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Abstract
Introduction

Air pollution is recognized as one of the most critical environmental
and economic challenges of the twenty-first century, exerting profound
impacts on public health and national fiscal budgets worldwide.
According to the World Health Organization (WHO), ambient air
pollution accounts for approximately 7 million premature deaths
annually. Primary pollutantsincluding fine particulate matter (PM.s and
PMyo ), sulfur dioxide (SO>), nitrogen oxides (NOy), and carbon dioxide
(CO,) stem predominantly from fossil fuel combustion across industry,
transportation, and power generation. Exposure to these pollutants
drives acute and chronic pathologies, imposing severe financial
constraints on healthcare infrastructure, particularly in developing and
resource-dependent economies. While transitioning to renewable
energy (solar, wind, geothermal, and biomass) is widely advocated to
mitigate emissions, OPEC+ member states face structural rigidities due
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to deep macroeconomic reliance on hydrocarbon revenues and a
minimal share of renewables in their energy matrix.

Objective

Despite growing literature on environmental health economics,
empirical evidence simultaneously evaluating the dual impacts of air
pollution and renewable energy adoption on healthcare expenditures
within the OPEC+ bloc remains sparse. Furthermore, the literature
often neglects the threshold dynamics in resource-abundant economies.
This study fills this literature gap by evaluating these relationships for
23 OPEC+ countries over the period 2000-2019, incorporating both a
composite Air Pollution Index (AIRP) and fine particulate matter
(PM_5s).

Research Method

This study employs a panel data econometric framework (combining
cross-sectional and time-series observations) covering 23 OPEC+
countries over 20 years (2000-2019). Panel econometric specifications
were estimated to evaluate temporal and cross-sectional variations. The
healthcare expenditure function incorporates renewable energy
consumption and air pollution measures as key explanatory variables,
alongside control variables including government effectiveness,
population growth, public health expenditure share, and the
unemployment rate to minimize omitted-variable bias

Results and Discussion

o Hypothesis 1 (Renewable Energy and Healthcare Costs):
Rejection of hypothesis. Renewable energy consumption has a
statistically insignificant effect on healthcare expenditures (B = -
0.0022, p-value = 0.5758) .This non-significance is driven by: (1)
time-lagged structural benefits that extend beyond the sample horizon;
(2) intervening macroeconomic and policy distortions; (3) sub-critical
adoption rates of renewables in hydrocarbon-rich energy mixes; and
(4) path dependencies inherent in oil-reliant economies.

o Hypothesis 2 (Air Pollution and Healthcare Costs): Confirmed.
Air pollution exhibits a positive and statistically significant impact on
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healthcare expenditures ($~8569.4, p-value =0.0022). Incremental
increases in pollution levels directly exacerbate national health
expenditures, aligning with global empirical benchmarks (e.g.,
Brunekreef & Holgate; Guo et al.; Liu et al.).

 Control Variables: Government effectiveness shows a significant
positive impact (f=0.345, p-value =0.010), indicating higher public
resource allocation to health in stronger institutional environments.
Public health expenditure share demonstrates a statistically significant
negative coefficient (=—0.0098, p-value =0.0053), highlighting a
substitution effect where proactive budgetary support reduces overall
curative burden. Unemployment shows marginal positive significance
(=0.090, p-value =0.0557), suggesting economic hardship delays
preventive care, boosting downstream acute care costs. Population
growth (B=—0.047, p-value =0.285) was statistically insignificant.

Conclusion & Policy Implications

The empirical evidence indicates that air pollution acts as a major
structural driver of escalating healthcare expenditures across OPEC+
nations. Conversely, renewable energy has not yet reached the critical
deployment threshold required to yield statistically measurable health-
cost reductions. The statistically insignificant short-term effect of clean
energy does not undermine its long-term viability; rather, it underscores
the non-linear nature of green transitions in resource-rich states.
Alleviating health-related fiscal pressures requires sustained
investment, structural energy diversification, and targeted
environmental policymaking to cross the critical scale threshold in
renewable generation.

Keywords: Renewable energy, air pollution, healthcare costs, panel
data regression, OPEC+

JEL Classification: Q53, Q42, 110, Q43, C33



@ ,},41‘.2.;

VELB/4 /Y0 bl 53 o b

VO YTV s S5k g

L@t

-3

\F 0/ ¥/ 7

ISSN:YOYA-FVA

elSSN: YAOFA-FATX

Yo—\ Q‘#&&-\é NEeg ﬁ‘i A\" D)LQ-\: cr—"b:.j: JL«

eenr.atu.ac.ir
DOI: 10.22054/eenr.2026.92189.227

9 Clag W33 ¢ pluax 8319190 FogT §1 swyy
W €K 9l gas (S yeus Oloye

(ﬂjl;du}%xhem‘écdémléuﬁ_ﬁ_ﬂékjmbﬁ - T w
[CARR L
O‘x' Q)J&U‘: 4)}4&\..’2 W ali.ﬁl: 4LgJL»AJ§|
3l e ol tils coolal psle bl 5 Sy i eaStils
= S8 s Aoz
lel QL.AL;“: P’ J-e H
5,8 o ol ol pole i 5y e eaStils
s e
lel QL.AL;“:
oS>

2 bl Gla il e g 5 1en (S IT 66 55 Si 1 A4S 5 oS g5 Lo b anllas
CY ALY Slejosh e wl SKglos S sae gla) 428 55 Olays 5 Codlig idu slaas s
Osa S alas 1 (o st _mmiwsloasdl (gla s ¢35 GlasysT o gliws 6l .l oo y5 | |
3lal 5 Sl Ol 0 g5T roman 5 daly Ds o g Sian (a0 03T o itk
Sl OT 51 (Sl iy (5 slaasily il 513 asli ol go caly 351 (S sl 51
oS 505 Callw glaas ja il 1L lsbne 6 LT i 51 5 e glalaly 1sa ST IS Lasls &S
A JLS 53 ol plly ol oyl 1pa o sllal CodS” 51 (30 a5 6 Il L Sy
Jdsa Ll o oS 555 o b LT Bl (sl CJBuﬁ(PMZ.S)ﬁ)JwL;lMQI)Ss;&L'p
a b Cpmmad il laesls ST, U aalllas Slej 33155 Slyd cpl e e T 00 La0 L
)tjsu\f_k;wwﬂ%owlcia_““ou,;du@fﬁefgk;udj,;two;ﬁa“;ﬂtf

ST 5 8l el S L 53 331 0 Jlalss 4 Ol 1) olslims poke 23,8 oo

ol 35 s nis ol8iils slal dndy b0l 1 S ol dlie
mm1949159@gmail.com :J s oiws 55 *


file:///C:/Users/PC/Downloads/محیط%20زیست%20و%20منابع%20طبیعی/eenr.atu.ac.ir
https://doi.org/10.22054/eenr.2026.92189.227
https://orcid.org/0009-0008-4844-1901
https://orcid.org/0000-0003-4422-747X
https://orcid.org/0000-0001-9394-7217

. -7 s s, . - P é T s
0| 01)&an 5 G| e s g &30 2 iyt 3,51 5 158 (ST S ) 2

Sy il 5 pl3ay ) Sl g b (6551 e 53 el b5 ST g calln Jamn
Sll 5 b Sps b code T wsas dal s i ulal 5 0Ll 53 ls G bay 4287 ol 5Lz3
Sl 5 S o5 53 dabila (18 ale o (e duUT J 287 65 50 53 T, 5 (65 58 SAC—wli
Ol e 6331 bio 31k (615 0 0 S omts SIS 1y Sy (Il o 5 Sl

