Land surface temperature (LST) variability in local climate zones

(LCZs) in semi-arid regions (Case study: Bojnourd City)

Zahra Parvart(®) | Marjan Mohammadzadeh?(") | Sepideh Saeidi3(*

1. Department of Environmental Sciences, Faculty of Fisheries and Environmental Sciences, Gorgan University of Agricultural
Sciences and Natural Resources, Iran. E-mail: zahra.parvar@yahoo.com

2. Corresponding Author, Department of Environmental Sciences, Faculty of Fisheries and Environmental Sciences, Gorgan
University of Agricultural Sciences and Natural Resources, Iran. E-mail: mohammadzadeh@gau.ac.ir

3. Department of Environmental Sciences, Faculty of Fisheries and Environmental Sciences, Gorgan University of Agricultural
Sciences and Natural Resources, Iran. E-mail: s.saeidi@gau.ac.ir

Article Info

ABSTRACT

Article type:

Research Article

Article history:

Received 20 February 2024
Received in revised form 04
May 2024

Accepted 25 May 2024
Published online 31 August
2024

Keywords:

Land Surface Temperature
(LST),

Land cover,

Local Climate Zones (LCZs),
Urban morphology.

Urbanization which has been considered the main contributor to climatic problems in
cities, not only changed the physical environment in cities, but also has affect the
characteristics of local climate zone. This study aims to investigate the relationship
between surface properties of Local Climate Zones (LCZ) extracted from satellite
resolution images and Land Surface Temperatures (LST) in a semi-arid region. By
employing the LCZ approach, the study seeks to understand how LCZs influence LSTs
in this specific environmental context. This study consisted of four main steps: Image
preprocessing, LST retrieval, LCZ map preparation and spatial analysis. In this way, the
LCZ scheme was used to classify the study area based on two sets of built-up types and
land-cover types. Google Earth was used to specify training areas under study and to
define different LCZ types. The Split Window Algorithm (SWA) was used to retrieve
LST from Landsat-8 TIRS. The results showed that the built type and the land-cover type
behave like two independent sets of patterns in the study area. The build type set
fluctuated in a higher LST range than the cover land set (forest, farmlands and bushes).
By shedding light on the relationship between the surface properties of LCZs and LSTSs,
the study provides valuable insights into the factors influencing thermal dynamics in
semi-arid environments. Armed with this knowledge, urban planners can develop more
informed strategies and interventions aimed at mitigating heat-related challenges and
improving overall urban livability.

Cite this article: Parvar, Z., Mohammadzadeh, M., & Saeidi, S. (2024). Land surface temperature (LST) variability in local
climate zones (LCZs) in semi-arid regions (Case study: Bojnourd City). Journal of Natural Environment, 77
(2), 371-384. DOI: http//doi.org/10.22059/jne.2024.372929.2653

I DG © The Author(s). Publisher: University of Tehran Press.
DOI: http//doi.org/10.22059/jne.2024.372929.2653




oo (Slgdg] (sanailaie )3 (LST) pome; cebaw (slod Ol ypundS oy 2
(3,500 s axllae) Suid dowi 3ble (LCZS)

Y . )
¥ 5w b | 03l jem0 o o | Y o 152

zahra.parvar@yaho0.com :asbll, .\l 5,5 Laub mlie 5 (5j59liS pale olKuily o jlaxe 5 oMl BIKENS oy jlass (wdite g psle 095 .

AALU) ulﬂl ‘UL?; w]o é’l““’ 9 Ls')')’LfS F}Lﬁ o Kisly sw..'{)la.:?u 9 QM.:.J: BuSisly swu.g)la.:?w WMo g P}LC 5915 6J9LM RVeWEPY At
mohammadzadeh@gau.ac.ir
s.saeidi@Qgau.ac.ir :asbLly .oyl (5,5 xubs wlio g (65)9LiS pole olKuisly cumm jlaime g M 51 e jlasso _pwdige g pole 09,5 Y

ouS> e leWb!
b el (2528 Lo L 9 oo 4385 55 )3 bn jaed 53 (goelll MSte (Lol ole lgicas o i o gy o :allie g5

ool o3l 3 5t cos |, s Bblio 3hay puaseio g (oo (lgng] (cla S aSb wanl o3l puis |
lolsale zslad Jloxdl e e (slsngeol blio o cla S o Al oy adlan ool Sl B0n (6 v il 5 6
Jbsds adlles ) LCZ (gaidids 5,554, SO 5l oolatul b .l Siddoy ddlaie S o u..,o) daw slod g Ve YD s 5
Dy ol dsye jlan Jols dalllas oyl sl ol Jace diej opl ;5 LST 5 LCZ W56 SsSs Sy VETLYT0 s s g,
dlaie gaipaibais slp LCZ gl o 2l Jos 4520 9 LCZ 488 &5 LST bl sl Bibrote (0 oy Lo o,
!y Google Earth .ui eoliiwl (pej kg elgil 9 colwlul glgil dcgams 95 (ull 5 addllae 390
Baioc slaodls 5l .cd)S )5 oslitul 3,90 LCZ (il glgil i pai g (ijg0l bl (9,8 Lascie

HEYY{ PR (Y
o s gl 3,8 o3lid LST Lol sl (SWA) o 8ty winysSl 5 ot 5l jasigile 79
8y addllas 3y50 ddlais ;3 Jituws (5oXl degamo 53 (laicds (o i Lidgy 9 Gl bl ladc gazes (LST} o s
b3gioe 3 (adigs 5 6510 e JSi) o) bS Lidsy el o Cand il dogarme LST i o e Cd_ i
- T s s T e ladgci] gnisdibaio
slagiig LST 3 LCZ clib daw ol gw daly ()5 (pdg) b adlae cpl iy logs 6505 desbd czs)
¢ S

(ol oyl 5l ookl b aad o &) Siddass slalase 3 S)lis obigs p She Jeloe 3y50 3 1) (saiaid))] ) ]
g boS 4 bge il ol Gun L) (5 5alalsT wslas 5 laisl il Algi oo 0 olj2)ael R S50

