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Per capita COz emission (tons) Share (%) CO2 emission (million tons) Country
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16.08 1.62 532.18 g s
Saudi Arabia
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Brazil
11.55 67.73 22243.68 5oz
Total
437 100 32839.86 olex
World

International Energy Agency, 2017:Source
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Fig. 1- Geographical location of the studied countries
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Table 2. Socio-economic indicators of the countries in 2017
AL e e Sane ol e
GDP (billion HDI Urban population Population Area (km?) Countr
dollar) (%) (millions inhab.) y
10131.86 0.67 59.15 1392.73 9640821 ‘”}
China
1
17348.62 0.76 82.26 327.17 9629091 . Bare
United States
2660.37 0.44 34.03 1352.62 3287263 M
India
1684.21 0.73 74.43 144.48 17098243 . ) .
Russian Federation
6141.35 0.84 91.62 126.53 390757 o
Japan
QLo.ﬂ
3878.00 0.80 77.31 82.93 377930
Germany
1345.94 0.85 81.46 51.64 100210 @3 o
Korea, Rep
560.88 0.59 74.90 81.80 1648195 olx!
Iran
[Ny
1869.06 0.80 81.41 37.06 9984670
Canada
S3ga (la e
684.95 0.59 83.84 33.70 2149690 . -
Saudi Arabia
2284.13 0.56 86.57 209.47 8514877 J”"’f
Brazil

World Bank database, 2017:Source
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Fig. 2- Percentage of use of renewable and fossil energy (World Bank, 2017)
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Table 3. Descriptive statistics of the variables for the countries analyzed in 2000-2014

Ot S e Bl S oSSk prese) 2935
Max. Min. St. deviation Median Mean Variable Country
7.56 2.70 1.79 533 5.26 co,

6096.49 1767.83 1451.55 3480.15 3619.99 GDP
29.73 11.70 6.44 15.35 17.95 REC A
88.90 79.84 3.12 87.22 85.71 NREC o

140.15 101.92 10.88 118.64 119.16 FD China
54.26 35.88 5.93 45.20 45.14 URB
0.64 0.39 0.08 0.51 0.51 TR
20.18 16.31 1.43 19.09 18.38 Co,

51015.14 44726.97 2057.46 48499.81 48042.87 GDP
8.75 4.68 1.42 6.40 6.67 REC .

86.35 82.94 1.26 85.61 84.97 NREC s

206.30 161.69 12.68 187.21 183.81 FD United States
81.48 79.06 0.77 80.27 80.27 URB
0.15 0.09 0.02 0.12 0.12 TR
173 0.96 0.26 1.19 1.25 co,

1640.18 826.59 264.81 1173.88 1176.85 GDP
51.79 36.65 5.65 45.87 44.81 REC .
73.58 63.65 3.55 67.88 68.25 NREC .
52.39 28.72 9.05 46.22 43.20 FD India
32.38 27.67 151 29.91 29.94 URB
0.56 0.26 0.11 0.46 0.43 TR
12.78 10.63 0.67 11.67 1153 co,

11756.24 6491.09 1851.57 10219.89 9594.38 GDP
3.74 3.23 0.15 3.48 3.48 REC

92.14 89.51 055 90.75 90.75 NREC i
53.47 13.65 12.82 37.78 33.68 FD Russian Federation
73.95 73.34 0.20 73.55 73.57 URB
0.45 0.26 0.05 0.32 0.33 TR
9.01 8.62 0.32 9.62 9.53 Co,

46484.16 42169.73 1492.35 44507.68 44202.60 GDP
5.63 3.65 0.55 4.03 4.22 REC L

94.63 80.60 5.42 82.71 85.03 NREC ol

212.27 159.72 14.08 167.05 170.86 FD Japan
91.30 78.65 4.37 88.15 86.93 URB
0.38 0.20 0.06 0.29 0.28 TR
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Table 3 (Cont.). Descriptive statistics of the variables for the countries analyzed in 2000-2014

