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ABSTRACT

This research examines the process of physical development in
Tehran city over the past three decades (1992-2022). For this
purpose, the Normalized Difference Built-up Index (NDBI) was
calculated, and an analysis was conducted by applying Otsu’s
thresholding method to Landsat images. Precipitation
characteristics, cloud base height interactions with aerosol fields,
and air quality indicators were analyzed in parallel with the
metropolitan expansion trend using synoptic codes and pollutant
data provided by the Tehran Air Quality Control Company. The
analyses were conducted with the Corrplot package in the R
programming environment. Over the past three decades, Tehran
has experienced a rapid upward growth trend (R=0/97), while
natural areas of the metropolis have decreased proportionally (R=
-0/98). The proportion of snowy days with excessive intensity has
significantly declined (R= -0/94) corresponding to the urban
expansion trend. A significant positive correlation (R = 0/75, P =
0.007) was found between convective precipitation and aerosol
optical depth (AOD), suggesting that higher AOD levels are
associated with increased intensity and frequency of convective
rainfall. Furthermore, a strong negative correlation exists between
air pollutants and cloud base height, indicating that clouds interact
with the urban boundary layer, absorb polluted air, and alter
droplet size distribution, resulting in a lowered cloud base.
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Extended Abstract

Introduction

Tehran is widely recognized as one of the
most polluted metropolitan areas globally.
The severity of this condition stems from
multiple interrelated factors, including the
city’s complex topography, its dense
population, incomplete combustion
processes  associated  with  vehicular
emissions, the unregulated proliferation of
high-rise buildings lacking adherence to
scientific standards, and the inefficient
reliance on fossil fuels for residential heating
and cooling. Collectively, these drivers—
exacerbated by the unprecedented pace of
urban expansion over the past five
decades—have exerted profound influences
on local meteorological dynamics. Against
this backdrop, the present study endeavors to
analyze the city’s climatic feedback
mechanisms and their implications for cloud
development and precipitation regimes, with
particular emphasis on convective rainfall
during the warm season, based on a
comprehensive 30-year statistical record.

Methodology

The time series dataset employed in this
study comprises hourly and daily
observations from meteorological stations,
daily records from air quality monitoring
stations, Landsat 7 ETM and Landsat 8
OLI/TIR imagery, and aerosol optical depth
(AOD) products derived from the MODIS
sensor, covering the period 1993-2022.
Meteorological variables include current
weather codes (WW) associated with
convective precipitation (Synop codes 80—
90), storm events (codes 91-99), and
showers or thunderstorms occurring outside
the station (codes 17, 19, 25, 27, and 29,
classified within the convective precipitation
group), as well as snowfall (codes 70-79),
precipitation amounts (R, mm), and the
height of the lowest cloud layer (HLT1).
These data were obtained from the National
Meteorological Organization.

Daily mean concentrations of key
atmospheric pollutants-carbon monoxide
(CO, mg/m?®), nitrogen dioxide (NOg,
ug/m?), sulfur dioxide (SO2, pg/m?®), ozone
(0s, pg/m?3), particulate matter (PMio and
PMo:.s, pg/m®)—and the air quality index
(AQI) were retrieved from Tehran’s air
quality monitoring network. MODIS optical

depth data (MODO04 L2) with a spatial
resolution of 1 km were extracted using the
Google Earth Engine (GEE) platform for the
same statistical period. To assess the
physical expansion of Tehran over the past
three decades, Landsat 7 imagery from 2002
(representing the first decade), Landsat 8
imagery from 2013 (second decade), and
Landsat 8 imagery from 2022 (third decade)
were acquired from the USGS Earth
Explorer portal. Following radiometric and
geometric  corrections, the Normalized
Difference Built-up Index (NDBI) was
calculated, and built-up areas were
delineated from natural land cover using
Otsu thresholding. Statistical analyses were
conducted in R software (version 1.4.4).
Normality testing and descriptive statistics
were performed using functions from the
MVN package. The relationships between
meteorological parameters and pollutant
concentrations were examined through
correlation analyses selected according to
data distribution (normal vs. non-normal).
Visualization of correlation matrices,
including coefficients and their statistical
significance at the 99.9% and 99%
confidence levels, was carried out using the
corrplot package.

Results and discussion

Over the past three decades, Tehran has
exhibited a pronounced wurban growth
trajectory (R = 0/97), accompanied by a
substantial reduction in natural land cover
within the metropolitan region (R = — 0/98).
The frequency of snow days with excessive
intensity has markedly declined (R =— 0/94)
which is consistent with this expansion. This
reduction is attributable to elevated
atmospheric  pollutant  concentrations,
increased greenhouse gas emissions, and the
intensification of the urban heat island
effect, which collectively favor rainfall over
snowfall by altering the precipitation phase.
A statistically  significant  positive
correlation (R = 0/75, p = 0/007) was
identified between convective precipitation
and aerosol optical depth (AOD), indicating
that both the amount and intensity of
convective precipitation increase with
higher aerosol loading. Conversely, a
significant negative  correlation  was
observed between air pollutants (PMz.s,
PMio, AQI) and the height of the lowest



cloud layer. These findings suggest that
clouds interact dynamically with the urban
boundary layer, entraining polluted air
masses and modifying droplet size
distributions, thereby lowering cloud base
height relative to the surface. Machine
learning model outputs further highlight
PMio concentrations and the AQI index as
the most influential predictor variables
governing variations in cloud base height
across Tehran.

Conclusion

Investigating the influence of urbanization
on precipitation phases and patterns is
essential for long-term water resource
management, the preservation of ecosystem
services, and the assessment of
infrastructure risks under climate change.
Urbanization alters local climatic conditions
primarily through modifications in land-
atmosphere feedbacks. Solid precipitation in
urban areas is consistently lower than in
non-urban regions, a reduction driven by
changes in the urban surface energy balance.
Elevated greenhouse gas emissions and the
intensification of the urban heat island effect
shift precipitation phases toward rainfall
rather than snowfall, thereby reducing the
frequency of snow events. As urban
expansion and construction accelerate,
rising temperatures further contribute to the
decline in snowy days.

In Tehran, convective precipitation has
increased in association with higher aerosol
optical depth (AOD). This enhancement can
be attributed to the combined effects of the
urban heat island, the aerodynamic
roughness of extensive urban surfaces, and
elevated concentrations of atmospheric
aerosols. Collectively, these factors amplify
both the occurrence and intensity of
convective precipitation as urbanization
progresses.

Analysis of pollutant—cloud interactions
reveals a significant coupling between
atmospheric clouds and the urban boundary
layer. Polluted urban air is entrained into
cloud systems, altering droplet size
distributions and leading to a reduction in
cloud base height relative to the ground
surface. This finding underscores the role of
air quality in shaping cloud microphysics
and precipitation dynamics within heavily
urbanized environments.

Funding
There is no funding support.

Authors’ Contribution

Ghasem Keykhosravi: Data collection,
performing the required processing and
analyses, writing the initial draft of the
article, reviewing the article.

Zeinab  Hosseininya: Data collection,
writing and reviewing the article..

Conflict of Interest
The authors declared no conflict of interest.