WD Ay (5 e (S dgaig

ble (LCZS) Lo (slgmgl (ganailaioys (LST) o) paw (slod ilpesss (guyyr (VF+F) odmms csdums g £yl po odljtame )9y 3 liun!
XVVPAE (V) VY aiel o Lo (35001 s Gllae) (Sbdag
DOI: http//doi.org/10.22059/jne.2024.372929.2653

oy
By © Ol o&uisly ol Ll duye 15l




Yvy O5ad 5 455 /S doi (§blio (LCZS) Ao (slppgr saivaibaio s (LST) o j praw (slod oy’ s 0

dodio

284 pamio g e lomocl gl Shag b wals i 1) bojed (So5d Lo s ALBIS (B ) (St o
590 53 SleMbl uily s ) Parvar and Shayesteh, 2017; Wang et al., 2017) cl osls S5 1y (g s 3blio
Jb ;> (Bechtel et al., 2015) cul 03,5 g (630d Copo 5 Siyaobp 10 2 Vb coenl bl 30 [l g la
gy oABCo e gy SLAS § 38 LB i pobaw b wa 4 S35 baplails plyisa &) b Gble pSl
395 33 1) (123 OV 5l i) (e Came 581 252900l cilodlsy polaidl sgd e 1) (e rdaws o) ¥ 51 128 (Wgd oo
Owej odaw slo> (Bechtel et al., 2016) sl wiales sls 555 0 1) s Cures jlaoys £ ¥ 0+ Jlo b g 00l sl
s «SB G 9 Bp) (o) S9) 2 e Bl Bl e 3980 4B LD e B L g slod gicay a5 (LST)
taw (sles .(Gholami Rostam and Beck, 2019) 555 cud cunl (glojlgnle baizuus (o yme jd a5 (IS b leid b
Gilises sl ol )y 5l cou cuday LST amd o L5 39390 lalllae .3)05 5,8 (630 (5599590 pili Co Coddy yuo
oleMb| +laas .cuwl (Yang and Li, 2015; Zheng et al., 2019; Danniswari et al., 2022) >,ls )|,3 (¢ 0 (55505990
Bechtel et) cul oads adlis dlasly ol S35 Cdyin slp Sy ple SO lgieds (650 sblie (slaodls 5y90 )3 5.8
(al., 2016

Olypsd Co pde g odbsdin b sble JolSS 5l gy Syo a8 aad Il (63 8¢ pasie leMbl Wl o Lad | clialis
5 )yl (LCZ) oo slgmo] (siisdilain g )b <SS | jobate ol 4 (Chini et al., 2018) 35lo o ySas |y lgngc]
oadddly) olomg] bulps lwly oliwg, g (o bl 5kl gauails ly a5 (Stewart and Oke, 2012)
Bechtel et al., ) 5405 (5)915,5 (g0 3,Shae 5 S5 1 (oolazel B cleMbl )lg5 o §(Estacio et al., 2019) ¢l
2 5 0y3d (maplejlo wsyglaer ey Mg (WUDAPT) wjios Jbyge slojlil 5 Sl v 031> (2015
2 e b e slaodly 5l LB wlalllas juiy (Bechtel et al., 2016) cusl 03)S slow! (sbaodly cpis o3l 8 o ytwd
Estacio et al., 2019; Ochola et al., 2020; Bande ) xles,S esliwsl LCZ ()b pauiis sy WUDAPT oKL ¢ yiw,
(et al., 2020; Abougendia, 2023

Bechtel et al., 2015; ) cul sdewy Slil 4y ale @losl 5 03,508 jobas doxo Syl auldl 5 (60 damwgs 3l
e olamac] canadlate candils 3,5, (YY) o Ken 9 Azmi (Wang et al., 2017; Azmi et al., 2021
dilate S > (o) ghaw Sla Sy 9 led Al g (g ) (2Lad bawgie £959 L (lolgale glas ) eslial L 1) (LCZ)
3 S5Gme S 4 (e il slagyg) 4 s ped slalame (il 1Bl bl widges tlejl GiSThe > SiSaes
Gble @l s Blog) iz )3 LST @95 ol () pslaieds VYY) AbOugendia .uis oo SaS' s 0d 2lisy
LST 5 LCZS 1y (olad Lalg) 5 coslaisl L5 guls addllae sl )3 b g ys ulooisds 1o 50 sl cawdey |y LCZ (Ko
5 odlaiwl b1y oo 5 odliiwl ylen puwlpw 53 yod O+ (slaodld degaze 51 (Y+N) o Kea 4 Bechtel sl lis |,
oo 1y LCZ sy )lis s gl .163,8" dunlio 59351 yiomiw (slaodly 5l osliwl b orisadgs pdaws (slod ,5 )l slacsglas
Slgi oo b 9 jgy e g slod Syl Ll 38" ploste (e o (slod (bl (G 06d 5 (b Al £95 93 2 (6
Sl cglate

= Jisiw (g oy (slaodls 1 (Y VF) o], Sen 5 Bechtel .uilosls slgiiy oo )Saly LCZ 2ol dgup0 caa clalllas 5y
aS ol LS (63590 Al lgicds poboyls o canaib )3 b s 005 edlanl LCZ (gaidils zolis dauy (gl )
il ) (RF) 7 bolas K b9, 9 idu oo dgue |y ganail IS 5,Sles SAR 4 Lab Li> claodly Sy
Do LCZ drwg Lil38l sl OpenStreetMap (OSM) (skeodls 1 (Y+)4) ) Ken o FONtE cuiily (g0 3 Slas

Local Climate Zone
2The World Urban Database and Access Portal Tools (WUDAPT)
SRandom Forest (RF)



PPt o & ylouis ccuis g 5Lt 895 o s Conss j Jaimo vv¥

ol Slab SSE el ogyem! 5 eslamnl b sl lis Ll clanlie .055,S" odlatul aadds ¢8> 90 9 dg3g0 031> mlio
el Cundas £ @l (S gl 5 5)sliS Gble alez |

2 ofagts cllllas )3 a8 Blus 51 (S ol Sl (osite 2lom o O gl Shag 98 ) Cilises 3blie g oo
adlas opl 5l Chun .l a5 590 ddlate LI w8l 5 olon g O baylys ol coenl Bl (s Copde g (gjryaebp
5 SRS Bble 3 p)S bl Copte jslaindy Suiddoy dibate 4 ) LST 9 LCZ (obaw sl Shg o il (o) 2
) 53534y paia ALl 3l o 395 tpdih )3 e plic e (la Sy 55,5 a5 4 LCZ ol ] ingo
Dl e ySee |y lomg] @l s Co pie g odsaiblo bl JolSS 51y )3 g amd L)) a0

o3 wlbiig y

(i gS 3y waldl )3 5 Lyd s 5l 6o Vo Ve awgite iyl )5 (Jlod il 3 (il 38 50 35900 0 saalllan 390 dilaie
sl (Vs g 350 (gl 5 p)F claplia b Std b Sitddog 55 5l o] amo 839000 13 lomgil g 0ns s
09l Saoa) 9 2090 D CofS o & @y yiaghS V¥ dgas gty ladlate (iagdy (pl 5> dalllas 390 839000
dnng 9 28y dlo 31 SV g5 aals Jled lul B bl 350 4 a8 s b YAY Jlo 510,500 e () JSK3) el ¢
3 o5 hdsr 9 S 52 Sl 4 e Camenr (RIEL sl 0391 (oo (bl (6 )l Sliasdd g Capmer Gl 0
SloolE S dawg b oo Sl [talel sl 00d 523 (55,5l slome; GRIBl g b oo sLid tnlS dlo
o & oo S eleial g (ool Olysi 4 dogi b cplpli ol 4857 )18 (B (Lab (5857 Jlas 5 (9 o>
D)0 3939 Jlaie Slpusd y duds yed <l

