimated coefficients in the non-linear model are statistically significant at
the one percent level. Thus, the results of estimating the model with the threshold
variable of GDP per capita show that the structure of energy consumption in both
regimes has a positive effect on carbon emissions, but in the second regime and by
crossing the threshold limit, its effect on carbon emissions becomes less.
Urbanization in both regimes has a positive effect on carbon emissions, and in the
second regime, after crossing the threshold, its effect on carbon emissions decreases.
Also, trade openness in both regimes has a positive effect on carbon emissions, and
in the first regime, its effect on carbon emissions is greater.

More precisely, it can be concluded that the structure of energy consumption is
actually the share of non-renewable energies in the total energy, and increasing the
amount of energy consumption structure means more consumption of non-
renewable energies, which leads to an increase in greenhouse gas emissions, because
a major share of greenhouse gases forms carbon dioxide gas and this gas is mainly
produced by burning fossil energy sources (Khaki et al., 1401). Also, GDP per
capita causes environmental degradation, and thus, the environmental Kuznets
hypothesis shows the hypothetical relationship between indicators of environmental
degradation and economic growth and proposes that the intensity of environmental
degradation increases with economic growth until the average income reaches a
point. Specifically during the development period.

Also, regarding other explanatory variables, such as the urbanization variable, it
can be stated that the increase in the urbanization population increases the amount of
greenhouse gas emissions, and this issue can be related to the increase in energy
consumption, especially fossil energy, which is in accordance with the findings of
Khaki et al. (1401). Also, the opening of the doors of the economy to the world
markets has caused the entry of production technologies into the country, which can
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increase carbon emissions. Depending on which group of goods (export or import)
has the highest pollution content, international trade will have a positive or negative
effect on carbon emissions. The findings of the present study are in accordance with
the studies of Ang (2009) and Halicioglu (2009).

Conclusion

The purpose of this study is to investigate the threshold effect of two variables of
energy consumption structure and GDP per capita on carbon emissions in 37
selected countries during the period from 2002 to 2019. For this purpose, the panel
smooth transition regression (PSTR) method was used. The results indicate the
existence of a non-linear relationship between the studied variables in both models.
Also, the slope parameter, which expresses the regime transition speed, is higher in
the second model (when GDP per capita is considered as a transition variable) than
in the first model (when the energy consumption structure is considered as a
transition variable). Thus, according to the results obtained from both models, it can
be concluded that GDP per capita (in the threshold state of energy consumption
structure) and energy consumption structure (in the threshold state of GDP per
capita) have a positive effect on carbon emissions. Also, urbanization and
commercial openness have a positive effect on carbon emissions in both models.
Therefore, according to the mentioned results, proposing policies that lead to the
reduction of greenhouse gas emissions and the promotion of environmental
sustainability can be effective.

Of course, policies vary depending on the specific conditions of each country,
but in general, the following can be mentioned: Promoting the use of renewable
energy sources (such as wind and solar energy), which can help reduce dependence
on fossil fuels and greenhouse gas emissions. Incentive policies for the use of public
transportation that can help reduce fossil fuel consumption, encouraging innovation
in clean and energy-efficient technologies that support the development of
sustainable industries and lead to increased energy efficiency, programs and policies
to reduce urbanization and encourage the development of rural areas (can include
creating financial benefits, infrastructure facilities and job opportunities in non-
urban areas) and encouraging policies for sustainable business and reducing carbon
emissions in the supply chain (can include encouraging local business).

Acknowledgments
The authors of this research are grateful to the referees for their valuable comments
and suggestions.

Keywords: Energy Consumption Structure, GDP Per Capita, Carbon
Emissions, Panel Smooth Transition Regression (PSTR)

JEL Classification: Q56 , Q48 , Q54 , 013



VECY/0 5/ A L2353 Gt

By

Sy

VEL YN Y/YA:

ISSN: YFYY-0ab¥

elSSN: YFVS—sFry

————————— Ol 5550 3Ll asliia gy —
EA-YY Y )L@a. O DJLQ‘-:‘ NY 092

Jiee.atu.ac.ir
DOI: http://dx.doi.org/10.22054/jiee.2024.75301.2032

A6 adg 9 (85 5 I pan sl Sl H6T eIy
QWJ?) C‘,‘Slﬁh) :c,‘....;“jh.ﬁzo)o Cﬁ;)m'ﬁﬁ‘fa&'b

(PSTR) bl m Mo Jls!
Bl ool 5 (sl e odS il (sl psle 5587 (s mtils A

. . . ] o r.fU.,\.wu o
dlﬁ' g (g L;""j)ﬂ

oty e galal 5 (g lsl psle saSils ‘6°Lf’51 P 55 6”’“”‘? OGS Ly
Ol dgda dgla wgs

(olail 5 bl psde 0aS il ‘L;:l_.ja:jl pske Al pulid ) L;,,/Mu é);‘ bl
Ol cdgdn cdgia cwss b sl
;.\,@.wﬂ L?N}:Jé ali..i}b zdéuﬁl 3 61'5' (’)‘L; °A§“u\: L] °}Jf )l:‘“ﬁb

. . ‘
RPN I o Al
ol

by oS sl e sty eIl A 5 s (651 o e skl it 93 glalnT HUT sl andlas
3,205 S eslinal Ly (YU ay o gte AT pebas L) bt )28V (61 p YN JIYeeY Slajogs
plj-_,.ud.u,“,,m‘&_lL;u.;Mmu,\;ww;,,ﬁdugﬁwdmtgﬂﬁ)éu}ﬂ#ﬁ;
ol ol .l 0l 5,557 &l s Gl b 5 5 (6551 0 e il JUESH e 53 05 a5 L)
W}gljzﬁ>J}Tﬁ@w..L'.fgadY:ﬁl;:f)swba)yghﬁbw#xé@b3};-},3
6551 O3 a5 (65,51 O3 e sl glailanT Sl 53) &l Jotls Ll A 5 &7 sl OT
S e e AL e S LES] s Cote 6 31 (lyls (6l s LAl a5 bl Sl )
ST s or O ol e 5 ops s oS LS e (631 shla e 53 8 55 6ol 03550
3 b5 JB 2 4 e Wil g e il e SIS (MU A g g (6551 O3 peee Sl ps oIS 2158l
23D i ST 2 4 a6 1 Slalnlin (3loangy oanl i lgS 6 el )55 8 o S L)

15 0Ll gl8llE olaE Lasl oy e s (ol sl

(PSTR) Ll o

013, Q54 , Q48 , Q56 :JEL  suuaid

Kamalian@mail.um.ac.ir :J g ediws 5 *


https://orcid.org/0000-0001-6677-3418
https://orcid.org/0009-0002-2824-2610
https://orcid.org/0009-0007-1142-4924
https://orcid.org/0000-0002-0455-1585

W OL8an 5 (b | v p &l 515 LalEb w5 5 6551 B s Hlit e 1Akl JBT )y

dodde .\
53 03,5 sbay Jame (ST 5 oalasl iy (551 O pae o by Slakisy
13,8 513 Jlous 5 3,50 38 ams dim 53 o5 Jame 5 (551 3Ll Dol
33 Sy sy 350 53 el S (Sl Sl 8 I L
S 1S S 163 Ll Sl g 5 JB Ol S Bee 7 23 8 JS Ol ol o
L1 25 elSa 31l BB el 55 (YN8 T a8 5 52 8) 545 s
Glaslpl 5 b 2S5 b das o ol OIS Caln @ 15 el (555 0 Lol YT
i ) g b0 (pl b ablis 6l 2 s

Tobe 4 058 Ten oS LSl 5 ) eSS RS (o
el 0313 2l 1y ol Sl ks 4 b e sl 1K 5 ol oy (5lodiS OIS
Sl Olgz ol o 3 I35 (sl (pull o &S5 w0 0 5705 3Ll 4y ks it
Sl ol fuas (ST 2als 5 (655 Sl eendd ¢ addil Sl o)l
S sl Sl Solal e 535 i 53 05 (Y01 S0, 1n 5 Koas3)
ploe a8 Jb e 53 5 VU 5Ll b mlis 03,8 spdom b i ga ssba ol oSae
o s 3l U S Ll 0kl Plas 4 Soys s 4 STl talS SasleS
5 SLbl) 25d Gl oolaml by 5 L) Lado b b el opl Ll ea)ls 5y (6550
S S Wiy Ll e wldiadgn (651l K ol (Y YY oK
I s SIS LS e s S 508 Ll rie sl Jladl sl
VLY COLKen 5 ) 350K B3 e sl plaw 53 SuB) 5 ose e
Loy 5 O0dd gate 4y Sl bl Ols & Wlos ST JYanul Olads 03 5
Sl (ol 5 oot Bl D1k ol J Y5 (551 O pae 65 Cmenr
Ay s 4 e 608 Dl 5 b el s Bl ¢l K ile Sl
5 305 Hles S ¢SS Gl Gl il nlpl 4 s BB sba Cores
5 oS LSl Oyde 6lis OBlbee s S Sl (Y Y els

1. Carbon Dioxide

2. Quintero and Cohen
3. De Miguel et al.

4, Paramati et al.