S5h g0 &1l GAIST sl (slas gaia

dueb‘.} dﬁ"“’ﬁ) <OLA)J 9 C,»_o.:J\.Lé_' LSLQ‘L\{]A el}.ﬁ L;/)_}ﬂ ‘ﬁ_.’sﬁJ\iJ}rj LS)”)”‘ :\Aejb-\.:ls

ooty Sl skt

Q53, Q42, 110, Q43, C33 :JEL suuaib



VECF 5ol [ VW ol | gy b | (b pilis 5 o § Jams Szl aslihad | £

Aol .
ST oS s 03 el Sl Fptn 51 (S Ol 158 (So T
ooy LS5 Sy ) Sl il pal o sl 5 gages Sl es
Loa (ST Sler Csldg Olojlu 3ol S bl (VoY I Sler Cotlig Ol
S 4 0T & ol Ol ol o 53 S5 O gk V 330 3335 S5 jo J s UL
O3 (YT (Gl Cblig Ol ) Sl o3 S s Sl 6l o Lol false
3 S anSTes 5 T 058 slannST s § S uuSls PM10 5 PM2.5 Glee
Sl 53 heed Slacst s Bl 515U Bdee &8 s glaedy UT (o g
Sldllas S(YVF kil 5 it ) b o G A5 5 JBs fo (Cnio
5920 0sm Lol UT L e SU b agarlge m camiiime daly (3at0 bl ;S aen
Y8 ) WleslsOlts bolb w5 6550, 5 ((Fs,o— (ol (i Glacsslos
21 s b6 ol b el gladely ol (Y0V$ ‘o\)&@ﬂvw Sl
Cand Jdsa anw gl gla ) 508 53 S LS o e Olays g CSlUg @“CLE
daly pl 53 MY OIS 5 5lsb) Sl i s e ple s boslo
(0558w 5 2l S imns 03k ey ) it (Slacs 5l Sy Ui
ol o ngos Caalls 35 5 LaouUT Lzl 2alS” sl (5lST 6 8l Ol 5o
WJlm ol (V8 O 5 "5 00, S YOIA OS5 S T
Jsa et Ol 5 OB WS WS 5 0 568550 51 47 ol &Sl e sla i

'Brunekreef & Holgate;
2\WHO

380:.

4 NOy

5CO:

¢ Seinfeld & Pandis
"Pope

8 Ghorani-Azam
 Yadav

10 Apergis

1 Pablo-Romero



. T - £ . - & . é T &
V] 0Kar 5 BT . s cudlig 232 5 pdyyiod S50 5158 (S 9T 1 (g

Lo g (550 e 53 STl (Sl A b g 5 (5 ST ys & (55l Sl
(B ool o (YA YY (w5 (6 ust) Llalge aie cpl 55 (losg sla 2l
5 bl ok 3 i a1 e 5 1pn (S IT 5B ST e
oG glsesls szl cba Sy, 5l eslinal b ol &Kol glay 5587 55 Olays
Olsea ol Sl (sla)5iST 45 gazme S a0 53 Bl e 5055 S
Ipn ST Sosline Lastli g3 Sl 1 eSS 55 5 ol o)y 208 (Slanlllaes y 5o

Sl PM2s Glae S153 9AIRP S 5 el

WCamer Callw Caxdy Jold (godmte Julse 51 (b Olejs 5 Cbldg glaas ja
c@)-ﬂ))) Conl ramaz il 5 S gs (6eTH8 ke s dg.u (s ) loes CaS”
13,108 o 5 ol glacy 3 ol JUIST 3 1 (S 3T e ks oz 510 (Y+ Y
S len St L5 (V) 5 Glays Slarl e 5 agsle 59 i 21531 (1)
T Y S 5 S50 Sl iz a5 Sda Gl g S0 din S &S e
skt 3198 ST 2l G b 3l et b sbay 5 pdides Slagl

Gl Ll (108 31l itias (2alS 1) Sl (glady 3o Ul 5 oo S5 Jaes oS
Sl Olo3 b 53 e (Sl M ey Sl el 5 Sl 2 5 LB Sle i
SNl s J3 s 3 (ssdae Slallas aiej cpl 53 (Y4 AR K K BRI

D gh o a1 aoT @ aalsl s Sl 4:3; N JJ‘L“{

Ml oldllaa (il

‘b.:m 9 (PE ol ‘jiv\.iv\.iv\’ﬂ; Lguéjf‘ d_,...e.a oS Wleslaplis Caleses iladllas

'Wooldridge

2 Brunekreef & Holgate
3 Stern;

4 Li & Chen



VECF ol [ W ol | oy b | (ored wlis 5 o § Jams Sl aslilad | A

c&,-.fL;st;T);(v~\A)‘o\)&wjJfﬁT..u,\aﬁp&uj&“ﬁ;w,w;
LSl 15 oa il slaas 38 5 &Sl (slacs3 1 5 eslial o8 ol 0T Sl s
oL 5 0l 48T o3 ol colin (65108 bl s i35 Lol cns zalST 1y o S
530 S s laes e 5T S 7 Wsls0ls FOT 4T (gla, 5287 53 (YoY)
(YY) TOLen 5 g8 andllas s oyl 3 ST |y (g3liasl anw g 5 Cuallw
Ad) 5 Sl 3 g ¢ gt (la ) 51 5 muze 45 3150 50 b gyl sl s
4 L3 SOl (Y2Y0) 20 5 0L )il e Lgins S o e | (531l
s O el 3 di ) L Ol ST b3l 5 s slaeds 2 50 S 4l
ol G il Canl s Jra g5 ol 3 yls Sl L 5 ST j2alS s
Gl g Bl Gl iy LIS o diar |y dmalr Sl 5 G Jame 5510 0
¢ ool O ok b ablie 53 b bdows (65 51 285 45T ol Sl gl (glo> S Slalllas
a3 o 1 1550 1y (ed S sk Sy 2S5 L ey
gl b (s las s IS o Sl a5 (VYY) 700,10 5 Il
b sy b e oleaml s (ol 5l 5 Sl 2l 505 8 uSTh s
sl l6BIE a8 SlLST 50 (T YY) VISl 5 b e Lo 303 oy
93 dr gl o 5 wblan 5 Sla) iS ager oX Lig) 5 03,5 el 1) s S Lo
loslsplas 1y & ol !
Sleslazwl b (galamdl- 23 sl fls ol o) Ooladss (g5 ) 6“‘(‘% )4 3

o3lizal b (YY) 201, 5 58 sl s (5ludnd (sladibe 5 bl gn laosls

! Apergis et al.

2 Khan et al.

3 ASEAN

4Caruso et al.

5 Anwar Khan et al.
¢ Jaiswal et al.

7 Sonwani & Saxena
8 Ogunleye et al.



. T - £ . - & . é T &
V] 0)en 5 G| e s g &322 i 63,51 5 158 (ST S ) 2

by 8 o 5085 5 o S 5aeS Olsiea |, PVIB (s s (slapllss ' o gn aaliy
andllas ¢ imman Ailo3 S G me Oles 53l 87100 Gy oS 1y S5 Jas
b o Sl s ook 5iS l  das e LS Sl 53 (ToYY) Tyl
(sl 55 o0t pdiidas a3l 3l (g 5 BB e D1 (A glas 5
dr g ol S oy T 55 (6551 S 5 o )3 (e A 150 45T
20T 55 5 SIS (sla 36 Sl 2als iy dos (550 mlia 51 (65 060
ch\)&w)qu-riu slee) b s Slallas dias o Ol 1) bl drw 5 5 Coslls
Lodedds 55 dud bl st g (3 me g (63LaBl by a5 dias o OLES (Y1 YY
A 5 pdoden slacg il 3 eslial ¢ Jlie 53 il bag 0 COp sl il 33l
G p Al 5 S ST aealns§ e Ol 1 Al 4 Ll 5 e Cobldg slaay 5
5 SSSB ET (sla) 528 53 ol biplowl (sl i g5y ¢ opomen Al Mk 5 G S
s o G55l 5 By 2 e 5 5 ol 531 aST s e 0Las (Y0 YF) (0l
3Ol ylg el ey 55 b o a5 S 35 9 CO2 HLisl ialS Esly
13 (ol Dl RN (e B iy 2 GlaisS A UL 2 s

Olas (Y YY ColLIKan 5 (6355 sdoe UL s Slalllas (sl 04 3
Sl (bl s laosls 5 6,80 0 b g mn Slaplss (g5lwdde &5 Ans oo
02337 or @Al 3 1) (el § (e SIS 2S5 pdidas 6551 e 5luaig:
Lps 8 8 55 b e ol 53 s 5 (ol Julpe Lz

GlaeSiSG 3l oslinul U ik glaallas 55 (Y2 YY) 768t 5 T oS
oL A5 i (6551 e (Sl gy 5 ok bl (s

‘}\L;)\Jjoﬂ{dsu\.hbdeou@w.u\.}.}‘.}ﬂﬁrﬁ:)ﬁ:)yb CO, )L_,i:}‘)&‘b

'"HOMER

2Paraschiv

3 Ammar Hashim Jaafar
4Fang

5 Cody

¢ Addis & Cheng



VEE Sl | VY oyl | oy S| oa salin 5 G 3 Jaoma SLiashl aslidiad | 1+

s g Gl sl Haml malS gl bl Kl dbdes glas) Sl
9 pdidides 65 jlanw g 5 CO2 HLisl (b= ey ol (sl Il (oolal Wi
S p ST L dnn g (slaoged s 4 3,05 g 5 BB it ST sl