S s = s b ok

g Ko Kk
15 ofy,8 Sty ol &4
Pl gl sy

aldsy )N

axlllao 5 )90 adlaio § 0[]
(Pl odguaze glads Al

ESTSC TRVREPRE Y |
Hillshade

ey D - High : 254
MU L™ Kilometers | | . !
0459 18 27 36 ! o

Low: 0™

anlllas 5,90 ailaie - JSU

saY g slojlgale sl jlacglie (38 5 iy o Shy b 4l W LLCZ (gunail gl 1) (o9 9 o3l
Tyo9 b Ol Jad 4 bogyje (5)> 5 (b iz lasil) A cowsd Gloj (g pglai 45 o2latul o (SIS ol
Gl opl g egde L uas cél > Ll USGS Earth EXplorer cols 51 73+l a8 4o g pl Lidgy b eyio Yo slab
conlie gl Sl b 155 el Loy o) (sl S 325 51 (sle godo g oolits] (satdids 5 3gatp sl V= skt yguss
295 5 58 cuslie (oals sladiges (Lol (gl 9 @al)d LCZ anail (ol SAR 5 (b x> (slaodls (39,

ol 05,3 Y Jgaa p3 ol 381 wlie g edltuldyge (slaedls .05 exlazwiGoOgle Earth
Cagby Jol) (o) daw slod (23l sl 55 3)90 (il (laosly A 4w (il 5> sl glas JILST 4
Lgsyo SleMbl el candds golo ygods 3,950 wlidlgn olKiusl claodly ;I (HUid ¢ puo; prlaw 4 035 (slod ¢ oms



YV OylKad g 494 /. KiiS dai §blio (LCZS) Ao slppgoi] givaibtaio;s LST) o j grbaw (slod &lpusds' (s o

plos Canl [ 4y p3Y Ll 0aB)SDY Jgda 10 e pdaw (slod 35905 (6l 5Lidyge (g9 (sl yialyb g Cowad slaodly 4

axlllao ol 43 3likwl 3590 20313 ) Jgan

e S8 g3 (UTC) pgeas <byd gloj g )6 o
. ARSI L VAV o
https://earthexplorer.us ot i v A s
gs.gov ' WOV S-YY/ 5V vy
o Voo Sl TIRS/OLI sxisi

V¥ S\ AV LYY

Sentinel-1
(S1A IW_GRDH_1SDV)

https://scihub.copernic

us.eu/dhus/#/home 7o MR WYY

S L polyly g Cownd cbdoald 4y by o leMb! Y Joan

06) s g, RH Bl & R0 s UTC) pigus cleys oo 5 o
(70) (o gl T0 °C) ( ) rgas <8y loj 9 20l LRV S
¥/ YE/Y ya¥a:.s-\8 Ay
¥F/0 Yo/ OUYAL -5\ 5l Yy A Cowdd
Y. YY/A YYi¥aes-a 0 /-alye vy

(lat/long 37 57) —(Km) V/-¥¥ gls)l = VA =+ ¥F s/ ypno
Altitude: 1.074 km — Path / row : 161/034

o3kl Cwdd (slaodly LS ;5 Sentinel-1 pgas G 5l ot (6bdy (awyy 0 Jbly polad sYL ol & an g L
b C mb 1) (SAR) T sguas 151,3Ls jhl, sleosls Sentinel-1A/B 5,lsale fols Sentinel-1 ¢y golo .
L VV+VH) hé 9 g)bly glaosly wlg o olélas cubge & aiw Sentinel-1 as o &)l wblineg xSl
Sentinel- Jsasw jl dallas (! 5 a2 &)1 (IW) %0508 w3105 s 2 1) (VV L HH) s S L (HH+HV
2 Y sl il p e b edlatel YV &, ;0 VV 5 VH 65,0 1 Level-1 Ground Range Detected (GRD)
85 &g SNAP l8le 5 lase 3V Jitior pgai 59

(1 JSs) ad ploxl (ol dls o ez 53 p3l> (Buios

sl 905 595 p5Y S ke sl g lolsale yslas gluedlel Jgl p5

el Cuoddy [iomo 050y 050565 SaS' b g A Cawdd pyglial J)lps slassl 1 edlaiwl L LST o> p5 1

GOOgIe l38lp 55 13 el sty sonlss (slodiges olly V it 5 Cowdd) clolgals yglas 5ILCZ & pgu pl5 y
A5 a5 Earth
A5 bl LCZ libs 1 Sy yo 5yl 8350 e b oliad Lilosigdy o5 31 657 5
Oy Jolis 8 ol 29 o osmline ¥ JSCi p3 Sentinel-1 ygua5 5315 i 9 (sjloodlel 1510, lg2ke wolad g 3Lwoslel
sl GamMA 0 -VVIVH (295 ngad 358 0 ngad (255 a0 ) Soltd)d 9 g &8y bl plosil cedlato 50
Jolis 35 s ooliw] LCZ (sloasds dus ,d &5 cundd pglad (551w el cawday LCZ (ganaids ;> odliul
Do o (8 yamai] § S iogdly ilousual
N38le s 5> (SWA) Iiome by wiaps:l il 1A cusadd pyglal | o (glod (30055 (s 3o b (5Lo3 (21 5L
ool L edlaiwl ol odly axwgs (Parvar and SalmanMahini, 2024) SalmanMahini 4 Parvar lawg LST
Canddy  Sly> b g3 51 LST g a5 o Bis |y (69> <l )3l LST_Landsat 8 splitwindow | jslaes )5 loxe 5yt

y9lcs0

*Synthetic Aperture Radar (SAR)
SInterferometric Wide (IW)
Split-Window Algorithm (SWA)



PPt o & ylouis ccuis g 5Lt 895 o s Conss j Jaimo yvy

b 3 X /
, : v v [

o Wil wsly

R T N S v

e vy Betal band zeoxas
Ailin 30 922 == O eg3ls =
v sro ool 32 palal Bp d palal dialesy kS Subset Radiometric !
il il dlilats s E i Calibration
i oAl S Crop to ROI Resample : & i
Spectral NDVI = I R il Saes i
- Reflectance B 30O A5 s Radiometric terrain 9
o Speckle Filtering = i =
8 — s B Flattering Zz
2 l l Y SeSn Ll el sl wiged ant Z
; 2 = VS ..
- 3 @» ol Digitize training
2Lds; sles s saialo Gly3 & 53
‘I':“_ ,::n‘j“ Gl i Majority Filter data 0955 &2 y0 (a0l > g B
T bt 2rs BT _l‘f"“_i ?urh\t.c. Range Duppler i Thermal Noise
cmperature ( ) Emissivity (LSE) Terrain correction Remova

a0 b slod
Land Surface Temperature (LST)

