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Abstract

The study aims to investigate the impact of economic growth on environmental pollution for
Egypt, Turkey and China by using time series data from 1960 - 2014. this paper
empirically tested the environmental Kuznets curve by analyzing the relationship
between economic growth and environmental pollution (CO2 emissions). The results
show that validity of EKC hypothesis for Egypt, While the study could not prove its
validity to both Turkey and China. The study also has employed additional
explanatory variables which may be responsible for increasing pollution as population
growth, value added, energy consumption from fossil fuel, the results were agreed
with the first test and the explanatory variables' signals were consistent with their
theoretical expectations except for the consumption of fossil fuels in Egypt. For the
main hypotheses of the study reveals that applicability of EKC for Egypt while the
results showed that the relationship between pollution and economic growth in both
Turkey and China takes N shape indicating that income may not be the only
determinant in the interpretation environmental pollution.

Keywords : economic growth — energy consumption — population density — CO2 emissions —
ARDL — Environmental Kuznets Curve — Egypt — Turkey — China.
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Table (1): Diagnostic and Stability tests used:

Diagnostic Tests Tests used
Heteroskedasticity Breusch-Pagan —Godfrey
Serial Correlation Breusch-Godfrey Serial Correlation LM test.
Normality Jarque-Bera
Function Form Ramsey RESET Test
Volatility ARCH effect test
Multi-Colleniarity Variance Inflation Factors (VIF)
Autocorrelation a. Correlogram -Q- statistics
b. Correlogram Squared Residuals
Structural Breakpoint a. Chow test for known breakpoint
b. Quandt likelihood ratio test for unknown breakpoint
Non-linearity a. Auxiliary regression for non-linearity test (squared terms)
b. Auxiliary regression for non-linearity test (log terms)
Stability a. CUSUM

b. CUSUM of Squares
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Table (2): Estimated long-run Coefficients the ARDL Approach:
Dependent Variable: In Pollution (In CO- per capita)

Egypt China Turkey
(1a) (2a) (3a) (4a) (5a) (6a) (7a) (8a) (9a) (10a) (11a) (12a)
Income 0.0012 -0.0004 0.0009 0.0019 0.4334 19.883 13.259 12.561 0.0002 0.0012 0.0012 0.0011
[10.201""" [-1.172] [3.4111" [36.11]"" [0.770] [9.8941 [7.9431" [6.816]""" | [0.351] [8.681]""  [13.51]™" [9.3031"
Income? -1.76e-7 5.76e-7 -5.70e-7 -4.34e-7 0.0056 -2.7694 -1.7992 -1.8237 -3.64e-9 -1.14e-7 -1.06e-7 -9.51e-8
[-4.8061""  [3.877]"" [-3.4091"  [-11.831"" ] [0.152] [(9.7361""  [-7.319]™"  [-7.569]"" | [-0.120] [-6.186]"" [-7.387]""  [-7.237]™"
Income? -4.27e-21 0.1286 0.0818 0.0880 3.79-12  3.04e-12 2.61e-12
[-3.6441™ [9.7177" [6.804]" [8.466]"" [4.8211""  [5.114]™" [5.4461""
POP growth 0.1659 0.1979 -0.1159 0.0222 0.1515 0.2056
[2.307]™ [10.177" [-4.518]™  [0.619] [1.994]" [3.203]™
Value Added 4,07e-11 1.22e-11 2.38e-12 1.19e-12 1.50e-12 1.75e-12
[2.098]™ [3.458]™" [3.061] [7.214]™ [1.841]" [3.2477™
Fossil Cons -0.0375 0.0312 0.0055
[-10.62]"" [4.583]"" [1.689]"
Constant -1.0932 0.6237 -1.3387 1.1689 -2.4566 -46.802 -31.751 -30.396 -0.0135 -3.0969 -3.6118 -3.8442
[[12.52]™  [3.773]™" [-9.683]™"  [4.612]" [-1.208] [-10.05]™"  [-8.4191""  [-7.345]™" | [-0.006] [-9.145]™  [-17.18]"™"  [-17.54]™"
Period 1960-2014  1960-2014  1961-2014  1971-2014 | 1960-2014  1960-2014  1961-2014  1971-2014 | 1960-2014 1960-2014  1960-2014  1960-2014
Obs. 55 55 54 44 55 55 54 44 55 55 55 55
F-Bounds 8.2956™"" 10.122™* 5.2453™"* 14,713 | 5.0743""  14.222"™ 19.689™"  6.1629™" | 3.7107" 4.3803"" 17.034™*  9.2458™"
Adjusted R? %98.5 %98.8 %97.8 %99.5 %99.7 %99.8 %99.9 %99.9 %99.6 %99.5 %99.5 %99.8
DW stat. 1.9569 2.2357 2.1829 2.6213 1.8344 1.8464 1.8021 2.9910 2.1988 2.1013 1.9206 1.9857
F-stat. (Prob.) 355.89 266.48 332.58 264.63 2003.8 1953.1 2996.8 2335.9 1612.1 1652.8 1759.9 2699.5
(0.000)*™* (0.000)™* (0.000)™*  (0.000)*™* | (0.000)*  (0.000)"*" (0.000)**  (0.000)"** | (0.000)"*  (0.000)™"  (0.000)"™  (0.000)*"*