5P sdey Ve plest  glandllan s (Y2 YY) VLS 5 ¢S o STy e
Sl b g i 3ls 57 0 ablianu 508 sla,y 5 8  slaplls 53 pdyd
il i Lalls HLisl Coda 4y oliws & Lslsolis « LEAP-NEMO slaos
dro g5 Lonsl g5 ol Sl dn Sl 3 5 alan g (Sls) 35S ma OS5 Liue
O3 omimman .35l o SIET ool lunl HUS™ 53 15 (550 2 5 5 5 0 40 (oo e
5 S o o 3 STl (6551 oty JUisH Ol LT YY) "0 5 das|
Sl S WOl g5 ST w5 yseb db 5o sla, siS js |y Cldlig slaay a
Conal bl ol 3 )ls Sl (glaay 3y e 31 CO2 5Ll 5 b bio
513 ST S hae 5l 6 5 o slag, I Coln

SO T e allliie 5 0be Yl lazl SIS 5 K 50 5o
((Sia ol s a8 Lsls0lis 5 L3 S eslinal diudgn (i slul e gla fulows
o an Ol 53 ontr 2 (21 5353 5 Olabl pde 1 Slinrl (2,08 dols
il b &S das e OLE 4Bl cpl . dijls 555848 5 ddes slacs) !
015 B 555 plnil O (sla 5287 ozl 5 (Sin 3 (laain o83 aiys bl e
L3130l glandlas 55 (Yo ¥¥) TOlan o o s cliide o ) bl arw 55 Colital
2 UL ity ) S Olge & s (25 Sl 5 T el 55,8 &S
pomat L YYD e U Sle (6551 S 5 55 ege 28 5 COp Ol ylisl tals
Sheslizel 2als 5 pdbdes lag) il Camar i (YY) 201K 5 Ol anflls

'Roman Vakulchuk et al.

2 Qiyang Ahmad et al.

3 Hasanuzzaman & Abdullah Omar
4 Asomni et al.

3> Chebab et al.



W OKan 5 G| ey cudlig & 3a 1 ndyyios 65,00 5158 (ST 1 o)

S siS 53 6551 Lol 5 a5 Sl ;g 5 6 S oSl
LX) Q0L 5150 Olallas csluabl 5 Calls 0 g 5 .3,15 OLIT Al 4l anw 55
Sl o Slaay 3o 5 eolie 5 sbas ¢ Joud 6551 I 57 5 CO2 Lisil a7 s o 0L
S 3 el SIS il diajl 5 3,108 5T o sl 5 oSl
FOLKs 5 (6ol s Dldlas .l Sl ar 5 oLyl 5 S jlaes CedS 5 5
con S Slasl el eslle Cuditidaw slacg il 3l eslizal chas e LS (Y2 YF)
5 T Dot ioman 3,15 o sae Sl 5 Ol 55 g8 o palS it
o3ls 2alS 1y (2hlig slaa 58 (mlie (pl a5 oS LS o (YY) 1S
el 5t ) el o Sl S o oS ) b Sl 4y Sl
Slalas 35l dsanT (olaml (S s ol 55 1) ey 5iS Ll g5 oo ¢ pdolids o
0T s 5l slacss il a5 lacmmliw cdas o OLES (YY) (g
23 g jlaos Loy 2 g Slaas o SralS (Calw L)l )5 oIS 2B

s Sl (o
Gy 5a Ol Callw 5 g 5 BB Sl 51 Calibes laoduUT HLisl 5150 S5 T
cgbmjrﬁ;l@\});,uo\ﬁ\jw;du,gsu,ﬁsﬁ,\%w):}é_;\%
sty (S I el eslle udysdod SLacs5 5l 51 6,5 e s comoman (Y18
S il slady ja 2l 5 e ges Cullw 50 4 U155 o (sI6BIE (sla 8
G b &5 a0 OLES Slallan (Y4 Y0 LK 5 3LT Jo o) A
23 ST 25 STl (sl na g ol en w dgr ST w0y pte 5 e
VP (6 hnr 5 ) S o il ol (slaat o 2alST 5 S5 oS (slis )
! Meza et al.
2Tiwari et al.

3 Aydin & Bozatli
4 Perone



VEF Sl | VW ol | iy Jlo | (ond lis 5 o § Jamo SLiaidl aslikiad | 1Y

AVFY ) smie Obdeses YFAF (O, Ken 5 o

2wl Sy (V) O 5 (giyls cad e (glanllas s
Ol Olis! glaadly . dustls &Sl saie s otiS y5lo gla) 428 53 1en ST
S35 amenan ) AET 5 lgn (Dlhnams o Jols Ll la s 47 o> o
Sl S bews 63,03 1sa (glaoduUT HLtl Ol (g)lsbime 5 ite S0 LS
5 S plo ity dd g Sl i (6551 o508 25 b I Sl ol
pa (ST 28l 4 oo ¢ asmats  Saanln 2l (511 (o0 g0 SLES Sl
Gl )5 4 S Kl b gla, 528 55 48 3150t andlan pl iomasd 34 b oo
el S5 (ST Gl b por (a1 i

o e o daly s 4 OFAA) O,n 5 ¢ ol (63 games 505 (glanlllas s
w13 Gl geie gl iS55 o S uuS I g HLisl 5 galuasl S doms (55 !
O e 4 L3l50LES VAAD-Y VYV 655 5o las 6\1}:‘:&:3)&‘9)‘5‘ oslazal L OLi!
S, 5iS &S Sl s cpla adl ol )15 CO2 HLasl U (g yls sme 9 Cute abasly (55,
Jii:L;}_.ﬂjlj..U)\: LR RUEN Ut .o L;)}L':é J)TJJ:JM.:H;‘Q}! dgul
S o et el b (S e Biee OT (55 L
L OT Ol o0 &8 2,13 3525 613 gme 5 utions alasly 0,8 S Ii0 5L 5 (5Ll
S o 5 75 Sl S Le ol 4 6l o &Kl (sl a5 4yl Jo e

a.s}ga],..n;:}ST&‘}\A?L:S);j‘_;jj\Jﬁmﬁ\p\l{h)j_jfoi\);@‘@}}

sl

j;ﬂ@lﬂwu4,.Qujvﬁ),b@@,wguwSaswoLx%”,ﬁ
wlazsls ol S5l glay 5aS 53 Cwllw gladu 3 pdodbdas glag il s 1gn
dr 5 b pite ol Soutenllly 5 Doulaals ST D151 SSSE 4 48T Lol 3 50 ¢ et

~45ﬁ‘)dl§&dlbx§vﬁjw,¢uﬂjk.@|;%‘upwls



W OKan 5 G| e g il K38 5 iy 6350 5198 (S340T 31 )

oY
dlo 2 S 5 Lo S ol i 655 e oS 2,50 ) L ) s
030l 5 dnun 5 clga (SaoduUT Ole Lol Jdows 0 ¢ LT (gla s 2 5 oS (slrosls
ol 5503 5 e Olays g Cull o b s o slaay s 9 p sy (65 c\_:.a 3
3RS enlasl g asee sl ke 1S 5T )y 03, sy ol 1 Ao
ol G S5 Giled e 5 (gybT sl o 3 b

o (1l (oS 5 glaoals) (Sloj (g i (e i Do) smts g5
Sl (TG Yoor Jlw 5D Lasede Slejoib eSS ya besls ¢ Sy opl 43 .l
2 Gy yiin g JBa 5 (el 5 S\ ke F1 5 05 5T mazr aslllans s go sla )5S
gl 53 15 e (23 3 () 2 Ol (Vb 6 55l 3 o el 0590 U5
S n S8 Calibue (gl ke Ols Lol gy Jubous 43 9 3557 oo bl 3 abaite 5 Lo

& o OBl shiten .l ol &Kl (gla 5587 Jold Guimed ol (goleT amal
ol S5l (sl 5287 poled s el ool Szl 2 6 8 4 50 ) Sl el
Wi dinl B ) ol Sl bl 3 Sl SIS YT fuls oS