Acknowledgments

The authors thank and appreciate all who
assisted us in conducting this research,
especially the Meteorological Organization
and the Tehran Air Quality Control
Company for providing meteorological and
pollutant data, as well as those who
conducted the article's evaluation process.



b L Sl ing 3 dolikad
24237760 1.8 SN UL

'-"/’“' v Journal Homepage: jphgr.ut.ac.ir

(U9ab— 1) O Mg guT s 595 b g by
026 sei NS 259 590 axdllae

RIS P P FYRE L PO

Gh_keikhosravi@sbu.ac.ir :asbll, .yl ¢yl 545 ¢ gy duged ol ¢ yno pole 00Siild ¢ rndo (Ldlyan 04,5 ¢ Jgiume odiuugi =)
nazaninhosseini086@gmail.com :asbll, .l ul )] 545 ¢ gy duged oSG ¢yoj pole 0N ¢ rudo (sLdlyi 04,5 =V

N Wlio eV

SoST L (VAAY=Y YY) alsdS dod dwo )0 0 o (Sojud drwgd adlllas oyl ) e goi
e i . . . g3 Al

2 A al gl Al Sl Shs (Sed msg gy b cslio 10,5 Jlasl
o.\.u\f—l dlbobb 9 “"9"""" L;Lm.\f )‘ odlaw! l; |yz> w.mf 9 l.mes)ﬂ U‘J“"' l; J.vl.cu edb s &,0

) ’ . VEog/oA+£
s gidelip bao 13 Corrplot w65, L 05 slgn cutsS Jus eS8y TR

(R=0/97) Lm0y s 5y Mgy 3 o)) y05 4tbiS dmd dw (b ;5 .05 awwlbxe R VELE/VY/+A

» (R_ -0/98) )‘Q"‘”O% (".ﬁ“’ u‘"“"‘" d“"L“" s OL""Z’ 49 ol 0392 )b)?)‘f VL€V Y/YY

VEe0/« VY

oyl 3o Cpo kS s ped] ) ] aiBl galS (R=-0/94) (slojlul i
s onn Yl O Oeired D9 oo sdalie (P_value = 0/007) syl sxe &bl (g3 o3l
S g
@l o) 292y (g b bl hie (Stuen bl Y (nyomb eE) et
Syt 03g)] (clon g odds s (e ppd (i Y b Lol 48 amd o LS Sien di‘;:i
el Jials & e yol pl a8 aimd o i |y lylad x 565 05l00] g ds 255 o 1, wsp> slookyY/
ol 4l £lé/
29d e Oeoj gaw 4 G pl 4y i

dl>o 'O‘)‘Qj AN 1690 adlllao (u:})lg—ﬁ]) O] &191::9«7:1 boyss il g b s .(\\°~6)) 20936 e s g ol (g pmsnS :aliw!

SOV V) OA (oamd (sl sla jing s
http://doi.org/10.22059/jphgr.2026.396560.1007889

ol Bl Sl s 2yl off a5 ©


http://doi.org/10.22059/jphgr.2026.396560.1007889
https://portal.issn.org/resource/ISSN/2423-7760
file:///G:/طبیعی%20بهار%201403/jphgr.ut.ac.ir
https://orcid.org/0000-0002-9797-4834
https://orcid.org/0000-0001-8606-4571

VE00 ez ) Bylond OA Bygd ¢ oamb (Sl i (gl iy aloeo "

doddo
S digd oo w8)S a5 3 Al ol 3 098 (58 Lo b &S o) polis jl ke g b phee S lieds ba el
4 B ot slajye Sl @B 5l Colex g g d5de @B ol 3 )5 ol @ ez 9 51 &S Sl e
(Oke et al,2017) xS oo chnogi ) joed S > 551 9 3l90 Jodd (0l 6ved puddplite iins Sl bl
Vgonn (55 sain ol ol inmmms 2 JIS 5l 5 (5000 dnmsgs ogole (slntaly 31 (ynj o sy s plS s
(514559 Cuoglio oS pans (a3 (625 ccsie S e (5901 Wil 00 e (S slo S 329 et b
290 o 30058 ol g9y 41y (52 9 e b o WSS 5 gl 61 oS s sl iy Bos g
2 S weldl (sl 581 (Cao et al,2020) 415 oo Jlasl )l 5 lgn (83,5 ded 2 (558 b s inles
Bl Wlg5 o Tiome g2 Aile 0aiSTyy Laze 53 (ol (sla Shg 35yl )13 (plideplie 5 (oo (i )3 (ol
S P Seden b g slapb M cle 4 odldl (sla Sy 5l o e s 0y S 5l sy gl il
Ol 3l alboyg )3 b st wimd St (s (sjpoY oo JS 0 1) 55 sla Sy b Sgd e
Susye )l gl sl LI Cdpan abl)d g gm0 Sl (o) gaw Glle)S &S p)S Jad ofage 2lgn
Sy Jiad )3 ofage (yaghS Beer BB sl L) Stgiow (oo b slaplisbs L olyon (slagn ()b (Sle
3 U o joed yiunos] 88 |z il ()1 9 il draogs sl (b0 L by &m0 L5 Mg ol
b 5l g a8 o S8l S5 4 o815 (sladtnn Sloul b 48 sz Tga 53 (slae )3 dlex 1 Iga (slaosnyY]
dguo g 2l Kod dbml b (655l OYols e slo)S o pjr 9 el (S)lgenl SIS S 4 0l (e
Son] 2 1SS clagy 5 bolSgys cogy 5 3Ygh cbals S dnolSi Yl (YL 5 45 slayl 5,8 o b
Egoge bl 3 a8 Slidss (Oke et al,2017) ditun b Juwg 5l g Cagby do)S [Lisl 51 (655 oo diged cXigad oo
s s 36 lgie s (Gladllan 3 ) Kam g Silga 5,8 o)Ll 3 30 & g e sl 485 g0 B
Kooy 4o ol g YOV BAAD Lo 51516 sl cslimolo sloi)l oy b o 03 sisbo 2005 53k
sol o Gyl Gl jl g 25l 0 dag G (syed Gble &) NS Sk o g 0 St &
93 (o) 0,5 b p)S g Gk i S pbsl 48 5 il awgs a5 gladlllas y> (Huang et al,2022)
Ao 525 ) 5Bk ssS Blg5 e gyt (lo)S oz 1505 ALb Caflame 2 il wre Sl 1 2)0
dgdise b ol Sl gl yd bl oigar g (Bl i ) e & ol 8 (e 08 D 25
i s 4 ol gewls 9 y5,b 95 lgie o (YoVY) o, Ken g g bawg a5 audss ,> (Steensen et al,2022)
WIS (sloamd )3y 38 ) sl drlyd adg> )3 5k 65N a5 Bl > 5 el (gl yd adg> g00b 5
Sl Ligy 4 a2y b 3ol 0 A8l 0,88 (i g o e s & sl 035 i 2 HB ooy
3o 32 Seb damgs 6 g ol 00b gy pasiie slalie § (s yd e (slading ) Bk (Sl
e ©layd (i8S )5 3 L (deg> g ke (b Adlate (goud8 (G i) 4nl dw 4 adg > (S
WYl lagplie 3 (S8,b 2 (P JB (bl 38l I (ndined o5 3l LS ol ol 003 (Aol (Sl 0
i > J(Hu et al,2021) 5,135 o yioles 4 1y jlee Jad o (o)L Lials g atdly ybie 5 jub o liasli Juad
Jad 3 550 bl 13 &5 b S SH)L &5 Ab asuie 85 el (Vo) ()Sen 5 gusle bawgs oS