Gamma 0 VV-VH

I

ooy zhaw slod (lad o 008 b
@9n s oF Bbluss

Lodls Jaloxs 5 (5102 53 (5352)8 S )1l 5 ) (g, -Y S

oL (Mg Ve 3 )l slasly s, (slod (sl & ome by sl by b LST (sloas dugs sl
el 3 (] L8 5 (s gy dgn o) ao (sl s 5 (NDVI) (S iy s o o
5yoiy v )] dwlxe g, V ey el Cawdes LCZ A g5 5> odbonlit] Cwdd pguas dus yo (gl o) prdaws (slod
:(Sekertekin and Bonafoni, 2020) a»> e L 1) 135

To=Ti+ (T —T) + co(Ti - Tj)2+% + (c3 + cuw) (V

(1 —¢&) + (c5 + cgw)Ae

BWS] =Ag polS vy | g0 clasl ,d odiomiw j olidgy slod =Tj o Ti {omej gdaw (lod =Ts 2] > &
9 M3 U550 0y vy culps = Co-Co g (9/6M?) yauwedl Ol o ISl W ¢ caiokinS bawgio =& ¢ ctiokund
2l o Canda ¥ Al I oaiehnS 1SSke

€= 0.5(€i — sj) and Ae = (si — ej) (v k)

(Y)8) ohKen 9 Bechtel Josll)giws b LCZ adllae oyl j3 2 (LCZ) (domo (Slgpg] (gaidilaio Lol
byl 3blie dcgamo 4 3laio )] £ 03 103,S (cabaib £45 VY 4 1, LCZ (Y- 1Y) Oke 4 Stewart .. cavail
S5ls9 90 Gz sodls LCZ 385 sanadl (gly .l (A-G) (poj (samb gy degoono )0 £45 cuan 9 (LCZ 1-10)
clacodgime Jsas el lmodls g9 opl 4 ST .l jLidyge byl o glan Sig wlolp i (gavdils (lyp oy
831 oSL ¢gloylgale polad v e LCZ suiddl slo yig) citus (wyiwd 5 Cod cuwlio slacuwlw 5 (S59eiSS
s BB ol o LCZ canaib o)b Sy dawgs anly (WUDAPT) Ly Jb)sy slayll 5 sles ot
5 ol oplplo S o oozl Google Earthl oles sladises g Landsat yglas ssbe <5l 8l mlie I el
Wang et) wlas 5 IS, 5 a2 ly (p05 b o gyt 9 355 Slllao 1> |, WUDAPT (g, lae pulps > (s
@l Y s 45 (Y+)Y) Oke 4 Stewart lws LCZ (gly saddog slaoslitwl 5 Sllas sla Jodl)gus L(al., 2017
ol 05
5 b odliwl LCZ glgil 5l odas sladiges iy, (sly Google Earth pro ,liéls 5 ¢ Jol o8 3 (LCZ guivaidl
A (gl gen cidgy 0w 03D KMZ oy 1> a5 oulai Lgos Yoo 390> £ 900



Yvv OyKad g 1950 /. KiiS dod iblio LCZS) Ao slspgi] sivailaios LST) o) prbaw 5lod ol pnd (s o

LCZ1
Sl gl oST%

LCZA
oS %e Gl

LCZ2 ‘” ! LCZB
tugze glis,) @ST,30 o AN aY SaiSTys s,
L ——
LeZ. 3 PRy LCZ C
QS élm;‘ ﬂ’S')‘h . "‘ ' " _g @)’ ‘4:"!
. [} 7 LCZ 4 LOZ:D
oL gLyl o515 o $39LaS (orab sl5ale
J o) V4 P
F LCZ5 /;,/// ——
’ o, s Lo EUS1 pS157 oS ‘ TR ALt e
S LCZ6 S LCZF
2T o5 EUS1 o515 o5 i T

LCZ7
oF £, Sow lae

‘ y LCZ G
; 4

Cee gy yeite Lo (S5

LCZS8 i G e Tal 5 &

= , — 551 s laxsle 30T GaSI L e gy ;35085 L it sla S3as

- — £ o5 sl as,2 b 9 655lAS sla 0gad Sy gin (2lgn

Bl AL (o S Lad

P WP LCZ 9 b. bare trees ol - (ol 3n) o sste 5050 0550

® AR * . . 0T Al — laT s e i
suiSTy sla Glezslu 2 . S e

[ L 5. SMOW Cover i s e ml s Sl i te

VU g9l o

LCZ 10 d. dry ground ST G o iy - K25 1S

w. wet ground 9T Al - VL Bl 32 S

(Stewart and Oke, 2012) i 5,ltust db VY 4 (LCZ)  dome (slgpgo] (uisaibuio (g p awd doYd Gy, by - JSWS

Lol SAGA-GISY Jl38la i )3 V= it yugeal 9 A Comsdd ()l > 5 (b 3 (Sloj (50 a9l (polo a5
s (ol o Ve ay o Yol e (g0 Jlble i JUSiws gumo Bl gl e 9 805 0315 by dllals e
b S (sl JuSy (ool psba sl JuSy S (e (8 2 (e 9,509y slra WUDAPT gzl |5 s
e ool ol Ngd S 15 )3 5 b e dabls daciin wile jasiie gaw la by I (pebie slagisx il
Ochola ) wils dsee Sy daseiio 3051 j1 5cSasS Lol lazblo K daseie Jsb 5l 55,5 b 6 paiges Aols & ol
Gy €8 bl G 05 snadb LCZ glgl & Jgl Lisu o sddans s sladises colesy (et al., 2020
Jius degasme 5 S5 yslate cpl (sl 2 plosl gubai glas (o5 g LCZ (gaiailo ¢y 5 (sabdilo 3 Slas (o) »
Egome 3 5 ¢ yolaes GOOGIE Earth projl sslas yobay LCZ dib ol oyl slodiges jI Z0+ 3905 ]
e srodls lgica, Google Earth pro g . 53g; o0 0,33 KMZ LB 5 a5 s (¢ yglaes (oiw bl Lges V-
s B B | o oly gy U sl 385 S Bl & ol s Slizel b 4 48,8 lai )3 adllo ol
dgllio A oS )3y Lyt yilo Ky S b lsion |y 00 i g 5 (Bl (s ) bigyye leMbl L(F IS5) S uSaie
Google il SaS b 5 olulid snsc s LCZ 425 1 (LCZ jo (gly digns Vo d905) diges Vo5 ggare j3 3,5
s yd ¢ ol a5y (08 y0 w0 s pilo) s o Slo 3 B oLl sl s i Hles 5l G 505 oxiu,lael Earth
5 ooliwl (Wang et al., 2017) LIS Co o ¢ MoaiSulg como & )5 oo & S
(Sl S hy Jeosn oS 5 oy ) LCZ ()l03ad8 38 (g2 ILCZ Olib g (e gedanws (Slod dans e

