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Article type: In recent decades, the increasing degradation of the environment has prompted
policymakers to adopt measures aimed at reducing environmental damage.

Research Article Accordingly, the present study aims to evaluate the economic factors affecting
carbon dioxide emissions—one of the most important indicators of
Article history: environmental quality—in developing countries through a comprehensive
review of studies published between 2000 and 2023 using a meta-analysis
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findings indicate that the most influential factors affecting CO2 emissions in the
JEL: 044, F18, P18. examined studies are gross domestic product (GDP), energy consumption,
international trade, urbanization rate, population growth, financial development,
and industrialization. Among these, GDP and energy consumption were the most

Keywords: frequently studied variables. Furthermore, all mean effect sizes were greater than
Environmental 0.2 and less than 0.5, indicating that these factors have a moderate effect. The
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’ emissions. In contrast, financial development has an adverse impact. Based on
Meta-Analysis Approach, these results, policies such as optimal energy pricing, reforming international
Pollution Haven trade regulations, improving the quality of life in rural areas, promoting financial
Hypothesis (PHH). development, and implementing environmental taxes on polluting industries

could help reduce CO2 emissions.
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Introduction

In recent decades, given the destructive environmental impacts of economic growth, sustainable
development has become the primary objective for all countries worldwide. Consequently,
environmental issues have emerged as global concerns that attract the attention of economists,
environmental experts, and policymakers. It can be stated that today, environmental quality is in an
unfavorable condition due to the rapid increase in CO, emissions. For this reason, one of the main
concerns of researchers is to evaluate the causes and factors influencing CO; emissions. However, there
is still no broad consensus regarding the determinants of environmental degradation. Accordingly,
considering the importance of improving environmental quality across all countries on the one hand,
and the harmful effects of economic activities on the environment in developing countries on the other,
this study aims to conduct a comprehensive review of previous research and identify the determinants
of CO; emissions in developing countries using a meta-analysis approach.

Methodology

For the purpose of analyzing the results, this study employs the PRISMA method as a framework for
meta-analysis. This method consists of four stages. In the first stage, all relevant articles on the subject
are collected. The statistical population under review in this study includes all Persian and English
articles related to the determinants of CO, emissions during the period 2000 to 2023, gathered from
databases such as ScienceDirect, Springer, Google Scholar, Magiran, and Civilica. At this stage, 304
articles were extracted. The second stage involves removing duplicate articles. In the present study, after
eliminating duplicate studies, 255 articles remained. The third stage focuses on excluding articles with
irrelevant titles, abstracts, or content; those lacking sufficient quality; those without regression models;
and those that do not use CO» emissions as the dependent variable. At this stage, 46 articles were retained
for the final review. In the fourth stage, the validity and reliability of the selected articles are evaluated
by experts (faculty members). Based on the meta-analysis method, after data collection, the effect size
of all variables is calculated.

Results and Discussion

The results of this study indicate that:

The mean effect sizes of GDP and GDP squared are 0.346 and 0.342, respectively. Among studies
examining the Environmental Kuznets Curve (EKC), 75% confirmed an inverted U-shaped relationship
between GDP and greenhouse gas emissions.

The mean effect size of energy consumption is 0.457. Moreover, among studies that considered energy
consumption as a determinant of CO2 emissions, 90% found a positive relationship between energy
consumption and carbon dioxide emissions.

Among studies examining the effect of trade openness on CO2 emissions, 59% reported a positive
relationship between CO2 emissions and international trade, supporting the pollution haven hypothesis.
The mean effect size of this variable is 0.330.

Approximately 64% of studies addressing the environmental effects of urbanization found that
increasing urbanization leads to higher environmental pollution. The mean effect size of the urbanization
rate is 0.358.

About 62% of studies including population growth in their CO2 emission models found a positive
relationship between population growth and environmental pollution. The mean effect size of population
growth is 0.286.

The mean effect size of financial development is 0.252. Among studies examining this variable, 60%
reported a negative relationship between economic growth and CO2 emissions.

The mean effect size of industrialization is 0.263. Around 73% of studies that included this variable in
their models found a positive relationship between industrialization and CO2 emissions.

Based on these findings, the following policy recommendations are proposed:
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Implement policies such as optimal energy pricing to control energy consumption and thereby reduce
pollution.

Reform import and export regulations to increase the export of clean goods and services while reducing
the export of raw materials and environmentally harmful goods and services.

Implement policies to provide adequate welfare facilities in rural areas to improve the quality of life and
reduce unnecessary migration to urban areas.

Promote financial development and fund environmentally friendly research projects to support
sustainable development.