Note: - *** ** *indicate significance at 1%, 5% and 10% respectively.
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Table (3): Estimated short-run Coefficients and error correction term:
Dependent Variable: In Pollution (In CO- per capita)

Egypt China Turkey
(1b) (2b) (3b) (4b) (5b) (6b) (7b) (8b) (9b) (10b) (11b) (12b)
In Pollution -0.6285 -0.8504 -0.6842 -4.1353 -0.1711 -0.4308 -0.5383 -1.3714 -0.0563 -0.3358 -0.7869 -0.6556
[-4.1171""  [-6.099]""  [-5.018]™"  [-6.825]"" | [-4.291]™"  [-6.5271"" [-9.4771™"  [-6.618]"" | [-0.941] [-2.553]""  [-6.873]""  [-6.817]™"
Income 0.0008 -0.0003 0.0006 0.0078 0.0742 8.5655 7.1370 17.225 1.02e-5 0.0004 0.0009 0.0007
[3.9261""  [-1.214] [2.785]"" [6.492]"" [0.836] [4.9171"™  [5.378]™" [4.2571"" | [0.259] [2.368]"  [5.297]"" [5.5491"""
Income? -1.11e-7 4.90e-7 -3.90e-7 -1.79¢-6 0.0009 -1.1930 -0.9685 -2.5009 -2.05e-10 -3.84e-8 -8.38e-8 -6.24e-8
[-3.4131"" [3.857]"" [-3.2031""  [-5.751]™" | [0.166] [-4.936]""  [-5.124]™"  [-4.423]"" | [-0.108] [-2.368]""  [-4.273]™  [-4.437]™
Income® -3.63e-21 0.0554 0.0440 0.1207 1.27e-12 2.39-12 1.71e-12
[-3.9011 [4.973]  [4.899] [4.592]"" [2.373]™  [3.543]"" [3.538]""
POP growth 0.1135 0.8186 -0.0624 0.0304 0.1192 0.1348
[1.9277 [4.993] [-3.7701""  [0.668] [2.036] [2.9951"
Value Added 2.79%-11 5.05e-11 1.28e-12 1.63e-12 1.18e-12 1.15e-12
[2.1791" [2.5491™ [3.0931"" [3.6251"" [1.664] [2.298]""
Fossil Cons -0.1552 0.0428 0.0036
[-5.492]"" [4.1261" [1.401]
Constant -0.6871 0.5303 -0.9159 4.8338 -0.4203 -20.162 -17.091 -41.684 -0.0008 -1.0399 -2.8422 -2.5203
[-3.736]""  [3.577]™ [-3.7741™"  [3.469]™" [-1.281] [-4.893]""  [-5.566]"  [-4.414]"" | [-0.006] [-2.2811""  [-5.935]""  [-7.339]™"
ECM(-1) -0.6285 -0.8504 -0.6842 -4.1353 -0.1711 -0.4308 -0.5383 -1.3714 -0.0563 -0.3358 -0.7869 -0.6556
[-(5.967]™" [-7.5091™"  [-5.9071""  [-12.13]™" | [-4.656]™"  [-8.915]"™" [-12.79]™"  [-8.419]™ " | [-3.979]"" "  [-4.879]™" [-11.59]"  [-9.245]""