5. Miti¢ et al.

6. Yoro and Daramola



VEY Sl | 80 oled | VY Dl | O ) 6550 sladl asliiag iy | VA

Sl ba,saS aen gl op S Hlasl J 28Tl %;@ﬁoTw&uéu#g
Sl e S S S G 4 Sl 30 Gl e s 65
il o1 ST alan 1 Jaomeons § (SO o il 05 55 T 93 (5555

(a5 SlacanT 5 oolasl Li ) (51 O3 pae o o dail) claaly pl o
Oyt (Yo¥r (Sl g Yo v F 0 al) Gl 45 8 515 Comms 5550 o (slaans 5o
el S T 5 0 S il HLASI 4 e (551 5 e 5 il 2Ll Al (Jle
Sl o daly & ol oyl Sl sy Ul o Seee calply ol ods 2
ans L Jsb s oS Ll 5 (s el W g) aladl Wl (655 O e
o3l Lpdigr b e BouK s e 885 5 el Bl JolSS 48 b
Aoy (5 O g Sl G e Lalg) s e R ol el D) e
Slllas 1 515 L ol sbay ol op S et 5 (s Lallsl ag) (oslas]
wswm&a 1 p3 453 S-Sl b S o eslital (ot gladite 51 o7 35 40
YN T Sl eysn (b €Yo slaosls Sl aslinal b s 55 0 oS oo 0 ma o
s 3 Soss 3 esliel b VL b e T3 e b e 55 WY
0315t 5 (1+40) 201,800 5 (WI5E Lo s o7 L oo Me Sl S g 85 sla S
@bzl iy 0T 55 &S 1) dbe blE 55 b 55l o 506 1) L3S, opl Sl ol
e oS RaldT lide o 55 aalllan 550 glay5EST 03 1) e CoiS
anal (SIS Ml Sl Sl s (s b Dol e 8T Sl S5 LG
Ll 513 5 (63 P pazein Lol 5l (cny 2550 (Slajoygs 5 andllan s

Wl ol 230l Oy pl a4 Jol agh Calibee la S5 caly ol o
B R o B 3 el odd Oly agh aidy 5 B Sle s A o
e OB 03 olg o s el S w4 il e poler i 53 e
Wl 0 Ol o e o Dlslgiy 5 (58w

1. Stern

2. Chontanawat

RO PP JE AT S VM P V¢ OV S D PSSR DN 1 PR W PR SO P gl AP o L[S I

GG T 8 3K ¢ 53 08y 5nl S o) ¢ Glsnd o, o3 el ¢ bl sl i e ] el yloms OG5
RUU U WP Ve ﬂ_@',\.«‘ ‘U’fl}l.w‘ 4-\5} gJUJJ.:E Oliug! Al S e 55 el 4‘_,,)\.»..'2

4. Panel smooth transition regression (PSTR)

5. Gonz'alez et al.



V4] OL8an 5 (2mod | v &l 515 LalEL W 5 5 6551 B syl 1Akl JBT oy

ty}o Slasl LY
A Gle Y-
03208 s Loy ama 53 S Ll NS 1 Jelge (6555 Gl ol
Jolos it S Sle s w e pRaan Sl Sad ) 5 (S S AL e

TN Cohan 5 Sanslnl) cul Sl glasl gla oy olos sl 55
(n (e (551 el ol g sl L drn g 53§55 A e b
TF oL 5 OLYD wtes 65Lassl a5 (55 1S s o (GBS 5o
FOLSan 5 sa,T) Cul Gl slasE ezt Lol e 0T 5l eslizal oJls ol
@ b G s L o SuSTlen HLasl ) S Blas bl e 53 (Y014

(VY Tl Lo Olgar o80L) ol 4l 131 2208 (slaans 55 g 5 6 Ol e

(\Vo'—*'*\) C)\-é—? ‘C«?'J.w t}; JALw‘Jf ;ﬁ; 44"}.‘« )L-L"J‘ A JS.J-

oslay3 b Olg aK.iL: o

1. Stavytskyy et al.
2. Ellabban et al.
3. Armeanu et al.
4, Ourworldindata



VEY Sl | 80 oled | VY Dl | Ot 6551 Sladl asliim gy | Yo

ol belse Olsea b8 5 i (S dle dsle pdildydas sla ! b
XoX) COLKan 5 inl) Wb e 3,5 L s S LSl g G e ST
3 s e VT Ll it 3T & a5 b o Fopds (1YY (0L 5 Olate
2 b G655 Cad Sl s e ST 5 S Lams e (gla 65 B
& b S g Sl 5 S 0S8 (G5 mie &K Olsiea pdida (slas) ol
Ol pess b Sl 0 JLis Sdd 4 L gladle 5o e slacg ) Jl . Liles S 1y
ST LT b s J2alS 1) s Glacst g 4 o Sl i el 5 lsns T
Co e US55 gy Sl o (YY) i des glacsl i Ml
el &l 55 YO L s doys Vo/0 4 V84 Jle s dys 8851 (650
YY) Jle S YY Jl s Sl pdidiios oyl s of K8 Giloe iomen
GBIl & S ko3 V/00 il 33) &7 sy Colalgl 5 \OYD & 5 &, 5l 5
(YK Gosls )3 e Olgar oBSL) das oo 0L |y 2508

QANV-YYY) plsion bl Sl M5 5o VL ks Y S

a3y b Olg aK.iL: o
o Gla g A sl 4y e (6551 el 31 1E oS dms oa DL g o
S¢S sbasl 4 S8 Jol e phiddes slagl il 5wl ol Ly, &K

1. Gyamfi et al.
2. Usman et al.
3. International Renewable Energy Agency (IRENA)



| OKen 5 (2ed | e &l 515 a6 W5 5 6550 e bl laikinT 6T oy

B sl 8 e o s iyt Glas3 51 53 sl (18 e o Lol cdizn
oz a3n 5 (YT (OBl 5 IS5 VY a5 SHb) Sl s
PN [P S RGN AR PN SIS ) (N CRER IR PPN
S5 1 31 S T iy Gl 1 (3lee b o b s (s 510V VO
S35 Sl Loli sl slaeysn 53 (6551 4o S 4 ein 5 Sl by
A sbdle s Wl ol LYY oK 5 sl ¥ S L) s e
9 Omsy) el iy sy pdibides Gl il O ee Slag sle Hs olals iy
2338 adle 53 pdidided Glas il O e 458 ¢l osdle (Y10 (ol K
GRIBNL alpls (YY e dies GlasS A ladlo eal3T) ol 4l ralS
e Gl O e il SlaisS il Slas sl 35 5 oIS e
S o 5 42 b men 3L S 5L S 5 e el 5
a8 b0 Cond gn & (e ame  pdiide (slags il 6,3
4 1YY SOl 5 o) Asl il sy it 53 ol G e e daly Sl
gy Sl pdedidon (550 Co a3l ae SlT I e, 5a8" oS Sl s ke
Sl pl Dpae & 308 0 Sty wd B Gl Rl b SR S L
(ol ST o 3 5ol S Sl S James JI Cbli> e ST pdbues
5D 0l e e Sl bl e 5T gy S5 glT 1 a8 o&Ks sl

ey Sl Kes

g.Jst )W‘ 3 63@‘ -u) .Y—\—Y
Erisn w63k g Ml 5 (o slaolejle 5 OIS Conlw sl ladle )
B o 5L b Sl Glac s s 4 o S Ll tlazbls o S L
Llosls olzs Sladllas 51 (ol (Y1 & Sy g3le) ol 4l 21531 (650! dnuw 5

. Marques and Fuinhas
. Ocal and Aslan

. Astariz and Iglesias
Heal

Edenhofer et al.
Rubin et al.
.Chenetal.

Lietal.

. Sadorsky

©O~NDUTAWN P



VEY Sl | 80 oled | VY Dl | O ) 6550 sladl asliiag iy | VY

AB S Ll 5l a6 ST 5 ote jiba sladl Wiy 5 655 e S
Folen 5 L YIF S5 5 S Y QoL 5 Kl L1
s SBisn e 3 G dialy s 3 (1YY T 5 cpb g YA
9 0LLL) Cnl (ealaBl wiy 5 o S Hlasl o daly ¢ Jaoee slaBl js ey 3,0
58S s s ol g Sl G ad e (T SOLILG
Loy 5 e JIs5 o Ui & usSan K8 U mie oS5 il T e
S e GLS sl 51008 S S ey § S e S g | (ool
@bl Ay 5 0,8 LSl G daly ped 53 (asee s 5SS s psete
SLasl Sl S (4l AaT53) (gnlaml diy o7 Wisls ol oT s S eslizal
el S Sl 4 0T 3w s S8 Ll 8 St Sb e S S
K55 5 oS 3 oy &S i 35 1y el 535S ab 5 diley e
Gl Caliee 3T gla jasli 5 baosls as gazme I oslizul b anlas o tiz (144Y)
el S 35S ab p ile3T OBGI 7 A el g 2 gl 03,57 s &
Xeo8 U0 ke XYNY COLn 5 s YW bl 5 a5 se) 55 walp )
S T s VR P (e P\ SRR A PR
5 dmen S 5 em g sasl & 58T IVl (Yoo F) Iy s el
R oy Cabae alal & gy 5 o il Jamel ) o555 goie lizel

]
o sbesle b bLL K o) 35S s ol ol
o355 Jsb 5 Lol bl ¢S 4 Lo deT s &S Slj b b o ol 58l (golasl

.Wang et al.

. Gao and Zhang

. Mikayilov et al.

. Nosheen et al.

Narayan and Narayan
Environmental Kuznets curve (EKC)
. Grossman and Krueger
. Bimonte and Stabile

. Fosten et al.

10. Maddison

11. Common

12. Dinda

©ONDUTAWN P



| OKen 5 (ed | e &l 515 LG A5 5 6550 e bl laikinT LT oy

33 a3 S e 4 4 S1(Y10 (O 5 S) ey dn g
TSl sla, 558 Al eols g Walimal S Ll el sk 3y Slallas S|
CHE) (e S o & Srly 3550 3 4y BB Gasls | ola,sa8)
N8 T 5 O gnm) (6550 51 o slasl &K Ol e 4 Okudl 5 (ToYY
P Sy ke o B golaml Ul e LU L ol p Sldllas ol 51 6ok
oy opl olasl Condy 4 at )l 4SS el 8558 ot 4
das oo Ol e sSas K8 U Jute il wsls oS S U (6501 K il g5 o
GRIP ) ) b o By ST gl 4 ST GL U goladl Li, &S
S TN 0L 5 adly) a5 o ST 2alS 4 g g 5 a3 o0
:%b&ugﬁﬁjdsmlujwzmak{b&ﬁud..udﬁicji_:
Y (ol 5 ) A4S
olasil iy a1l s &b oS ol Sen i L8 ckins o Ol Slallae Ll
ehy BB o S eSTles Ll Gk S s b s B ST 05
S Bn) 3 o S Il sl Cand s S e S 5 a0 T Sl
U e W A AR AR S TS 71 S5 | P P[P RRR IAE 9PV
3503 3y S dame S5 I 5 bl diy o alaily 53 baars b 5 s Sy,
3basl Wiy mhaw b o asme CodST unds 4 5 et (S
opl 5558 oo Jaals ) Sl 53 Sl i bl Eel 47 Sl (4] aT )5)
ST il s (6l T)s) 3kl iy arp & 35lue g he 1) 5
Dl e U5 4 el Gl 55 B G Sl oy Wl ke e
‘k;uuz;qg,:&,zh;‘ug’gou@,;,u&i@@wsiu,&@dﬁm

1. Seker et al.

2. Baltic states: Estonia, Latvia, and Lithuania. Estonia, Latvia, Lithuania and Kaliningrad
Oblast of Russia, exclaved from the remainder of Russia.