Introduce environmental taxes to encourage the production of clean goods and services, and reduce the
production of polluting products.

Adopt policies to control population growth.
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Effect size Weight

Study with §5% CI %)
Study 3 - 044 -274  3.03] 008
Study 4 ] 085 -0.22,  1.327] 081
Study § - 013 -21.08. 21.34] 0.00
Study & - 02z] 278, 3.20] 007
Study 7 [ | 021] -0.04 048] 387
Study 8 — 081[ -223.10, 224.32] 0.00
Study @ _— 0.45[ -224.47, 225.38] 0.00
Study 10 [ ] 015] 010, D41] 378
Study 11 ] 008[ 008, 011 827
Study 12 . 045 -212, 2421 012
Study 13 || 047[ 022 072 301
Study 14 | ] 0i9] 005 033 520
Study 15 ] 028 0.28 028 621
Study 17 ] 047[ 048, 048] 820
Study 18 - 0.30] -284 3.44] 008
Study 19 [ ] 031] 0.7, 045 531
Study 20 ] o040  0.08, 0.14] 622
Study 21 — 0.32[ -200.50, 201.14] 0.00
Study 22 0.51[ -746.86, 747.68] 0.00
Study 23 - 021 -079, 121] 057
Study 24 [ ] 028 -0.11, 088] 253
Study 25 [ | 083[ 048, 120] 2646
Study 26 [ ] 041 -0.06, 0388 186
Study 27 - - . 0.39] -508.55, 500.23] 0.00
Study 28 - 039 -13.75. 14.54] 0.00
Study 28 - 046[ -2.53 1050] 001
Study 30 ] 025 -0.13,  068] 234
Study 31 ] 033 028 037] 619
Study 32 . 022[ -1.81, 2.04] 018
Study 33 n 045  -017, 1.08] 1.327
Study 34 045 -4424 4514] 000
Study 35 [ ] 083] 057, 080 612
Study 38 - 029 -10.84 1151 000
Study 37 ———— 0.43[ -572.83, 573.60] 0.00
Study 38 ] 028 022, 0.24] 610
Study 40 | ] 031] 025 03§ 612
Study 41 - 079[ -223 387 007
Study 42 ] 0AMz[ 012, 0127 621
Study 43 ] 0.04[ -0.00, 0.08] 618
Study 44 - 016[ -28.80, 27.12] 0.00
Study 45 | 019[ -018. 054] 284
Study 45 - - . 093] -240.47, 251.33] 0.00
Overall 029 021, 0.28]
Heterogeneity: T = 0.03. " = 88.82%, H™ = 132021
Test of 8 = 6: Q(41) = 27405.02, p = 0.00
Testof@=0:z="7.08 p=000
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Random-effects REML model
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Effect size Weight

Study with 85% ClI (%)
Study 3 0.17 [ -2.77, 3.11 0.08
Study 5 - 0.13[ -1.08, 1.33] 0.50
Study 6 u 0.23[ 0.04, 0.43] 13.40
Study 8 0.56[ -223.15, 224.27] 0.00
Study 9 0.39 [ -2547.75, 2548.54] 0.00
Study 14 - 0.19 [ -0.14, 0.52] 5.92
Study 15 L 0.16 [ -0.21, 0.52] 4.98
Study 17 (] 0.32[ 0.31, 0.32] 45.69
Study 19 - 0.02 [ -5.18, 5.21] 0.03
Study 21 — 0.33[ -290.49, 291.15] 0.00
Study 27 — 0.40[ -174.89, 175.68] 0.00
Study 28 . 0.39 [ -1.53, 2.30] 0.20
Study 29 - 0.47 [ -2.33, 3.27] 0.09
Study 32 - 0.32[ -1.32, 1.97] 0.27
Study 36 - 0.27 [ -0.92, 1.46] 0.51
Study 37 - 043[ -73.61, 74.47] 0.00
Study 41 - 0.80 [ -0.99, 2.59] 023
Study 42 - 0.15[ -1.37, 1.68] 0.31
Study 44 ] 0.18[ 0.08, 0.28] 27.67
Study 46 - 0.95 [ -1.35, 3.24] 0.14
Overall 0.25[ 0.17, 0.34]
Heterogeneity: T° = 0.00, I = 19.31%, H* = 1.24
Test of 8 = 8,: Q(19) = 9.71, p = 0.96
Testof 8 =0: z=5.77, p = 0.00

2000 0 2000 4000

Random-effects REML model
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Effact size Weight

