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EXTENDED ABSTRACT

Introduction: Improving living standards in developing countries and rapid population growth
have significant effects on the economy and environment. Population growth leads to an
increase in demand for agricultural products, which increases environmental pollution, reduces
the productivity of natural resources, and has a negative effect on economic growth. Therefore,
the aim of this research is to investigate the short-term and long-term relationship between
agricultural production, economic growth, and environmental pollution in Iran.

Material and Methods: In this research, time series data for the period of 1991-2020 were
collected from the database of the World Bank and Food and Agriculture Organization (FAO),
and the Autoregressive Distributed Lag (ARDL) models were used. First, the augmented
Dickey-Fuller (ADF) and Phillips-Perron tests were performed to test the stationarity. Then,
according to the values of Akaike, Schwarz, and Bayesian information criterion, the optimal
number of lags was selected. ARDL bounds test was used to test the presence of the long-run
relationship between the variables, and then short and long-run relationships and error
correction models (ECM) were estimated. Finally, the causality between pairwise variables was
investigated by using the Granger causality test.

Results and Discussion: The results of short-term relationships show that a one percent
increase in economic growth, rural population, gross capital formation, and agricultural
production increases COz emissions by 0.307%, decreases by 2.937%, and increases by
0.087%, and 0.065%, respectively. The effect of foreign direct investment on CO2 emissions in
the short term was not significant. However, a one percent increase in the lag of foreign direct
investment will increase CO2 emissions by 0.01%. The long-term results show that a one
percent increase in economic growth, rural population, agricultural products, foreign direct
investment, and gross capital formation will increase CO2 emissions by 0.662%, decrease by
3.807%, and increase by 0.141%, by 0.024% and 0.188%, respectively. The results of the
Granger causality test show the bidirectional causality relationship between economic growth,
agricultural production, foreign direct investment, and CO2 emissions, as well as foreign direct
investment and agricultural production. Also, there is causality in only one direction between
gross capital formation and CO2 emissions, agricultural production and economic growth,
foreign direct investment and economic growth, agricultural production and rural population,
rural population and foreign direct investment, and rural population and CO2 emissions. In
addition, there is a long-term positive and significant relationship between CO2 emissions and
economic growth, gross capital formation, agricultural production, and foreign direct
investment. The long-run result demonstrated by the FMOLS and DOLS methods was the same
as the finding of the ARDL approach.

Conclusion: In Iran, enhancing agricultural mechanization, promoting renewable energy,
enforcing environmental regulations, adopting green technologies, investing in R&D, and
attracting foreign investments are crucial to reduce CO2 emissions and pollution. Fossil fuel-
dependent industries, capital formation, and rural populations also impact environmental
pollution, emphasizing the need for employment opportunities in rural areas to mitigate these
effects.
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S abal, v, sl Granger (1969) cole yge;l 5!

g g oolazw! =9

Ol o eolaiul 050 (s i Aoy )LJ ) Jgo=
sl s a4 axg b oaes o &l 1) asdlas
053] &5 TSl e 5 1T Sapas N S
ao,8 ol b pxio #5950 Loy dy bgy e o sl
dod 45 ABS oo GLiS g d9d oo aBpdy Ggejl (nl e
22585 Jloy ysbas LEDI 5l 18 ey ool s jod slo e

Qilodds

Sl Gl ARDL 5,859, Coje Gedsl 20,15 (6555 pgms yo
sl aalsl 10)1(1) L 1(1) d(0),s layuiie 51 a5
oyl S origmes el osalin LB (Sililen
OBl o piite (o Soaily Laily ) dsloms (Sl 53 0gdle
(Bouznit o ks 595 jui aeolisS g Ly dalg, avwloxe
Jolss pae bows Ce pus ogdleay and Romero, 2016)
Saeaily Jolsd ay sy Sl 55 050 12 )0 DaeelisS
ol 5o ooliiul 5,00 ARDL e el dples L5

il ) b 4 Galod

AlnCO2; = @y + @; X7, AInCO2; 1 +

0, %7, AlnGDP,_y + @3 X7 AlnAP,_; +

0,25 AlnLe_y +@s X0 AInFDI_; +

B X7_; AN K,y +y;InCO2_; + ")
V2 InGDP,_; +

Y3 InAP._; + y4lnly_;+ysFDI_; + yglnK,_; +

&t

(AICYA ST slavo Lol 5l 5 aige aady bl sl p
5,509, D5 oo oolauwl (BIC) ' oy 50 5 (SIC) V55 1o
sl Sdeails Laslg e (gl al> 10 g0 Julis ARDL
plod Ol Cowaddy alaly 3925 (pwyn (sl Al ye
ol o poo Al ey el et S Alolrs slo yunie
S5 (g0 083 (et (LSS alolae BueolisS g awaids
(Pesaran et al., 1999)