Kar

. Hasanov et al.

Wagih et al.

Xu et al.

Haigh

. Sullivan

Ozili

©oOoNO U R~W



VEY Sl | 80 oled | VY Dl | O ) 6550 Sladl asliimg iy | YF

5 SP5) Sl DV sl 5 (SAMgy (e cold (b o 4 Dl e
XYY oL K

o S sl o bl galasl glalu I gyl Cods galasbl dz Ll
&G sl 235 (anb wlio 3l el oslizal wmys 0L slwl 4 e L5 o0
S Gogba s sy L aoe Cardy 5 olasl Glalwla ol Sl
S ot Slita 5 55 i 503 (g (aren 5 il Lanl 4y 059 ol a8
el Glaalisls (s by Jo w53 (IS (S n pbs 4 i ) @
5 G baee S oolaml Wiy ST IS ba (Gl ane ) Llastls
5 s ) Sl S35 5 S 5 e plie e Jolb S e 4
(V44Y ([, 8

3l il 3 Y e 15 @bl dby 53 dS e Ol ¢ ulida T @
2 S b mle kel i ealg O e Sl A5 151 & LT
g g Sy 5 das LS A sl s ) 6T o eolizal A 5 T B

5038 i 5 kel sl claTys Ly b lejes &S o 0Ly (S 5 il 0
4 S e Skl i ool o il RPN FESTL sl e
58 g Loy Jamn 28 (S I i (55555 o o

e ol 5SSk b slasl Ak 4SOl g5 Sl e
5 e S5 5SS b oS es JT (la s 855 c(salal iy b pKen ST b
338 (oo S5 Jamn ChS 35y o S 3 S 0 Rl ST

NS PR PG N N T CEPIRC VI Py PO AN SR
OT j3 a8 Jlaz| Caboe abis &5 505 S oyl plosit b S o slgiiy 1y o e
sbols Wasls 31 50555 ssba sy 3pp 1y e S oslasl L)
Sl 3B &S US b G 0 3, S S ol andlas pl ol 345
55 O pan Sl S 5 e 6K 1 s 11 ST LS Gide e

1. Onofrei et al.

2. Scale effect

3. Combination effect
4. Technology effect



Y0 | 0,80 5 2eud | v &l s LRI A 5 9 650 D Yl lailuT HUT oy

JRy S oIl (&) AaTys) (goladl s g 4 gl 1) oS el
Led (&5 DA Sl Sle sk ls wlin (551 B pan sk b ola,siS
GR3 as 3a (s Sl g s 551 o Ol O gieay i )
o e sl 4y 4 gl 1y 0r S 5Ll (6l daT)s) (3Ll iy 36 ol 5 oo

oS S o3l 6550

SR A Y-V

(Ll 03 S M 555 G st by Sl Sler 55 65 035 oo Do Sloj s (S LS
Sl S ias Ll 02808 a5 4 ol Slal o e S (SS &S 05
o 33 6o F o s ST Ll il Jal e (S ST aias0ls ol
OT 5 & 30 Jelge 5 oS LLasl o) 43 odd plost Slalllan gy 4 ¢ iSu
Al dal g asls

o Oldlas Y-Y-)
0351 5L 5 6551 Q! slad S5 oy 4 slaadllan s (YY) "0, Kan 5 s 5
3557 5 slaasl . dzstls y BRI 528V 53 Y014 6144+ Jlu 5l o S Lzl o)l
(Sl 05 5L A8 e glniy o ST Ll s oLl M:;ﬁ- g5 5 ekl
@b 5l (6551 e (e ST 0T gLad D11 5 a5 5 e
2t 5 St b oS e 0T ol s s pallil s s e 5 OT
.J)\Jd;)u‘dl

e e 5 3Ll Anw 5 (S5 e LS hag 53 (VoY) "0 5
Tes S oSbe s, Sss 5 Y ez SO se3T Sl eslizal L1y o 87 5lasl
S oS a3 e OB S e ey VT 6840 Il I e 525 )
el ez b6 ysbae @550 O bl 0l Josws CiS  (o,5b
a3 e Sl Jaoeacon )

1. Ashraf et al.

2. Liuetal.

3. Panel cointegration tests
4, PMG-ARDL



VEY Slp | 80 oled | VY Dl | O ) 655 sl asliing iy | Y5

ey dond G651 o peme 5 sy 4 laalllan s (YY) "0 Cen 5 ]
33 G dame oy S 0 e 5 Sl ale e ¢ Sl 5 Sledbl (5l
eSS Sl ol adlas sy, YoOA B Y44 Jl I OECD (slaslass!
CSaililen ST T Aoy ats laogesT an g e Bl il
5 Ol gyl S uS e b = A4S o oslizul AMG 5 abis ARDL
23 Gl GG & Gl gl 5 pdibiad Gl O pae (Dbl
S a SKaS OECD sl 528

G551 O pan Jamenns 3 S| oy 4 slasdllan 3 (Y4YY) 201,800 5 a0
058 Sy siS ol s alaml w5 slaml Koy dididad 5 (glas
S5 O s 51687 s o 0L s izl Y419 61490 sl 6l in
s sl O e Ll el i 5e Doy 55 057 LS EalS 55 (lan
g g im0 S (sla )5S 53 oS Laen oy S s

o pan o Ally g2 5 sbdy ls e B s 53 (VYY) 0L s 5 el
@ by oolaBl Ul 5 Sl gl (Ol g (D)l () laoee 5 (655
Sy S ey p YN BNV L 51 Slej 6w €5 (6l 1) (63 g2 Ol ,& 3Ll
U sl (e g (68 el (s 5 kel el (Sl -2 s
LS Lol iles S Jlesl 1 (g 1s  (sllast el Jbo 50 50 § 55 5 NP
ity enlasl diy ) s o B 9 S50 e il &S A e
Bls G domes OUS S y> g s ‘_}{Gwéjﬂ WJcplldas e

Sl 5 golasl by O o dlaly ey 5 (1) oL 5 oL
SULol,an YOAA B VAPY o 95 5w ARDL Jue jleslanal b oo slassl (gl 5 1y o S

(oo (.Slj:af.u;@ olis Cib ..,U:; w)ﬁwrf‘j)&)‘qd NERY

1. Ahmad et al.

2. Information communication technology (ICT)
3. CIPS and CADF

4. Westerlund

5. Murshed et al.

6. G7

7. Kahouli et al.

8. Autoregressive Distributed Lag technologies
9. Vector error correction model

10. Aslam et al.



W OKen 5 (ed | e &l 515 LG A5 5 6550 e bl laikinT 6T oy,

,L.;:si‘_;;u;s\m,Sgu,;‘;,&@&;,L::s\d:i\}\i&l{cwlea,oﬁG:a;,p
AS ol Odedids ja ) o S

S Oladlas Y-Y-Y
Sola o sty LAl W5 51 e 3 s5 andlas 3 (VEOY) awl s pl s 2
L DA o5 8 glaysiS js oS Llasl , ool (s Gl 5 Pl
o 4 s e O s st YA BYAAY (sladle s Bl (slaests 3 S0
e S alo e ol iin 0T 93 015 (512 5 oo s Lallsb W 5 e
2 e 656 5 G5 D s I olagme SIS Sl s
Syls op S L)

A 5) eolasl wiy 5 o S sl bl Jaass 5o (VF ) 0L, 5 SILT
Celer 53 5 2bdd s e Sl eslial b 1y (als &l Jsls alsb
L3S s WWAF B AWAY 055 b Ol skl Obe s | olad bl slaesls
Col ily wlmw Jols Galil W g peme 53 & Aas o 0L addlhe oyl il
s @l A 5 ke g b o | 095 on Okl e 3 o ST el
S el S L (s e s Al b a5 e S (8l
3 851 O e Db Dl el 3 o S Ll 1B 3 e sla e SIS0
Ll andllae ol Jde 53 1y Cote 5 Slsbkias cul i o VL &S il o OT oL i

Sl Jaomelan§ GlaodtVT oo daly w4 By 53 (VFoo) (oolsT
Sy Bl baesls by 3 eslital b eSSl (gla 528 53 (golaml wiy 5 (6551 o e
Sk o ite ey & das e Ol Sl s Yo Y B VAR Sl ey
Sl 35y op S HLasl g (galaml Ady (5l o s

O e e ool diy o blize LU, aass 5 (W144) O, 5 cal
el (6n Slojle Camie 5558 V8 (glaesls Sl eslizal L1y op S ezl 5 (650
Bl eSSS L e 3,57 51 Jool s s ST )2 Y410 11440 Lo 6L )
SLa) iS55 i3S S U aed b3 s 0o ;50 (5)lsknn pelaw 53 487 313 OLLS

1. Spatial Durbin Model (SDM)
2. Spatial panel data



VEY Sl | 80 oled | VY Dl | O ) 6550 sladl asliiag iy | YA

3 M Rl W iy s 4 b ol ) il o Bl anllas )50
oS L) 6551 O e e AL or (e 5 ot Sdle 5 4 OT e
el a3l (g lsblae 5 oote 3T

1o Al W 5 e DL ey 4 a5 53 TN o ol 5 JlgS
3 Slasls 5 Shyslo Olir ¢ ol ardts SIS al (0 S Al HLas il
215 5 ol gl dimstls YA BNV Gl 6503 3 b slagsd sl e
A5 (I e Slasite 1SS pa Ole 9 bss LU sy e Jadll S
AL o S 4l LSl 5 &l Jstls allsl

