T

University of Guilan

YRPK

ISSN: 2645-5412

Urban Planning Knowledge

Adaptive Investigation of the Relationship between Physical
Indicators of the rResidential Ppart and Distribution of Heat
Islands in Tabriz city (Case study: districts 2 and 8)

Shirin Badri Asl!*, Mohammadreza Pourmohammadi? and Shahrivar Roostayi3

L. Ph.D. Candidate in Urban Planning, Dep. of Geography and Urban Planning, Faculty of Planning and Environmental Sciences,

,Tabriz University, Tabriz, Iran

2. Professor in Urban Planning, Department of Geography and Urban Planning, Faculty of Geography and Environmental
Sciences University of Tabriz, Tabriz, Iran

3. Associate Professor, Department of Geography and Urban Planning, Faculty of Planning and environmental science,
University of Tabriz University, Tabriz, Iran

* Corresponding Author, pourmohammadi@tabrizu.ac.ir

ARTICLEINFO

ABSTRACT

UPK, 2024

VOL. 8, Issue 2, PP, 87-101
Received: 10 Dec 2022
Accepted: 22 Aug 2023
Research article

KEYWORDS: land surface
temperature, urban areas,
residential buildings,
satellite images, Landsat
satellite

Introduction:

Urban heat islands are one of the most common urban phenomena, and some metropolitan
areas, especially city centers, are several degrees warmer than their surrounding areas. Heat
islands create difficult environmental conditions for city residents and significantly impact
air quality, energy consumption, and human comfort. The urban heat island phenomenon is
generally studied in two ways: the atmospheric temperature of different locations is
compared, and the ground surface temperature is analyzed using satellite images. Previous
studies have demonstrated the usefulness of the ground surface temperature concept for
measuring and estimating the amount of radiant energy emitted from the earth's surface,
including areas under human construction, vegetation, wasteland, and water, which have
been used in this study.

Methodology: In this study, an attempt has been made to use Landsat 8 OLI/TIRS bands
initially. Using the Single Channel Algorithm (SCA), the land surface temperature was calculated
for two urban districts using ENVI software. The impact of these changes on the physical
indicators of the study areas, areas 2 and 8 of Tabriz, has been investigated. The indicators have
been stratified in the Arc Map software environment to carry out analytical descriptions.
Results: According to the physical indicators studied, the number and shape of heat islands and
the average surface temperature are higher in Region 8 than in Region 2.

Discussion: Study area and data used Tabriz metropolis is the largest city in the northwest
region and the third largest city in Iran in terms of area. This city is located in East
Azerbaijan province, with an area of about 25056 hectares and 38 degrees, 1 minute to 38
degrees, 8 minutes north latitude, 5 minutes to 46 degrees, and 22 minutes east longitude.
In the study area, physical indicators including the total area of the residential
infrastructure, the building density of the residential sector, the number of floors of the
residential sector, the age of the residential sector structures, the quality of the residential
sector structure, and the condition of the residential sector structure in terms of the type of
building area used were selected as key indicators and examined to determine the
relationship between these indicators and the distribution of heat islands in Tabriz city. In
this regard, Landsat 8 OLI/TIRS satellite images were used to extract the land surface
temperature. After preparing the photos, the data preprocessing stage, including geometric
and radiometric corrections, was performed in the ENVI software environment to minimize
the errors related to the images. Using Arc Map software, maps related to land surface
temperature were examined and analyzed comparatively in regions 2 and 8 of Tabriz
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Municipality regarding physical indicators.

Conclusion: According to studies, the average ground surface temperature in Region 8 is
warmer than in Region 2 on 05/01/2021. As shown in the tables, more buildings are older
than 30 years in Region 8 than in Region 2. Since a greater number of structures in Region 8
than in Region 2 lack standard structures. In addition, the number of acceptable structures
in terms of construction quality is lower in Region 8 than in Region 2. According to the
statistics, structural and energy standards should be more respected in Region 8. Also,
Region 8 of Tabriz has more buildings with existing masonry structures. In studies related
to floors, the number of buildings up to 4 floors in Region 8 is higher than in Region 2. In
addition, in Region 8 of Tabriz, the buildings have less infrastructure and higher density
than in Region 2. Finally, in study area 8 of Tabriz city, parameters such as the lower height
of structures, higher building density, and long life of existing structures cause an increase
in ground surface temperature in the residential sector, unlike in area 2, where the
buildings are taller, have a shorter structure and are older.

Therefore, it was observed that these indicators have a significant effect on the structure
and formation of heat islands and the average ground surface temperature in the study
areas. Based on the cases mentioned above and the fact that most of the thermal energy
produced in the residential sector is transferred through convection and considering the
distribution of heat islands in both areas 2 and 8, it can be concluded that the waste of
thermal energy in area 8 was higher than in area 2 on the mentioned date and the existing
studies in this field will contribute significantly to planning for optimizing energy
consumption in areas where the necessary standards are less respected. according to all
scenarios.