(oo odomte Sl el ¢ oI (W s 55 0 a8 (63 grm Ol & (Bl e Ol (sla ) 5287
a ot &Gl ol sLael o &S (g5 spam 5 45 WST (28t s 2!
(95 013 g (013 g ¢ o €Ol b55T (65 spamr €50 S sy 5 5287V ol ot
5 e ) slataey (lodalae Lasl 4 Y VF Jl 5148 Olas 5 (5 5 Ol 5 05 e
Sy Llosls S a5 1y ully &S5 Ol 5 oteT &S5l ()L a0 Laad J 257
a3 8 dm a1y e duke (gl 080 55 st sl pude Ciomas 5 S8 (oo 2
o 53 &8 Lol ol ool (J 287 Gla iie 5 s b (ed 57 6o ite ol

) 0l 45‘)‘ )



VEE Sl | VY oyl | oy Sl | oam salin 5 G 3 Jaoma LBl aslibuad | 1 ¥

ol sl b ol pop Guiow gl e ) J g

i 3led b Jslae 3,
CHR (anals) Oloys 5 Cilig slaay e |
PM2/5 (PM2/5) \ g5 s Sl Y
AirP Y o5l Sl ¥
RenewableE JERNTRPS RS 3
GDPG GDP ., 0
U-Rate S F 1
GovermentR CAPPPRWLS v
PoPR Cpmor A
PublicH s Sl q
IncGr el s A, Y

3 Call sl 32 g Ol S0l o8 Sl Ole 3 5 Cobltgs (Slaa 3o 1l i
Lgl.ang\.'\fqiLafn (el sl o s ol slaay ja el (S At g
el (6555 5 oleztle dle Coslls

DASke b 5 Sl la e

(05,5 Y/0 31 aS a3 U lae 3 clile allw (. SSL(PM2/5) a5 JT-
b)\bWG&nbbé&bﬁSWd)}wb‘f

«NH, BC CO SO, cNOxa.L'.iUT )l_..i.‘:}‘ LS';J"' u.e;-\_& Z\}A Lgle.\;iUT )\_i:i\ -y
5 bl 1em 0duUT HLisl gla ke 0s2) s Lallsb A 5 sl o131 & VOC
st ! 6..»\..:A{J{.L;\)u%ﬁ,}ﬁﬁ@\gaﬁ@uﬁugﬁpﬁwl
(sl o Sl 2l WS 5 4 S o (slaods UT

558" G551 o pan JST 50 il (55 g Ly Slas - Y
=) CJ)J&JATJL?c(LA)j_&fJ;L;)Lgﬁ'cj)gj&ﬁ‘_}ﬁu}:} S e s



V0 | 0yKan 5 G| e g bl &y 3o 1 pdyyiow 65,00 5158 (ST 1 o)

~Je 0 i 3 ¢ nsee Sladst 5 (IS il yy s Il 5 ide 1 S
) (e Dbl ((Slgr slaesls I Cumaz i) ) Camazr iy o5k
6l AaT 3 (((Jsls bl sl o sbaaua S 51 Callw o ses glaas o
S Rl ad g s Cj) Ay 5 (Sler Gresls bl &l AeT s i)
el (lay 428

5 Sl sl Oljlw ¢ Sler SSL glaco w51 tass opl glaesls
JeST a0l 51 sl b aesls cpl .l ok is 3T paor aesls 53 e slis Zulw
Llodsdd 5 a4 56 (la el 5 amlows L3, 50 Slad g3 (6,5 S5 4 L 5 e e

ST b 5, L Laesls o g g ol s Laddee o 4 o ol s
5 6le 5 5Sbe tile (35 o Glaat Lt dnloms ader Sl 33 8 o SLET Lo 5
03857 o S AiS 5 S g b Glonn Ol s S8, gla s L
05— oo planil LT 05 52 3l 5 o g Sl oy 2 (612 O 5l = )9
@3? pe Glate (L (Y £ /0 5500) Y 4 ¢S 5 05051 ldis &S 5y 505
e T 5 TS B P [ P CHINIY SV JP U PN Y &
O 5eils = 033 03037 e Gl Siewan sy ys 811 53,5 (ool 3 eslizals 5o
V..ﬂ)Uap'-Lglj':g-lu;ag'.acLb-ijdbﬁésbw)jé\ﬂcw.:)\abﬂ)\fTa.,\qu
35T a5 plail o pitodir 0o S5 S oty G S 5 Sla el 55 o0
33 el a2l s 5 Jas Sla xie Olos alasly 3505 SU 551 OT ool Coda &7 555 0
(B sladds 5l eslinl &y so 3 5 Jde JST D51 s 615 F O 5a3T 51 claly oy
bs oot s 5555 0 48 5 g0 (B3l 5 ol 1 Dl (sl y el 05057
338 o Aol 5 s p Ao )3 40 Dliabl el L



VEOF ol [ VY okl | ey b | (b ol 5 o ) Jams Sl aslilad | 18

Laadl ¢

-

o 55 slae, bl (I

S $ ST Y Jpr
_ I ol Sl _
Sais | S e Jila T O P e
Sl Sldaa
slaay »
)C,\JU.@.!
YA E o /AVY VAR \/0v0 ATV Y/AYE Y/a80 CHR
Obeys
(@l s)
ly:uf;}ﬁ
Ve YAAY | V/eE-vo | o/vtE-vU | a/vvvo | YAE-v0| ofAE-v0 AIRP
\‘Cy
£+/v0 \VaVal v/any —/oNEY | AVAYL | TIVY IV GDPG | GDP .z,
RIS
YAVA | | evan \ Voo | . |GOVERM
ENTR s
AR | e | axas e VAYO | V/eeY /AT IncGr | elys A3,
!ya‘_sfzjﬂ
AL Yiay ARYEY-D VYAA VYAY | Yo/rte | Yo/a4Y PM25 N
(PM2.5)
V1£/00 Yanm! Y/ Y8 —+/eena \V/A4 | Y/144 Y/EYY POPR |Cumex A,
cllag
1470 . Yv/eya AERE a0/V¢) | oY/004 £V/«YA | PUBLICH
[Tl
S5
Y/Yous /oY VALY e 4 /) e |YAdoeet| yyavy | RENEWA
Y/ YAty VY A YOV | VYA AALY U-Rate | &% &5

s sbaasl sl

;Lij;xflﬁl.:Le\L.w}uol.w:}C,_.i»lu\.g_“shxq"}n.u\})b)béUL:Ql_wjchu)s




W OLKan 5 G| ey cudlig &3 5 ndyyiow 65,00 5158 (S 9T 1 o)

.uT).scL.u el S0l s alaBl Ay £ 5 5 5L Js oS T en ST el
Sl iy o > Camer ol MG 5 16 0T 55 s Sl 31 b 53 ol sl
Lo o on go gy Cond s 5 (6, Kot Dl i ke Gble 5 ILL s
Sl sble &5 o5 iy ol jleslawlsyls sl Sllw g 9
LG (ealasl Cond s 5 0L b3 Dbl b Js omb 55 685 ¢ 5 el Dl

235l

2Bl Al 4k O ge5T (0
dioy ST b Sl Hlul Sl 6w Sl Lot 6l Sl aly cdomly aday O ga3T

(O gelpl e 53 0351 B3lad Ol pund 9 Cewl HILLL (6 o cdil atils 5 g g U

Ll ble 5 ot
(UL) aly ady,y O a3l ¥ g
Levin, Lin & Chu t
dol sk Jols g 2
Prob | Statistic B Prob | Statistic e
-4/4vv CHR </YAS /074 CHR
L VEAK RenewableE +/OA AR RenewableE
- - - . “VV/Vag AirP
- - - ofeee —Y/YYY PM25
~ _ _ . -v/yay GDPG
~ _ _ . —4/7%) U-Rate
_ - - ) -V+/AVA | GovermentR
_ - - \ —§/0%) PoPR
VY | SYMA PublicH /AYY V814 PublicH
_ - - . SLARE IncGr

s sbaasl sl



VEF Sl | VW ol | iy Jlo | (b lis 5 o 3 Jams SLaidl aslikiad | 1A

SR e 0352 JILL L 035 Sl () 81 T =0 — i 2Bl 05057
S e 0352 JILLL (53 o (bl s 5305 ,8 ool 3 oslinals 5o Gle)
el oble 55 blie 55 5 domlg iy 35m s im cenl Sl