1. Stomatal Resistance.



al% e (095l 1) Of (2lgpg] (3,95 3U 9 W s | L (a9 (59 S

By ok (Y oy ] s 45 390 by 50 A (claesMlw syl csly il o 3l il 5 5l
s loy obiman 5 ool 3,8las 5 (655 50 sho)l sloyged ot ol Sgae (S0 (laetuns 5 doii
o5 dasly lgie b slddlio p3 (Y+¥+) oL Ken o J.(Savic et al,2020) a3 o 4,3 15U cov |y pogas Sl
eSS4 equalll s dige )3 a5 2038 pledl ez Sy sl jred 5> )k 5 I slos b (s (08 (5l >
opyr G G baly) addlas cpl )3 canl 55 3)50 el olse 5 0l (2lo)S o i o dally Sl St
VY=Y ¥ 0)53 sl Sl Sop ed WO 3 (oodldl olse 5 <85 )18 oy pj90 oeldl 9 s 0 (2lo)S
g Cowl HILE LS )3 I glod 9 s o (2le)S opr o Ay &5 w3 o LIS @S ()5 B (w090
P sy i b o > Adligs Solite (g B e lpmg] M bl )3 (Stua
Sasod b ()b 9 ()l 0052 o bl w3 oo (Rl ()l 0 i (e SVL slod iy (oliwg) 9 s e
ol 0308 BT (ol > Lite Kiurad 5 o) 53 Casto Kot &5 Oygo 3l 4 38 b Tod 093 Job 55 Custo
2l 5 e gaw S Shy bl 4 b 2l plir Caslis ooy > J g o5 (L et al,2020)
gl p3 a8 amd o s (eae slainlejl 5l Lol zuls . aisls 1,8 andlassyge (glod yinS obas |y (6 s olo)S
(Ol 5> ol Dgliste (Juad g S a5l 55k 4 60 (2lo)S opjr b Culus g Cund jsboipl lins
Mo b (S )5k g am3 oo Lt Sl ()l Slysd 4 sl 0fgs gl Lawlyl )3 (0 (2le)S 02
WS o iz 2 (6 e 23S S e Jelse lyisa 1) algmoc Ll aalllas ol )l e (Stusen (S
b gaw s Sy ST o 3l b 2lo)S opjr b (o) p (AP Glately @il ;S a5
S (31655 g (6)laenl pas )A.’l.i bl el (Y98 o)Ser 5 Sigw (Gu and L1,2018) siles (8L LSS
b g 253)5" glapomnds (o5 05155 b (SgSume 9 Y o515 b (S5 «()5) diwd duw 1 1) joed Sy Coluno )1 2
(St (BeSs pas Hblie (o)l dw dde (gilwand Cundd slao,lgale I leidle $ST5 sleodly & 4o
P e Sy 45 amd g0 (Ui s .85 sl WRE Jue sl eolissl b Siosl 3 (63086 5 (5868 5519550
Bolie 5 SOl blie csted oSt Bblie (sl |ty ol 6 (ssSenl 5 Spise i AL 4
olpl gilwaws gl WRE Jao I (Y4V5) o) Ker 5 Klg (Song et al,2016) aad o yiol38l (g 4 yue
dunglio b 08 odlisel (i ) amli= 5y (S ed ddlaie (55) 3 (Sl )k g9y 2 Sl gl Juog il
Gblie ) Gl ()l Gl el Sl slo g 51 4505 asuie olizl (g 5 Comlus slajilejl b
kg p i b lgie cou 3 adllae 3 (V+IY) bl o S8 (Wang et al,2016) xg o (s 2
oozt Gl gy LTy o) epimand > ()l g oo Mgy tined Sl o) epjadnd 5 (Sl g oo 3l
Kug & ) 5)l> by o8l jo Lod ]380 g BB phaw (und ppd > o i a5 3l 3959 (g )blixe
gdate polie 5 Jolge Lol Ll ol 29, 0 slods oz slo e cnoagll 5l (S ol a8 48 (ABn, 2013
S olinel jlalesia dagpgs jl (236 (a8l 3lpnl obj Carer (ol e el oo (S5 9005 dlox 51 A3 o0
degocne (S luws laleyw 5 Glale)S sl (end Glacd g B)laiel Bpan g (oole dalds (9 slagsjluas sl
38,50 5 wlitlgn yolis 1, dabue IS o b b 55 Al o (i o LBy b ol o 0033l olge
b D i 4 3aiod ol ol Glaal 4 cllos Yo ()bl 0,93 SO 50 3945 o mw 3aiS oyl 50 1 ]



VE00 ez ) Bylond OA Bygd ¢ oamb (Sl i (gl iy aloeo A

ALBAS ABd duw jd ()l yod B NS (S 58 drwgl Mgy (owyp -
328 dmwgi B9y b cunlite (8 pen puf 5l (8 pe (sla )l S8 -
AL5IS And dw jd (Bren L sl )b g By g9 SV 9B wyp -

yen il g byl sl Sy o Ol g lse oS -

o293 99,
ooy 5 awolisilon oS! ailjsy 9 aelw glaodly Jold guiow cpl > oolaiwldyge Sloj (s (sloodly
Ly (WW) jols clon claas” wlidlgn (cloodls ccul VoYY BYAAY Sloj ojb )3 usdge odistiw o fuwg 5
9 W LAY sbasS oo (sl )5y (Byen gyl slp A0 B A Cgiw SasS) (Byen lagtyl b
Y ml €16 mm R) Sl VBV i S10S) By ol {055 o0 B (St lnil 05,5
chale aljs) (:Ske @ bagiye ool iy (ped 4 )5 €Ly 45 wlidler plojle I (HLT) il
anSlied 558 (pg/m’ NO2) wuSles ojexi (mg/m’ CO) anSgio 32)S Gm olre oo slrosn Y
ol ol 5l Vgn cunS jasls o (pg/m’ PMas g PMig) sl l)3 o (ng/m’ O3) ol (ug/m’ SO»)
S S )08 b usdge sdiziw (MODO04_L2) ayglen  Siol sos slaosld 5,5 381 lyos (slon cuas
drnogh oy S Sl ) 5 13,5 gl sl adllladyge (6)lel 0)93 el Tl @) JSSS bl ) el
Jlo A cawsdd paaai o Jol a3 0uilad)V oY Jlo ) bgype V Canddd yygad didiS amd dw pd o)lod b (Sojud
(https://earthexplorer.usgs.gov) colw jl (paw 423 645V ¥Y Jlo A cawdd yy005 g (pgd and oailes)V VY
30809l ol GbL cgles I eoliwl b jasls cpl w35 dcsle (g0 (Sopd dawg (adls g bl

900 drwle (SWIR) g0 oligS” 3o 3y93le 9 (NIR) Soo35
SWIR-NIR

NDBI == ——— ()
SWIR+NIR

G5 il SaS & 3,8 o3lisal ()l Wil 5] e orbAble p 5 orbable 3blie gjlolis o

o 32led sy gudigl g dged odlisel Ll jye g ) el el ol 5l g 2908 Bl 1y oyl g lge
(Otsu,1979) cawl oy )b (oM (19)> ilyly JBlis L oIS 53 3l b gl 4 33 dioin 5 4eim
Le et ) a8 o oslitl yguai (shivaabad (sl dingy Wil (gl (XS o (uilly 1o Jlno 51 gy
skl ;) iy 4 A Cawdd oV Cwdd bl (o)lS &l &y Gados opl 14 (al,2013;Du et al,2014
ool Jdosiga o0 sl gl F.F.) aseas R jéls 5 (Ronald et al,2015) 15,5 oslisul (—+.+QY) 4 (-.3YY)
53 sy wlgs Loy aodld auogs jlol duwlos g W yuiie @595 (99 Jloy (swyp 8,5 51,3 odlatuld yge aodl
a9l ) adllasdyge (clapiio e 9 Jboy awyp sy (Korkmaz et al,2014) us plsl "MVN a

