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Abstract : The importance of reducing CO, emissions worldwide has increased after adopting the Paris Agreement. The
decoupling between economic growth and CO; emissions is also observed from 2013. In view of this situation we wanted
to analyze the effect of other variables on CO, emissions as well as economic growth. In this study we used panel data
to analyze the effect of economic freedom index, renewable energy generation rate, per capita energy consumption and
GDP on per capita CO, emissions. For the panel analysis, we used panel data from 2005 to 2013 in 111 countries. Three
models were investigated: including all variables (Model 1), excluding energy consumption (Model 2), and excluding
GDP (Model 3). As results, the economic freedom index was only significant in Model 2. Renewable energy generation
rate showed meaningful as negative correlation with CO, emissions. GDP and energy consumption showed significant
positive correlations in all models.
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Table 1. Variables, Definition and Sources
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ZA B oF et whEhA] A of A eI S F 9
373 ARE ST & =Rl A AR W ES 2
231 7]& A5 5 Lee(2005), Farhani®}Rejeb(2012) 1
2] 71 Farhani(2015) 5 -2 170 4] T910] ZAY5}0] |
7} 24e WSl s Qg Rl ek 4-kie] 39w
$1s20] Lepib7] 4190, k9l % il ahet A AL
oJ317} kA Lpeheteh. neb B ol AEnet
#Ql Tl A5E 918 LLC A4 IPS A% WAl
7 ALg3H STk LLC A4 3PS AR md 271 2E ks
ojio] £A1E 4 QIrhs 714 st Q=241 9
I AR 02 AR s o] hlto] &
Agteh= Zlofeh & ol A= LLC AR IPS 47 2
SR A7 2 S A S A

ik o

=~

Variables Definition Sources
CO, CO, emissions per capita (kton) Olivier et al. (2015), World Bank (2016)
EF Index of Economic freedom Terry and Anthony (2005-2013)
RE Renewable energy generation rate (%) World Energy Balances (2015)
ECONS Energy consumption per capita (ktoe) World Energy Balances (2015), World Bank (2016)
GDP GDP per capita (US$) World Bank (2016)

Table 2. Panel unit root test results

Data Methodology Statistics (p-value)
In (CO) LLC -31.6204 (0.0000)
IPS -2.5232 (0.0000)

In (EF) LLC -65.9451 (0.0000)
IPS -2.7148 (0.0000)

LLC -27.2485 (0.0000)

" 1PS -2.4429 (0.0000)
LLC -23.5067 (0.0000)

e IPS -2.4279 (0.0000)
In (GDP) LLC -24.9498 (0.0000)
IPS -2.0518 (0.0000)
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Table 29] 9|9 T AA Aulo] W= LLC AA 1t
IPS 317 B 1% froleoll A A7 (2ol A

Sh= 2Py 39 71Zsh etk ahebd Aol Abg
£ 53 (level) W52 QP4 7 2.0 B4 Relr

S OLS &AM Zut
3=(pooled) OLS E-4-8 2L7}o] A 2} 37| A& o
2 S71e] 4ol AH gtel FHEAL Ak
W]t 218 A3 NSRS GO TE OLSE 4
3t 2 ofehe] Table 33} e,
s OLS 23}, B= 24T 1% oA F4gt
Ao Uehith AAAGA5St AelUIA] ol
942 1915 CO, HIEFE FaRITh AAREAST
IHH Z7FolH 1909 CO, HiE-2 0.5363% 745},
Aol ] gl 1% Z7she 19l COy M&ake
0. 1436%‘?}% Z?_‘:P ookt = 1 Q1g o #] A=

© 2842, 1915 GDPL 21245 115 CO, M| &L
2rawHe o 42 glon], T W 1% 7hahol mel k4
FH= 1915 CO, HZ2Re- 7}210.7929%, 0.3239% & LHEh