Note: - *** ** *indicate significance at 1%, 5% and 10% respectively.
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Table (A): Descriptive statistics of the variables:

Egypt China Turkey

Obs. Mean  Std. Dev. Min Max Obs. Mean Std. Dev. Min Max |Obs. Mean Std. Dev. Min Max
Dependent Variable:
Pollution 55 1.383 0.622 0.576 2.528 55 2579 1.986 0.574 7.557 55 2.423 1.128 0.612 4.491
Independent Variables:
Income 57 1479 685.2 570.6 2608 57 1562 1871 131.9 6108 57 6961 2933 3135 13312
Control Variables:
Pop growth 57 2.268 0.329 1.748 2.787 57 1.306 0.787 -1.016 2.787 57 1.907 0.419 1.204 2.446
Fossil Cons 44 92.99 3.474 85.96 98.46 44  76.19 8.611 59.89 88.89 56 75.95 12.31 44.16 90.56
Value Added 56 3.3e+10 2.7e+10 3.2e+9 8.2e+10| 57 8.7e+1l 1.2e+12 1.5e+10 4.4e+l12]| 57 6.6e+10 7.9e+10 1.4e+9 2.6e+1l

AR



Table (B): correlation matrix between variables:

Egypt
Pollution Income Pop growth Fossil Cons Value Added Fossil Cons Pop growth Income Pollution
Pollution 1 0.9869 -0.6744 0.9148 0.9786 0.9148 -0.6744 0.9869
[44.49]***  [-6.649]*** [14.68]*** [34.30]*** [14.68]***  [-6.649]*** [44.49]>**
Income 0.9872 1 -0.6713 0.9341 0.9918 0.9341 -0.6713 0.9777
[45.02]*** [-6.718]*** [16.96]*** [56.98]*** [16.96]***  [-6.718]*** [33.86]*** .
E Pop growth -0.6562 -0.6187 1 -0.3711 -0.6625 -0.3711 1 -0.8355 -0.9279 £
) [-6.330]***  [-5.840]*** [-2.590]**  [-6.498]*** [-2.590]** [-11.28]***  [-18.12]*** E
Fossil Cons 0.8889 0.8679 -0.9373 1 0.8952 -0.8682 0.8487 0.9341
[12.57]***  [11.32]***  [-17.43]*** [13.02]*** [-12.86]*** [11.79]*** [19.05]***
Value Added 0.9813 0.9989 -0.6034 0.8471 1 0.6993 -0.7335 0.9625 0.8822
[37.10]***  [164.1]***  [-5.612]*** [10.33]*** [7.189]***  [-8.003]*** [26.34]*** [13.64]***

Note: - *** ** *indicate significance at 1%, 5% and 10% respectively.

A

[ ]indicate to t- statistics.

- Balanced sample (list wise missing value deletion).