1. Aerosol Optical Depth

2. Air quality index.

3. Google Earth Engine.

4. Normalized Difference Built-up Index.
5. Multivariate Normality.


https://earthexplorer.usgs.gov/

T4 e (0856 21) of (219290l (S13595 31 g W oo | L5 (S 9 (59 S

ol ool g (VYY) e 5 (6)1508) 00,5 eolaiwl (nOTtest diw ;3 39390 @lgi 5l) By prausl —35,5 50)5S
Jboyp wosly Cygo oyl yae 13 9 Jloyi ooy mje5 el +.00 jl 35,5 (g)ll (g)blixe L P-value jude 31 g0l
Jdos gy bl b lgn claoau VT clale ¢ wlislon (slaymeal)l be b3, (Mishra et al,2019) s
Job @l il par 9 ©8)5 )18 Jlodgn 125 )90 (Jloy et g Jlo ) loosls @5 (bl 2 cuslio (Stan
S5 LA 5 VAR lisabl s )3 ol (6] (5l 5 (Sorad ol ol (Kool (e
owyle g9y p ey SlisT lpl S corrplot wiw (Wei & Simko,2021) 45,5 oal,8 corrplot diw
oo (3 )3 ez slagSll (lolid 4 SaS (gl b piio ,5065 ddome i 5l 45 S o0 )] ) (St
Ol oan Cae il Lysite (e bl (giloie ele Cliios Bl o ere I Se S e Sty
58 s iny 3 (] 4l i) ol pite » (AQL PMio, PMas) sty csloadlyo ) o po (535 5
Ordle 650k gy e 0addl slaybyy 3,5 ool (RW) gud (25 ()j5 (b9, 9 (MLR) @S>
Ly (V) IS S o (gt |y intly yeito Sy g Jiuno it iz b 93 2 Latlg) cc)lo] aalllan g a5 ALl e

w3 g0 LS 5 RSGHS e 3 1y il g

r‘f“ f:rﬂ b o B

S35 sl sl —» 14 {
: <« i sl ssl e e a

W 2313 48 pada 20 bl (’ & 7 of

‘ d | :
o m;m ‘
12 52l gl 4SR5 Auesial PEARSNEPIN @Uul)ﬂ{g&
A <):' @ 4

Arpghisd :> st o e

O sty ) g il
e oS gl

P aj Ll

Ayl 5l 4D s 5 7 sl
oS St Jiai O i

S sl SAD
A P

U g i
A0D

K1Y s e )|

il ] i
AQI

i gl
PM10,PM2.5

L:> GRS A 5 las

S 5 o oo el Y S5

1. Multiple linear regression
2. Relative weight



VE00 ez ) Bylond OA Bygd ¢ oamb (Sl i (gl iy aloeo Ve

axllaod yg90 23g9a5%

2 @Y as) Pl Gl sl 0d (niuner n g (IS )i 0l RS il 3 e ol nl cSb (olieg el
la (539l Ale poges cublig g (daatiun (slataly ()loxiil by cnl g ol Glaa @y 25y b sl jed Glee
P 255 9055 Olee ity 3 9 3980 el (183 5 SlrlidgS Al 93 4 (5 A el aritls Jlos 4,
ey & Jlod | g Cunl st gio YA+ e B Ae 0 bys o 1 ol as elas)] .ol adbolazel j ] sein (slaaiels
Sl b g 3300 lasbine; b Sitdnd lapgl i ol s oulll vl Gl 1 oo 2018
b olyon 3u50 doye  oldlyis cuxbge (V) S5 (Beck et al,2018) coul Suid 9 o3l p)5 (clabunl 4
amd oo it |y Waodiy VT iorias (sloolSin] o oliilsn (cloolSia]

51 51 51 51 51
£ [
2] . I
N
= -
87 adds glasl, ¥ K
o ou¥T i gl ol
A owldlea obs oS!
a7 N 3
S
Km L
E 0 3 6 12 18 24 3
51I 51I 51l 51I 51I

loo (slooaty VT g wlidlon (sloelSiun] b olyon (e RBEMS Cambye ) JSd

Ly
OIRF RBOYE (S 52 drwrgs -

cabaisle g opd blo ol sl 4l g0l it palh (K3 duwgs ond oy sl
UG YYY 5 YAr YooY oo 0 NDBI Lasls Lobul 1) O3 S5y e85 (¥) UK sl 0 o)\
b ondassle ol b ladye <5) 3,5 el idky ¥+ ¥ Jlo b onsaiils gl by, debes 5 ol (oSS, and o
o lonsazsls Yo¥Y B YT cla Lo loj alols 5 a8 canl iblio b Lot ye <5 3oy sl yisey 5 YO o
nogs Ak o ot Jlad 5 st Jlod sl i b bape (S5 Anogs g iy (F) S5 LDl ol
A s ol Jblio Cams o & 5 el o955 oAV Custe Stnusad s 3] 5 e (e
b (B sbjg) S st (818 B9y b canlize bl oo (bl Sl p3 =+ /A ke (Stsed o b ol 00
5or ¥V @ Jol amd )5 (B 59, WV jl a8 (g ygbay cusl aily jials’ (—+/AF (Sinor o5 L) (ol ollil oy i
(5> sosn T (il a4 (ool us b (S0 dnwgs K9y b cawlito o)lg5 o |y (ialS ol canl odany pgur and 4

1. Koppen



v e (0856 21) of (219290l (S13595 31 g W oo | L5 (S 9 (59 S

Aoyl By S b @ ]y 5k 5B 4SO Cuns b 2lo)S opjr il g (B clajls
SV g szo Lo V 3Ll o oK) 9 Vo )]s o] (sl ol A0 Sao wliol pr deoligS i oL (sladlng,
3909 ol 5 5YL g il Jlade bl 2 o)k oailes (ool 15 & clajgy 53 yebate (i 45 B )S Jlas 5
S CaeoligS wad il sleolisy laisdy 39 edbF el ¥ geS Sloj alold o o)L Hlade pl Sk
SV 5l aS sysbods ad o LS S b gdaw 3 b la il alsy dlias bawgie (V) ojless gl b a8 S
auwlS (5o, AY) o)l clolas gy dlawd 51 (gaiS s b pows dnd 50 Lol Cuwl dawy pod 4 43 59, 55 & Jol dnd 43 59,

Lol 04
515993 528277 540562 552846

e 2

oA o

g g

S S

~ s

3 3

D a

© ]

«© «©

3 L3

E 3

w w

w | | ©

5 B

3 3

515993 528277 540562 552846
(VA=Y YY) aniiS amd dw 3 oadaidlo zolaw LI S, ol 5 Y UKW
smorlm“‘ - :'le'Dl'N;ll‘ln o 53”"?0 o 5400?0 o 55001]0:”'“:
2 >
2 2
S 2
4
H H
A z
@ e
2 &
RN ES W C,]au;

i §
'g_ . buil_upzo02 _"g
§ O buit_up2013 §
“ | @ buit_up2022 b
= =
g e — Kilometers. §
£ 01225 5 75 10 E