() A s Al a s s, e e ST s 1a ST
p-value 55,5 e (ol pslie bedaT)s Aoy 5 Cama Ay o5 ol L8
LOT (g8 (ble otinsOlE 5 Jho 2,355 (/00 5| 286 i) S S sl lo
L

2le b g ses Sl e (6551 Oleys 5 iy 4y e la e
o Ll o 1y s 53 (/DL /Y 1 i) UL sla p-value s & gesT
s Bl bl LG b e

LOT Sdedids (slad sy (6oL odias Ol is S A Ule jate op i cdzed >
LML 5l b s sla s 4 5L 5 LoILL s s oS Jle s

5 Sl 4 5n (b ke pla gl a5 0 (6,8 JOU L Tard n S 0503T B L
Ll (doly 2y y) 0550 HILL 183 5,5 Lepogae Cdildg 5 pdydida (6551 Obe)s

5,05 Il Sl (et o5, Bl 3 e b uite ol ccpl ol S5 S

Aleds ¢Sl
blie (Kaals 05051 £ Jpar
Prob | df | Statistic Test
g4y Breusch-Pagan LM
cor Voo Pesaran scaled LM
Yo/eed Bias-corrected scaled LM
YY/Y oV Pesaran CD

Gois slaasl il

"Levin, Lin & Chu - LLC
2PM2.5

3 AirP

4Levin, Lin & Chu



V4| O 5 BT | e g il &30 p pddios 550 5198 S 9T 1 oy 0

= Jold a0 sa3T (sla LT plos 457 s oo ou‘&w@\, 0057 b

b odld _pulids Sila yo Bl Oy 0lds ulidie Slas o il Sl o il 08

Sl pA0) Lo 63 o bl PVAIUE L POl sy (63 o 5 "l e

A..S@J)b(dau.ﬁ

le.ao»ab\.a&s;b O LSG"}:J"L; LS‘.M G P84 le.&ob‘b BE) c).i“bd))\.:&i:

&LZJCL»‘)J‘J»\.A)"C)lﬁ-JA‘}&)C)U%‘SM)@Oud‘.b)‘bJﬁj&Lb
i 3 i Szl 3 5 6,8 50 oS 2 by (Gblia b La 528 ()

931 Sy cpl a8 o By 5l el 5 s o gls low gl 1

LS sleze] LB @Lﬁ G 5 5d oslaz

ﬁmu@_;\.ﬂ @L’b AS‘J‘ :0 d".l:-

RENE
PUBLI GOVER .
U-Rate WéII:_BL CHC | POPR | PM25 | IncGr [2NFR| GDPG | AIRP | CHR | i
\/evv | CHR
Ve AIRP
Ve R GDPG
GOVER
v/ /) MENTR
\VARK VAR A} v/ AV IncGr
Vo Y sov | oeer | vy | PM25
Voo JEY | ey [ oonar |y |y POPR
Vievr | QA | Y | FRA | A | My P%‘?_"—'
RENE
Y | C/OVE WABL
EE
o . ¥4 | /o) | U-Rate

Geies sl 1=l

!Cross-Section Dependence Test

2 Breusch-Pagan LM
3 Pesaran scaled LM

4Bias-corrected scaled LM

5 Pesaran CD

¢ panel data




VEE Sl | VY oyl | oy | oanb salin 5 G 3 Jaoma SLiathl aslidiad | ¥+

(s3Lasl gla jasli o 45 das o 0L (Kiwad il Jow  Sier o e
Lolgy ;05 509 Hlaliae slaadal ) andllaes ) go aikaie )5 o gee Dlodst 5 Jamalons
Wl Koy b o as Ol it Lailgy 5 apastls opl 0351 et 0 dinsOLES St
4 35 Lol S ST malor (slas el 95 ) OIS il 4y Ll 5 o LS
05037 03057 s aelsl 55 ol (o 5 ot 8 Lol gy ololid (sl i o oo
ol 0 a1yl (B)J ek 3 yad

Hyp:a; = a dg Jbs

)
H1: a; *a J”L.’. d._,\,a

b B 03] s N Jgu

Prob. Statistic Effects Test
VAN A2 Cross-section F
R YU Cross-section Chi-

square

Gt slaasl il

Wle) galade Gladsly w63 5 Dl S1 a8 s o OLiS (65 3 O S g ga3T @L:.;
33 2w 3 F 05T L5ls Joe 53 (gage B 5 L)ls 5 s (GbLa b Ly iS5
LSL“JJ-‘)‘03\-43#"‘@‘_,-"-4‘-\-{\—“@4:5%Q‘j‘&‘\"—":@‘j‘j°3;-’)‘)ﬂu’f
s Judos 5 Lld @Lﬁ)b&)}élﬁd)jwU\Lﬂ‘é)j#&-\&&h&l’é‘))\:ﬁu;‘

(7 Jgd) LiL e

Prob. Chi-Sq. d.f. Chi-Sq. Statistic Test Summary

g q Yo/ OAY Cross-section random

s glaanl el

2alas Ol Jue slasysT 5 s (g loline Do sles oS s o OLES pamla ojﬁﬂ@u



N 0L 5 BTy cilig &a38  udydidos 6550 5152 (So T 51wy

P el /00 3l S S NFE Ll pvalue laae bsyls s s Sl SIS

cw‘jwu LﬁJ.:l’u" 2 C,JU Q\j\ JJ..A )l oalawl ‘uﬂ\jb ‘b}_&@ ) L;l_&ﬁr.a

C)ljﬁldij}).,Uuu.a4§|)|L§>L¢;§|Jz_\))MJJLgJS&S:}JSﬁ:M@l:JJ-L«aHJQ

33 (Y)ngiil s aslsl 5o Y Jsda) das o OLES g 1y andllas (glaosls 55 (65

CHRit=0itP1-PM25;+p2-AirPi+ps-RenewableEi+p4-GDPGi+p5-U-RateirtPs

-GovermentRi+B7-POPRi+Bs-PublicHirtBo: INCGr itteit )
@l Js 3,5l @l A Jsux
Prob. t-Statistic | Std. Error | Coefficient Variable
Jlaz= 5ldde t ol slubul glas s e gl
deses /718 VAV Y/0Vs C
/YA Y/aet YAOY/0+0 A0T4/E s AIRP
/oy -v/0 E-+1 YR DPUBLICH
VAL VY /v aVY NS GDPG
o/ Y/0A4 AYY YL GOVERMENTR
Vo VoY IncGr
Yigx /A0 IRYX) RV PM25
/*YA E-1-.0 /YN . POPR
/OV0 . IRy . RENEWABLE
/+00 1/414 /08 /0 AQ U-Rate
VIRER YO/YYA Y /YVA AR(1)
Effects Specification
Cross-section fixed (dummy variables)
Y/ave Mean dependent var JAOY R-squared
V/EEY S/D. dependent var /AL Adjusted R-squared
V/vve Akaike info criterion +/070 S.E. of regression
Y/+41 Schwarz criterion VYV/NY Sum squared resid
AR Hannan-Quinn criter. -/ Log likelihood
ATALR Durbin-Watson stat V1/4+4 F-statistic

e

Prob(F-statistic)

G slaal il




VEOF ol [ VY ol | ey b | gred wlis 5 o § Jams Sluadl aslihad | YY

asdl s (G

iyl ad b o) 5

5 obslme 30 Ldbies glae) Sl Sl ealinwl a8 das e 0L i | lows =l
Prs /oYY e o b 3,5 Olays 5 Cdlag slaan o talS  slazel LS
W0 Olaabl o )3 Laay g s juite ol S48 das go OLES H/OVOA L il pvalue
gl 3V S e 53 RIS ol e b el s 0T B s
3 andllan ol 53 05 o Calles Glaas o ST 4 il i 6551
Aol s g0 Cll slacwlow 5 (g3luaml sladie j5 piae pl J2i 1,5 05 8
AU Gl Gl Fpalr sn s i sl o 4 56 bl .28 515
Lyl ASTT Calle gla e le , plbddos slag il 8l

g e p pdiddes Glass il e s S 4 by e laaallas s

o594 codkd 3,050 (- p 53 bl opl Golslas pde 4 e (3dae Jolgo DLy
Bl & S s Ll e LOT 2 a8 olly &S50 pae gla) 5287 55
W ool )s G AIST Jule W (e glaasl ulul il sgdse jea Jud