WS ol 4 Ol oS e s ety 5 @8 Sllas il L s L L
W5 (855 2 pae o Bl 5y 53 GledSTT, Sladows 4 51 & oL Cows
4 laadlan 2aS Ll ool o plowil oy S Laml 5 (alasl As)) Jsls allsl
Dlsea) lm Jsls Jallsb g 5 G550 Opan lsle Oljen 3T o)
LOYL @ b ge A.»Tjscbl{)gféah)}if\‘\/ﬁ oS ksl (Il sl e
S ol S5 0L ol s (i e JUST O g 8 miwslal (g 5ledute
Ly oS oLl 5 650 JUmt olas Ol 1w daly (YY) 0K 5 o3l 4 S
@olasl Wiy 5 o S sl o Ll aS (VF) 0L, 5 ST L 5 L5 S ),
robasl Giladde b en LS 5 1) b i °€@* Ll (s gai (w2 1y
oslisal b ol iass oo indk los Sy | bl e JUS 05 5
2l s (Al g (5 e bl JUEST ie 55 ST 1 Olbes
Wl 35 4y ata (63T 5 Sls (Bl rSe S| O 55 &S 4 o S L]
5 dde mpal 5 B (s (A Ol 4 e iR 5o oSS
el ol a1y 5 eslawls s (gla it

d’&.&}ﬁ wl:.&uib Y
3 5 0bjdsb yo dmas 0l Q},»Jf) ol o 4 aS L slrosls Calizes slad e
YN0 ‘Y‘Q‘j«%j AEEY ‘r)jw) Lladl anw g S s (31 L) abade glads1y

1. Panel smooth transition regression (PSTR)
2. Hsiao
3. Pesaran



Y| OKen 5 (2ed | e &l 515 LG A5 5 6550 D e bl laikinT LT oy

Ol 9 (Y00X) gl Ly o5 dmia dolad (ol ladas fola bdis ol
5Os, bt plo 5 b &5 dmea s b bdde 5 odd wy s (Y210)
ool Bl ST 0 g 55 Joke o zally (Kanl 93 5 51 ol Jloe 5 2L o0
e & &ty O g S5 ul b e ol 53 ol 4L an 55 (V444) T s Lo 5 &S
s ol s g 4 1y Calises slie 1 (oS sl 515 o K05 oalin b6 ke
Glade sazms I oS sl 4 bbb s Sltalie (i 015 o Sslite (5 i b
5SS g e Ciltie slan Sy 5> Dslie alps b e b oS
ia SIS ol ol &S o Ol el 1y Bl wlT g £ Joke 47 ola S35
) 33 il ke 0395 ga olital Sldalin (g 8 (sly o slabnT Sl &
Ogew 8 5 Jdbo S o5 Slaj slaegs plod 51y 4o gazme & 53 Odile 4 3 ome
A;uwTﬂ;:UuaﬁwuﬁUf\i@Mwu}’@Cp}gl)c,mu.ﬁdsg‘uuﬂ
5 PGS WL H 0K ates Sl (Sae ol Joe 53 Ll S (0 s
YV O
o 451 (V449) uila Law 5 o8 il wdle JUSH O g 85 Jolo el ] LS
FU Je G Olsen ol (S Wyl 38 ot il gy 55 4 Ol e 1y
33 S 5anl 3 pb 45,5 55 il Ssline Oy I sb 3 o gl b e Kol
ob o otalin B e oSG gy wl 5 ol pl Sl 55 b 05 S5l
a5 ol sl 6l Y| Qs pze o8 olwT 51 ol e e JUiS! e
Jee p g3 Bl & gline L 53 3130 51K a6l el Slons O o S 5 b (s
sk (San Bl Je oS Ol (Sale 4 015 0 1 (B g2k JUES1 0 g 5
L gldsles &S5 lpen JUSH O g £y 4y )3 Bloss o peis (238 s
VA VARF T gl ) ol gl Mo ite ST Dl JUSH O g S35 sladete
Ul O o 55 a0l e il o (YY) 0L 5 (158 allae olil 5 o3 Jube

el odd iy a5 ) daly D)o 4 5 9 b (AL e

1. Panel threshold regression model (PTR)

2. Hansen

3. Single-equation smooth transition regression (STR)
4 Univariate smooth transition autoregression

5. Terasvirta



VEY Sl | 80 oled | VY Dl | O ) 6551 Sladl asliim g iy | ¥

Y=+ A+ B'Oxit+ 3’1xitg(qit;y, )+ uy ()
ol 1y kb sl d:.u sl oy ad=1,.T si=1,..,n ) daly Gb
5032 o ite 31 s K ls 0 655 Xit el SISl &S0 Yip dtuly et .cins oo
5 s 0L 1) Olej DI31 5 b (63,0 DI 5w Mg Hi eleal Olej L it
B6 b 25 1505, Osw S5 G s conl posdle dimun lalbst Uy
o Jla g 5 ol Gt caliie JB pite 51 a5 b S5 Y sl 53 9(Cis v, ©) JUas!
Bo + B1 s Bo Osew S5l b L Mie 55 nl s s pdome S5 5 o o b el
S eslizal b L0888 (U gul 5 5 il VAAA OVARF (B, sl 5) des oS e
¥l b (S b Szt

9@ v,0) = {1 +exp[—yIT Ei(aw—cp]} (Y)

withy > 0and C; < C,<...< Cp,

Yoo el 5 Sl 0K la el )b 51 gda M Sls ¢S €= (Cyy ey, C) OT o oS
w8 5 psmM=2Lm=14 ol S5 Vgame oo 538 o s |y Uil sl
Ysane 41y s el )l s Ol i ) il g1 51 B A3 o 03l pilie ol 15 03 95
bils o35 55 o Aas e Ol Jbe M = 1 gl k5,80 a5 55 cdizean e go OT
L Bo+ Br o Bo 3 o S 5SS Il &K Ly s ol e Gt 6V 5 oS 2 5lie
O 4 81 PSTR Joe oani i 355 o0 8 pama G J o 5 OT o i 2! 3)
:@l\‘@l,&ua“ql:—;uﬁj),;j\

Vo= 1 A+ [3’0 x + X+ B'jxitgj (q{t; 7 cj) + uy )
Gy M) e e Sleys b = 1 G (0 s 75, €) s gy ol 5o &8
obe s 0158 015 o0 1 (2 31 (g oo JUGH O g 55 ke st 4 5
Y O 5 1558 5,5 sdaline (1844) uils s 68 s 25 B akT
s el OT (88 5 53 4 Jole s p o o 56855 8 Slaj cnl 5 o
m@.\,‘gﬁw‘mzzgm:1}r=1pw;)}>&gﬁmdwoﬂf,w

ol C"r.;‘ QLJLE.A ‘J‘Lﬂ‘j ‘J:.:’_;o.b 'J"SLSA L:Lﬂ o J)}TJ;. Ju\.ﬁ L}"Lf-j)‘ BL) ‘5.:..53

1. Jansen



Y] 080 5 (b | e W) s LaIlL A 6551 2 eas il SakT JUT

e 55 03 ot 05057 ) ol ilies ol o Jald cpades (Y01 0) 550 Lau g
Obe alasly 055y (as p (fon S 488 35 Doyg0 )3 5 355 on ool D25y (oo 8
Pt ke Obe ot b alaly JolS o el g JUa) ml 5 slad il b e
D ad

HO=£1=0 L HO=y=0 jiv b 05031 L Wi o0 035 s 05057 42 5
SLls o anb b Cos (Bl oMo QST 05 85 Jde ST0T 1Ll apd ol
ssbte 4z 5 bkl b B 4 b 53 a0 ge)T (Slae,lbeT (sl sl (gla el )L
slgtios 1y QU1 b 5 k3 o 31 eslizal (1AM T010a 5 oS ¢ St ol Jo
JUst wb sks o B o geast ol 03 (Y+20) 0L 5 (158 imman Lo S
Sago 4 4 Wlos goi lgiiy V=1 i U ¥ bl e 2 1 Gi(qi?5 45, C)
!l B bl

Yi=u, + BoXie +B,Xuq, + ,BmXitqitm + Uy ()

A e p 35 Ll o iin Al 03 o KOy i 45 0B dlaly el
L die glasuize o Jas dlaly 5525 OT 3 pude 5 (s b ddal)y 52 2 SOV
S8 Todasle 5 SEIS S Cnd 4 0 p ol 0seST e ase 0L
S s yh e oslizal sl Conys S 5 a0 518N (b Sl 518 lao,LT

...in»y@hu(‘/}f’cb .Eg\}))ﬁj.l:{b)wb\ﬁ

TN(SSRO—SSR1)

LMw = SSRO ©
_ [(SSRO—SSR1)/Km ©

F ™ SSRO/(TN=N-mK)]
LR = —2[LOG(SSR1) — LOG(SSRO0)] V)

1. Jude

2. Luukkonen et al.

3. The Taylor approximation

4. Colletaz and Hurlin

5. Wald's Lagrange coefficient
6. Fisher's Lagrange coefficient



VEY Sl | 80 oled | VY Dl | O ) 6550 sladl asliiag iy | PY

Sl Sl jo g garme SSRy 5 o Bl Jde sile S ¢ geme SRy G55 s 53
(olin sl N Gles o593 T e .ol (L 00She Jil &g 85 st 1 oo
53 il s @1aknT lad Sl M 5 Jde 3 ol Llod el 5 gla i slias K
LS I (Bl e JS 0 g S5 68 Sy oeT s 4 il 4 Ll
Sl Je st 8 oS e el Cger ST ml g5 2l B el 05Y sy - e s
93 Jolo 5 g5 b b Jolie 3 JEsl Wb S5 s gz s Gl s b skt ) (6 550
b el 05 (ot 8 505T e 35 0503T cpl Jorl o 358 o0 O503T JUES1 w6
© B ol 5,8 e 15 05031 5yse £33 JEsl &b 5 55ks (6w B S sl

Ll A dlasly Oy gm0

Yit = Au‘i + BOXit + ﬁlXith(qitl: Aj! C]) + :B21Xitqit2 + et BZmXitqitzm + UL't (A)

e gty Lookile Sl s 8 dlal) 555 0505T A dlasly 4 a2 5 L G ol 25V aalsl s
JEl b oSG 058 Blowd 052 35 o 4005 sl 053 plasl o 405 O30T
g 33 bl el (o ColiS w) p o gla e Ole (ot 18 dlaly () g
05057 JGSH Wb aw Jildor 3 s 4d 3 blae 53 JSH wb 55 Bl 58 ol 35
Al aal3l 0055 w8y o b S LGB Tl sh e

3 655 O il GIalaT 3T s 5 shien jol 2ags 3 oo S ok
Pl Qb)) ) geots 0k o ol Jke 0 ST 5LES &l s Rl b 5
LnCO,;; = u; + BoLnES;; + B,LnGDP,. + B,LnUrban;, + f;LnTrade;; (1)

+(BoLnES;; + f;LnGDP;; + B,LnUrban;; + S;LnTrade;;)

* Gi(qi?s 5, ) + Use

5 yn L (,;i,Ks s e LNES;; ¢y S L] ‘,:UKS 5,2 LNCO,;; & daly 53
= L& o jne LnUrbang, il Jstls alsb o 5 = 58 s jae LNGDPy; ¢35
c\: Gj(qitj;/lj, C]-) Oeemad 9 (Sules 0395l V’:’*’@ s 2 LnTrade;; ¢ sis ¢s
55 il e abaie O Kb gy Sl s 5 oS e sl « g Ujp il o JU

C,.,w‘o.,\..&bbﬁf-\fﬁcﬁjf}oJW\bj‘}néuﬁuiﬁm\d)u\}-



] 080 5 (b | e A s LaIEL A 6551 2 eas il SlakT JUT

‘JJ.A BE e.sLé:..chy 6‘.&)33.4 A JJJ?