’System for Automated Geoscientific Analysis (SAGA —GIS).
Sconfusion matrix

Producer’s Accuracy

19User’s accuracy

Producer’s Accuracy

12Kappa coefficient



PPt o & ylouis ccuis g 5Lt 895 o s Conss j Jaimo FVA

LLST (slaals .m0 lis |y (old LST o5, 6 5l snbote sla Sy b LCZ SO oS 399 jloiwl (5,8 ol p
Slab 51 S ol osd oy sl LST 35L g ()lol mjg b dwloo dadhaio o (clp LST g 55 oiligy o LCZ
S wyy g Sl glass hees LB LCZ

3R sbasl

SleMbl o394 tdilate I B GleMbl 355 wyiwd jd & dsg b dilaie p» Glib lols (LCZ Olib olwlis
Slab olols > WUDAPT eallygiwd 3,6kl 5l osliwl 393 g0pll asb ills ol bl o daledlo glis))
aab b g Colw bl dcgosmo jl adbs gy ¢ ol s lulid dalllas 550 ddlaio )> dids 635l £ g0ome 1 Dgr 005 SeS
(F JS5) e i gl

LCZ 5 Open m|d rise
L i) wsw ) £is)) oS oS5 bwsio £65) 51,5

T LCZ7- nghtweléhf Iow rise \ LCﬁLarﬁe low-rise LCZ A-Dese trees
el o5 S gl o8 )i ol oS yte U3

LCZ B-Scattered trees LCZ D-Low plants
xSy qt'%)b xS Aigy S SHb =55 lis— zale

~ LCZ F-Bare soil or sand neLCZ G-Water
awle b pL SB <!

5,980 piei LCZ cliseo Ciliab (510 0wl (gl sondnd (gddiged —€ JSWS



Yva OylKad g 494 /. KiiS dai §blio (LCZS) Ao slppgoi] givaibtaio;s LST) o j grbaw (slod &lpusds' (s o

Gladises ololy (¥ Joio) s &) (¥ JSb) dalllas 5y50 ddlaio )0 oss olwlis LCZ Glabs jl § o oy yad o
Dy degere jl dlb b 5 Coluluil degee 4y by dib py) alise dab VY L LCZ m‘o,\ﬁimmw@“

(0 JS3) dol Candas (o

axllao 390 Adlais 40 0 bl LCZ Olb 51 Sy 2 iy ylai -Y Jouis

T wlab
St AL i g i iy o g 53 g b 53 008 305 b (40 A BY) g el oSl ool
R 9 S 2]
okt o ] by ol (4 ¥ B V) glis) o8 oSTyte clalaziles LCZ-3
k8 i (Sl Jidgy Slgld 5 (Al A LY) Lawgio elis)l L o515 o8 sl ot le LCZ-5
(S 18 g IS8 cmge aile) Sawr Sladl @hae b=cd > (b b cd 3 (o8 slasmaids S slalaiilo oS50 oS 5 LCZ-7
oYgh Sloblo plas § (50 Jud (o) Gldsy €350 g b €83 (o8 B (b VY el o5 5 S gl b ler LCZ-8
Siw g 3oy
(e SHb b )83 (SR o (orebo dilato 3 Sl (jrwaioon b )5 ) 50 bl LCZ-A
e S b s S s SR 95 3,Skas (5 6LS) (539 Bios (1)) Gy o aiuon by 35 0 o0 053 oS o LCZ-B
Cal
Sk b e Joli adlate 3, Slas 5 (092 9 0bS (LS 5 Loy, LCZ-C
SRS b 655liS oo Jljale atlain Slos 853 (g b o8 Sl e QLS L (e LCZ-D
$39US b x5S 3,Skae ol (gl g dle g o0 b ST by LCZ-F
oY 5 o5l daailsgy aile Ko g8 (claodgs b laasl ys g lab s aile oljl 5 55 o (claodgs LCZ G

57°6'0"E 57°12'0"E S7°18'0"E §7°24'0"E §7°30'0"E

z £

s s

e

i, 2 3

- 3
LCZ

sus ey ot [ 2

o = 2 e

o et I 2 5

i d

o g5 o515 -0 [ E £
o EW e Y |

o EWL & Ol -A I - z

X = =

RN 1 =

s

ousty ot B [ & -
——

S5 el sl D z

)

bl b F | | Al R e K8 Lo

0 25 § 10 15 20 (-]

<TG 3

57°6I'0"E 57°12'0"E 57°18'0"E 57°24'0"E 57°30'0"E

LCZ il 0 JSui

Wl 0l iy 5 W o (659098590 (sbigy 3 Ikl gl U5, sl "‘_,’.\Dm Y «,;] LgJ.;gdéiL»}o" Ol & LCZ
S sadalyy (g g gole (5a)aaly Sl lizebl (sl 9 ayeed (m LCZ (elliyn g (J31 duglio |y alacus b
.(Ochola et al., 2020) cusl 03,5 3 IS
wuild 2939 (gauard 3 ol LS b o bledle gl S 350 ;0 dgizwe SleMbl Jdsay ax 3]
ool pd sl ooy lis 1y a8y g dleiel LB gt V= i g Cawdd yglas | oolaiwl Jdods 5ysi0 o LCZ cunanls
Sxie (gddab donis KW Sluly ooy (28ly ey U cunl 385 (B 5jluilay &)l 565 pgliay aSi] 4y dogi b aalllas
A ad )5 L 0 x g sleodly ey S



P oF 5 ylas st g OLiid 6,90 s Consj Laeo YA

CBd g (> dop> AVD (LS copd g <85 JSb ganaib lad o ple ganab ) (o jslaied;
A3 s 1y Yo¥Y Jlo LCZ (sanails (sllad o ple sz ¥ S 038 o a0 b |y (sintio

LCZ gaiaib sl s yilo Y Jgoa

e Cusdly
(7)) sxS gy comun Js G F D C B A 4 o ¥ Y olab
) ) N
) WY s ¥
3 ) q \ 0
) ) ) ¥
ﬁ./ﬁ AR . . . . . . \X A
\ A A A
£a/vy W . . \ AN W ¢ B
) A A C
q \ Q ) D
v \ s y \ F
) Y Y G
Cowys bl V-5 ¥ 2 P PR P A T Y q A\ Y Js
a5 Be Nee A Ae e A Yo VE Ve Ve AY/P (%) )l oo
Q- /v0 () JS Loy
NV ()L oo