Ll ol 0331 a4 anlsl 55 45T Lz S 5o

Sdedids (6,108 51 5 Ol Cus gdowe (A
Slaayia SalS 5 o ges Calle p ndididond Slas 51 5ol e 5 anm s |
e e el UT 2ol 5 o e 55 Do .l 0L S5 0Ly
53 b o 1y (651l 5 ety Sl U pame 5 o dalie B olS Ske b
segr 9 len ST 2alS &8 culou s uST (VP4 F) Ll pays dile Slalllas
sbdle Csd8 51w Sl op i 3 e S5 SlaCawlw 4 by e sl
sdalie (g Il abaly (Daol S g o 53 9 Cnl jade i3 LB Laaas



0L 5 BTy g K38l 6550 5150 (So T 51wy

By goladl felge ple b Jslis (@
s b gl K ity dow slags il i S o amiwslasl ladde s
5 b sl s S I asle 0leys slaayja 5 Sl 5 Jale
Wl T s g b opl asdenls idy (IS sl Cuns g g (gLl
e sl 6,108 51 das e 0Lis 45T Culods Au B (Y YP) Wle Asbe

R R B R N

SoA A 53 pdi bt a5l e e sl e 5 5 glaysiST s
Gy wlie ol s Sl b 60l 5 gtoee OT a5 Sl U a
L g glandlae 53 54 e edaliv Sdeoli ST 55 Cullw L;La@_}aj\j.a;a)ﬂ
S35 bt o5 sl siS 53 a8 el o T V(YY) O, S 5 S WT
33 55h e G L 5 anw g g Doty (1S Conliw G gla, siST
sdal e ol Oloys sbaay o ialS 55 wsels @L:.Z 33,0 58 plal Jo1 e
Sl sbcwl 5 goladl Gl (o
Sl 3508 5 58 5 5 b 5zl il 3l S s cadlaie glay 528 5o
el Ddaol 5T IS5 b o o pdpdn e dai 5T D 3 et 5 (558
Olej diejl (3LaBl Hlstl i il 6,508 oo gas Call 3 il ¢ 5
O 5 Sl andllae s .ol Sdadids slag i Cnlw 5 )1 w0l
(ol b el 1l 5 SIS dn 5 Ol 5 45T ol ods ST 55 T(YHYO)
23 b ool odalie Tl slady 5o o Slags) 5l Sote

"Ihsen Abid

2 Altaee
3 Alyamani



VEF al [ VY oled | ey | (b ol 5 a3 Jams slaBl aslilad | YE

slaas ja 2alS 4 > (AIRP) b,a;;ﬂums:pa D iy
LAIRP 550 a8 sls0lis (6 bl flow 558 oo oy 5iS Olays 5 O blug
ol (p-value = /e oYY S ABFA/Fr e R ol b)) Gl b e Coilig slaas e
SR Sl slaat o sl i (o8 ST ar o i al 0T Kby s
Pl slaay 5 5 o (B30 5 (o (i Saslon 4 2t (ST 5 il o
b oolasl s ds, o Ll e len ST 2als (ol plo 65 5 0 UL 1y sl
AL azils of e
QJLUL)‘}&MJ‘}.&@ ey CH)@ @L@."- C)\.;ab‘ BE} Laub_ U’.’-‘ L;J.Gsl.s_l.o:-
2ty b U s ST us o aST (e Ye)) 35 8 by glandllas
e Ll 5 e e saodsUT 2alS 55 S5 slatawlw gl 21 5 5,15 Olusl Sl
Slaadlle (puman 595 ildg ladu e 53 o @0 5 Camex Culle 35 4
S 3T 2 The Lancet alows 53 (YY) oS08 5 o s vy 5 oo 5
Comar Call L34 [pa (ST mlaw 288 55 350 a8 ol ¢l ol
m);a\ﬁﬁgﬁs\,ﬁ,;d{u‘_;l_ﬂyL;;l_dﬁs\,u;;l‘\_(g‘.\_a;@;w)\\)

AR

S glaasl ule (o
.J..as.au.a()L..':.JuJJ:.:f‘_gLaJ:.i.:.a‘_;lj.:l)‘_;lel;Mc)lbL;)!WJMJJ_,Tﬁ@b
e ) Sl Sl slaas i T Hslas 5 Coe 51 glyls SIgs T,
bl ST S lacdss oS Conl 0T 51 (STl al (p-value= «/+)+ ¢ /YFo
Ag:ﬁjsjuaup\_—a;&\@bdﬁqc\{bsﬁwctﬁj\éﬁ_&ﬁﬁd.\})b
Gl Came dd  Jolie 5o b o S5l Oleys 5 S dldg (JS slaas s

"' Guo and Liu
2Bronkrieff and Holgate



YO 0L 5 Ty cuilig La3a  udydidos 550 5150 So T 51wy

o sSae alaly ool (- value =+ /YAD =+ /v BV 1y 18) Sl Hlalins 5 ite o 5
23 Sl laplls Ghhee o1 35 5 i slas o I (5L Ll 5 o0
5 e alaly Callw gosas slaan o calie joba dil 568,55 sllonas
S (p- value =+/+ 0¥+ /218N 1y —2) 3505 Oleys laan o ST L (g lsline
T e Y J [P U PV TGO YT A E{PNEPEH 1B
S Sololae bote 51 sols (6 &5 calgns s oo J2alST 1) Ol s SIS
55554 el OT Sl asl ol .(p- value = +/+ 00V 4 1y —5) el
Coll glaas o ool a omie Coul (San byl sl Jb Ol 5 zalS 5 ol
$1n sl o 1Ky Slal e 0l g0 51 o Uit o 5,

S o g Cou
2 2t Gl il O e 5 1sn (ST 36 ) Cda b s ol
YN G Yer oy0s b ol oSl sae 5558 YY 55 0boys s Coildg slaas o

Sl Aske g aadl (S eee dar Sl plan]

slyls (AIRP) 1ya SsJT S 5 asliilgh o9l dd 3 (595 wwl
33 Uil 658 a das e OLss 45T ol Gl glaan o L Lls gne 5 e dlal
Calom 5l aly ol e e G151 Glays s Jle Sl Lo Loy UT Lt

.Qﬂ‘)‘b)j”'ﬁé‘bbﬁf&ﬁd)é#

Slalllas & claasl 5 adsl Hasl OUs 5t gy s S g_‘a)é S)
ol Kl slay 5287 53 A bdes (6551 5 ean cablanw 5 (gla) 328 53 b
S A pre 415 sme poe ] a3 Callw slaas o falS 4 (gyls sae J.:S‘U

ol a8 8 s Stakily 53 wlie ol 5 Sl Slme 4 015 0 1y gl



VEE Sl | VY oyl | oty | oan lin 5 o3 Jaoma Sl aslidiad | Y5

5 ol S5l oy 5iS 53 @550 IE sl e Sl s o Sl i 4l
() Sl o et la  eselis LB Sl slwl 6l p STL 65 -+ 055 SSL
S ST 51l el 5 p i dod (655 anm 5 Cue Ol 51 lew
Aal s odaline JiB 0o 5 S1 3 et el Sl mlis opl g ST Sl U 85T o
'Jj{
szl js glalwT Ol jl g ol lw Sl s b gladis U s oy
o) goad Sy 5 Lo

Coallw Gl (gl g &G T gn ;J}JTSABQL.&J Y J‘CMJJ
ol ol Sl sl 5 iST 5s Sleys ‘5u4;i}nu:i\plw‘yuagudﬁw
Sl T (63 oty 6 Bl 4 4 81 pdoty s (lais 1 a5 (ol o
ol b U e 5 Ly Sacl S 55 Ll 3 s g o gime (ST alS
Collw glaay 5o gz 55 BB 1 ol a5 candllans 5o gl 508 5 b
2 ST A e ST (655 LTS slae 4 s maay aly ol 3,10
G ME 1 a8 b 5 aten (1S e e (el oSS 5 )
el pdybdnd mle 4 od S g

Sl siS 5o Calle glaay sa 2als 5 5L anm 5 a4 (pliws e (Zulgins
31n GlaoauUT Jm8 sl J3e s 605 plS) Lialy 5SS Sl e by S
S G lo 5 ana 5 Sl il smo 5 63,5 S50l Sl K5 5
5 sladbie e ¢ —wlw o3l ol s ] 53 gl ST
ol ol 551,108 5 ST U xS o) 53 8 55 diadde 108 e
s o Bl g5 Sl Gbano 5 e opl gaasl
5l b e s Lilgh (gl S s Sla b Sy glgl (A1
Sl b ol S (la, 528 (b slaa o 1gn (ST 4 5 L5
o ltll Jlasl Jold booulow cpldins 55 o ol 5 1) laednUT 2als