& St s Ol pm 3l S0 Ol )lasl o S Ll
: Lé} ely it | Sl (6l S e ) el 5 Sl owd | LNCO, | oS L]
o S
gl b Gl 3l s e 5 e IS (65 51 e
L . ~ S8l ol g oS o s 5 Sl e Sl
b Olex i::; J 538 b S8 G Sleslind Joli plssi s | LNES < e
o3l " S ol s 0 e el 035 S 5 @5
el 0 ealizal (6351 IS 4 hed (85,1 i
(YN0 ol T JY) 6l Jls Lalltl W 5
ol JlOle ooz s Jts 2l S 5 g
SOl | o hte | ediall Gl Sl g ama ot el A LD A=t
Sl | (Ul i) | 458 8 wlola slatl s we OE LS 5 dos b AN
o 2 Sl ball slge 5 Jpams UL &l
sl 0l Bl Y go2es
2 L 3 48 ol gomarr S (1531 St et
| IS e | e S5l e il 5 S e (S5 | LnUMDAN | e
s 3y e 6 Sl
- shasl a3 b S @S e 4 ol 0355k -
| IS e | A e s Do 5 5ol 05lal 58S G | LnTrade o
S 3y o il Ll Sl

a5 slaasl tais

Laesls J.;.bu" PR I

3ol s gseslatal 5y 0e gla e (sl g Caale 5 SIS S lE w4 g
d}:.wjf) WJLAS.;‘ JMMMJ‘OMT@JM@L&JJ’J}Q#QM‘)‘
A dal g aets  Matlab2022 5 Eviews12 i3l 5 s 55 (Kl oo e U]

Sl ods 4535 b 12 )L 3550 (sl ite ) ol addllan Ol 3 oS el S3 0LLELY
W}eé;gbdéﬁLsha)‘);\gjig)&}w}‘uﬁha:\:%&ﬂﬁﬂ\f%}aéjfﬁj@
s AL a5 6551 o me sl Gl e immen LS o 0SS SIS 55 5 gl 5 4
335l e Jotms 1y b jite o Jost b dlaly 3505 Ol |y 5 cdilons 4 8 L 55 JUsl ke Ol gie s 4 e

Al 5 S LS Ol e e ke gla) 5287 53 ite 93l i L) on 5l
2. World bank



VEOF Glg| 00 oyl | VY Jlo | O 1 @3 sbasdl asliiagy | VS

bl 09030 5 o g5 bl gl £

V.; J‘Jx}' J:J.} 4.3 4* d"v\?' %JB ).} 6&.:.,9}3. ‘)LGT )‘ aJ.AT Cwd 4:. QLGW‘ QJ'“L“‘J‘Z’
)LAT)WL;J.a.:ﬁ.auﬁ"«)\fq@caﬁw)ﬁéhdb:\.wjg)w%:)yéh)‘,ﬁ
.@‘aﬁé\&‘bﬁ:d@p}:

o 5 Ul s Y Jpun

/670 +/\oo AVARR! Y/+VA Y/ LnCO,
v/Eh0 AVARAY £/0Vo L/Yov L/YYA LnES
+/VAY VAL VV/AA Vo /YA Ye/AVa LonGDP
VAL /s 04 £/0AY IART £/Y4) LnUrban
/049 Y/ Y4 Vet £/YAY £/EYA LnTrade

S5 Slaasl tae

3 O B sl 568 Sl sl mesliasl Lol b Gllas oomes
s 0 P 0T S ek 28 e 1y el 05037 12 3 (2l
BBl Al 4o ES 3 g s o 4 3503 pl 53 sl 0l 03lizal
G5 S ite gl -ty Al DT B Sl ok S Y Jgder 5o 05e5T
.m@\@ﬁuﬁuﬁu&@\ﬂ&g;

&L‘:...ﬂ b_,a)i @B Y d;.b

1(0) — £/7LY Fafren LnCO,
1(0) —8/04) Fofean LnES
1(0) - A4 Fofean LnGDP
1(0) - YV foeve LnUrban
1(0) - 0/AVY Fofees LnTrade

Sl (4/40) o 53 (5 5lakins odins 0L *

sy slaasl tae

1. Liven, Lin and Chu (LLC)



8| 0Ken 5 (b | e Al I3 LRIEL W 6551 D sl AT JUT oy

B e JUEEH 8 g S5 Joe 3590 5 4
S sy Jlhe 53 1y O35 s i abp bl dip he Colae 4 4 gl
W5 5 6551 O e i) JUESH e 93 535 a5 )3 b (Ll wudle JU! O3 S
A5 er e bl es O g0 T e G 53y (@l Jsls Lallsl
3355500 05051 Gl e Il 5 s A el e LT a1 a5 (3Ll
i 51N oo My 518N (o slao)leT olas wml 0 o305 Ol F g
G 35y ((M=2) 5 (M=1) GllnT o 93 5 &G Gl pleitanys S

-\j@-\ﬁ.t'/'aLSJ‘JLMdd.MJJ‘)&QﬁD&JJL&J‘Qw;)

Sl ‘..:.UKJ N Jdae | VoA Vi/Yot \SYARA yg/04¢ AAZA%A) Yoa/e1V

S5 b yan (foev) | Gleen) (/e 0) (e/0e) (/o) [ (/ene)
g ‘.:wlfd ¥ J \W/ANY o/\4Y \VYARY V4/180 Y/ 84 V4/EAY
$lw Sty 2l G/vee) | Gren)) (+/0v ) (+/008) G/ | (oY)

HO:r=0 vs Hlirr=1

by o ezt 555 Jols slie A3l o QU] wl 5 slas Sl T sl g0l sl Sl M tax 5
LS e IS 1 oslel
SR sl tade

bl aelsl 5 canlllan )50 Gla piie Ol ot 8 dal) sy S Olabl I ey
) Sl a5 gwy p Jlal c\}: Sldas iy gbtea Iy olile BL s & aaly 54 g
i (Yoof) dosla 5 SIS 5 (Y000) 0L 5 W15 S Sl o 4 sk
s5ms 4l Jlieys Jist w6 oG b (Bl o3 JUist 05 S5 S 3525 i
S el 3 8 0 pa5T ) 50 Q! b 5> Jl L (Ll oS JUESH 05 55 55
4 p 48 s o O il 55 e gl sl ol 0305 OLES O it 5 ol =k
GlT o 55 5 6K Sl 3 a3 (JlEl b S5 03 500 Blod STy s i

1. Matlab



VEOF Slg| 00 oyl | VW Jlu | Ot 55 sladdl asliing 3y | Y5

) g s 4 526 Jlasl mb S ol ol (Sl ol 3y 0700 (5ylalas e o
W5 s G55 O pae Hlle) Jlasl glaine 5 o S S TT(6s HLisl Ola los 8
- Py O SOV N PO [ KA

okile S s b bl 355 0 ge5] 0 Iy

Sl 800 Joe \/08 Yind \/+00 —V/v ke —/NOA | =V/avd

S5 B e GIVAA) | GIAYS) | GIVAAY | (Vees) | (ees) | (Ve
g ‘.:JJKJ Y Je VARR YR AR Y/VOY “/OVE Y/V0
&l Jls a2l (CYASCORN IR CVARA DR I CVA KD I IR CYAARD AN I CYAZ-A D IR CYARYAY)

HO:r=1 vs HLr=2
Ly el 5l Jtls slie il e Jlazl &l ol Kl s glabnd Gl slaws [ Klo M e 53

LS 0 ui)l)fb ULJJAA.!
SR sl tade

sl dlo o 3 (JEl wl g Sl D3 gad adede 5 O3 o e (g S
Ao 3l digy ) 33 8 Ol gl Ao g5 b S L Js! b Ole gy
. Y — \ . . e T
opdemn gaame 5 SSUET 5 5ilsd sl plely solite ol (sl (SlakT
2l 33,5 o Sl e il ol y gy Joe o(Y2V0) 5 51 (65 4 Laontile B
WSO 5 5olss Glajlas bl S das o Ol = Sl ok S 7 g o
il o (M=1) GlaknT dom ¢ LPSTR Jube ¢ylie ol ulal 3 Jke Sl

JUEsl ml G s lalal GOl slan s N g

)U?’L.d r’é)Kj ) (JJA
= SV/8VE | =VTOY | AYYAAYY | —Vv/ged | SaeTA | AYAAYOS
S5l G e
W, &Y Je
i VeV | SVFEe | AYAANY | SvEeY | WY | YaAAA
Ol Jotls L2l
1. Schwartz

2. Akaike



Y] 080 5 (b | e &) s LaIEL A 6551 D eas il SakT JUT oy

3581 5 25y 95 de &K g @labnT w5 JUs Bl S e ) g
C,.w‘oJ..&ﬁ‘J‘Vd)bJQJJAJJ)Tj)‘J.ﬁB-@b45.3}3@

PSTR e (e gulss ¥ Jgr

Sl r;util +JAY£0 VoY
S5 G e (A/AAYE) (=£/90AA)
U r:uL{! o/r\0t < /AYY0

&l S5 a6l CYVAYY) (Y/YYE)