Overall accuracy (%) - User accuracy (%) - Producer accuracy (%) - Kappa coefficient

bl el Cuoddy oo o5es win eSSl ooliial b (o) paw (slod a5 1S3 M a5 joblos tomej pedaws slod
(£ JSs) caol OVIVD 5 VYA by ddlaie S 0 VoYY Jlo o bed piSlis o JBlus |iee 0,50y (sl s 53]

s o slp LCZ (g)hpadds Clll o sl dome (ilgp 9 Of gble )3 (yroj rhaw (glod e
Sl 305 S5 olilys g dol Cavday ail8las obas LCZ clids 51 S pa 5,y (oo cadlllas 390 dilaie y3 5>
Blas e o i (ods gy Ao SO bl 1) bodly mi5e5 (gl dges (Y JS5) )5 )13 Jlodiads 3557 390
(s (2 3YL) 510 5 p 5l (905 35,5 13) oo Jgl Sl i 355

§7°6'0"E 67°10'0"E 5§7°15'0"E 57°20'0"E 57°25'0"E 57°30'0"E 57°35'0"E
f L H L ! . !
Split Window Algorythm (SWA) 2021
e P y T
SN Y 1
z =
o °
& 5
= =
= °
g- g
&~ 1S
© Ll
=z &
° °
w4 ) [0
Lial, § &
Ll - - r‘ ©
SWA_ 2021 ), (‘/ # r
gee! z
oC % A £
wem High: 5725 21 'k, ,,dr oFy _ '5
R ; s
B Low:2395 o i g T . ] Kllowte ’-("‘ > L
0 25 5 10 15 20
57°5"0"E 57"16‘0"E 57“1‘5'0"E 57“20'0"E 57"25'0"E 57"30'0"E 57°35'0"E

Yo¥Y -cmo o slod s -1 JSUS



YA OlyKasd g 9 /.. KiS o sblio LCZS) Ao slpoge] siivailaios LST) soj prbaw 5los ol puss' (s 30

(LCZ5) Lwgio glas)l b o515 o5 slaldls ¢ (LCZ8) el o5 Sy slaldls wils il degome 1
S 1ye (33 5 (LCZA) awlo b b SB35 (o) (g (iigy 4o 500 )3 5 (2led 839350 (0305 5 (Sl e i
A0 i Ty oled Bagaze (p yieS g p e wui s (LCZF)

LCZ-AST box plot Class MIN_LST  MAX_LST
e . I
Leee LCz2 ¥4/20 5I5A
Lcz F Brosenen { | | REEEEUREREEE 1
LCZ3 ARIATY \TdAr2
Lcz b L { | [T, |
LCZ5 Y. /55 FY/Y
LCZ C
g LCz7 Ya/3A AN
5 LCZ B
P LCZ 8 ¥/ o¥/ay
ElczA
5 LCZ A Y¥/20 FY/AS
Elczs R e i
= LCZB Yr/as FV/EA
ez 7 B { | Jroseessmeees 1
2 O B LCzC Yo/sA /5y
LCZD YE/A¥ ov/ef
1cz.3 P L R i
Lz 2 [S—— T . | LCZF AN bVIve
5 0 5 20 P 50 55 LCZ G YV/IYO ¥V/5Y

Temperature "C

(Cow! dilo Bard Ui H35 J& 15 30,8 bd ) LCZ b 5 LST (glas g0 —Y JSUS

S5 4% g S
ol 93l o sl Laoes 5 gy0d Gblis ) e (clsp 5 T gty dibato ;5 LST linis ousypy ddllao ) Chin
2 b JS o o > ot 185 LCZ 5 ool V= st 5 Casd] Sloj 50 sl 5 LCZ b 51 e
S o blod canaib 31, £l 5 g piudeis LSy 95 LCZ (Das and Das, 2020) &5 o iyl 5,5 5 (gldilate pdaus
ol fasine (ol (e o cslod b (s s

dilaie y> Jitue (598l dsgormo 93 plgisds (o) (b g 9 Ll (slrasgecme 3 (L gl (M5 joboa
K)o 2LS b gloil plo & Cawd 65YL slod B3game ;3 Ci b yludl degezme S o )l dslllas 350
5 (LCZ8) eyl o5 S)p slaglalo wwdlupludl asgorme )3 0535 o )13 ()ljaSs 5 red SHb b )88
(o (b by A5 e )3 g (led 839000 (n S g (n e o 4 (LCZS) bawgie el L 65155 o5 sl losi L
Aol Gl 1y (oled Bdgaoe (p yieS 5 (e i S (LCZF) (Sye s )> o (LCZA) dwle by b S 35

DY o il e pdaw 5 ) 1y calelul laste  lad ai Sy wmd e i alie Gldlae gl
Cxes Bblo 3 1) LST gYL yolie oo &g, slatel 3 0,0l yod J)ly> seSIl w)y 5o (V+YY) Abougendia
2505 oanlie GlbI liss, 3ble alie o)l b auiSTy o b 3blie 45 by 3,8 oanlie eio >l 5 pSTyie

(LCZ A, LCZ B, LCZ C, LCZ D) oS s b clab sl o)Lt 5ysms ya 50 lolids bl )5 Led cglis
0gu) 3 )3 b Sl .ol sl g §ym5 3oyl 5l o] (SaSis il 1 samdLis 45 5,15 )13 (6550l LST s3940
AT s (slod i > (g € 51,5 oty o8 1328l 15 08Ty 553 4 Copm (il LST 8350500 5
3> s ol ds gazme Slib glsil 4 Cos 65Vl LST ppolis (LCZF) awle b b SB M8 ¢ S 1 5 o
loaiSyy otz L) LCZ 8 .18 oo 15T (LS gy j1 (5le om0 zsbaw 3 (o) ol &)l Lais (sla S 0 oS
539450 (2 sk by S dib 5l i (Clanl b ()8 omej Shbsy 9 LS ibsy (igs €W o8 S)j ezl ]
A o i 1y oled



JEet o 6 ylouds e g 0L 630 o s Consj Laeo FAY

2lod Bdgdote 13 gy e Slib 4 Cund o diib ol il ololid addllae 360 dilaie jd oS ol cbaS) e
acgormo (pl ;3 Lo JBlas 4 01,8 Sle d5 )0 OF/OY U YA/A0 I LST s3gu0we (gl)by calopyludl gblo i)y )18 oy
ool (B)ljaSs 9 s 2ed SHb b )3 (K] e (LS Ldsy gl nlo Sl e S

A ozl Sittaass glomoc] slo S b bl 3 eabplonl alite Gliios 5 ol dalllao (gloatdly (e dunlis
Balaetal., ) s — sbl sesl o (Azmi et al., 2021) Sl 0)5 cp e, ¢ (Haashemi et al., 2016) 1,k )5
dab > 5V lod aizd (VL o) o (slod (s (s Bblie 4 Cos (08 g Al il ST (2020
Azmi et al., 2021; Haashemi) 355 o oo 59, Jobo ;0 ¢ law (g s S5 by 3> dbow] &y (LCZ F) dwlo ¢ b S
(etal., 2016

o oy gl aalllas 390 dilaie Sitddass (slgn g Ol Jdoas & Wi blizal pl 4 (V-V+) oS ¢ Bala
Lot Bblie (s ropay sl 1S (Bl Coms ay Jldgy 9 3)0 JLE < SBg pl (e gy COS (e
W) s Blbl lase 4y Cans (65508 (glod doa JilByue (gla ey