Highlights:
e  The temperature of the earth's surface is a basic climatic parameter that determines the
amount of surface energy radiation and its exchange.

e The size of the city and its physical structure influence the strength and weakness of
heat islands.




UPK

YPFO-OFIY L

w”‘:‘,/ 0y

2152 239 b S Swm iy Il b sl bl (Sl w y 9
(A oY @bl 5990 axfllan) 3w gou (31 >

v P . #\ -
) o3 5 Sy g Lo pleows T Lol S5 (2 e
Z . . P ¢ . . o
25 o8l ¢ o ol 5 (5 paal Ly 0aSBIs (o ol 5 Wl 058 (s (soml ST (s tils
Ol s 5 o &ls g a3 a5 Wl oam 0aSCils ec e g 30 aal 038 sl Y

Olﬂ'lgi,‘.’v\ﬁﬁal{,ﬁ.‘vlacdﬂjéxjutﬁjglﬁejfﬂ?ﬁb.\‘

pourmohammadi@tabrizu.ac.ir :J gt ot & %

XV Ao Ol
aily Jisas 1y (lawe o) g eloinl (golaidl slasoly 3! slo Jlo (b b ypad oM 5 ius 1dbume oyly VEoY gl g i
g (slod Clyuss )y O] Gl Olpsi 9 b oo 3 ()l plis bl basely ol 51 (SO ol AV=1 2\ Gl oF 0yleis A 093
638 dnsgs L ol Coonl > (508 Gble )3 5551 Bpan 5 Sl o 9 il Rl LB 3 s ::;;:;;? o G)t
.L:M.ulb.m&mlﬁb)w)aw)@audbbdbd&h”b)\u,o;.wo)?)b g Alio

Ay Y 3ble > e g slod 1 JIS,80 s ped I slagasls cule b il il Oliee S5 1 b

SCA JUSS S5 p2ysS)l 5l 650 b 5 Landsat 8 OLI/TIRS o Jsale (slosly § oslizal L iz 155,
9V Gblie saJ glapasls ol 36 g 0ad duwle ENVI 58l 5 )5 (55008 adlaie 93 gl oo gdaw (sled

Gblie cimoj o (sle> 300319 WS
ol 025 plul ATCMAD (o))l 5 Lo ) o padld iy § (o 350 205 A loal ol s i et
390 SIS slo (aSls &ty b o) e sled ke ien o JSS 5 )l pli i ABL o e)lyalo

ol yid F ddlaie 4 Cans A dilais )5 ddllas
duwlio 5 Bblie SoSuwe icu » A o adls gunailb ool Cowddy glaodls 4 gl :LS);“’.‘:U
Wl olass «odd e pla ey (B (i3 o]0 Sl wlin (SS1y g e e sl b g s
Joobs ol ol doputio pidny (poj gdaw (glod Ol 0926 10 Wipj IS Colue 5 CutsS (oS1)5 ojls Cunds
505 YNVN-0 Gy 53 Y ilaie &y Copus A i > 505 s (5le3 (:5ike 85 ol 990 ) (5
(ol ol s 5 b sbime) Ol 3y90 slaadls g9y p 485 Cppo Sladdod 4 argi b g cunl 039

A 00 Juols (glod (b (gl A adlaio )0 39350 D923 Bt polaw (puizmen

t> ol

sl 5 ol g (5550 s G e oS )3 (bl odlBl 2oy S e s sle> @

Sy 56 G plie chnd g nd )3 o) aJIS Bl g b Canwy @

R S Gl @i b s Gt g e ls bl (Bl sy (0F0F) 5008 caliogy 9 Lo o giammaygy « e « Jol o o ol gl
d0iupk.2023.23422.1822/1- Y\ AY-1-\ (YA st lnyied il (A ¥ (sobie (63,90 aalias)



88

VLY oLl AY=Y 0 Y oY Lo A 0593 (il pporsd 4T

o 5l

3 ctngs Jbo 13 S5 55 85580 g Iy (ST Gl (5 i e 45 mon G st ol dugs 42338 s Lo
jorel ol &ly )3 sl axih Sl 4 1) lamecin g (slor] (golaidl ssas Slpi 5 039 b)sdS (hjasly g lapilly dex
@ Camd 9 0B Sl (W plide b (Jome 03 (lide I cagilazme (595553 G &5 WLIS o o I (08 o0l I sl il ol
o 3 S 5 43S (sl Sl o] 59 2 s M 6 ol cal sl 003 S5 )y Gled] (glaglsldy (el g5 a8
(Taghvayi & Ajhdari, 2018) 394 oo (o) gaw i g iale)S JWS) 3 5usd corge oS Cunl o oo (slod Ol o cptn Ol punss