; & Yo VAV YAVAS ALY
A (6/0var) (/4+40) (@/Y0AY) @i
a3k e, A VAT rELY VEEVA

G\ (¥/08Ve) (Y/£A8) ($/0A$A) (V/AYAY)

b al,by Y/FAR §/0vaq

5 g8y O C
= Yo/A0Y anars
(53]

o3 Sl tpis

G Sl oot o S T i el sl e a1 ool ol bl
}Vi;)ﬂ:s:@sw&“;ﬁv/mv?J,_.wu,“bw‘wlﬁ;ﬁ;,gﬁ;,
o abily e g3 e )3 e Lo oo T Cows 4 VO/AADY 5 glaslenT U 51 5
FIOVAR fided oo g Jolan el S05 0155 4 Sy S5 51 s o Sy &S
.chch,m4{‘\/M~r\°}g‘5wuﬂ.\>51)}.&,ﬁju_~_£@s;o&a,wﬁ

S 4y b 2l 4 Sl Al b bl il gl 5 oJsl dbe sl
(250 s 5 Joo) Gl o 51 a8 Uil jiie Hlie 5 A5 (oo for Sulgiis
Cra 25 Sope 4 dhe 5 3)ls o e3de Hlis JEl M Syl 53 8 Sl
255

LnCO,= +/+\0f LnGDP + :/¥foLnUrban + +/+ YA LnTrade



VEY Sl | 80 oled | VY Dl | O ) 6550 sladl asliiag iy | YA

.m)bsw.\..a):diiqucb,;é,éda;’-d.u)aaua)ﬂﬁ%\,@@w
Jor Selie a4 i bl oS Sl (e b Bl S e (s 55 pes
S ol @Il a1 56855 (6551 O e L) JUsl el bl (S oo
T 2550 4 w50 ol 3 dda 5 3,503 65 (g3ue e Ut mb Sl ol )

s

LnCO,=+/AfAA LNGDP + Y/V\VY\ LnUrban + \/$A+¥ LnTrade

Jls s Loy eSSkt ded 23 o2 e s e 5 ediiny sl ol s ales
S35 B pan Sl Il Sdne b dde radsd 1 Jool gl (0 F s At
DLl 5 e 651 Gl ) 53 a5 ail e (ol LRIl A 5 oS s e 0L
e oS 5Lt OT (8 31 It do 51550 b 5 093 w35 53 Lol el 0 S
Jsl w255 02 5 Sl S LS 5 e 51 L1s o5 55 2 )3 (ot g 355 0
SoI3 w35 33 2 53 Sl D3 Sl e ol a8 ST el OT (131
;,T&,uf;\‘5|4;t;wT,\>,~\,,,;p,c.yﬁ;,,guu@ld;,u;ﬂj@;ﬁ6;\
B o e oS L

WA{\.,:.&J:AJQSQ\G:JBQ}h&d)\dbﬁj)cpsdmgﬁw
(230 s g5 Jooo) @I0laT o Sl 508" Il jie jldie 5 uS' oo foo ulgiis
TR ) Szl b Jde 55,05 ao (a4 Hluae Jlas] @U = opl ys &S Cl
15 g oo

LnCO,=+/AY¥d LNES + Y/AVY#¥ LnUrban +:/*ff¥ LnTrade

Dl sme Ao s ot c)a,w 23 B s Jde s ediing sl 5l eles
WQ%‘:&P\)L@Sw\gbp}m}gpadbﬂbw.m
do 1 58 5 (6w Jtls (el u g) JUsl e i bl ol o oo Colg o
4 023 o2l 53 e 5 31 &5 (oot it Jal wb Sl 55 8T el (gl T
B N P B S

LnCO,=+/fV+Y LNES + Y/+\\VY LnUrban + +/Y+¥ LnTrade



YA 0,80 5 (b | e &) 13 LaIL A 6551 2 eas it AT JUT oy

Dl s Loy ¢S oobT cb.w BEg s s e 5 ediny sl ol b bl
G Al Wy Il e b de adss Sl Jool s o S opds it
Ll 5 Cie (g 51 lyls ﬁj)p,a).s S o pra Hlla oS das o Ol &l
jrfd;)\.i:ﬂﬁQTL;)L:\?;\L;HH:M;TJ:-J")HL:}r):r{_)“)):l.alcﬁ..w\(ﬂ;
509 5005 5 Sl S LR 5 e 51 Sls 55 53 8 5o (i e 350 o0
0355l e sbp 565 0p S Ll 0T (I8 1 lelenT a5l pe L
S8 51 ! (230 0% 5 Sl oS LS Cute 61 1> a5 92 2 s ol
AL e e oS Ll 0T

ol s go opl 4 Ol oo Jele 53 Sl ool s 4 S i b o S b
Sesle 5 (655 Copae Hlimle glabnT Sl 3) Gl Jsls Lallilb Wy o«
Sl Cate g 51 gyl (&l Jstls Lallsb W 5 glalnT Sl 53) (6551 o e
2o S SLI Js 53 52 50 (Golasi Dok 5 (el S e ASL s oS
a5 HLazl

1903 655 B pan Jltle &5 8L Cos el 4 OS5 (0 FG385 Dse
4§55 O pan 5l Olge Bl 5 Sl (550 IS5 p Al de (lacs3 il g
S Lt Bl 4 e S Sl dibbies Glai Sl 1 e O e e
‘_}:g.f.: S S lss j\f B} slalls L;La)'lf S Glodas (- |55 e3sh o0 ety
5 S ssbe g kb 31 gl e S Bulas SE ) 5 s
TS PPV VR SR =X PRSON EE W i SO (L S8 PRI BN
Slaatli oy (00,0 Ll & (homalss 3555 4b b i f ks 5 355 o0
QMJJS&CJEAJMb@(}%b@‘éb@‘ﬁ)}%)@%ﬁ
S w0 L gt LT 55 o Glaj Bl e 11 bl i) b ) Laes S
e (b 5 Slapite plo 3500 3 roped ey drn 5 0)93 I b 53 ol ol
S8 Ll Olpn ikl g Comazr SRl 47 3,5 0L 015 o0 55 el e ke
0594 5 S5 2 pan Sl by e Ll e il A e il 531 (lallS
ormmen . Aib o (VF0)) 0L 5 ST glaanl b pllas oS il b slas !
@ Mg sl s Lol Sl bbb S a4 slaml glac s O4S5L



VEY Slp | 80 oled | VY Dl | Ot 655 sladl asliiag i | o

ST lgme Sl & ata 355 S Ll Sl Bl Eel Ll g e S odd ) 4iS
Sl Ol e Hhedl o o plos il 2t (G105 L 5 S1oske) WY ey 8 plas’
LT s b Gillan ol g a8l s dal i by ke S S
Al e (Y00 0) " gl oedla 5 (Y4 09)
T 4 e Sl (aly pie Olgea) ()8 HLASH pite (ads 2 (e
Sl e Ol gea) &l s LAl W55 6551 O e sl (sla pine (el
Y lssed sl odd osls OLaS |53 glayls sai 53 5 ol awlee i el yl g (L]
ssbolen .l ol 51,1 (8531 o e Sl le) JUsl aze blie 53 o S Lis) e
oS Lasl 5 651 O e Hlle o mde daly (ol aseie 50) Hlssed o &S

Sl sy

(551 B pan Hlla) S pice Jolioys oS SLEST ke )l god

Sas slaasl ae

1. Ang
2. Halicioglu



1| OKan 5 (owd | een &) 515 LG A5 5 8550 D s Hltlo 1T 6T o)

(8 o s @l b A 55) Sl puize ol 5o cp S HLES ize Y ls e

a5 laasl taie

S S domt 5 Lo 0
W s GO e Jltle ite 93 labaT ST wypy ol hass Cods
Y4 J‘Y"" GLAJOJ}J?WJ}&;VVJJJ;)W‘jQ‘ﬂkhuAEL
"'L,’,-’Jf a.ﬁu.:.w‘ (PSTR) g&l’l'i (..1)\.4 du-:.r‘ Qj:.w)f) J}) )‘ )}Jﬂ.ﬁ U'.’-‘ 6\j ML"SA
AS o d\lb}iﬂ‘pfs)s adloe 3,90 Sla e o o 8 dal,y S b
W5 4 Gl3) ps3 e 3 el o 5y Jist o Kb o8 b bl opomen
Jal Jie 3 i (Gl ol a8 8 L5 s Uil pice Olgiea &l Jotls L2llsb
il o (Sl ol ad $ L ys JUsl e Olgiear 5551 2 pae Sliile S b))
8l Caws e ol 4 Ol o e 55 52 Sl eleT Sz 4 il @ a2 5 L el 5 b
Sesbe 5 (G55 Copan Hlimle labnT Sl 3) Gl Jsls Lallil Wy o«
SLasl ) Cate 31 s (Wl Jsls L2l b a5 glabnT Sl 3) (65 51 5 e
2t S shils Jue 55 pa 55 (6ula 035 5L 5 ki g momen LBl e p S
48 lalalw 03,5 7 ke 0dd S5 S 4 a5 b ol ply AL 0 S LS
[ P R PP SNCIIE SP-3 N LT 3 IR PHEN LGPl P LG -t B INC g
@ Olg o IS 5o bl dman it 58S 8 ol bl d 4 e biowle adl sl
9ol slags il wsle) Al (65 )] Ct.a Sl eslazal Wyl s S5 oyl L3 5,04



VEOF Sl | 00 oyl | VY Jlo | O 1 3! sbasdl asliiagy | FY

S8 Lasl 5 b Glac s s & Kals 2alS 4 Ll 5 o8l ) o (e 55
LIy o S ppee S5 e Sl oslinul gl b sts el (S &S glalS
5SS lacrsle 55 oosT 5 4 st ST SWST ud Glas s 5 pae 1alS 4
e S5 Sose e ORI & 500 S Lolem 1) L wlio e 5 S (6551 B oS
S8 Ll als ol il mlo )3 sl gl Gl o
e Ooldal Gi 4 WS e o (LisleST slags,sls ) eslizal dsle) Sl
Ollisl rals 4 Ll 5 o &S alasl glacdleb ol el lllul s (les ¢SS
Jols L5 o G5 2D STl (slags 3 Sl oslital 4 Gy 525 kST ESUST Jaomelns 5
S Sl Al an) 53 dne g 5 G 4 (35 5 Sl G o e D s
whws) Gbls axw g 4 b 5 il gl alS 6l sl 5 badal s (Wil
s Gl 53 b glaco b 5 (b 5 OOeed o Jlo Ll sl Jals L5 o)
oy 53 op S LSl Eal 5 bl Sl gl (A s gl 5 (WSl (o 4l