Table (C): ADF- Unit root test results:

Variables Egypt China Turkey
Intercept Intercept None Intercept Intercept & None Intercept Intercept None
& trend trend & trend
In Pollution -0.5576 -2.3592 1.6744 0.1267 -1.2474 1.5029 0.0669 -3.2677
(0.871) (0.396) (0.976) (0.965) (0.889) (0.966) (0.960) (0.083)*
D(In Pollution) -7.8386 -3.0962
(0.000)*** (0.033)**
Income 1.5019 -2.3190 3.5025 1.4729 1.2746 1.6867 2.5139 0.0966 5.4089
(0.999) (0.417) (0.999) (0.999) (0.999) (0.977) (1.000) (0.997) (1.000)
D(Income) -3.9789 0.0169 -1.5424 1.2842 -6.2601
(0.003)*** (0.956) (0.803) (0.948) (0.000)***
POP growth -2.0058 -2.9822 -0.8274 -2.4506 -6.3339 -2.6657
(0.284) (0.147) (0.353) (0.134) (0.000)*** (0.088)*
D(POP growth) -2.4245 -2.4558 -2.3725
(0.140) (0.348) (0.018)**
Fossil Cons -1.4883 -1.8774 2.9463 -1.6195 -2.5844 2.6178 -4.6081
(0.530) (0.649) (0.999) (0.464) (0.289) (0.997) (0.000)***
D(Fossil Cons) -8.0246 -4.8463
(0.000)*** (0.000)***
Value Added 0.2249 -2.3337 1.1444 -1.1069 -1.1455 -1.1729 1.1138 -1.1150 2.3318
(0.972) (0.409) (0.933) (0.707) (0.911) (0.217) (0.997) (0.917) (0.995)
D(Value Added) -2.71252 0.9245 -1.7499 1.0795 -6.9189
(0.076)* (0.995) (0.715) (0.925) (0.000)***

Note: - *** ** *indicate significance at 1%, 5% and 10% respectively.

Table (D): PP- Unit root test results:

—( ) indicate to P-Value.
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Variables Egypt China Turkey
Intercept Intercept None Intercept Intercept & None Intercept Intercept None
& trend trend & trend
Pollution -0.5403 -2.4087 1.8045 2.1238 -0.4077 4.8729 0.7506 -3.2677
(0.875) (0.371) (0.982) (1.000) (0.985) (1.000) (0.992) (0.083)*
D(Pollution) -7.8319 -3.0962
(0.000)*** (0.033)**
Income 1.3374 -2.0603 5.9536 12.656 5.5951 17.161 3.4511 0.0904 6.0612
(0.999) (0.556) (1.000) (1.000) (1.000) (1.000) (1.000) (0.997) (1.000)
D(Income) -4.0095 0.2307 -1.4255 1.6033 -6.2754
(0.003)*** (0.972) (0.842) (0.972) (0.000)***
POP growth -1.6822 -1.9607 -1.0289 -2.5056 -3.7914 -1.0598 -1.3126 -1.7036
(0.435) (0.609) (0.269) (0.119) (0.024)** (0.726) (0.875) (0.084)*
D(POP growth) -2.4847 -2.4281 -2.4165
(0.125) (0.362) (0.016)**
Fossil Cons -1.4883 -1.8020 3.2952 -1.8699 -1.8684 3.9684 -4.8334
(0.530) (0.686) (0.999) (0.343) (0.653) (0.999) (0.000)***
D(Fossil Cons) -7.8614 -4.8463
(0.000)*** (0.000)***
Value Added 1.8421 -1.8944 4.8221 11.251 5.2538 14.161 1.1138 -1.1229 2.3318
(0.999) (0.644) (1.000) (1.000) (1.000) (1.000) (0.997) (0.916) (0.995)
D(Value Added) -2.7003 0.0418 -1.7349 1.0744 -6.9247
(0.081)* (0.958) (0.722) (0.924) (0.000)***

Note: - *** ** *indicate significance at 1%, 5% and 10% respectively.