10.37 8.82 0.47 9.51 9.58 CO;,
44933.72 37930.49 2519.11 40362.29 40852.69 GDP
13.38 3.70 3.22 8.59 8.28 REC i
83.62 79.56 1.42 81.27 81.52 NREC ©
115.84 79.17 12.13 98.19 97.93 FD Germany
77.19 74.97 0.79 76.38 76.29 URB
0.87 0.61 0.10 0.77 0.74 TR
11.80 9.50 0.90 10.18 10.46 Co,
24323.57 15104.52 2970.51 20385.32 19901.37 GDP
2.84 0.69 0.58 1.02 1.19 REC ,
84.16 80.55 1.15 82.49 82.47 NREC C alid
148.34 73.60 19.38 134.88 124.93 FD Korea
81.94 79.62 0.77 81.63 81.25 URB
1.10 0.60 0.18 0.77 0.84 TR
8.38 5.67 0.89 7.28 7.12 Co,
6698.68 4796.08 611.75 6038.53 5878.93 GDP
1.40 0.44 0.29 0.90 0.90 REC ol
99.67 98.81 0.29 99.33 99.27 NREC o
53.36 26.25 9.60 45.32 42.40 FD Iran
72.83 64.04 2.81 68.86 68.68 URB
0.54 0.41 0.04 0.48 0.47 TR
17.48 14.74 0.94 16.70 16.37 Co,
50309.16 39340.75 3837.13 46542.90 45452.93 GDP
22.70 21.01 0.50 22.08 21.99 REC s
76.55 73.17 0.96 75.08 75.02 NREC
188.75 93.44 24.94 145.98 147.02 FD Canada
81.22 79.48 0.57 80.40 80.45 URB
0.83 0.59 0.07 0.67 0.68 TR
19.44 14.02 1.81 17.11 16.83 CO;,
21087.35 16696.41 1279.13 19262.55 19276.42 GDP
0.01 0.01 0.00 0.01 0.01 REC e
100.00 99.20 0.24 100.00 99.88 NREC S3gR By
45.63 24.24 6.14 35.42 34.97 FD Saudi Arabia
82.96 79.85 0.99 81.43 81.42 URB
1.33 0.76 0.16 1.07 1.06 TR
2.61 1.77 0.27 1.90 2.04 Co,
11993.49 8803.15 1211.28 10293.53 10293.15 GDP
49.11 41.48 2.35 45.39 45.03 REC )
59.11 51.32 2.51 54.64 55.31 NREC J“’;
66.03 27.69 14.22 40.69 43.45 FD Brazil
85.49 81.19 1.36 83.45 83.41 URB
0.30 0.22 0.02 0.26 0.26 TR
Sl S sl
Source: World Bank
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Table 4. Unit root test
O 9 (3l et o] = 9oy
Im, Pesaran and Shin W-stat (IPS) Levin, Lin & Chu (LLC)
e azxis ogeil byl p o5kl Az O3l byl o Lol
Variable Result Condition Statistic Result Condition Statistic
Lco, 2.771 gy 9l 1 Bye b O 3.961‘!‘ lowe 51 258 b 10)
(0.002)** Intercept & trend (0.000) %= Intercept
'ED 2-38?M Ky 9 lame 5l 2ye b L) 1.75Eiw lowe 5l 2ye b 10)
(0.008)** Intercept & trend (0.039)* Intercept
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Table 4 (Cont.). Unit root test

O 9 (ol e ! 97 9.0 o2
Im, Pesaran and Shin W-stat (IPS) Levin, Lin & Chu (LLC)
poet e Az g,.o)i byl e)lnT Az Q’A)T Lyl o)LoT
Variable Result Condition Statistic Result Condition Statistic
-3.707 Sy, 5 e 5l o,e b -2.281 Towe 5l oye b
LGDP . 959 Pl 1) . Pl S 10)
(0.000)**= Intercept & trend (0.011)** Intercept
-2.247 g, 5 Jowe 3 e b -1.939 gy g lase 5l oose b
LNREC 99 PSS 1) . 99 o 10)
(0.012)* Intercept & trend (0.026)** Intercept & trend
-3.041 g, 5 Jowe 3 s b -1.635 lase 5l Bye b
LREC - 959 SoPs 1) > SoPs 10)
(0.001 )%= Intercept & trend (0.051)** Intercept
-2.222 Wy g lase 3l oe b -3.111 Tawe 5l o255 b
LTR ‘_ 29 (1) ’ 1(0)
(0.013)** Intercept & trend (0.000)*** Intercept
-2.859 Tae 3l b2ye b -5.952 Toe 5l o,e b
LURB _ i 1 (0) ’ 1 (0)
(0.002)#** Intercept (0.000)*** Intercept

(doy0 ) gao,3 0 oo Ve mhaw ;o (g)ls Sme ol Sy s

denotes significance at 10%, 5% and 1% level, respectively*** & **, *
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Table 5. Pedroni & Kao test

295 3950 ‘_gl.aa)LoT e)LcT b)LﬁT 295 o dlhe)l.ei a)l.oi
Within-dimension Statistic Statistic Between-dimension Statistic
Panel v-Statistic 2465 3251 Group rho-Statistic 4810
(0.993) ™ (0.999)™ (1.000) ™

Panel rho-Statistic 4.524 3.893 Group PP-Statistic -13.501
(1.000) ™ (1.000)™ (0.000)==

Panel PP-Statistic 5597 10055 Group ADF-Statistic -2.286
(0.000)=+ (0.000)==+ (0.011)*

Panel ADF-Statistic 1734 -3.555 Kao test -2.795
(0.041)= (0.000)=+* ADF (0.002)*

(Bo,0) gao,0 0 oy Vo mhaw 1o ()l g o Jay
denotes significance at 10%, 5% and 1% level respectively*** & ** *
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Table 6. Chow test

o2 0,90 Sl2)siS dsn )0 (F) Jyoz mls ululy

SRS o5l @ol3l a0 Solo e gl
Effects test Statistic df Sig.
Cross-section F 273.858 (10,148) 0.000%

Cross-section Chi-square 490.152 10 0.000%**

(o)) gao,0 0 oy Vo maw 0 ()l s oo iy
denotes significance at 10%, 5% and 1% level, respectively*** & **=*,
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Table 7. Huasman test

0903 guls aodls o bl o7 az o 8l sixo gl
Test summary Chi-Sq. statistic Chi-Sqg. d.f. Sig.
Cross-section random 7.010 6 0.319 ™

(doy0 ) gao,0 0 s yo Ve mhu (o gl Foe ol i o
denotes significance at 10%, 5% and 1% level, respectively*** & **, *
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Table 8. Estimation of long-term relationship using the FMOLS method

o walye JIEPRE e8] o LT S oo gl

Variable Coefficient Std. error t-statistic Sig.