S o 30l |y S dass Gapaldl 3 (3ej (S 5y 4 bgiye slaadl @lie Slallas b (Glawmlio Jubige jos
ol )l el Slee glagise b awglie )3 SYLLST plie sl 4 Jled (60ed &l 3bolio 4 05 oaaliie 0354
5 S Sp8aby staly 9 138 o 45T Joxa ol bl (23S 13 (mej )8 slogSl sl (550
{(Parvar et al., 2023) S o atws s | lgagsl )5k (sl g5 yuol

osSae 390 LST it bl (o Shp b S5 (sl o8 (s 068 bl 3blio Cplo ey Sitts Bl >
Jor cpl il wily (o ped gobaw 4 Cons YL LST jlie pb S 35500 Cel (Shy (nl 9 2980 odalie
i S it oo 3 sl i S Yl a3 ST s (K5 o s g oS 85 iy
SB L adllas 5y50 dibaio 3 pl SB 9500 YL LST &) ot o Canl Sy 4565 sy g 08 O (lgime (43l
sl S 3 glail ¢ blis ) asl £)5S )l il 5 1S O (£)iaSs il gLl 45 305 o Lasebe i
Al il gyidn ol eSS el SB ar e nlple )l (VL Of ()RS Cull & wts ) sSE
(Azmietal., 2021) 545 o LST ialS' &y yoxio 5 g8 4055 sy

56 LCZ calopludl Qb (dliome oy b loglusl dsgoome g (pnj (b degadme (slad W] (o) p 0gMe
Sy 5 95 3o (LCZ 2) Lawsgio lisy] b o510 5 (LCZ 3) glisy) o5 pSTs20 (slopodS o 8ly) (e oMb wlg5 o
) RS ol by Sl bl Sglie el ylislo 3gm sl (LS 5yl (sl )b, Bama s &8 Wl 5 )5 les B3gasme
£ Ui ;5 sow jl Lol o)l (o5 i sl Y aiwl g Oldllas 4 5L oS col oo Sao Iy LST 5 laslo gl
1554 o515 o 9 oSt Sl Lunlio 1 Laes (51od 35 > bolaiile el bues 12 025438,5 IS, ol 5 sy
Bygaee Wl S )1,3 108 b dilaie )3 yiiy & (LCZ 5) Lawgio gl b o515 o &b a5 sy ] sanlive i3
o log s 3 015438,5 5 Slgo 5 €165 5 faicd o w3 o o5 (LCZ 2 3) b lide 53 &0 e | (5505l o>
P8l 048 (s Wi e J g leible (galin (BLS dsy £95 9 605518 Cusse

oleder &9 9 bpledle Geelyn e 13 39290 dlge g (515 4 dtunly Cologludl degeome )3 (o) gaw slod
013555 sl loilis amd s (Ui (650ed Lasme (slod (yesd 5> (gloniiS e L5 b Blybl LS ide s blesle
LS hdey b aisye Lol pSTite slaglaiblo 4 Coms (5518 (plod B3guome 53 ol Bl (alS g b elis)) oS 4
lazd S )15 ol el

Dibey £65,) Sl L LST 45,05 3035 LST g alS ey gleil e (598 Ay Sy 4 wlosls o)lits cllllas izman
Dby |y dlie opl oot a Sllas ddlaie p> o olwlis LCZ gunadl (Chenetal., 2021) ub o ialS alS
ool dulio LB alS jibg calisee clads glgil jo ciglas 5 00l



YAY O5ad 5 455 /S doi (§blio (LCZS) Ao (slppgr saivaibaio s (LST) o j praw (slod oy’ s 0

Gy cwsd Sl g b xa slaedly JUS 5 VH 5 VV o, M Sentinel-1- Gamma0 pglas 1 yols dalllas

9 S bl & gty Cawdd b s slaedly (Hu et al., 2018; Zhou et al., 2022) sad sg0 Slads Sy 1,

WS o o0l 31y (e3935 cloosl I s 5Suls anie SENtINEl-1 I SAR (clvosls .cunsl bgsyo cyse sy 4 posiins o 5oy
dgupp Slib KSE > Wl o b i cloodld b byl oS 5 amd o dl)) gy Hllo dyg0 pd (g iy leMbl
.(Benjamin Bechtel et al., 2016) s oy 53 (spl Gy Jdda) (559 slaodls a5 loj 0354 liS sl

Sl b3l g 5luk (Jasxe 4 sy S 53 ey Olodi 9 oSl i Sl (65 Bres S 3 adllas (ol (sloaidly
alsb ol do g B 155 4 4255 b 5 068 (S5 e gt 3 (slolids 1y 3l gy ol 1030 )l Igm 5
0,5 slofag ol Sl o yed 5 sums (lalid gl dmgs g i > cpendy 3,15 03b93 15T 2lod (slagSUl s
25 o5 b 3,8 )5 425 390 sl 1l ciloglusl (slolagoms 55 (651553 5 o (slali 08l plsy o
ooy Jlis 4 g e sllaee 53 nU3ed sl Gl 3y 5 25 9 4l Sl b ) e glod

oMl (6 )0 (9ol 9 B (il Slalae Alitie (Sl Shg (i 5 2lolid (lp LCZ )b il adllas () >
SRS b b 3 VIV (o Shy 5ses S ) Slgiee o5 5yobar 3)1 (Vb Jouily (o) cnl 3929 cnl b
LCZ G gl dla, yils adllas .39y anlss 5T cllllas gaise cud s gl oyl bty 05l 008 K8 LST Ly ] bl
wgMeds )5 (5 ke Clalllas & L5 o) calidee el o adlally (pl s ss )5 @G 555 esalie o )3 o5 1, LST 4

b Sl S psisn) S slagiss elgl 2,Slee 56 5t 2US Ghin £5 iy Sa 2 il Ol
D9 oo gy ilSee (Saealil b (ibolio 1> (Jae (slod foiss g walals 2 ()1 o2

References

Abougendia, S.M., 2023. Investigating surface UHI using local climate zones (LCZs), the case study of
Cairo’s River Islands. Alexandria Engineering Journal 77, 293-307.