0303 5l e iie (e il (Kbl (o) sl
oolail Pesaran and Shin (1999) lawg ouls 8 yese
J8laz 5 i3Sl oz 90 Jels (F) (yae;] ol o lel 05 oo
S ool YL a5l o acwle Foolel ST el
Sastl abul, 355 pas i ko d b il 5
55 el 9o Sl 5SS gesl o)l ST 0g5 e o,
|y ezl alal, 5525 pae b yho apd b sl
ol 9> 5 Vb 0> o o)lal ST Tles )8 0, ol oed
el (galB el a5 B S la )

Ho:= @1 = @3 = @3 = @4 = @5
=@y =0

Hiis @1 % @3 # @3 F Q4 F Qs ®
#* @+ 0
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Table 2. Descriptive statistics

LCO, LGDP
N 19.83 26.47
Mean
alee 19.92 26.53
Median
kg 20.27 26.84
Maximum
Sl 19.10 25.95
Minimum
Sena Sl 037 0.29
Std. dev.
sz -0.41 -0.25
Skewness
S 1.75 151
Kurtosis
b Sl 2.88 3.18
Jarque-Bera
Jlosl 55 0.23 0.20
Probability
oo 614.81 820.68
Sum
Sloslie sluss 31 31

Observations

LK LL LFDI LAP
25.43 16.94 20.63 18.02
25.59 16.94 21.50 18.11
25.81 17.04 22.77 18.26
24.62 16.86 15.58 17.62
0.33 0.05 1.83 0.196
-0.78 0.22 -1.09 -0.49
2.44 1.87 3.18 1.88
3.54 1.89 6.29 2.89
0.16 0.38 0.04™ 0.23
788.56 525.32 639.58 558.66
31 31 31 31

(Wboo 1Y 570 Ve (gl sime zakaw oams Lad**F X* ) g asg glaaidly iaie
Source: Research findings ¢*, **, *** indicate the levels of 10%, 5% and 1% confidence)

! Jolas dsl 51 ae LFDI 4 LAP LGDP
o 5l golaws a5 cpl @ am g b ol ply 2059l oo
O?“’)'T 90 o Wil | (V) Ko golaws g 1 (4)
SawoligS Laslgy sy p lp 1, ARDL Juw 31 oola]

WS o olpiiig Soeails g

oyl slasdllae nl ol S8 St ;o0 a5 jshiles
e oble gwyp sl PP g ADF axly aio,
ADF (sloyg03] o0 08 (s gulis oS oo ool
as ol las gl .cawl ool &1l (V) Jgum ;0 PP

LCO; sloywiie § mhw o LK 5 LL (slo i

asly alyy g3l -V Jouar
Table 3. Unit root test

A paosi Job (K93 903 0958 oalsd (33031
ADF unit root test PP unit root test
_ s 59 o sl ‘ s 59 o el _
oy At level 1st difference R At level 1st difference A
Variables t-Statistic Prob Sta:i-stic Prob Result t-Statistic Prob t-Statistic Prob Result
LCO, 0.026 0.99 -5.80 0.00™" 1(1) 0.20 0.99 -5.80 0.00™" 1(1)
LGDP -1.13 0.90 -4.92 0.00™" 1(1) -1.33 0.86 -4.92 0.00™" 1(1)
LAP -2.42 0.36 -6.53 0.00™" 1(1) -2.42 0.36 -12.19 0.00™" 1(1)
LL -2.99 0.00™ - - 1(0) -8.10 0.00™ - - 1(0)
LFDI -1.23 0.88 -13.80 0.00™" 1(1) -4.62 0.00™" - - 1(0)
LK -3.55 0.00™" - - 1(0) -3.23 0.00™ - - 1(0)