— () indicate to P-Value.
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Table (E): Robustness Check:

Pollution (In CO2 per capita)

Total Pollution (In total emission per capita)

Egypt China Turkey Egypt China Turkey
(13) (14) (15) (16) (a7) (18)
Long-run coefficients:
Income 0.0024 28.246 0.0010 0.0006 5.3374 0.0008
[8.003]*** [2.178]* [8.824]*** | [14.64]***  [6.474]*** [64.99]***
Income? -4.69e-7 -5.0798 -7.62e-8 -7.13e-8 -0.5664 -8.41e-8
[-8.997]***  [-2.043]* [-4.865]*** | [-4.278]***  [-3.987]*** [-28.43]***
Income® 0.2969 1.94e-12 0.0169 3.12e-12
[1.901]* [3.186]*** [2.116]* [17.77]%**
POP Density -0.0109 0.0187 -0.0095 0.0675 0.0152 0.0893
[-2.412]%* [0.319] [-3.566]*** | [5.646]***  [2.005]* [5.289]***
Value Added 5.80e-12 -2.00e-11 4.95e-13 1.15e-12 4.52e-12 4.63e-13
[2.427]%* [-1.282] [0.761] [0.774] [10.72]*** [2.452]**
Electricity Prod. -0.0066 0.0899 0.0027 0.0112 0.0089 0.0035
[-3.683]***  [1.912]* [4.329]*** | [3.456]***  [5.960]*** [2.241]*
Constant -1.4876 -60.126 -3.1575 -1.1741 -14.884 -1.7032
[-14.04]***  [-2.351]**  [-15.63]*** | [-5.063]***  [-9.342]*** [-14.60]***
Error correction coefficient:
®; -3.9462 -0.2799 -0.7712 -2.6227 -2.7605 -4.4095
[-8.882]***  [-13.39]***  [-15.32]*** | [-13.32]***  [-16.05]*** [-10.69]***
Short-run coefficients:
Pollution -3.9462 -0.2799 -0.7713 -2.6227 -2.7605 -4.4095
[-5.817]***  [-1.730] [-9.263]*** | [-9.106]***  [-9.151]*** [-4.595]**
Income 0.0095 7.9087 0.0008 0.0016 14.734 0.0036
[5.397]***  [2.529]** [5.880]*** | [6.879]***  [5.335]*** [4.274]%**
Income? -1.85e-6 -1.4223 -5.88e-8 -1.87e-7 -1.5636 -3.71e-7
[-5.328]***  [-3.461]***  [-3.856]*** | [-3.546]***  [-3.558]** [-3.951]***
Income?® 0.0831 1.50e-12 0.0468 1.37e-11
[4.392]***  [2.753]*** [1.909] [3.722]***
POP density -0.0433 0.0052 -0.0073 0.1771 0.0419 0.3938
[2.580]** [0.473] [-4.420]*** | [4.388]***  [1.302] [2.954]***
Value Added 2.29%-11 -5.59e-12 3.82e-13 3.01e-12 1.25e-11 2.04e-12
[1.954]* [-4.009]***  [0.742] [0.635] [5.453]*** [1.573]***\
Electricity Prod. -0.0261 0.0252 0.0020 0.0294 0.0248 0.0154
[-3.422]***  [4.973]***  [4.191]*** | [2.868]***  [2.843]** [1.253]
Constant -5.8704 -16.835 -2.4354 -3.0792 -41.087 -7.5102
[-4.974]***  [-2.205]* [-7.209]*** | [-4.074]***  [-6.667]*** [-3.413]**
Period 1971-2014 1971-2014 1961-2014 1971-2012 1971-2012 1970-2012
Obs. 44 44 54 42 42 43
F-Bounds 8.0497***  12.6082***  24.331*** | 19.497*** 6.3556*** 7.1385%**
Adjusted R? %99.1 %99.9 %99.8 %99.5 %99.9 %99.8
F-stat. (Prob.) 183.24*** 4070.0%** 1482.2*** 384.79*** 3683.0*** 613.49***

Note: - *** ** *indicate significance at 1%, 5% and 10% respectively.
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Figure (A):

Pollution (CO2 per capita) (Egypt)

Pollution (CO2 per capita) (China)

Pollution (CO2 per capita) (Turkey)
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