(A3l e S & Gy 525 Jols 5 ) 0n

él;.o g2l A
o il ke

S i) (sloslgiy 5 Dl 1 Sl e Ol 0l sy 06 e 5
...U)l.sbbg;b).\éjjgx

ORCID

Seyyed Mohammad Ghaem Zabihi https://orcid.org/0000-0001-6677-3418
Rasta Kamalian: https://orcid.org/0009-0002-2824-2610
Fatemeh Akbari: https://orcid.org/0009-0007-1142-4924
Ali Akbar Naji Meidani https://orcid.org/ 0000-0002-0455-1585

cl.;o A

5,00y b i SadT Jlasl 5 55 Oopae ki o alaly gy ((VFr0) 3T oal3T
pole oirtign 03 p s SISOl MoS sy il ST Gransjl | Seililen sladute
https://civilica.com/doc/1331002 <, iu 5 s (sl 5 Soledb/


https://orcid.org/0000-0001-6677-3418
https://orcid.org/0009-0002-2824-2610
https://orcid.org/0009-0007-1142-4924
https://orcid.org/0000-0002-0455-1585

Y| OKan 5 (wd | een &) 515 LG A5 5 8550 O s Hltlo 1T LT o)

OVFN) a5 g8 5 Jo 3dip 4 sad (Ghass ¢ i 0 (Seliny s ¢S 5 ( S
e sl yiS s IS slaE lsl , eslasl Sdew Lesls ST
slasl sl iagy (PSTR) (Ll oSl JUisl Opmn S5 Je 5,55, 10 okiS 3l
A4VYD (YN Ll s

Sl OVF ) el (BT 5 il (Sl op el (Sogaie temae (ST s
oy sla a0l pl sbokul Ole 5 (glad o tgolasl uly 5 oSS (g0
https://doi.org/10.30473/egdr.2022.60860.6310 «(FANY ¢ c3las tnw 57

Wiy b ST 5 6550 o pan alaly ob3o OVFAA) gt ool g 5 L ptamms (JluigS”
(YA O™ 5 (62 ,0)) (slalanln Sy slamn S Glalinlin gliul) )5 (g3Lal
https://doi.org/10.32598/JMSP.7.4.1 &+ +-bY0

Ay daly gy (1¥49) Sl ujédhjg.ij:b’}co:\jﬁ:-)éu)-kwc}:ﬁ-ﬂ\ sal
e o,y piS 163y sn adllae) IS Gl lasl 5 6551 o e (s3lal
ATSAL (51 | SENTCWG S RS ple (D! CoSes Ol
https://doi.org/10.22034/jest.2018.24919.3396

/.

e (518 o 5 el Sl ST LOF0 ) o (il 3500 5 05 e 2B

Bl sesls 5,55 1 D8 oy sae (slay 528 5 oy SUSIes Ll o

https://doi.org/10.22054/jiee. N#V-\AY «(FENY O/ (o)) slas] asli iny s
2023.70446.1953

References

A.C. Marques, J.A. Fuinhas, Is renewable energy effective in promoting
growth? Energy Pol. 46 (2012) 434e442.

Abdollahi Arani, M., Mansouri, N., jani, S., & Aghyee, N. (2023). Carbon
Dioxide Emissions and Economic Growth: A Spatial Analysis Among
Iranian Provinces. Economic Growth and Development Research, 13(49),
54-33. https://doi.org/10.30473/egdr.2022.60860.6310. [in persian]

Ahmad, M., Kuldasheva, Z., Nasriddinov, F., Balbaa, M. E., & Fahlevi, M.
(2023). Is achieving environmental sustainability dependent on information
communication technology and globalization? Evidence from selected
OECD countries. Environmental Technology & Innovation, 31, 103178.
https://doi.org/10.1016/j.€ti.2023.103178.

Ang, J. B. (2009). CO2 emissions, research and technology transfer in

China. Ecological Economics, 68(10), 2658-65. https://doi.org/10.1016/
j.ecolecon.2009.05.002.


https://doi.org/10.1016/j.eti.2023.103178
https://doi.org/10.1016/j.ecolecon.2009.05.002
https://doi.org/10.1016/j.ecolecon.2009.05.002

VEY Slp | 80 oled | VY Dl | O ) 655 sladl asliing i | FF

Armeanu DS, Gherghina SC, Pasmangiu G (2019) Exploring the causal
nexus between energy consumption, environmental pollution and
economic growth: empirical evidence from Central and Eastern Europe.
Energies 12(19):3704.

Ashraf, J., Ashraf, Z., & Javed, A. (2023). The spatial spillover effects of
energy transition and trade openness on CO2 emissions. Energy and
Buildings, 292, 113167. https://doi.org/10.1016/j.enbuild.2023.113167.

Aslam, B., Hu, J., Shahab, S., Ahmad, A., Saleem, M., Shah, S. S. A,, Javed,
M. S., Aslam, M. K., Hussain, S., & Hassan, M. (2021). The nexus of
industrialization, GDP per capita and CO2 emission in China.
Environmental Technology & Innovation, 23, 101674.
https://doi.org/10.1016/j.eti.2021.101674.

Azadi, A. (2021). Investigating the relationship between the intensity of
energy consumption and the emission of pollution: with the approach of
accumulation models, the 11th international conference on new solutions
in engineering, information science and technology in the coming
century, https://civilica.com/doc/1331002. [in persian]

Bimonte, S., Stabile, A., 2017. Land consumption and income in Italy: a case
of inverted EKC. Ecological Economics 131, 36-43.

Chaoyi Chen, Mehmet Pinar, Thanasis Stengos, Renewable energy and CO2
emissions: New evidence with the panel threshold model, Renewable
Energy, 2022, Pages 117-128, ISSN 0960-1481, https://doi.org/10.1016/
j.renene.2022.05.095.

Chontanawat, J. (2020). Relationship between energy consumption, CO2
emission and economic growth in ASEAN: Cointegration and causality
model. Energy Rep. 6, 660-665. https://doi.org/10.1016/j.
egyr.2019.09.046.

Colletaz, G. and Hurlin, C. (2006); “Threshold Effects of the Public Capital
Productivity: An International Panel Smooth Transition Approach”.
Working Paper, 1/2006, LEO, Université d'Orléans.

De Miguel C, Filippini M, Labandeira X, Labeaga JM, Ldschel A (2019)
Low-carbon transitions: economics and policy. Energy Economics
84(S1):104606.

Dinda, S., 2004. Environmental Kuznets curve hypothesis: a survey.
Ecological Economics 49, 431-455.

E.S. Rubin, 1.LM.L. Azevedo, P. Jaramillo, S. Yeh, A review of learning rates
for electricity supply technologies, Energy Pol. 86 (2015) 198e218.

Ellabban O, Abu-Rub H, Blaabjerg F (2014) Renewable energy resources:
current status, future prospects and their enabling technology. Renew
Sustain Energy Rev 39:748-764.

Fosten, J., Morley, B., Taylor, T., 2012. Dynamic misspecification in the
environmental Kuznets curve: evidence from CO2 and SO2 emissions in
the United Kingdom. Ecological Economics 76, 25-33.


https://civilica.com/doc/1331002
https://doi.org/10.1016/j.egyr.2019.09.046
https://doi.org/10.1016/j.egyr.2019.09.046
https://doi.org/10.1016/j.egyr.2019.09.046

£0 | 01, Ken 5 (e0d | cee g &l 515 LIEG A 5 5 6551 B uan Jhstle @Ikl BT oy

G. Heal, The economics of renewable energy. NBER working paper 15081.
https://www.nber.org/papers/w15081, 2009.

Gao J, Zhang L (2014) Electricity consumption-economic growth-CO2
emissions nexus in Sub-Saharan Africa: evidence from panel
cointegration. Afr Dev Rev 26(2):359-371.

Gonz'alez, A., Terasvirta, T., Van Dijk, D., & Yang, Y. (2017). Panel
smooth transition regression models.

Gonz'alez, A., Ter"asvirta, T., van Dijk, D., 2005. Panel Smooth Transition
Regression Models. Research Paper Ne165. Quantitative Finance
Research Centre, University of Technology, Sydney.

Grossman, G., Krueger, A., 1991. Environmental impacts of a North
American free trade agreement. The National Bureau of Economics
Research Working Paper n°3194. NBER, Cambridge.

Gyamfi, B. A., Adedoyin, F. F., Bein, M. A., Bekun, F. V., and Agozie, D.
Q. (2021). The anthropogenic consequences of energy consumption in E7
economies: Juxtaposing roles of renewable, coal, nuclear, oil and gas
energy: Evidence from panel quantile method. J. Clean. Prod. 295,
126373. https://doi.org/10.1016/j.jclepro.2021.126373.

Haigh, M. (2011). Climate Policy and Financial Institutions. Clim. Policy 11
(6), 1367-1385. https://doi.org/10.1080/14693062.2011.579265.

Halicioglu, F. (2009). An econometric study of CO2 emissions, energy
consumption, income and foreign trade in Turkey. Energy Policy, 37(3),
1156-64. https://doi.org/10.1016/j.enpol.2008.11.012.

Hansen, B.E. (1999) Threshold effects in non-dynamic panels: Estimation,
testing, and inference. J. Econ,pp. 345-368.

Hasanov FJ, Mikayilov JI, Mukhtarov S, Suleymanov E (2019) Does CO2
emissions-economic growth relationship reveal EKC in developing
countries? Evidence from Kazakhstan. Environ Sci Pollut Res
26(29):30229-30241.

Hsiao, C. (2003): Analysis of Panel Data, 2nd edition. Cambridge:
Cambridge University Press.

IRENA, Renewable Power Generation Costs in 2019, International
Renewable Energy Agency, Abu Dhabi, 2020. https://www.irena.org/
publications/2020/Jun/Renewable-Power-Costs-in 2019.