T T T T T
TV 200007 s30000° s40000° 550000

(VARF=Y-VY) 43S amd duw 53 25 RSN (538 dnags £ S0



VE00 ez ) Bylond OA Bygd ¢ oamb (Sl i (gl iy aloeo \Al

Ol RS b5 amd dw 115 0yl sladliygy g (B (slagy duss (S0 jud drwgi Cumdg Y Jgd>

RZ  (YAIY-Y-YY) pguw dnd (Voo ¥=YIY) pgsdnd  (VAAY=Y--Y) Jol ans U
—/AA YEEIVY YYE/AS YO8/FY (Km?) cus p b 3blis
1Ry \Ati/ 2 PYY/FY YEV/- ) (KM?) s p orisis Lo gglau
—+/a¥ ¥y Wy WY TP IS W
—/¥ ay 5 23 (59,) ©ooolisS s )b sty

(swbslon oylosl (slaolKuw] yols (slass) el

OIRE RIS (8 pod o83l 2 e Sy 5T 51

2 Sy Gl (SaSly g Clo b e g G sladtun b ol 1515 sladiun lgiod; wlg o s g gl
@35 & &ly 33 (AOD) Jugsl (Sa) os )% 1B (hpen clagsl Logasee dagil g oyl dnwys
2 sk 22l5 )3 455 SEalS St ae oo 4 dunly CueS (S o 0Ll g2 53 39200 JLe 535 (sl fusg ]
3905 (g el 53 Wajaglon @515 0aimd)Lis AOD dlie (139 yide D90 oyl paSudio ane S (59,
bl b1y (gylolias rdans g (e () 5 (B) o)loud S5 Al o o8 (pgiw ol Sazel 1> 13 (Gyle @ g 0392 lgn
Gy e (V) o)lad S5 g olad g bl e (olidlyn (cloolSinl b AOD (Siluan sloJusy (2503
S5 bl a0 (LS (i e e JS 53 ) AOD (jasls 5 (5)b jlade (i |y (5)bline g g (SKtons
D90 odnliie (+/¥A) Cute ()loline alasly AOD (sl 5 ol e oSl )3 03152 ) (850 ()1 p23lie (s (8)
4t b agacnll Cosl addosgidl 15 (Byen slagh)l (liee 2 eyl (St Bos (I L &S Lne s
0a3ls g (Byen Gl palie o (V) 5 (F) osled S5 )3 Lol s jlaline (g el jlas 51 Lol o] P_value lade
A5l o yiaS +or0 e 3l gy P value ke 4St) & 405 b o g st | Shuad iy dlasly s> o2 AOD
S hyen glal i Gud g gglee clale (BIBIL Glad o 50 1 s (g bolias (g el ]y (Il
90 03938 ka3 o &) bl 5 e Jgeab )3 Loges

Pearson=10/48

5 -0
3 0.35 P-vahie = 0/08 L
2 030 -
{
—h 025 -
A
_; 020 =

0.15 -+ ®
0 5 10 15
oo da 31l jlake

e o) y3 b g 3l (Sl o g (Byed (3)b polie (6ol o 5 (Siwons 0 JS



vy e (0856 21) of (219290l (S13595 31 g W oo | L5 (S 9 (59 S

04 -+ Pearson = 0/61
3 P-valie = 0/028 @»
h
1=.. 03 -
)
5
1 02 4
A
® ®
0 5 10 15
peemdona da 3] 5y e

Sl yeo o] )3 o Juog gl (Sl Bos g Byt (y5,b ol (g )blixe prdaw 5 (Stusen 1SS

Pearson=0/75

P-value = 0/0035

W g 51 Kyl e
]
(V8]
|

0 5 10 15
reodie s 55l jladie

O RS > o og 31 (Si) Gos g (B0 ()l y3lie o 5 oline s 5 (Star ¥ SIS

PMiss g PMig ©1,5 dgd oS’ (gad b b il 0¥ (2 5 (ol g5 ot BUG 1 (o 2 —

ol same Jlojl g )l seBoigale b la b g LS 0 S 1) (0 sy Sliinds GulSail L Lol
S b8l T b g )8 o b ) it Bl ol SV g 0y £l5)) S e 25y (nej L g e
S byl g Cusl olus pl (63505 )Ll sl oo (63)5il90 558" (sl ol aly iyl el 2 oM sl o
elis,) p Wlg3 o b Jwg 5l (6,138 )b a8 amd o L5 damie lalllae 3)ls  wlidlgn bl s g shunes] Sioludgo s b
.(Kourtidis et al,2015; Koren et al,2005) »,1i% ).le 2

B3 pousl=B9)S5al5S (pg03l bl 2 Wmodls 39: Jloyi gyt | Jeols gl Y Jgo

P_value s
SJRENY (9 cuiS 4a3L)AQI
< JAfOY (@Y cp ot e,)HLI

RN 4 (009,550 ¥+ 5l yS )3 PM10
NIAY 4 (09y%ee Y10 3l iaS &l \3) PMy5

PYNY LYY g)lel )90 (o 5 alig) olido o 1) ol i)l g 1o (slaoan¥T (e (Stison ol s (A) S5

)l L it (Stuer g PMas 5 AQI [adls b o Stuad (shls PMig 1 ¥1 amd o (Lt 1) )06 1o
9 lon i adls cad pPMig sa VT )58l b aoyd A3/8 el pdaw 55 Cute (Simed ) .l pl 4
do)> A luebsl paw b PMig oan VT ialiél b (—+ /YY) Lbie (Siwsed )3 g Cowl odibodg ;3] PMyss oa Y]



VE00 ez ) Bylond OA Bygd ¢ oamb (Sl i (gl iy aloeo Ve

Olg o didd L 363l oYL Siiced o 4 o loa YT 31 .ol a8l yuals ol b o pl 4l gl
Meng et ) wiS o Sopm Sl b s Jsl slagSl 5l Ylaonl 5 dtn gebie Ll glio gl a5 S
Iy lalasMo bl Jblixe cote ( Siumod AQIL Ladls s PMyss « PMioslamosi¥T ¢yl 05, oM s (al.,2017
S Woan VTl o clle 5y 5o (Sl bl oS dusyoe Sl @y calplly aimd e oLt i & g0y
g ] ) baas 5 ded J3ye5 elite slesd ©luS 5 5 PMas o PMip &b it (g5 Siurad
&S 5y Ol gy Ol g egde PMig )y (3,b 5 .09 o piite xio sladi]b g bolSg s «o¥ pile
0033l 15 (6,593 s liis 3 PMass s PMig (Vb (Siusod g o0 Jold |y 15 anbs Liie el
AaY el e, L AQI asls ¢ PMysPMig <l o olies 44 5o (Bamola et al.,2024) cul
5 o G (6ped i L bl &5 3o LS (Sion @l )15 3925 (k2P BB Sllae ile (Siren
G il 4y i) ol 4y oo jol ol a8 i3 o i |y b 5 ol g ol 055 )3 1y (606 039)1 (<lsm
315 e o515 slodtud Slyis 9 A8 oo ol 0515 gladitund lgisds Sl o I Jusg 5l 2948 00 (300 o 4
03910t (32 )bo 5l qinits Qe b el GinloyS ¢35 g pl 901 s b s 9 3530 536 ) (S0389,800 0155
oy 3 1y by slopiie saa5; (V) JS5 i )8 b o |y (2959 (snbygb (6531 collin (53900
o g alsia (s (yg0)S) Juo Mg bl dmd oo Lt Gl e 3 1) (HLT) pl by syl (g ey s
S ab gl Sl o 5,50 oo lapiie (pyiete AQIL Lasls § PMio Glae &l o s Coonl