(MLIG& /A 9 YA RAR L;)la‘_,’.;n C?"“"’ RSN OL‘LJ*** F* g*)&a;u GL‘BML Feo
Source: Research findings ¢*, **, *** indicate the levels of 10%, 5% and 1% confidence)
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2 4 ogi oo oolaiwl ARDL (slaasl,S yge3l 5l ¢ Jo
de} B U}A)T U”‘ CL)L..; o J)M F o)LoT s.i) u.ul...u‘
g5l oylel oyl aSnl 4 axgs b Ll ool il (O)
Sru polie oYL > i (/YY) ARDL sleal S
Dgm S5 0925l b (el (FIPA) wo )0 SO s o
adpdy Joe sl ysie o Soeaidy Jolu  (Silslen
SLled 4y (g wd pie 2 (s fho (B 5 99 o0

WS e 3, 1y ol aslllas sl piie (e Soeail

Slasie bl p a8 2t Jsb lae SO
dsb o @ln sl (VAR) (g)loy (gem )5 5095
ARDL sladil S o505 26,5 Corle (9051 a5
s oolizl ARDL  (sligy (glo o 5 IS cpaeso s
720 Job bl sl 1) aylae ples @l (F) Jgoo
Foled Sledbl gla,las olul 5 aos co @) g

D so B Sy e 23U sk (SIC)

Sl psio o Gaesidy Sildles alaly o) p sl

Aot addy ol -F Jou

Table 4. Lag order selection criteria

Lag LogL LR FPE AlC sC HQ
0 178.3194 NA 2.78E-13 -11.88409 -11.60121 -11.7955
1 337.65 241.7431* 5.96e-17* -20.3896* -18.4094* -19.7694*
2 360.6367 25.36462 2.08E-16 -19.49219 -15.81463 -18.34042

Source: research findings

Wb o903l -0 Jgu
Table 5. Bounds test

oL Sy polio
oge3! o)be! o3 I (e b Critical value bounds
Test statistic Value Signif.
10 Bound 11 Bound

F-statistic 9.73 10% 2.26 3.35
k 5 5% 2.62 3.79
2.50% 2.96 4.18
1% 341 4.68

Source: Research findings
simldl ao s YINVFY el soladl o,y li8l s o S
Jelos 5 4525 .08 walgs olnl )o (S aaSTiss jlas]
oialS o gals s (LL) (olivs, Comez «eoligS
Ol b aS aes o lid b .cuils walys COz Lacl
oudlS o 0 YIAYY e 4 CO Ll L (gus,0 SO
(2022) Voumik et al. slaazdly b axcs ol oS oo log
Wang (2017) « J»;» ,o Alametal. (2016) « oMy yo
oSl ;o Hussain and Rehman (2021) 4 > ,o etal.
Do oligS yo yols axlllas s ol pogdle .o ls cillas
56 LK) LAl aleyw S5 a5 el o 5 S
Coyd @ azg bo)b a8 0 COp Ll gide

LK oo ys o Gl oS vgei ol lgies 69902

Bebod slaaidly sae

|, ARDL s, Cowail 5 GowolisS mls () Jsox
Ao oo Ll

ARDL (g, olig s Julons

155 (LGDP) (solasl 0y, e 0bisS el 4y 4z g b
&S e onl @0l COz Jlasl » )losme 5 St
I, COz Jlax! olul jo LGDP 5 gawys Vil
—aiil b oguls ol 45 ol walss bl s ee YV
Dagmawe .5l caslle Dagmawe Tenaw (2021) sle
SawolisS jo aS ol lid 0e5 aslllas o Tenaw (2021)
w9251 50 CO2 Jlacil golamdl ol (gasyo S il L
Nonejad pored oS oo loy ial38l <1470 5 4
aS ausl o 0e> kgl 0 5 and Roozitalab (2018)
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Slasdllas opl 0 i o CO2 Ll sas s </F0
;5 COp ezl 3 (LFD) ()5 s (5,5 asLe s
LFDI aiy il58l 0oy 5 Lol o I cine SkaolisS
dalgz> cp SanSTles el gas,e ofo Ve olidl cels
gy copd )3 pis 4 ax g b o2y (nl b sl
Shahid et al. .05 bloxl oo cpl s jo ol p3Y
WGTFEP o FDI (y siio alaly a4y 595 axlllas 45 (2022)
adllas ;o puzmen 50,5 OST 0 DawolisS o
3 FDI (yo (5 )lo sixe alasl ; Voumik and Ridwan (2023)

QS 5,158 epls, T 0 CO, L]
oGl ghe o b meal coys ries
EESV L SORIN ST S S A RPSTRVE e (LU R SORRWRS
S S sl by Jae 5o ol il S5 sl
ol ao s < [FF sga> b Lo, 0,90 SO (b Sl