WO 5 T .y cilig &3a  udydidos 550 5150 (So T 51wy

Sl e dn 5 Sy Jis Jom tn s baolS 55 5wl gl HLasl 41,8 S
‘)’“C":‘;-;J'il‘-.C%Q}E‘GH;JQTC&ﬁMJ&}‘jJA\SLguC}

R

Alax Slipdsanasmd (63 51 Doy (63 340l 9 9 ()N drwgd (@
b g m pl i ol Sl Sl D (6551 Sidaels S
Skadily Colual 1l a5 il SSTL (655 anw 5 glacanlow 28108 ,LS” gl
G 8l ey FrF e il ot b (6,108 Cous e L (¥ B YY)
plomil &S (6551 (sl n5 55 atas (IS ale w350 (95 s s
(o 5 S Hlils OWIT i) (6550 ,108 5 50—t sla, i8S Ooylows 51 55,8
> g oslazul

ST Hl 45 B3OS sl Sl > 9 Solg sbeud b cusd (g
e 1 g Cdlad s g T opl s a5l Sl claay 5o 55 cage 1 gl CI9O
o 55 (ol 5 S5 Lo 065 51 SlaTmnlw (3 lwan S LSS (53 slaslys

2 5003 (ST Cu e da s slailaie (slas,San
ool o 30r 4235 g Sl 31 1wl PR 93 A0dR (ST Ao g (2
ol pls s EalsT 1 Oleys (ST slaa ja Ll 5 e GO i &S 5b0Ls)
o=t o3 dT Ghlie 53 0554 Bl 5 S blig b 4 (JIS mle jar s

c ]

ST bR 6 p5 e § Boadgux

ST Olas jlvwdin) Ll 5 o aS Cwlosy axlse gbCossdoe b Jiags oy
LAl

Use) Cnllr (slaay 5o SSi5 (laosls 4y (o i puds 10018 &1 o piasd (I
Iy 138 1 Sl pnsilSe 5585 oo OISl (5 (o (oS (Sl g5 loy KK



VEOF ol [ VY 0l | ey b | greb wlis 5 o § Jams Sluadl asliliad | YA

sl 03,5 3 gda

ST adalive (gl ol o Sas (Y NQ=Y 00 0) )y 3,50 0555 1 S0y @81 (&
Slrosls 3lodnT Slalllas 45 55 5 oo kgt by A8l 0355 SIS (&5 51 Sl alS”
5 sh eslizal gal Sl laadiy 5,8 iy b5 (Y YO L) 55,

ool 5 ol 5 sla iz o Laily; 151 0bwT 9 Jas mé O ST (2
DUt O g S5 5) Sl O g S5 sladte Sl oslizal .oul s 2 Ul
s Sl 6 5 Gee i Ll e (ﬁuﬁ

D15 UL g 5l el sl sla, 5SS s gmiS Cyw (S90BL (o
ﬁégswum.(mﬁ‘.séu)psuQl,w,,u.uuupm);gLsu),;s
L ke il g (oot 5 glaad g el

AT (olaant wle o (6551 9 mme Kin b Asle ol g 1 oS (S puiio (3
53 dd oo dlgiy Cmnl odid Bl anlllas ol 55 (oolg CdS 5 el

s Jde 3l s s e cpl ST Oladss

él.:.e oo
I Bl Sl
ORCID
Milad Agh https://orcid.org/0009-0008-4844-1901
Mohammad MirbagheriJam https://orcid.org/0000-0003-4422-747X
Ali Dehghani https://orcid.org/ 0000-0001-9394-7217
@L;e

dr g 4 a5 b Oyl 53 S5 el 1L OF ) o (S iner 3 plgll o gl b
st g Cilkg 0 SCE aolilas. p Ay idos (65 51 o e 5 Sl e (Sl
AV )XY ¢ dlbg Colidsr


https://orcid.org/0009-0008-4844-1901
https://orcid.org/0000-0003-4422-747X
https://orcid.org/0000-0003-4422-747X

Y4 0LKan 5 T |y cuilig Lo 3a  udydidos 550 5150 (So T 31wy

wu.(w%‘\).WM‘,}%A,:,,@U)‘@U@&cu)w.x,“.sljgbw
VF S1s s lame S IT (2057 5 pdibiites (glags il Sl eslinad 30
A0 (@Y LL)

Al o 31LOVF ) Ly ¢l e 5 0 o ¢ gl (63 505 c(selge ¢ oS o (oL 513
oo sl aalilzs S5 o) gpie S0 kiS 3l slay 528 3 1es ST ) Sl
DAYA V) ¥ ard lio 5 Con

dasly o 25 Jos (WWA0) L e gy el 5 e ((B3Lo (ol (5lae (o o (13
ilade gy o sl (Sloorls 3, 55 Kl 08 oy 32 5158 S 30T o
Fo-FY () el

Gl 3a &l 1sn 3T 0 il ()18 1 Jows (VP F) sl () gaaie Ol kesms
W50 (FANF .0lo s 5 Coblebgy S el Ol ) )3 25go

(illie 5 Jdlie qoslis wls, (o3 Sas JLS ) (ol (53505
S 5 ol 5 syl o S ASTIes HLasl 5 651 O puae (VAN a2 b
e s G J Lo slats] aoliload S 5l guize sla) 5287 (635 90 andllae 3 gLl
MNP0 WY ad

O s ¢ S S les HLasl ety 5 Ddaoli 55 Sl 1 gy 0 (VP F) L ol a0
pae gl piS 5o (Sap glaay e golasl A 5 pdiddes slags
=11 ((X) 8 ¢ bl slati] aloes S

References

Addis, A. K., & Cheng, S. (2023). The nexus between renewable energy,
environmental pollution, and economic growth across BRICS and
OECD countries: A comparative empirical study. Energy Reports, 10,
3800-3813.

Adedoyin, F. F., Erum, N., Taskin, D., & Chebab, D. (2023). Energy policy
simulation in times of crisis: Revisiting the impact of renewable and
non-renewable energy production on environmental quality in
Germany. Energy Reports, 9, 4749-4762.



VEOF a0l | ey b | (oreb wlis 5 o § Jams Slual aslidad | ¥4

Adeleye, B. N., Tiwari, A. K., Shah, M. I., & Ullah, S. (2023). Analysing the
impact of carbon emissions and non-renewable energy use on infant and
under-5 mortality rates in Europe: New evidence using panel quantile
regression. Environmental Modeling & Assessment, 28(3), 389-403.

Adu, D., Jianguo, D., Darko, R. O., & Asomani, S. N. (2023). Overcoming
CO2 emission from energy generation by renewable hydropower — The
role of pump as turbine. Energy Reports, 9, 114-118.

Abid, 1. (2026). Environmental Quality, Renewable Energy, and Life
Expectancy in Gulf Cooperation Council Countries. International
Journal of Environmental Research and Public Health, 23(6), 750.

Altaee, H. H. A., Rahim, F., Dzhusupov, K., & Toguzbaeva, K. (2025). Impact
of CO2 emissions, income, and urbanization on health status in GCC
countries: a moderating role of energy consumption. Global
Transitions, 7, 211-222.

Alyamani, R., Solangi, Y. A., & Magazzino, C. (2025). Evaluating the driving
factors and performance of OPEC member countries in transitioning to
renewable energy towards climate change mitigation. Journal of
Cleaner Production, 487, 144640.

Apergis, N., Jebli, M. B., & Youssef, S. B. (2018). Does renewable energy
consumption and health expenditures decrease carbon dioxide
emissions? Evidence for sub-Saharan Africa countries. Renewable
Energy, 127, 1011-1016.

Aydin, M., & Bozatli, O. (2023). The impacts of the refugee population,
renewable energy consumption, carbon emissions, and economic
growth on health expenditure in Turkey: New evidence from Fourier-
based analyses. Environmental Science and Pollution Research,
30(14), 41286-41298.

Brunekreef, B., & Holgate, S. T. (2002). Air pollution and health. The Lancet,
360(9341), 1233-1242.

Caruso, G., Colantonio, E., & Gattone, S. A. (2020). Relationships between
renewable energy consumption, social factors, and health: A panel
vector auto regression analysis of a cluster of 12 EU countries.
Sustainability, 12(7), 2915.