Azmi, R., Tekouabou Koumetio, C.S., Diop, E.B., Chenal, J., 2021. Exploring the relationship between
urban form and land surface temperature (LST) in a semi-arid region case study of Ben Guerir city -
Morocco. Environmental Challenges 5, 100229,

Bala, R., Prasad, R., Pratap Yadav, V., 2020. A comparative analysis of day and night land surface
temperature in two semi-arid cities using satellite images sampled in different seasons. Advances in
Space Research 66(2), 412-425,

Bande, L., Manandhar, P., Marpu, P., Battah, M.A., 2020. Local Climate Zones Definition in Relation
to ENVI-met in the City of Dubai, UAE. IOP Conference Series: Materials Science and Engineering
829(1), 012013.

Bechtel, B., Alexander, P.J., Bohner, J., Ching, J., Conrad, O., Feddema, J., Mills, G., See, L., Stewart,
I., 2015. Mapping Local Climate Zones for a Worldwide Database of the Form and Function of
Cities. ISPRS International Journal of Geo-Information 4(1), 199-219.

Bechtel, B., Demuzere, M., Mills, G., Zhan, W., Sismanidis, P., Small, C., Voogt, J., 2019. SUHI
analysis using Local Climate Zones—A comparison of 50 cities. Urban Climate 28, 100451.

Bechtel, B., Pesaresi, M., See, L., Mills, G., Ching, J., Alexander, P., Feddema, J., Florczyk, A., Stewart,
I., 2016. Towards consistent mapping of urban structure-global human settlement layer and local
climate zones. ISPRS-International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences 41, 1371-1378.

Bechtel, B., See, L., Mills, G., Foley, M., 2016. Classification of Local Climate Zones Using SAR and
Multispectral Data in an Arid Environment. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing 9(7), 3097-3105.

Chen, J., Zhan, W., Jin, S., Han, W., Du, P., Xia, J., Lai, J., Li, J., Liu, Z., Li, L., Huang, F., Ding, H.,
2021. Separate and combined impacts of building and tree on urban thermal environment from two-
and three-dimensional perspectives. Building and Environment 194, 107650.

Chini, M., Pelich, R., Hostache, R., Matgen, P., Lopez-Martinez, C., 2018. Towards a 20 m global
building map from Sentinel-1 SAR data. Remote Sensing 10(11), 1833.



I o & o ccais 5 5lads 5,50 s st Lo YAY

Danniswari, D., Honjo, T., Furuya, K., 2022. Analysis of Building Height Impact on Land Surface
Temperature by Digital Building Height Model Obtained from AW3D30 and SRTM. Geographies
2(4), 563-576.

Das, M. and Das, A., 2020. Assessing the relationship between local climatic zones (LCZs) and land
surface temperature (LST)-A case study of Sriniketan-Santiniketan Planning Area (SSPA), West
Bengal, India. Urban Climate 32, 100591.

Estacio, I., Babaan, J., Pecson, N.J., Blanco, A.C., Escoto, J.E., Alcantara, C.K., 2019. GIS-based
mapping of local climate zones using fuzzy logic and cellular automata. The International Archives
of the Photogrammetry, Remote Sensing and Spatial Information Sciences 42,199-206.

Fonte, C.C., Lopes, P., See, L., Bechtel, B., 2019. Using OpenStreetMap (OSM) to enhance the
classification of local climate zones in the framework of WUDAPT. Urban Climate 28, 100456.
Gholami Rostam, M., Beck, C., 2019. Towards the determination of driving factors of varying LST-

LCZ relationships—a case study over 25 cities. Geographica Pannonica 23(4).

Haashemi, S., Weng, Q., Darvishi, A., Alavipanah, S.K., 2016. Seasonal variations of the surface urban
heat island in a semi-arid city. Remote Sensing 8(4), 352.

Honjo, T., Tsunematsu, N., Yokoyama, H., Yamasaki, Y., Umeki, K. 2017. Analysis of urban surface
temperature change using structure-from-motion thermal mosaicing. Urban Climate 20, 135-147.
Hu, J., Ghamisi, P., Zhu, X.X., 2018. Feature extraction and selection of sentinel-1 dual-pol data for
global-scale local climate zone classification. ISPRS International Journal of Geo-Information 7(9),

379.

Nichol, J.E., 1996. High-resolution surface temperature patterns related to urban morphology in a
tropical city: A satellite-based study. Journal of Applied Meteorology and Climatology 35(1), 135-
146.

Ochola, E.M., Fakharizadehshirazi, E., Adimo, A.O., Mukundi, J.B., Wesonga, J.M., Sodoudi, S., 2020.
Inter-local climate zone differentiation of land surface temperatures for Management of Urban Heat
in Nairobi City, Kenya. Urban Climate 31, 100540.

Parvar, Z., Mohammadzadeh, M., Saeidi, S., 2023. Quantitative assessment of spatio-temporal dynamics
of land use/land cover and land surface temperature using different algorithms and landsat imagery.
Journal of Natural Environment 76(2), 229-243. (In Persian)

Parvar, Z., Salmanmahiny, A., 2024. PyLST: a remote sensing application for retrieving land surface
temperature (LST) from Landsat data. Environmental Earth Sciences 83(12), 373.

Parvar, Z., Shayesteh, K. 2017. Monitoring and Prediction of Urban Growth Using Multitemporal
Images and GIS Techniques (A Case Study of Bojnourd City). Journal of Environmental Studies
43(3), 513-527. (In Persian)

Sekertekin, A., Bonafoni, S., 2020. Land surface temperature retrieval from Landsat 5, 7, and 8 over
rural areas: Assessment of different retrieval algorithms and emissivity models and toolbox
implementation. Remote Sensing 12(2), 294.

Stewart, 1.D., Oke, T.R. 2012. Local climate zones for urban temperature studies. Bulletin of the
American Meteorological Society 93(12), 1879-1900.

Wang, M., Xu, H. 2021. The impact of building height on urban thermal environment in summer: A
case study of Chinese megacities. Plos One 16(4), e0247786.

Wang, R., Ren, C., Xu, Y., Lau, K.K.L., Shi, Y., 2018. Mapping the local climate zones of urban areas
by GIS-based and WUDAPT methods: A case study of Hong Kong. Urban Climate, 24, 567-576.
Wang, X., Yu, X., Ling, F., 2014, July. Building heights estimation using ZY3 data, A case study of

Shanghai, China. In 2014 IEEE Geoscience and Remote Sensing Symposium pp. 1749-1752.

Yang, X. and Li, Y., 2015. The impact of building density and building height heterogeneity on average
urban albedo and street surface temperature. Building and Environment 90, 146-156.

Zheng, Z., Zhou, W., Yan, J., Qian, Y., Wang, J., Li, W., 2019. The higher, the cooler? Effects of
building height on land surface temperatures in residential areas of Beijing. Physics and Chemistry
of the Earth, Parts A/B/C 110, 149-156.

Zhou, L., Shao, Z., Wang, S., Huang, X., 2022. Deep learning-based local climate zone classification
using Sentinel-1 SAR and Sentinel-2 multispectral imagery. Geo-Spatial Information Science 25(3),
383-398.