Adebayo et o205 oo il ws,ys +/+AV 1) CO2 il
LK ooy Sy ialil b as wiols olas s.al. (2021)
Gialdl 0o <[+ Q) e 4y Wbl 55 CO, il gl
(LAP) (53,58 ladsi ioeolisS oy o 05 oo loy
Sladgs (o g, S ilial as il ol sasas las
~ 52 CO2 Ll oo s <[+ £0 g yiolidl el (65 ,5lis
ciyllae Reynolds et al. (2015) axllas b gls oyl .05
S8l 5 st S 65,8laS DY e ot 45 ol
aisls Lz Ullah etal. (2018) yuioras 0 )ls Cans jlasxs
Ol ol o)ls COz Jlasl p cuie 3l odle adg oS
QO e IOE Ayl 0 sao,e SO ljEl 4S5 canliee
Loyl s alie jsboay 595 oo COp amys +/+ Y Lizi
St 523l (DM 51 58) el Sl plo oS 35 2ol
Aoy S5 aS (g ,bay 0)l08 0 CO, JLicl (s loline o

e I3 & ke oo8ly; Sladgs s adgs aalidl 5

So0oli S g uwaidy (gl mesd gulis —F Jgu

Table 6. Long-run and short-run estimates

poe s ol o o Bl il og.o}‘i e)LnT Jlexa! 53,
Variable Coefficient Std. error t-Statistic Prob.
ERVRUI IO
Long run estimation

LGDP 0.662 0.135 4.904 0.0001™
LAP 0.141 0.169 -0.834 0.0413™
LL -3.807 1.216 -3.130 0.0051"
LFDI 0.024 0.011 2.038 0.0543"
LK 0.188 0.07061 2.672 0.0143™
O 01355 ypa ST
Short run estimation
LCO2(-1) 0.536 0.112 4.77 0.000™"
LGDP 0.307 0.096 3.18 0.004™
LAP 0.065 0.086 -7.60E-01 0.055"
LL -2.937 1.055 2.784 0.011™
LL (-1) -4.704 0.964 -4.877 0.000™
LFDI 0.0011 0.004 0.289 0.775
LFDI (-1) 0.010 0.004 2.16 0.042™
LK 0.087 0.049 1.772 0.090"
C 29.766 16.537 1.799 0.086"
CointEq (-1) -0.463 0.054 -8.505 0.000™"

(MLIG& /A 9 YA RAR L;)la‘_,’.;n C?"“"’ RSN OL‘LJ*** F* g*)&a;u GL‘BML Feo
Source: Research findings (*, **, *** indicate the levels of 10%, 5% and 1% confidence)
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il oolys 5l ag oolaiwl 5 Copie 5,55k
Sype o Lo glaazily aily 555 o b il (¥l
Agboola and Bekun sleazsl, L (g 0las olades
4 35 Gokmenoglu and Taspinar (2018)4 (2019)
4o alie ,sbas 15 Edoja et al. (2016) .ol olas
(S, G50 O Sl 5 sie alaily ey e
wlie jeba wis S oy COp luul 4 Sl ool
O ke ks, Owusu and Asumadu-Sarkodie (2017)
9 W05 owyp |, e )5 CO2 lasl 5 (55,0leS ol
P55 5 Ol S )0 weyd Ko il aS adl
oBisS yo V) 5 <N e 4 COp JLasl zals el
zls a5 o Adedoyin et al. (2020) .05 co Soe
Lol 595915 slaing; 5o gl b 1y (A8l (l o>
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FB Lol oy oo S5 4y haie Yo cpl ax ST 00 )5
YT pile 5l ogae soliul Wilgs oo Jdo i s
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sk 5l (Baba Ali et al.,, 2023) auil azils [5q50
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Sladss Gl L cnlple el Gnl (ooe et
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eyl Killebrew and Wolff (2010) zls b ggo90
Slasl g5,0las” VT sl a8 wols lis ol ol
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RESE- 0]
5 Cwie 3l (2l e 6 NTGlopn o s
ol 4 aS aes o ol CO2 Leasl o 1y )bl jlobins

ARDL g, iodids o s
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Sl lasl g solamdl o,y e adaly 4 995 lalllas
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OYgame ady WS oo s |, olpl CO2 Ll
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eosiledl a5 sas o oLis Jarque-Bera oLl Loz
Lo byl golul el mje Joomo ok