Wy 518 paw ady 0 PMass (slee l)d W44 o oguono

PM_10 HLI -o.:s ‘ .
10
PM_25 4 043 PM_2/5
T
©0 ©
' 00@-

<> PMILO) (Y-¥Y=Y2Y) (lie5 oS )5 aligy (Sloj oo 13 ol b glisyl g (oo slaori¥T (s gmop (Samod colpd A JSS
oblize Lo sesgien) (pl &Y o 5wl elis,l HLL: 59800 0 g 93 51 528 @lyd « PM2/5tsn cuas (asls AQL 9,500 Vo sleo
(123 0 Lt 1) 2o )3 AR A8 liabol s )3 (gLl

et oy adlie
=




yo e (0856 21) of (219290l (S13595 31 g W oo | L5 (S 9 (59 S

4044 _

3607
o W
5 o %)
= = b=
sy
-y YY) l)g) )-G(‘*’u%)j ))‘ du\J L)”)"U“"l" 8L€U ILS)’J")“""W)')M&L“)‘*“ wbywomb)l»u‘wml ‘\Jiw
(Yo

& )
Blie 13 ol Camas Sl gmss T o ] i 15 a5 55 Jlo 55 6yed 3blis
(UN-DESA,2018) wb ]38l aoyd FA & Vedr Jlo U o8y cpl 45 398 o (v 9 S 0 (S5 (6 ke
Gl e Ol glie aanily (5008065 51 Sty slaieds Go)l slogSl g 5y e GBS )y
(e Bblio 53l (6950 2lgmgl Dl g > el s Sy (2lb g (b)) plusmgS] Sloss
(355 9 355 (Sl wl lagl > iligy 5 (Jad sl Gl (Shj g xngle; 2 &S )b ) el ol (o8l
sl Slos o Lh,\.ulj.e 00 s geme g (aLS i (sla STy cytuned] o) 25953 ((sdxe dlge a5 s
Sl gl cp i 3o olis Baios bl I 3B 1y s sladdgs 3 1y Lasse otmmsS]
L pKar (B slajg) dlus .uwl aidly ialS pow dnd )D yugw g 03135 (Vo oY=V 1Y) pod dbd 1> CodooligS Wy
Olgse Iy sials oyl il 4l yials g Seuds jobay (YYY=VAAY) dlo o 0)93 Jobo 13 (654ed (S 548 daawgs
S 2o opjr ©ab g (MBS (a8 (sgx slmoa VT (il3E 4 (o3b a0 b (So38 dawgs K9, b cunlite
o381 b o g T cdale i3l ¢l a5 o 50 b3 o ponid By Carn b & 4 1y (b 51 48 oy s
S99 4 lgiee |) Lt JIS6 djen slaghl Gl o8 lelge il baspe (8jen slaghyl 0
O L Glojen 45 o Cens (gg (gl Jusg gl o5 Cale 5 (60 oy ok (6150l (s 0 2o 0pj>
G559 @l b 3aios opl ol .(Oke et al,2017) dai o 03933l 55 (380 (sl 4oyl s g DSy o il o
O daly a5 coaalie Cldllas 5l 5y &S gjobay dil o guen Wlodls ploul (6,505 (gloyauiS > udie oS
L slojy o (Sl ptall 5l samled S o Jilodigay o |y Sl (5L 5 Ion (glaoan T Siin (slaes >
< (Bell et al,2008; Lacke et al,2009) x> o yLis |y oasciocs Vbl (5,5 Cgin 50 by Juog il yidlj clale
Soriano & ) sgb e by b 3blio 15 oo 4 pl Grgde) Cllsd g Jugsl clle n Cuto (Stuer
Pablo,2002; Naccarato et al,2003; Farias et al,2009; Steiger et al,2003; Kar et al,2007; Kar et
b g 5l ol cdale a8 aizsl y> (glolgnlo g  daw Slunlie Julobga 50 b (Yo +A) o, e 5 (595 .(al,2009
ol jg)ui el ) 45 A8 o e o] sl baye i 0 )k sloalis) GRIBIL (2P B dbey
Sebisn o shuss g litteed Gl B ) Sl (S35l b il 4 pri o Jug ] clile



VE00 ez ) Bylond OA Bygd ¢ oamb (Sl i (gl iy aloeo A

035 05T 5 4 Bdae o Lo Juog 51 iy Clile o 55 8 pm (sl ) dmaogs A3 o0 (S Loslodend ol
loa (591 iuls3l (Choi et al,2008) cowl adly yiol38) wul o515 4l 515U ol sl ialjél jlnde
ol e LAQL asls 5 PMasPMIO &) (o i e 53 el LSl )3 ol el (fals'L 5 ol
Ll g Woay VT ol o S35 alaly om0 L5 (Stson ) 3315 3525 (R 9 BB Jblixe (ko (Stuan ol 4Y
3 > Ml g 30 plol 6 ol (355 Jlod )3 (J by o (oS @l b (o) oo @l canl oo
658 abarly G 0gl] a3 45 s i () & 039l g e ol 93 )3 il s £l 2 o Jusg 3l it 51
05 b ) 550 ) > ol 5 30 395 (y9,50m PMais 0y Al b aly el 5 o815 o e (o
D0lS sl oagll (dln lao )3 Gl o w5l 5 (V417) oSem 5 J cizpan {Li2017) 5550 L5
1 (Li et al,2016) s 0 ol y ol ol sl clalé 5l (oy55 Bos Lialidl Lol il @lad 5o glas
e il y90 53 (g3ate lasins odoioh VL] (uSiiid jad WS dilate (yammen Suiddes § Suis slagdl
Sk (Jily 5 jeser Sibl dox I cunl 48 Splonil gladhaio b (oo slaplide jl l9n cudS 5 5k 2
Bailling ) cusl canes (bl ady o] cde a8 aisly Jlobsl g 165,8 oamlie wSiid (5 1y 6y yalojlm 34l
Sl gl (5l gaesme p wSid dilate (> Sl slacled &S aiily Hlobl ¢ yslys ¢ w23 .(and Brazel, 1987
ol aidlyd g 03,5 Julowigd 55 |y wSiid 13 (S0)b &y 405 (Diem and Brown,2003) 5,188 o 556
W il 083l )3 (s )bosime (s lol I3l (nSitid (b it sladags 5 (Byd Jlod dag )3 ola Ko &S
Dlod S 4z (VAD =Y+ oY) b (gykad 090 U (VAANAFR) 0l oyed 51 B 0ye0 I mopd VYU

.(Shepherd,2006)

8 5 4o
Ol Simggy onl slaaly amd i |y oo (lamgcl ces — g2 3,583 10 Sl ol Sl Wl oo i 0
S Shg 9 ohb slgSl ) bline Gl b pdl ans aw (b (05 b (K38 drwgd g (i o 45 an3 0
baomo (slod Saljdl &8 conl o Sila loj 093 ol )3 By (slojg) s Sty (RIS ul 03, ol yon (ST
Oh S L lojen B9y b il oad )l 4 By 5l 03k 5B e cage s red (2leyS o Bl WA 5 g0l
D90 omldie (B (slaje) AR g b SIS Argi (995 S (slabaily 9 031 (60 obaB L golaw
G g g9 3 i b 00 b 2 50 oo D clale lEl &S ol Lt b Jug 2l (18 4 by b
5 Cuto dlaly (Byan ()l jlaie § (AOD) Jusg 3l (Sl o o 45 sligSar sl ol pon (38500 (slo )l
3 S et & ol = Jug gl (S 3 2920 (slacuabal pus Cgple 3wl ul sl 135 (glolias
A L g (IPCC, 2013) canl s’ JB 980 a3 Sl (souldl (sloJse )3 Cuslad pie glie (p 55,5
e, ), (Gebremariam et al., 2018) 51> Slgson lapl Sodiy g (oAl (sla Sy yuss 53 b fuwo il
aly i) foline ,2alS b PMas s PMI0 sleo )3 ofgds cssn sloodin¥T clale Liulsal a8 ol slis ol by
Col o] Sl s €] g Ign (So9ll slosad s (g HB (i (slo Siurar sl olan o052 53 5
S FS5 Bgy (S5 SiyeY b g Bl Gl Slelis)] > LS 4 (g hled Y (Sogl] Ll o oyl &S
b )] o 598 sl 2929 45 Sl g 55 gt ol )3 oalcunday cloaidly b as ol S oo 518
o &S ol yiagh b addllae pl pols «pizen (Birinei et al., 2025) wlooly Lis 1y o> oY g