Table 3. Pooled OLS results

Z:}

=5t
3t
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105 COL e 1 A0l & Wk 120
o R] an|gkoln, 7} JaF o] 22 W= Ao
A H]'X-IEE LFERSE Y. SEA| T, $joflA] AojzZl OLS S

o] 2|44 EH3A 7K Best Linear Unbiased Estimator,

BLUE) o] 57| a4l R A& o) thaljA] ajd 2E7F

L2138 At A = EASHA] ghotof sh, 2 xgke] &

12 o2 QAIolet g

MmmAzE MEE) 2N 2D
PSS-S gl 2 AT B4 Agstgon,
AT o} 2] Table 49} L},
B4 A QARG A4} 1915 o | 7] 2w@ ag]ar
104 GDP A}o]oﬂ 1% S22 A BAA R §-9

ROk 58] 191 o %) vlekat1
2 wGDP% 0 ATIAZ Dol o) 2 1 A7) 217

Dependent variable : In (CO,)
Explanatory variables Coef. Std. Err. t statistic (p-value)
In (EF) -0.5363 0.0889 -6.03 (0.000)
In (RE) -0.1436 0.0100 -14.34 (0.000)
In (ECONS) 0.7929 0.0336 23.60 (0.000)
In (GDP) 0.3239 0.0234 13.84 (0.000)

R-squared : 0.8767

Table 4. Correlation between explanatory variables

In (EF) In (RE) In (ECONS) In (GDP)
In (EF) 1.000
In (RE) -0.046 1.000
In (ECONS) 0.482 -0.235 1.000
In (GDP) 0.596 -0.169 0.888 1.000
Table 5. Regression model
Model Equation
Model 1 InCO, =oy+B,InEF,,+B,InRE, + 3, nECONS,, + 8,InGDP,, +e,,
Model 2 In COQ,, =oy + 8 InEF, + 5, InRE, + B, InGDE,, +¢;,
Model 3 InCO, =oy+B,InEF,, +5,InRE, + 5, InECONS;, +¢;,

ot
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of

AR Z <Model 1>-2 2= AP HFE AME-SHo] CO, vl
ST] ATIAIE 24 By ot} 1] AL, 1919 e[| A
Z8)EE7} GDP 7ol AatA| 71 28tk = Chontanawat
5(2006)3t Lee(2005)9F -2 A1E2 vlg o2 F ¥
£ w2 A &Jste] mE-E F/J5H3iTt <Model 2>= A
HHPEE FollA] 1917 ol x| A8]=kS At o],
<Model 3>2 121 GDPE A g H4=0)| A 4| £] 3k i g o]t}

20mL 9lolA] A Al 7HA19] el s 212}

T ETlo SHE R IR 25k k9 ARk AAS Al
Ak

Table 6] 412} Zro] s}--=ut F74 A1} A= Atole]l
AAZ QI Zpo) 7k EABHA] Gh=the AF7HAE 71248 4=
Poug, & AFoie FYRFS IR HHPO R
K=

o3 28 24 Zot

skl 71y vl uel wYAN BYO T B
A3k obehe] Table 73} 7] Uheklc,

<Model 1>2] 4] 231915 CO, WhE e 1215 of]
| Z2=H|F0] 1% 57151d 0.7127% 59, 103 GDP7F 1%
F715H 0,051 7% 7bsto] Aruldel $44 1
of Fo] At S Rolat Slek. SR, AU 4 B
&2 1% =obdof weh 113 CO, HiET-20.0270% R
At 20 RS L3 912 SIS 4 9]

o AR AI = FlohA] o2 AR YER e, o

Table 6. Fixed effect, Random effect estimation and Hausman test

Aol A £

=
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<Model 2>= APH55 FollA] 1219 o 1%
S AT YA S-S tko 2 BA1S 25
th 24 A3 BARRA G 5% 2ol A 28, 7
ARHFAI7H1% S718HH 1911 CO, Bl E3-2 0.0766%
UHE F7Fhs Aoz Uittt Aol v 2] o] 1%
718 W= 1919 CO, ¥ &3] 0.0568% 743 H= 210
2 U I W ol 2] A AI 7 24 RS BTk
1219 GDP7H1% F715h= 7490l 1915 CO, v Ego]
0.1434% S7}sk= A o2 Uehgow, ZAIARGA] 420l A]
©F o] o] A7 EASHAIRE 1 FFH 2 T 2 A
o2 yehylt