5,50 CUSUMSQ 3 CUSUM (sla 5031 5l ool
T Sl i 3 loged g9 50 28 )S I8 o)
e ol R-squared jlaae .(V JS2) $yls 1,8 ws o
Ly anly st Ol 5l do,0 99 dgus 4 was
L eiorad 9 0gd 0 0310 sl Joo Jauws slo pio
pos 2 e o33l ol o 2B F sesl il 4 ax g
laaidh cplply 09don 3) G )S) S )l e
;0 4 ARDL Jos a5 aao o olas iaghy oy

w00 L}"’)‘J‘)

[N Gl 4 (S denSTso sl mhaw LK (g0 )0
Adebayo etal. (2021) axllas . oS oo lo (]38l oo o
wlopw JS25 a5 ol b5 (nl ouiST a0l 5
2 $Soygber 2)s COp lasil p iie 3l LallSl
Ll Al agle s SCET 55 oo o il 5l A
Liet.ab oo (iali8l alls o as s + [+ 4l 4, CO2
al. (2018), Etokakpan et al. (2020b), Tariq et al.

Al S alive 2wl 4 5 (2016), Liu (2014)
Joe Gaeail g GawelisS wolps Gialesl 5l e
Jso) a ol sailesdly passeis Cuns i ARDL
Breusch-Godfrey ~Serial — slagyge;l  gls (Y
Joe o oaile B aS wms o Lus Correlation LM

i sygesl -V Jgux
Table 7. Diagnostic tests

W 52 o9 Jloyi (3905
Normality test

Sl Jlex=t 25
Jarque-Bera Probability
0.888 0.641
6B B o rily g (Slaenls (g
Heteroskedasticity Test: Breusch-Pagan-Godfrey
g3l oslel Jlast o,
F-statistic Prob. F (8,21)
0.441184 0.8826

Obs*R-squared

Prob. Chi-Square (8)

4.316 0.827
S 9 i Jb s (e s> (903
Breusch-Godfrey Serial Correlation LM Test
eyl okl Jleast o,
F-statistic Prob. F (2,19)
1.092 0.355

Obs*R-squared

Prob. Chi-Square (8)

3.094 0.212
O 2 0.997
R-squared
o8 Jad et g 5 0.996
Adjusted R-squared
O3Sy 5 6ol (S 1105.054
F-statistic
Jlet 33 0.000"™

Prob (F-statistic)

)iz glaasly :é?.;.ﬁ* K Jexk e C?"“"’ RSN uL-MJsA ARV AR NEWN
Source: Research findings ¢*, **, *** indicate the levels of 10%, 5% and 1% confidence)
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Fig. 1- CUSUM & CUSUM of squares test
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Table 8. Pairwise Granger causality test

o P48 Ol live o031 ool Jlexs! 3,0
Null hypothesis Obs F-Statistic Prob.
Cews LCO2 (5,25 de LGDP 0.687 0.041"
LGDP does not cause Granger LCO2 30
Caws LGDP (5,255 le LCO2 4042 0.054"
LCO2 does not cause Granger LGDP
Cand LCO2 (5,26 5 e LAP 5.618 0.025™
LAP does not cause Granger LCO2 30
Cewas LAP (5,8 2de LCO2 5.079 0.032"*
LCO2 does not cause Granger LAP
Cemas LCO2 (5,25 2de LFDI 11.388 0,002
LFDI does not cause Granger LCO2 30
s LFDI 5,5 e LCO2
, &8,5 e LCO 9.393 0.004
LCO2 does not cause Granger LFDI
i LCO2 (5265 2l LK 3.334 0.078"
LK does not cause Granger LCO2 30
Cews LK (5,265 5 cde LCO2 0213 0.647

LCO2 does not cause Granger LK
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Table 8. Pairwise Granger causality test