vy e (095l 1) Of (2lgpg] (3,95 3U 9 W s | L (a9 (59 S

Lo g 1 ol 21331 45" (glaisSay )05 Slgseam ciled S a2 ool dnasgs 2 (g5 (65l bl yo 1y Lo Jusg 31
S 4 ol ] Sl padge ool (Li et al,, 2011) 398 yoxie sl 42l b 5w sl gl ekt & Slgs oo
it 351y b (slolorns 13 (5t il 5 Loy (s39n0 5L K15 sm dgh Sy (115 55 050le Iy
oS L s PMI0 3leo 01,5 45 313 (15 Loyt (sod ool oo 5 i (ot (pg0es,S e gulis 5
A3 g (s Bl (plWigd oo Cogume g b 53 Pl f)) Sl )3 oKy ol piite (2 ot (AQT) Ig2
2303 e ame > ol 6 k3l i )3 (L 1 Ign (o9l (Sl g go2 il Jelge (e )3 &S
cage lon (Sagl 5 oo I (ntid plojen (S ey 4 )l 45T wG ol Gimgly ool b g
30020l 9 59 oA Y] 1S 4y dr g5 g5 Wbl (ol sl oud ol a5 0 (Sl g 03k slo Sy s
2 lomgcl Sl b ()5l 5 enldl bl (ialS slodyaly 5l oty lsieds |y wdll b Bl (60

b oo di 1y by S

b o
ol @3l Jlo als 51

OR339 ke
Al LsJ.AJ)lJ Alse 4.\.]5] A dmuy ‘)L; d)90 dL&:J.J?U 9 L&aou)l.)ﬁ Pl?u] ooy d;{lw ‘55)‘.0&5 Mls
Alio il g g dmodld (5 glger tls (s i

é.éunsbw
Dl el Hlisl b g (Stiwwg b alaly j3 adlie dlas gun 45" W5)ly o pMel i o8

PG g
P e Ol lop bS8 eS8 g lidln plojle ohaga il (5 Lo @ iogy (nl pll 3 oS SluSaes Sl (S aiy
Ales go (15,38 5 S5 il pbuil 1y Allie cusS ol I 48 SluS uimmen g baoau YT ¢ wlislen claodly ol 1,8 L3

&be
loyially g jbae (59 sorn¥T I3l oy (VF+F) . ely dow (sle gl g9 e L b (Bt ()RS

DOL OA-YD  (YYNY o wub Lo lbbuw jopi g old 2 obw (p)S clale pu 5 owlidles
10.22111/jneh.2024.47935.2028.

References

Bell, TL., Rosenfeld, KM., Kim, JM., Yoo, M., Lee,l., & Hahneberger, M. (2008) Midweek
increase in U.S. summer rain and storm heights suggests air pollution invigorates rainstorms.
J. Geophys. 113, D02209. doi:10.1029/20077D008623.

Beck, HE., Zimmermann, NE., McVicar, TR., Vergopolan, N., Berg, A., & Wood, EF. (2018).
Present and future Koppen-Geiger climate classification maps at 1-km resolution. Scientific
data, 5(1), 1-12. hitps://doi.org/10.1038/sdata.2018.214.

Bailling, R.C., Jr. and Brazel, S.W. (1987) Diurnal variation in Ari zona monsoon precipitation
frequencies. Monthly Weather Review. 115, 342-346.

Bamola, S., Goswami, G., Dewan, S., Goyal, 1., Agarwal, M.. Dhir, A., & Anita Lakhani, A.
(2024).Characterising temporal variability of PM2.5/PM10 ratio and its correlation with

meteorological variables at a sub-urban site in the Taj City. Urban Climate, 53.
https://doi.org/10.1016/j.uclim.2023.101763.


https://doi.org/10.1038/sdata.2018.214

VE00 ez ) Bylond OA Bygd ¢ oamb (Sl i (gl iy aloeo YA

Birinci, E., Denizoglu, M., Ozdemir, H. et al. (2025). The role of meteorological variables and

cloud base heights in urban air quality. Air Qual Atmos Health (2025). nttps://doi.org/10.1007/511869-
025-01822-4.

Choi, YS., Ho, CH., Kim,J., Gong,DY., & Park,R.J. (2008).The impacts of aerosols on the

summer rainfall frequency in China. J. Appl. Meteor, Climatol, 47, 1802-1813,
doi.org/10.1175/2007JAMC1745.1.

Cao, Q., Yupeng, L., Matei, G., & Jianguo, W. (2020). Impacts of Landscape Changes on Local

and Regional Climate: A Systematic Review. Landscape Ecology 35, 1269-90.
https://doi.org/10.1007/s10980-020-01015-7.

Du, Z., Li, W., Zhou, D., Tian, L., Ling, F., Wang, H., Gui, Y., & Sun, B. (2014). Analysis of
Landsat-8 OLI imagery for land surface water mapping. Remote Sens. Lett, 5, 672—681.

Diem, J. and Brown, D. (2003). Anthropocentric impacts on summer precipitation in central
Arizona, U.S.A. The Professional Geographer, 55(3), 343-355.

Farias, W., Pinto, O., Naccarato, K.P., & Pinto, I. (2009). Anomalous lightning activity over the
metropolitan region of Sdo Paulo due to urban effects. Atmos. Res, 91, 485-490.

Gebremariam, S., Siwei, L., & Mengsteab, W. (2018). Observed Correlation between Aerosol
and Cloud Base Height for Low Clouds at Baltimore and New York, United
States, Atmosphere 9(4), 143. hitps://doi.org/10.3390/atmos9040143.

Gu, Y., & Li, D. (2018). A modeling study of the sensitivity of urban heat islands to precipitation
at climate scales. Urban Climate, 24, 982-993. https://doi.org/10.1016/j.uclim.2017.12.001.

Huang, X., Wang, D., Ziegler, A. D., Liu, X., Zeng, H., Xu, Z., & Zeng, Z. (2022). Influence of
urbanization on hourly extreme precipitation over China. Environmental Research Letters.
17(4)044010. doi: 10.1088/1748-9326/ac59a6.

Hu, J., Liu, Y., Sang, Y. F., Liu, C., & Singh, V. P. (2021). Precipitation variability and its
response to urbanization in the Taihu Lake Basin, China. Theoretical and Applied
Climatology, 144, 1205-1218. https://doi.org/10.1007/500704-021-03597-x.

Intergovernmental Panel on Climate Change (IPCC). (2013). The Physical Science Basis.
Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change. Cabbridge University Press.

Kug, J. S., & Ahn, M. S. (2013). Impact of urbanization on recent temperature and precipitation

trends in the Korean peninsula. Asia-Pacific Journal of Atmospheric Sciences, 49, 151-159,
htps://doi.org/10.1007/s13143-013-0016-z.