1319 GDPE ArgrisolA A|ejsto] BA7T ®g2l
<Model 3>0]| 4= <Model 1>} F-ARE Ai}7} Lpebst o
1], AR A0k 1 Q1 of| L 2] Am| o] e e 22}
0.04759}0.7748 2 <Model 1>X.t} 2 A el zRA1 o)
Uz &) 9SS Uetle Ags -0.022602
<Model 1>2] -0.0270 5.t} 22 27 Upehytck.

& OLS O A= BLE H7F1% ol A f-2gh Ao
2 Uehgto), & Ao s ARz ek go] nAa it &
A5k 749 OLS Hg-S ARg-to] A15HA] & 7]A] 9
AR 02 QIR 5ol AIHAR F vEhd
= Ak

BE mgolA] 2} A42] $.57}H FUsHA ek, 4

Dependent variable : In (CO)
Model 1 Model 2 Model 3
Etz l?:;t:;y Fixed effect Random effect Fixed effect Random effect Fixed effect Random effect
In (EF) 0.0357 0.0299 0.0766"" 0.0882" 0.0475 0.0455
121 0.97) (2.10) (2.14) (1.59) (1.48)
In (RE) -0.0270™" -0.0306"" -0.0568™" -0.0708™ -0.0226"" -0.0250™"
(-4.02) (-4.47) (-7.01) (-7.88) (-3.36) (-3.66)
0.7127"" 0.8334™" 0.7748"" 0.8945™"
In (ECONS) (21.62) (27.82) ) (25.25) (32.91)
0.0517"" 0.0615™" 0.1434™ 0.2086™"
In (GDP - -
n (GDP) (4.79) (5.51) (11.69) (15.80)
R-squared 0.8505 0.8505 0.7805 0.7873 0.8400 0.8397

Hausman Test Chi2 (4) = 91.20™"

Chi2 (4) = 227.03™

Chi2 (4) = 6821

Note: 1) *denotes 10% significance level, **denotes 5%, and ***means 1%.

2) Z and t statistics are in the parenthesis.
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Table 7. Fixed effects model results
Dependent variable : In (CO)
Model 1 Model 2 Model 3
Explanatory Coefficient t statistic Coefficient t statistic Coefficient t statistic
variables (S.E.) (p-value) (S.E.) (p-value) (S.E.) (p-value)
In (EF) 0.0357 1.21 0.0766" 2.10 0.0475 1.59
(0.0296) (0.227) (0.0364) (0.036) (0.0298) 0.111)
In (RE) -0.0270™" -4.02 -0.0568""" -7.01 -0.0226™" -3.36
(0.0067) (0.000) (0.0081) (0.000) (0.0067) (0.001)
0.7127"" 21.62 0.7748"" 25.25
In (ECONS) (0.0330) (0.000) ) (0.0307) (0.000)
0.0517""" 4.79 0.1434™ 11.69
In (GDP) (0.0108) (0.000) (0.0123) (0.000) ) )
R-squared 0.8505 0.7805 0.8400

Note: *denotes 10% significance level, **denotes 5%, and ***means 1%.

AAHFA = <Model 2> o ARt f-2J 7t 2Ju] S 7HEltt. ©]
© 1909 U A] axmfefo] ymz] 37)9] drgwat A
WA 7E 7] wizelth T3k, CO, HiE2 Agst=d 3l
o] Y 2 vlg& AAIste] U] dgisso] 43
o] Alch &2 Wk 2] 33t A o2 KRtk shA|RE <Model
2>l A 1905 ol A v FrE st al7] mieel 71
of W 7 A ZA7E sl AL 2 HRIT).