Study with 95% CI (%)
Study 1 [ ] 0.15[ 014, 0.16] 422
Study 2 0.43[-35.26, 36.12] 0.00
Study 3 - 0.14[ -2.88 316 011
Study 4 ] 087[ 072 1.02] 384
Study 5 [ ] 0.75[ 0.66, 0.83] 410
Study 6 [ | 0.80[ 061, 099] 365
Study 7 [ ] 0.26[ 0.09, 043] 374
Study 8 —_—— 0.91[-29.79, 31.60] 0.00
Study 9 - 0.4&[-51.86, 52.83] 0.00
Study 11 ] 0.05[ 0.03 008 421
Study 12 ] 026[ -1.41, 194] 033
Study 13 [ ] 037[ 020, 055 373
Study 14 | | 0.15[ -0.34, 063 211
Study 15 ] 001[ -048 049 211
Study 16 —_ 028[ -652 7.08] 002
Study 17 ] 0.47[ 020, 0.73] 328
Study 18 [ ] 0.39[ 036 0.43] 420
Study 19 | 047[ -0.52, 0.85] 142
Study 20 [ ] 0.63[ 055 0.72] 409
Study 21 0.56[-72.41, 73.57] 0.00
Study 22 0.41[-70.22, 71.04] 0.00
Study 24 [ ] 0.42[ 0.06 0.78] 275
Study 25 [ ] 057 039, 075 371
Study 26 ] 0300 -0.52, 112 110
Study 28 [ | 0.42[ 028 055 392
Study 29 [ ] 0.70[ 0.43, 087] 324
Study 30 | | 0.37[ -0.39% 114 122
Study 31 [ | 0.90[ 0.85 095 418
Study 32 [ | 077 077, 0771 422
Study 33 | | 053] -0.18, 1.24] 135
Study 35 [ ] 034 030, 038 419
Study 36 [ ] 053] 040, 065 394
Study 37 ] 0.47[ -0.04, 098] 203
Study 38 ] 089 079, 093] 408
Study 42 [ ] 0.3 031, 0.31] 422
Study 43 [ ] 0.0&[ 0.05 0.08] 422
Study 44 [ ] 0.59[ 049 0.63] 408
Study 45 | | 0.62[ 020, 1.04] 243
Owverall 048] 038 053]

Heterogeneity: T = 0.06, 1 =99.958%, H = 4211.22
Test of 6 = 6 Q(37) = 189424.04 p = 0.00
Testof6=0:z=946 p=0.00
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Effect size Weight
stuay with 95% C1 (%)
Study 3 n 0.01[ -1.03, 105 082
Study 4 [ | 0.78[ 075 081] 466
Study 5 [ | 013[ -002, 028 427
Study 7 ] 003[ 013, 019] 422
Study 9 [ ] 048] 042 055 458
Study 12 - 020 -1.20, 161] 043
study 13 [ ] 000[ -0.15, 0.16] 425
Study 15 | 0.09] -0.43, 061] 214
Study 16 _ 016] 660, 692] 002
Study 17 [ ] 048] 025 070] 384
Study 19 [ ] 037 021, 052] 422
Study 20 ] 015] 004, 027] 442
Study 25 [ ] 035] 002, 072 292
Study 26 [ ] 035] -035 106 148
Study 28 (] 048] 038 057] 443
Study 29 [ ] 045] 036 054 451
Study 30 ] 046[ 027, 066] 4.01
study 33 ] 061] 022 100] 283
Study 34 0.44[-30.43, 31.31] 0.00
Study 36 [ ] 025[ 025 025 467
Study 37 ] 031] 030, 032] 467
Study 39 [ | 012[ 011, 013] 467
Study 40 [ | 049] 039 058 450
Study 41 [ ] 0.95[ 091, 099 464
Study 42 [ ] 011[ 007 015 464
Study 43 [ ] 0.03[ 000, 0.05] 466
Study 44 [ ] 006] 004, 007] 467
Study 45 [ ] 0.40[ 036, 045 464
study 46 — 083[ -426, 593] 004
overall 033] 022, 043

Heterogeneity: T = 0.06, I = 99.91%, H® = 1058.07
Test of @ = 8 Q(28) = 5830.11, p = 0.00
Testof8=0 z =619, p=000
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Effect size Weight