Chien, F., Chau, K. Y., Sadig, M., Diep, G. L., Tran, T. K., & Pham, T. H. A.
(2023). What role renewable energy consumption, renewable
electricity, energy use and import play in environmental quality?
Energy Reports, 10, 3826-3834.

Darbidi, M., Kamali, M., Khodaverdi Samani, M., & Shamsollahi, R. (2024).
The effect of human capital on air pollution in OPEC oil-exporting
countries. Quarterly Journal of Environmental Economics and Natural
Resources, 4(10), 28-59. [In Persian]



¥ O an 5 G| ey cublig &y 3o 1 ndyyiow 65,00 5158 (S5 9T 1 g

El Achkar, S. (2025). Beyond black gold: Breathing life into Kuwait's lost
bioenergy. LSE Blogs. London School of Economics and Political
Science.

Elahi, F., & Jafari, R. (2024). Increasing life expectancy in Iran considering
the role of financial development, health expenditures and renewable
energy consumption. Journal of School of Public Health and Institute
of Public Health Research, 22(1), 73-86. [In Persian]

European Environment Agency. (n.d.). Home. Retrieved from
https://www.eea.europa.eu

Fatahi, A., Asari, A., Sadeghi, H., & Asgharpur, H. (2016). Empirical analysis
of the relationship between air pollution and public health costs: A
dynamic panel data approach. Economic Modeling, 9(31), 43-60. [In
Persian]

Ghorani-Azam, A., Riahi-Zanjani, B., & Balali-Mood, M. (2016). Effects of
air pollution on human health and practical measures for prevention in
Iran. Journal of Research in Medical Sciences, 21(1), 65.

Guo, Q., & Liu, J. (2024). Study on the impact of air pollution on residents'
health expenditures in Guangdong, Hong Kong, and Macao Greater
Bay Area. Ecotoxicology and environmental safety, 284, 116896.

Handayani, K., Overland, 1., Suryadi, B., & Vakulchuk, R. (2023). Integrating
100% renewable energy into electricity systems: A net-zero analysis for
Cambodia, Laos, and Myanmar. Energy Reports, 10, 4849-4869.

Hosseini Aliabad, S. M. R., Shekh Lari, V., & Rashidpour, M. M. (2020).
Investigating the effect of renewable energy use on reducing
environmental pollution. Energy Economics Studies, 16(64), 135-162.
[In Persian]

Intergovernmental Panel on Climate Change. (n.d.). Climate change.
Retrieved from https://www.ipcc.ch

International Energy Agency. (2023). World energy outlook 2023. Retrieved
from https://www.iea.org/reports/world-energy-outlook-2023

International Renewable Energy Agency. (n.d.). Home. Retrieved from
https://www.irena.org

Jaiswal, K. K., Chowdhury, C. R., Yadav, D., Verma, R., Dutta, S., Jaiswal,
K. S., & Karuppasamy, K. S. K. (2022). Renewable and sustainable
clean energy development and impact on social, economic, and
environmental health. Energy Nexus, 7, 100118.

Khan, A., Hussain, J., Bano, S., & Chenggang, Y. (2020). The repercussions
of foreign direct investment, renewable energy and health expenditure
on environmental decay? An econometric analysis of B&RI countries.
Journal of Environmental Planning and Management, 63(11), 1965-
1986.



VEOF a0l | ey b | gred wlis 5 o § Jams Sluadl aslihad | Y'Y

Khosravani, A., Safaei, E., Reynolds, M., Kelly, K. E., & Powell, K. M.
(2023). Challenges of reaching high renewable fractions in hybrid
renewable energy systems. Energy Reports, 9, 1000-1017.

Mahmoudi Asl, A., Kamali Dehkordi, P., Ghabishavi, A., & Abdollahi, F.
(2019). Energy consumption and carbon dioxide emissions with spatial
panel approach and economic complexity: A case study of OPEC
countries. Quarterly Journal of Environmental Economics and Natural
Resources, 3(7), 95-114. [In Persian]

Mohammadian Mansour, S (2024). Analysis of the asymmetric effect of air
pollution on per capita health expenditures in Iran. Health Management
and Treatment, 14(49), 65-77. [In Persian]

Okonkwo, P. C., Mansir, I. B., & Ogunleye, G. J. (2023). Technoeconomic
analysis of hybrid energy system for health clinic in Salalah Oman.
Energy Reports, 9, 444-447.

Omar, M. A., & Hasanujzaman, M. (2023). The role of national culture in
renewable energy consumption: Global evidence. Energy Reports, 10,
1765-1784.

Our World in Data. (2025). Home. Retrieved June 17, 2025, from
https://ourworldindata.org/

Pablo-Romero, M., Romén, R., Sanchez-Braza, A., & Yhiguez, R. (2016).
Renewable energy, emissions, and health. In W. Cao & Y. Hu (Eds.),
Renewable energy: Utilisation and system integration (pp. 173-196).
BoD.

Paraschiv, S. (2023). Analysis of the variability of low-carbon energy sources,
nuclear technology and renewable energy sources, in meeting
electricity demand. Energy Reports, 9, 276-283.

Perone, G. (2024). The relationship between renewable energy production and
CO2 emissions in 27 OECD countries: A panel cointegration and
Granger non-causality approach. Journal of Cleaner Production, 434,
139655.

Pope 1II, C. A. (2006). Health effects of fine particulate air pollution: Lines
that connect. Journal of the Air & Waste Management Association,
56(6), 709-742.

Raihan, A., Voumik, L. C., Ridwan, M., Ridzuan, A. R., Jaaffar, A. H., &
Yusoff, N. Y. M. (2023). From growth to green: Navigating the
complexities of economic development, energy sources, health
spending, and carbon emissions in Malaysia. Energy Reports, 10, 4318-
4331.

Ramos-Meza, C. S., Flores-Arocutipa, J. P., Jinchufa-Huallpa, J., Corzo-
Palomo, E. E., Gamero-Huarcaya, V. K., Gutiérrez-Acufia, Y., &
Valencia-Martinez, J. C. (2023). Does environment quality affect the
health care spending? Nexus among CO2 emissions, non-renewable



W OLKen 5 GT | e g el &y 32 pdsyaos @51 5138 S 40T 51 oy p

energy production, financial development, and health care spending.
Environmental Science and Pollution Research, 30(17), 48903-48910.

Sasmaz, M. U., Karamikli, A., & Akkucuk, U. (2021). The relationship
between renewable energy use and health expenditures in EU countries.
The European Journal of Health Economics, 22(7), 1129-1139.

Seinfeld, J. H., & Pandis, S. N. (2016). Atmospheric chemistry and physics:
From air pollution to climate change (3rd ed.). John Wiley & Sons.

Sonwani, S., & Saxena, P. (2022). Introduction to greenhouse gases: Sources,
sinks and mitigation. In S. Sonwani & P. Saxena (Eds.), Greenhouse
gases: Sources, sinks and mitigation (pp. 1-7). Springer.

Stern, N. (2010). The economics of climate change: The Stern review.
Cambridge University Press.

United Nations Environment Programme. (n.d.). Home. Retrieved from
https://www.unep.org

Varahrami, V. (2025). Survey Short run and Long run Effects of Carbon
Dioxide Emissions, Renewable Energy Consumption and Economic
Growth on Medical Expenditure in OPEC Countries. Stable Economy
Journal, 6(2), 135-150. [In Persian]

Wooldridge, J. M. (2010). Econometric analysis of cross section and panel
data (2nd ed.). MIT Press.

World Bank. (n.d.). Home. Retrieved from https://www.worldbank.org

World Energy Council. (n.d.). Home. Retrieved from https://worldenergy.org

World Health Organization. (2024). Air quality and health. Retrieved from
https://www.who.int

Yadav, M., Angja, R., & Ahmed, W. (2023). Do clean energy transition,
environment degradation, and energy efficiency influence health
expenditure: Empirical evidence from emerging countries. Journal of
Cleaner Production, 428, 139355.

S5 9 lsn L::}JT Al P (\FF) 61.0 4d'L2.u [REVE) o S AL - .ol BT e o.l' 4 Sbw!
D e lio g Sy j Laioms Lol alidecs ol Gl e slay 528 Oloys 5 Cildg du e p pdbdes
DOI: 10.22054/eenr.2026.92189.227 8-\ lin

Journal of Environmental and Natural Resource Economics licensed
under a Creative Commons Attribution-NonCommercial 4.0 International License.