LFD -0.080 0.004 -19.378 0.0003##=

LGDP 0.785 0.004 198.359 0.0127+=

LNREC 0.310 0.006 48.334 0.0000%+

LREC -0.294 0.001 -239.111 0.0000%#

LTR -0.036 0.003 -12.227 0.0029+=

LURB -1.411 0.011 -124.416 0.0000%#
R? 0.801 R? 0.793

(o0 ) gao,3 0 o) Ve mhu (o gl Joe ol i o

i g %) Bakoo glaadl sl

Source: research findings (*, **, and *** denote significance at 10%, 5%, and 1%, respectively)
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Table 9. Estimation of long-term relationship using the DOLS method

o ol p slemo Sl il o5l Sl o s
Variable Coefficient Std. Error t-Statistic Sig.
LFD -1.047 0.184 -5.687 0.0001%
LGDP 6.105 0.184 33.107 0.0000%*
LNREC 2.248 0.294 7.658 0.0364°«
LREC -1.152 0.043 -26.925 0.0000+*
LTR -1.432 0.137 -10.432 0.0004#==
LURB -12.582 0.535 -23.530 0.0012=
R? 0.749 R? 0.741

(doy0 ) g a0, 0 oo Ve mhw ;o (g)lo Sae ol Sy

a9 %) Gaiod glaaidl (isle

Source: research findings (*, **, and *** denote significance at 10%, 5%, and 1%, respectively)
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'European Commission

2International Energy Agency

3Kuznets Environmental Curve

4Logarithmic Mean Divisia Index (LMDI)
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6Stochastic Impacts by Regression on Population,
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"Persian Gulf Cooperation Council

8Pooled Mean Groupe- Autoregressive Distributed Lag
Model

World Bank database
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Introduction: In recent decades, global economic growth and industrialization have increased the demand for
the consumption of energy. The increasing energy demand is met by burning fossil fuels, which emit air
pollution and greenhouse gas emissions. After the industrial revolution, energy generation abnormally
increased the amount of greenhouse gases emission, critically damaging the environment. In this regard, the
purpose of this study is to investigate the determinants of carbon dioxide emissions (CO,) as an indicator of
environmental quality and air pollution.

Material and methods: This study has proposed a long-run relationship between CO,, economic growth,
energy consumption, trade openness, financial development, and urbanization for a global panel of 11 countries
spanning the period 20002015 using Fully Modified Ordinary Least Square (FMOLS) and Dynamic Ordinary
Least Square (DOLS). In the first step, the LLC and IPS unit root tests were performed to examine the non-
stationarity properties of the dataset. Then, Pedroni and Kao co-integration tests were applied to identify if
there is a correlation between variables in the long term. In addition, the F (Chow) test was used to detect the
best model. The software package used for estimation and analysis of the models was Eviews 10.

Results and discussion: This paper first performed a panel unit root test proposed by Levin, Lin, and, Chu
(LLC) and Im, Pesaran and, Shin (IPS) to examine the null hypothesis that all the series have a unit root. The
results of IPS test indicated that the null hypothesis was rejected only for urbanization, implying that this
variable was stationary. However, all tests confirmed that variables were stationary after the first-difference. It
is hereby informed that variables were first-difference stationary. Our results suggest that there is a need to
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examine co-integration among variables. In addition, we conduct Pedroni and Kao co-integration tests, the
results of which rejected the null hypothesis of no co-integration. The results of the F-test indicated that the
panel model was the right choice. To help us choose between the fixed effects or random effects estimators,
we conduct the Hausman test, where the null hypothesis was that the preferred model has random effects. Our
results from the Hausman test did not reject the null hypothesis, suggesting that the random effects estimator
was more appropriate for our data than the fixed effects estimator. The results from the FMOLS and DOLS
estimations indicated that energy consumption from renewable sources, trade openness, financial development,
and urbanization had a negative impact on CO, emissions, while the energy consumption from non-renewable
sources had a positive impact.

Conclusion: The results of the research imply that policymakers should focus more on public awareness of
renewable energy, mainly in solar and wind power to alleviate environmental pressure and CO, emission. The
findings also suggest that the governments should set a price per ton on carbon i.e. a carbon tax. Furthermore,
developed countries should transfer sophisticated technology to emerging and undeveloped countries to
generate electricity and avoid unsafe climate change.

Keywords: Air pollution, Greenhouse gases, CO, emission, FMOLS, DOLS.
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