Study with 95% CI (%)
Study 4 _— -0.05[ -6.85. 675 0.10
Study 10 ] 054 035 074] 1207
Study 11 [ | 0.16[ ©0.14, 0.17] 13.30
Study 12 - 0.15[ -2.53, 2.84] 0.64
Study 18 [ 0.32[ 025 040] 13.12
Study 20 [ ] 075[ 067, 082] 13.11
Study 21 0.11[ -15.74, 16.97] 0.02
Study 23 | | 0.08[ -0.04, 020] 1283
Study 24 - 042[ -0.61, 1.45] 3.43
Study 36 [ ] 0.90[ ©0.80, 1.00] 1297
Study 39 m 0.10[ 0.08, 0.11] 13.30
Study 41 ] 0.12[ -0.71, 0.96] 4.59
Study 42 e 0.10[ -291, 3.12] 051
Overall | 0.39[ 017, 0.61]
Heterogeneity: 7 = 0.10, I’ = 99.23%, H’ = 130.03
Test of ©, = §; Q(12) = 545.47. p = 0.00
Testof@=0:z=344, p=0.00

-20 10 o 10 20

Random-effects REML model
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Effect size Weight
Study with 95% CI (%)
Study 4 —— -005[ -685 675 010
Study 10 [ ] 0.54[ 0.35 0.74] 12.07
Study 11 | | 0.16[ 0.14, 0.17] 13.30
Study 12 - 015[ -253, 2.84] 064
Study 18 [ ] 0.32[ 025 040] 13.12
Study 20 [ | 0.75[ 067, 0.82] 13.11
Study 21 0.11[ -15.74, 15.97] 0.02
Study 23 [ | 0.08[ -0.04, 0.20] 12.83
Study 24 - 0.42[ -0.61, 1.45] 343
Study 35 ] 0.90[ 080, 1.00] 12.97
Study 39 ] 010[ 008, 011] 13.30
Study 41 = 012[ -071, 096] 459
Study 42 — 010[ -291, 3.12] 051
Overall | 0.39[ 0.17, 0.81]
Heterogeneity: 1° = 0.10, I° = 99.23%, H’ = 130.03
Test of B = B;: Q(12) = 545.47, p = 0.00
Testof = 0: z = 3.44, p = 0.00
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Random-effects REML model
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Effect size Weight
Study with 95% CI (%)
Study 12 - 0.04[ -1.28, 137] 1.24
Study 15 | | 011[ 011, 0.11] 18.21
Study 17 [ | 0.36[ 0.24, 047] 16.49
Study 19 [ | 001[ -0.11, 0.13] 16.43
Study 22 0.50[-26.89, 27.88] 0.00
Study 26 u 0.33[ -0.41, 1.08] 3.40
Study 30 u 0.39[ -0.15, 094] 6542
Study 33 L 0.05[ -0.86, 095] 245
Study 35 [ ] 0.21[ 020, 0.22] 18.20
Study 40 [ | 052 050, 0.54] 1817

[ 0.09, 040]

Overall 0.25
gh Wyn "0.. - .s‘ﬁ. :(ﬂ) ls &

RIS slbasl v
U9 oo il oo /0 5l S g <Y 5l in a5 pla daxgi b aS sl <VEY i ol Sl oslaili ol geis (2
o SYlie oyl asdllas VY slows acil e oS aenSTes 3 Lal 5 bawsie 3 gl ke onl Sge ole

Cudo dbasly o y0 VY 0g0 Dldllas (ol o 51aSlosged 0,Lal CO2 515 jLicsl Joaw jo ol Soieo 4 ¢ gy

9 O (grieo (s alayly oS wslassl o eyl 5las )0 YV g Wles )56, Ll CO2 518 JLacil g oy gmivo

by e @uﬁw)wc}%‘@d‘fw (Vo) U jo o ol iaST s Jloges 45 a>gi Lo ylo 092 éoyi
...\3)‘.5 @Ybuﬁbw)fo)yuuuaocb

Effect size Weight

Study with 95% CI (%)
Study 1 —— 0.23[ 0.06, 0.39] 9.30
Study 10 . 0.25[ 0.04, 0.46] 8.01
Study 11 | 0.03[-0.01, 0.07] 12.49
Study 12 - om 0.14[-0.13, 0.41]  6.40
Study 15 [ | 0.15[ 0.14, 0.15] 12.78
Study 16 0.36[-0.27, 0.98] 1.99
Study 18 ] 0.39[ 0.36, 0.43] 12.59
Study 27 ;- 0.49[ 0.35, 0.63] 10.04
Study 33 0.56 [-0.00, 1.13]  2.35
Study 39 ] 0.19[ 0.18, 0.19] 12.77
Study 42 ‘| 0.12[ 002, 0.21] 11.28
Overall = 0.23[ 0.13, 0.32)

Heterogeneity: 1° = 0.02, I = 99.51%, H* = 204.86
Test of 6, = 8; Q(10) = 326.14, p = 0.00
Testof 8 =0:z=4.65 p=0.00

Random-effects REML model
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