Jansen, E. S., and T. Ter"asvirta (1996): “Testing parameter constancy and
super exogeneity in econometric equations,” Oxford Bulletin of
Economics and Statistics, 58,735-763.

Jude, E. (2010); “Financial Development and Growth: A Panel Smooth
Regression Approach”. Journal of Economic Development, pp. 15-33.
Kahouli, B., Miled, K., & Aloui, Z. (2022). Do energy consumption,
urbanization, and industrialization play a role in environmental
degradation in the case of Saudi Arabia? Energy Strategy Reviews, 40,

100814. https://doi.org/10.1016/j.esr.2022.100814.


https://doi.org/10.1016/j.jclepro.2021.126373
https://www.irena.org/publications/2020/Jun/Renewable-Power-Costs-in%202019
https://www.irena.org/publications/2020/Jun/Renewable-Power-Costs-in%202019
https://doi.org/10.1016/j.esr.2022.100814

VEY Sl | 80 oled | VY Dl | O ) 6550 sladl asliiag iy | £5

Kar AK (2022) Environmental Kuznets curve for CO2 emissions in Baltic
countries: an empirical investigation. Environ Sci Pollut Res
29(1):47189-47208.

Khaki, N., Khorsandi, M., Mohammadi, T., Faridzad, A., & Azizi, Z. (2021).
The Impact of Economic Complexity Index on Greenhouse Gas
Emissions in Selected Oil Exporting Countries: A Panel Gentle
Transmission Regression (PSTR) Model Approach. Iranian Energy
Economics, 10(39), 99-125. https://doi.org/10.22054/jiee.2022.67727.
1911. [in persian]

Kohansal, M., & Bahraminasab, M. (2020). Evaluating the relationship
between energy consumption and pollution with economic growth in line
with overall environmental policies. Quarterly Journal of The Macro and
Strategic Policies, 7(28), 500-525. https://doi.org/10.32598/JMSP.7.4.1.
[in persian]

Li J, Irfan M, Samad S, Ali B, Zhang Y, Badulescu D, Badulescu A. The
Relationship between Energy Consumption, CO2 Emissions, Economic
Growth, and Health Indicators. Int J Environ Res Public Health. 2023 Jan
28;20(3):2325. https://doi.org/10.3390/ijerph20032325.

Liu, H., Wong, W.-K., Cong, P. T., Nassani, A. A., Haffar, M., & Abu-
Rumman, A. (2023). Linkage among Urbanization, energy Consumption,
economic growth and carbon Emissions. Panel data analysis for China
using ARDL model. Fuel, 332. https://doi.org/10.1016/j.fuel.2022.126122.

Luukkonen R., Saikkonen P., Terésvirta T. Testing linearity against smooth
transition autoregressive models. Biometrika. 1988;75.3:491-499.

Maddison, D., 2006. Environmental Kuznets curves: A spatial econometric
approach. Journal of Environmental Economics and Management 51 (2),
218-230.

Mikayilov JI, Galeotti M, Hasanov FJ (2018) The impact of economic
growth on CO2 emissions in Azerbaijan. J Clean Prod 197:1558-1572.
Miti¢ P, Fedajev A, Radulescu M, Rehman A. The relationship between
CO2 emissions, economic growth, available energy, and employment in
SEE countries. Environ Sci Pollut Res Int. 2023 Feb;30(6):16140-16155.

https://doi.org/10.1007/s11356-022-23356-3.

Murshed, M., Saboori, B., Madaleno, M., Wang, H., & Dogan, B. (2022).
Exploring the nexuses between nuclear energy, renewable energy, and
carbon dioxide emissions: The role of economic complexity in the G7
countries. Renewable Energy, 190, 664-674. https://doi.org/10.1016/j.
renene.2022.03.121.

Nahidi Amirkhiz, M., Rahimzadeh, F., Shokohi Fard, S. (2019). Investigating
the relationship between economic growth, energy consumption and
greenhouse gas emissions (case study: selected countries of the Organization
of Islamic Cooperation). Environmental Science and Technology, 22(3), 13-
26. https://doi.org/10.22034/jest.2018.24919.3396. [in persian]


https://doi.org/10.1016/j.renene.2022.03.121
https://doi.org/10.1016/j.renene.2022.03.121

Y] 0LKen 5 (t0d | eee &l 515 LaIEG A 5 5 6551 B ean Yl @Ikl BT oy

Narayan PK, Narayan S (2010) Carbon dioxide emissions and economic
growth: panel data evidence from developing countries. Energy Policy
38(1):661-666.

Negintaji, Z., & lIzadkhasti, H. (2022). The Effect of International Trade and
Foreign Direct Investment on Carbon Dioxide Emissions In group D8
with panel data. lranian Energy Economics, 11(44), 161-192.
https://doi.org/10.22054/jiee.2023.70446.1953. [in persian]

Nosheen M, Igbal J, Khan HU (2021) Analyzing the linkage among CO2
emissions, economic growth, tourism, and energy consumption in the
Asian economies. Environ Sci Pollut Res 28(13):16707-16719.

O. Edenhofer, L. Hirth, B. Knopf, M. Pahle, S. Schl€omer, E. Schmid, F.
Ueckerdt, On the economics of renewable energy sources, Energy Econ.
40 (2013) S12eS23.

0. Ocal, A. Aslan, Renewable energy consumption economic growth nexus
in Turkey, Renew. Sustain. Energy Rev. 28 (2013) 494e499.

Onofrei M, Vatamanu AF and Cigu E (2022) The Relationship Between
Economic Growth and CO2 Emissions in EU Countries: A Cointegration
Analysis. Front. Environ. Sci. 10:934885. https://doi.org/10.3389/
fenvs.2022.934885.

Ozili, P. K. (2020). “Effect of Climate Change on Financial Institutions and
the Financial System,” in Uncertainty and Challenges in Contemporary
Economic Behaviour (Emerald Publishing Limited).

Paramati SR, Mo D, Huang R (2021) The role of financial deepening and
green technology on carbon emissions: evidence from major OECD
economies. Financ Res Lett 41:101794.

Pesaran, M. H. (2015): Time Series and Panel Data Econometrics. Oxford:
Oxford University Press.

Quintero, N., & Cohen, I. (2019). The Nexus Between CO2 Emissions and
Genetically Modified Crops: a Perspective from Order Theory.
Environmental Modeling & Assessment, 24. https://doi.org/10.1007/
510666-019-09658-w.

S. Astariz, G. Iglesias, The economics of wave energy: a review, Renew.
Sustain. Energy Rev. 45 (2015) 397e408.

Sadorsky P (2010) The impact of financial development on energy
consumption in emerging economies. Energy Policy 38(5):2528-2535.
Seker F, Ertugrul HM, Cetin M (2015) The impact of foreign direct
investment on environmental quality: a bounds testing and causality

analysis for Turkey. Renew Sustain Energy Rev 52:347-356.

Stavytskyy, A. V., Kharlamova, G., Giedraitis, V., & Sumskis, V. (2018).
Estimating the interrelation between energy security and macroeconomic
factors in European countries. Journal of International Studies, 217-238.

Stern, D. (2004); “The Rise and Fall of the Environmental Kuznets Curve”.
World Development, Elsevier, pages 1419-1439, August.


https://doi.org/10.3389/fenvs.2022.934885
https://doi.org/10.3389/fenvs.2022.934885
https://doi.org/10.1007/s10666-019-09658-w
https://doi.org/10.1007/s10666-019-09658-w

VEY Slp | 80 oled | VY Dl | O ) 6550 sladl asliiag iy | FA

Stern, D., Common, M.S., 2001. Is There an Environmental Kuznets Curve
for Sulfur? Journal of Environmental Economics and Management 41,
162-178. Westerlund, J., 2007. Testing for error correction in panel data.
Oxford Bulletin of Economics and Statistics 69 (6), 709-748.

Sullivan, R. (2014). Climate Change: Implications for Investors and
Financial Institutions.” Available at SSRN 2469894.

Ter"asvirta, T. (1998): “Modelling economic relationships with smooth
transition regressions,” in Handbook of applied economic statistics, ed.
by A. Ullah, and D. E. A. Giles, pp. 507-552. New York: Marcel Dekker.

Terasvirta, T. (1994): “Specification, estimation, and evaluation of smooth
transition autoregressive models,” Journal of the American Statistical
Association, 89, 208-218.

Usman, M., Jahanger, A., Makhdum, M. S. A., Balsalobre-Lorente, D., and
Bashir, A. (2022). How do financial development, energy consumption,
natural resources, and globalization affect arctic countries’ economic
growth and environmental quality? An advanced panel data simulation.
Energy 241, 122515. https://doi.org/10.1016/j.energy.2021.122515.

Wang DT, Gu FF, David KT, Yim CKB (2013) When does FDI matter? The
roles of local institutions and ethnic origins of FDI. Int Bus Rev
22(2):450-465.

Wagih MAU, Bhutto NA, Ghumro NH, Kumar S, Salam MA (2019) Rising
environmental degradation and impact of foreign direct investment: an
empirical evidence from SAARC region. J Environ Manag
243(April):472-480. https://doi.org/10.1016/j.jenvman.2019.05.001.

Xu Y, Fan X, Zhang Z, Zhang R (2020) Trade liberalization and haze
pollution: evidence from China. Ecol Indic 109 (October 2019): 105825.
https://doi.org/10.1016/j.ecolind.2019.105825.

Yoro K.O., Daramola M.O. CO2 emission sources, greenhouse gases, and
the global warming effect. In: Rahimpour M.R., Farsi M., Makarem
M.A., editors. Advances in Carbon Capture. Woodhead Publishing;

Sawston, UK: 2020. pp. 3-28.

=y L(VFeY) ,S‘L;LG (ol b [PWA) 4‘5;\ ¢l OULS EVEEULW s (2D o o-:' 4 Sbaw!
FAVY 0P 81 Ol pl (551 2l anlia gy «(PSTR) (L oM Jisl 0 g S

Iranian Energy Economics is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International License.


https://doi.org/10.1016/j.energy.2021.122515
https://doi.org/10.1016/j.jenvman.2019.05.001
https://doi.org/10.1016/j.ecolind.2019.105825