Bl bpledle @lajles > ol jl & 1 ol ol SLbI slaliog) 51 i jo) Jsbo )0 el slagladle gohw lo)S @l
S0 bpladle gl on,8 e Luis Oldads )l Sl bl sl Cams 5y%5 5 s )81 Cls cpl 0 g o Ak yss Clridiads
oS s > 9 o0 LB pl 3 Ol 42> Gl a9 039yt (53,88 5 )] S 4 pd Slpe (pogad 4 i S b
olgie b osdy ol J1 a8 adl Sglite ] BLL clod b ajad )3 (2l (S slod 30,5 (0 g0 5 00 el Jag5etind (o) g (o)
bosted 4 (k8 (gjpaaly g o5 (blie 3 ()l pli 605 SS9 (o) gaw slod Gl i 53 33,5 0 0k s 0 Sl 2l
Moo s & Slor Sl > sign (sl I (S (05 b 1o ol o (gl OIS0 | (Ko Mosd oo b IS
.(Soleymani, Rouhani, Shaabani & Rouhani, 2020) cul yeej (5548 9 (sond «(559lam soA])d ]S 13 poe (sboySl o

o (ialS do g )3 Cangjlame CoiS el dmouy ¥l clale Gl daglailo )3 (651 Bpae Ll ord )l SYL gl
g 5 o> (£S5l IS gl 4103,5 (oo ol (gt bl 5 o] ceodls (201" s i 03 53 032 9 (238 5 (B o il
5,006 i _wlislgn (clrolKiug) &S Canl Cuodl Pl a5 1yl 95 oo plool T gGelsilonlS 5 T Kitpgises ) o) Loolidlon colKial )3 (e
95 bl o Hled 4 o) paw glod Lol o wlel et ass] S gpSojlul wilerd ceas b ol MBS ol bls 1) e
b g 5l o 2550355 5 oolisl L ndgsaS ol 070 ] 45 Cansl olSag) 816 L& 15 lod yyolie j1 ol (gl 31 liilon cloolSiay]
el Sl 593 5 i slaodly ] Cuadl Bl Hlun pwo; o (slod )5l g adlllan )3 yed I Lot i .l odd )by (o3gd>
ol (slojlgale pglas 93 5l o ()l (sloodls oy 1 &5 S (0 w2l S 1y ()l plie imen g (o) paw (Slod (1055 5 (o)
By oo gl nke oy paw (slod 29l 53 Al e ()l skl S S 4 udge g sl sl gzmed (gl g K ol
o ol jl 8l opl cde b )5 15 ealiul 90 VADA Jlo 3 ble bawgs Jb uiess (o 4ed (S)ly> pli> (Soleymani et al, 2020)
Gblio )3 Led al5dl 5l ccigis > odyy ol wigdse ol i S 4 Lod wi bighas 1 oolizel b 43,3 S5 pled slodigy gsS) a5 caul
. (Ahmadi, Dadashi Roudbari & Esfandiari, 2019) sy colss GBlbl bl 4 Cows (5 b

o5 Elioe 0oy FAL S ai,650) 4 ol oo o] dles 51 48 Wlosds 031 dmurgd (o prdaw (slod dule (ly (Al (slapi oSl
tdaw slad SYole slaJae (glyp cpinpd (pme; pdaw slod (ISaya Ndossi & Avdan, 2016) 5,8 o,lil* il ¢ ¥ s dolee ¢ gige
Pexse N & 2l gl g b e byl Jlos sl 3 9 e

e (sinio 3blie 5 Cilisee (slag )5 L (pbpletle & (ASa 5 (65)5liST (BL) (6 putS (pizred 9 (Sl e gy 4y L ()b ]
locsglis (] 23,5 0 e slate slgm 9 T S USS 4 b (25 3 Ores Gbon s e g Sl 0nd 5 0d Bblie (slod
g cdlawl o « Sl Sl s ye aily glagleidlo (5,8 Stw Jud | colugludl 5 ggias zolaw & (b zolaw Ja5 iz 4 bdes
boond j0 a8 ) 349 o S cél g o aw  (oaaie Jolge lo cpl p3 Nlonds bl 0jue g Al IS caldds Llog deg Cpicren
5 5038y 5 b lezsle Jlas] clib slas 5ol 4 olge Jolss ol das 5l i)y by Sl o St o Lod Lalsél osgdy cins
.(Mahmoudzadeh & Amanzadeh, 2021) >,S o,Lil (s JIS Jolse plo 5 blas 5

' Land Surface Temoerature
" Synoptic

" Climatology

" single channel

® split window

" Mono window

¥ Transfer Equation

* Radiative



M Ujﬁ%)