Korkmaz, S., Goksuluk, D., & Zararsiz, GN. (2014). MVN: An R package for assessing
multivariate normality. R Journal, 6(2).

Kabhrari, P., Khaledi, S., Keikhosravi, G., & Alavi, S. J. (2025). Investigating the effects of criteria
air pollutants and meteorological parameters on the change of black carbon concentration in
Tehran and Tabriz. Journal of Natural Environmental Hazards, 14(43), 35-58. por
10.22111/jneh.2024.47935.2028. [In Persian].

Kar, SK., Liou, YA., & Ha, KJ. (2007). Characteristics of cloud-to-ground lightning activity over

Seoul, South Korea in relation to an urban effect. Ann. Geophys., 25, 2113-2118.
https://doi.org/10.5194/angeo-25-2113-2007.

Kar, SK., Liou, YA., & Ha, KIJ. (2009). Aerosol effects on the enhancement of cloud-to-ground

lightning over major urban areas of South Korea. Afmos.. Res., 92, 80-87.
https://doi.org/10.1016/j.atmosres.2008.09.004.

Koren, 1., Kaufman, YJ., Rosenfeld, D., Remer, LA., & Rudich, Y. (2005). Aerosol invigoration

and restructuring of Atlantic convective clouds. Geophys. Res. Lett. 32, 10-1029.
doi.org/10.1029/2005GL023187.

Kourtidis, K., Stathopoulos, S., Georgoulias, AK., Alexandri, G., & Rapsomanikis, SA. (2015).
study of the impact of synoptic weather conditions and water vapor on aerosol—cloud

relationships over major urban clusters of China. Atmos. Chem. Phys, 15, 10955-10964.
doi:10.5194/acp-15-10955-2015.

Lacke, MC., Mote, T.L., & Shepherd,JM. (2009). Aerosols and associated precipitation patterns
in Atlanta. Atmos, 43, 4359- 4373. https://doi.org/10.1016/j.atmoseny.2009.04.022.

Li, W., Du, Z., Ling, F., Zhou, D., Wang, H., & Gui, Y. (2013). A comparison of land surface
water mapping using the normalized difference water index from TM, ETM+ and ALIL. Remote
Sens, 5, 5530-5549. d0i:10.3390/rs5115530.


https://doi.org/10.1007/s10980-020-01015-7
https://doi.org/10.3390/atmos9040143

va e (095l 1) Of (2lgpg] (3,95 3U 9 W s | L (a9 (59 S

Li, L., Zha, Y., & Wang, R. (2020). Relationship of surface urban heat island with air temperature

and precipitation in global large cities. Ecological Indicators, 117, 106683.
https://doi.org/10.1016/j.ecolind.2020.106683.

Li, S., Joseph, E., Min, Q., & Yin, B. (2016). Multi-year ground-based observations of aerosol-
cloud interactions in the mid-atlantic of the united states. Journal of Quantitative Spectroscopy
& Radiative Transfer, 188, 192-199. https://doi.org/10.1016/j.jqsrt.2016.02.004.

Li, S. (2017). Aerosol Indirect Effect and Cloud-base Height Observations in the North East of
the United States. Int J Earth Environ Sci, 2(2), 128. doi.org/10.15344/2456-351X/2017/128.

Li, Z., Niu, F., & Fan, J. (2011). Long-term impacts of aerosols on the vertical development of
clouds and precipitation. Nature Geosci, 4, 888—894. https://doi.org/10.1038/ngeo1313.

Meng, K., Cheng, X., Xu, X., Qu, X., Ma, C., Zhao, Y., ... & Ding, G. (2017). Spatial-temporal
variations of pollutant emission sources inverted by adaptive nudging scheme over Beijing-
Tianjin-Hebei region based on the CMAQ model. Acta Scientiae Circumstantiae, 37(1), 52-
60. DOT: 10.1016/j.scitotenv.2018.06.021.

Mishra, P., Pandey, CM., Singh, U., Gupta, A., Sahu, C., & Keshri, A. (2019). Descriptive

statistics and normality tests for statistical data. Annals of cardiac anaesthesia, 22(1).
https://doi.org/10.4103/aca.ACA_157 18.

Naccarato, KP., Pinto,O., & Pinto,IRCA. (2003). Evidence of thermal and aerosol effects on the
cloud-to-ground lightning density and polarity over large urban areas of Southeastern Brazil.
Geophys. Res, htps://doi.org/10.1029/2003GL017496.

Otsu, N. (1979). A threshold selection method from gray-level histograms. IEEE Trans. Syst. Man
Cybern, 9, 62—66.

Oke, Timothy R., Gerald M., Andreas, Ch., & James A. V. (2017). Urban Climates. Cambridge:
Cambridge University Press. https:/doi.org/10.1016/50168- 6321(06)30036-2.

Ronald, C., & Estoque, YM. (2015). Classification and change detection of built-up lands from
Landsat-7 ETM+ and Landsat-8 OLI/TIRS imageries: A comparative assessment of various
spectral indices. Ecological Indicators, 56, 1470, https://doi.org/10.1016/j.ccolind.2015.03.037.

Soriano, L. R., & Pablo,F. (2002). Effect of small urban areas in central Spain on the enhancement

of cloud-to-ground lightning activity. Afmos. Environ. 36, 2809-2816. hitps://doi.org/10.1016/S1352-
2310(02)00204-2.

Steiger, SM., & Orville, RE. (2003). Cloud-to-ground lightning enhancement over Southern
Louisiana. Geophys. Res. Lett., 30, 1975. 0i:10.1029/2003GL017923.
Steensen, B. M., Marelle, L., Hodnebrog, @., & Myhre, G. (2022). Future urban heat island

influence on precipitation. Climate Dynamics, 58(11-12), 3393—3403. nitps://doi.org/10.1007/500382-
021-06105-z.

Shepherd, J.M. (2006). Evidence of urban-induced precipitation variability in arid climate
regions. Journal of Arid Environments, 67 (2006), 607—628. https://doi.org/10.1016/j jaridenv.2006.03.022.

Savic, S., Kalfayan, M., & Dolinaj, D. (2020). Precipitation spatial patterns in cities with different
urbanisation types: Case study of Novi Sad (Serbia) as a medium-sized city. Geographica
Pannonica, 24(2). doi:10.5937/gp24-25202.

Song, Y., Liu, H., Wang, X., Zhang, N., & Sun, J. (2016). Numerical simulation of the impact of

urban non-uniformity on precipitation. Advances in Atmospheric Sciences, 33, 783-793,
hitps://doi.org/10.1007/500376-016-5042-1.

UN-DESA. (2018). World urbanization prospects: The 2018 revision. online edition (Tech.
Rep.). United Nations. Department of Economic andSocial Affairs.

Wei, T. & Simko, VR. (2021). Package “Corrplot”: Visualization of a Correlation Matrix
(Version 0.92). Package Corrplot for R Software.

Wang, J., Feng, J., Wu, Q., & Yan, Z. (2016). Impact of anthropogenic aerosols on summer
precipitation in the Beijing—Tianjin—Hebei urban agglomeration in China: Regional climate

modeling using WRF-Chem. Advances in Atmospheric Sciences, 33, 753-766.
https://doi.org/10.1007/s00376-015-5103-x.

https:// data.irimo.ir.
https:// air.tehran.ir.
https:// earthexplorer.usgs.gov.


http://dx.doi.org/10.1016/j.scitotenv.2018.06.021
https://doi.org/10.4103/aca.ACA_157_18