2 B

£ Aol A= CO, il G v A A S & A==
=531 CO, ljE 7He] AhatkA| of e sl A Ao 1 1Lz} 51
ATt o] E Y8l 2 Aol A= vk A3 Aol A COo,
v &3] At A| B4 o -85t 121 GDPL} 115 of
Y| AH|ES 71202, Lee(2008), Gwartney 5(1999),
Shafik(1994), CarlssonT} Lundstrdm(2000) 5-2] o)
A A 2 AR 2] S B3k A ARG R 7]
A% sz A5etel. olefe wy o] Ayt om
BRI A7 lstel 111713) ARE $4519
o], 78 ARG Aol WAL, 1215 o
YX] &H|7E 1919 GDP 71 Q1 CO, i Eof] o] Wt 7k
SR =AE d 2R R o g BASGE £ A
Troll A ARE-EE s d Az ol sl Tl A Feysh

i

3) B4 BAR AR Bl Jaeo] Sag ke 242
& oIt} 53], A w40l A4 A 95 55 EAL
w4 92 - 9k <Model 257} F44 #AIS SAPchn
Sfe ke Y2t < omitted variable) £4]9] Atz k2 W4
o 90 Fotale THsHE EA.

o

A8

7} ghglo] A8k eRe 4.2 Lhehd .0, Hausman
27 Aol met AR} BHO R BAL AL

24 dake o3 Aok AR, AAR A= 1909
o R] aH]gES Aol A AL gk <Model 2> A 1
QI CO, Hlf&0] 1% 5718 ) 0.0766% W 57 sh= A
O 2 {Oo)gt duks B o) i, BE AYHeE 23]
71 <Model 1>3} 1919 GDPE ArgH<pollA] A|<et
<Model 3>0|| M= HARFA =7} §-01542] LA Ukt
t}. o] CO, HiE 9] A Fato] of| | 2] axH| o] Fak
Hh= A0 7 Qlef) thE Ha=59] g3 o] AR 11e
A ZF 7 B2 Beltk E4, BE g ollA] A
Y| &0l S71ed45 1919 CO, Hij&o] fraglith=
AL gelstylom, 109 CO, &S 1% 74A]7]7] 9
A FTAACE st AR WHEY A7
<Model 2> 4] 0.0568% 2.2 JEFFTE <Model 1> A4
£0.0270%2.2 <Model 3>2] 0.0226%2} v]==3t 712 7}
Atk 24 A3E F8) CO, viE&S AAI 7=t Slol A
Ao e 2] g2 & TS A= g A F9
ST A, 1215 GDP L} of 1 Z] 2:8]5F-2 11 CO, Hi
2ol 9lo] BE ol A oFo] AHuAE B Hlrh <Model
>0 A= o[ A] AH|gFo] 0.7127% 9 5718 wf CO;,
HjEo] 1% F7ek= Ao &2 Uebgom, <Model 3>0]1A]
L 0.7748% 2 H|228) 28 7HATE GDP O] -0 <Model
1>20.0517%, <Model 2>+ 0.1434%%+= GDP7} 27}
g off CO, HiE©] 1% 7152 B3tk ofufA] &g
CO, &9 dFES AYste= Zo= FIEglon,
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2 AdFe | AgdrEn g dYHasE
F GDP&} 119 ol A] AH]gkE 717
7359t 28R o2 A2 BEYS st o]
Atk A, 11171219 Aag 38t @
Seyslglehs 4, npR|ero R ojAlsekA viEE
517] $Jste] AAARA RS S8Rtk HollA] &Ju)7
o}, 2 Aol A AA g o FA] o] Auta FA]of ARg-H
T2 oju gt =5 H T of| ] 2] 48]gFo] CO, v &l
A= o] 7Hg Avk= 2 Elskel) o] 2 Qlal 2 A
To] =8 Ml AAIRA] 422 Gk EIsh=t] 9
o] o]&go] Uk SHA|TE1Q1E ol 2] vk A Ljgt
<Model 2> 0| A|+= AAIAFA 427 5-0) %k oF 2] Al 3
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