Yo (P8 Olaslive 9031 okl Jhaizl 53,0
Null hypothesis Obs F-Statistic Prob.
Cowas LCO2 (5,20,5 cde LL 0171 0.081"
LL does not cause Granger LCO2 30
G LL (5,25,5 <de LCO2 0.690 0413
LCO2 does not cause Granger LL
s LGDP (6,56 5 <de LAP 2073 0161
LAP does not cause Granger LGDP 30
s LAP (5,2 5 cle LGDP 3.200 0.084"
LGDP does not cause Granger LAP
ot LGDP 2,5 e LFDI 0.0552 0.815
LFDI does not cause Granger LGDP 30
Caws LFDI (5,26 5 cle LGDP 8.589 0.006™
LGDP does not cause Granger LFDI
Zewws LGDP 5,5 e LK
= LGDP (g0, e 0530 0.472
LK does not cause Granger LGDP 30
et LK 20,5 2de LGDP 0511 0.480
LGDP does not cause Granger LK
s LGDP (5,26 5 e LL 0511 0.480
LL does not cause Granger LGDP 30
G LL (5,25, <de LGDP 2547 0122
LGDP does not cause Granger LL
Caws LAP (5,25 5 e LFDI 787 0.011"
LFDI does not Cause Granger LAP 30
oesd LFDI 52,7 e LAP 8.397 0.007™*
LAP does not cause Granger LFDI
ot LAP (5235 e LK 1135 0.296
LK does not cause Granger LAP 30
o LI 20,5 e 0.014 0.906
LAP does not cause Granger LK
St LAP 520, de LL 3.804 0.058"
LL does not cause Granger LAP 30
S L s f e LAP 0.049 0.826
LAP does not cause Granger LL
e LFDI (5,26 5 cde LK 2484 0126
LK does not cause Granger LFDI 30
Cos LK (5,5 <o LFDI 0.011 0.916
LFDI does not cause Granger LK
Caws LFDI (6,56 5 cde LL 6.912 0.014™
LL does not cause Granger LFDI 30
s LL (5,255 e LFDI 0.030 0.862
LFDI does not cause Granger LL
Cos LK (5,5 cle LL 0.314 0579
LL does not cause Granger LK 30
Cowii LL (65 cle LK 2.145 0.154

LK does not cause Granger LL
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Source: Research findings ¢*, **, *** indicate the levels of 10%, 5% and 1% confidence)

VF-¥ ub.»-dl) At D)Lo.:: Y 0,99 “5‘:.:;;» ﬁ9l.c aollad
Yoa



@ plouiwl (qwy 2 - Jouar
Table 9. Robustness checks

0uds 3ol Mol @lay po Jilo>
Fully Modified Least Squares (FMOLS)

o calps sro 12 o33 oyl Jlox! ;!
Variable Coefficient Std. error t-Statistic Prob.

LGDP 0.721 0.091 7.877 0.000%**
LAP 0.081 0.075 -1.080 0.0907*
LL -5.511 0.669 -8.226 0.000%**
LFDI 0.010 0.005 -2.033 0.0532*
LK 0.298 0.052 5.69 0.000%**
Cc 88.230 12.723 6.934 0.000%**

R-squared 0.992

Adjusted R-squared 0.990

Ly Sleye Sl
Dynamic Least Squares (DOLS)

LGDP 0.723 0.097 7.396 0.000%**
LAP 0.095 0.081 -1.172 0.0719*
LL -5.658 0.710 -7.962 0.000%**
LFDI 0.010 0.005 -2.0009 0.0564*
LK 0.309 0.056 5.474 0.000%**
C 90.646 13.466 6.731 0.000%**

R-squared 0.992

Adjusted R-squared 0.991
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Source: Research findings ¢*, **, *** indicate the levels of 10%, 5% and 1% confidence)
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Fig. 2- Impulse response functions

Variance Decomposition of LCO2
using Cholesky (d.f. adjusted) Factors
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Fig. 3- Variance decomposition
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1Food and Agriculture Organization of the United Nations
(FAO)
2 ASENA-4

3 Autoregressive distributed lag (ARDL)

4 World Development Indicators

5 Cointegration

6 Augmented Dickey—Fuller

7 Phillips—Perron

8 Akaike information criterion

9 Schwartz information criterion

10 Bayesian information criterion

1 Error Correction Model

12 Skewness

13 Kurtosis

14 Jarque-Bera

15 Green Total Factor Energy Productivity

16 Brazil, India, China, and South Africa (BICS)

17 Belt and Road Initiative (B&R)

18 Asia-Pacific Economic Cooperation (APEC)

19 Argentina, Australia, Brazil, Canada, China, France,
Germany, India, Indonesia, Italy, Japan, Republic of
Korea, Mexico, Russia, Saudi Arabia, South Africa,
Turkiye, the United Kingdom, the United States, and the
European Union.

20 Brazil, Russia, India, China, and South Africa

21 Organization of the Petroleum Exporting Countries
22 QOrganisation for Economic Co-operation
Development

23 Impulse Response Functions

24 Pollution haven

and
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