Se0,91 9 Jol (5 )/ ey G (gl yad L bLS )| (Slail oy

Oygo dults lug SaS w0l quu'l sl ioles b L:»Ll..i‘}m ollins! glaesls b i yobo Ay (650 U’{)lp )9.1)} adlllas dsiS 4>
oK) aos sloodly & Cons Jged g yudn Ko oy sl > 4 jed il ioriw g slaeylgale (slaedls g el Lol .88 o
Eawg § &y uu.«:}) J:J.) 4 d‘o)bm‘.o 990 )l JWe W) ).JSLDJ .)y»u.o odlésiwl gro ‘):d,é.) dslllas 9 (s dl‘”u:’S) o w&‘f ‘G.)Lwlp
‘5}’);’] (eSS g L;)IP slbasds aps yd wt.o u.':’l.c){b\ & u“,,\ot.ipg)i.ﬁl wlb L;)|)> 639450 43 SleMbl oS LSAUBS 9 % faKJJb &

. (Mahmoudzadeh, Pouyan Jam & Amanzadeh, 2020) 1] oo jlosd 4 o) s  oasins

Youshui, Balzter & Xiongchang, ) cus! 3 seie (s i blio 13 o) odoww b lod cglaie (slalos ’Yw St oo 0y i
)5 3,8 aslllae 3590y (S Sy olide 3 0y () (2UAS gy p3 el Slod okl b g0 (Sl plir 505l (2013
3,8 o JyE ladsee Hlas] o (ool GleMbl g o)ls 2455 ddlaio S youmad] (glod adlllas (gly wlidlsn oSiw] 53 b S$ s bios aS1>

(Taghvayi & Ajhdari, 2018)

s (slod (QiNA0, 2009 ) 15,8 1,5 aslllas 3,90 YU oy 355 b 5yl wlin b w3 e |y oSl ) cgloslomle yyglans (slmosls 5 oolizus
Juelin, Zhao, Ainong, Fengping & Daijun, ) cusl 3 (555 Jobs 5 gdaw (ol liee oy 50 (owlol (ol sl eyl 51 (SO e
38 o0 JRS 1) e — ) onir 5l et yolody 45 39 00 48,5 115 3 (s pd lm g Ol Lol ) re slayelly 51 (K4 o (2019
g blyd cnjlasme p O SISl g di b (e g wyste @l 3590 40 9390 (sl I, .(Mahmoudzadeh & Amanzadeh, 2021)
adlas (pl 5> el 03,8 Coenl Bl g Sl o515 lajred 53 ohag 4 (girmeliy e 3 (A2 BB sk 4]y red bl cla Sy
23,5 dulio K0S b o e A g ¥ cglite dilaie g3 13 pre; o (slod lyis 9 (a8 ola 4l Slyuss e B cl o] oo
CSLB L plgien a5 30 ¥ ddlate 4 Cond (FSGE] 5 (Sl (Bl oy 1 30 )3 395 (63655118 CusBye 4 a2 Ly e A adlate
Sl Gials can ) paass 5 )l Ghbs 4 e plir g p ol Ohel s Gskus sl sud o jasls 5 b pie 355

Bl Cuwd (Slaged &1yl 9 0y

S Sle

5 o2zl U 005 g (6 b 35550 sl il LS el 5los b 358 o allo oo 53 5 IS 55 & 56 Sl o
5l oolatnl b sypad (5ol plin xS0l Gl cpl )3 Lol cyls 1) 558 (sblie 5 colro la g,y cpl (593 2 35,5 o Julo (slojlsale 5 glas
o IS Gl oliilen ol 93 b 6 s Yaare ) 0,005 Sl (o pd M 4l (wlide ;5 sy cpl (sbdd w50 jhwad] slod
byt il plir opSoilil blae p Lol amd oo )3 )Ll p3 asl o S (el bod 93 b <o ol pd 45 305 dgzg (6505 oIS 4l
SN Yl oy (53 L o BT (S5 b1y st (s (slod gl b ams o ol Kty 4| o ol (sl elpale ol ol
(Taghvayi & Ajhdari, 2018) .8

il oy Ly
lossdy ol il asly ST (3500 cdlbol 3blio b dunlio 1 (650 bl slod ol j3 45 35,5 o sMbI (closwss 4 s 0 )l pli>
5 2h S92 e 9 05000 0l ) S Sl G0k Oliee 2 0 9 G g asy ORI e 5 Loyl A5y Casi ¢ e sladl (55Tl i

.(Mahmoudzadeh & Amanzadeh,

Gblio a2 aiz lajed 3o osad 45 (50 3ble I (B ol 0 & it b gy (nidgene | s Sl 2l

Gpas dgn CudS (005 86 5 025l g 4 g GLSLo (el 1y (o)lgbd lamacnss lalyd )l nli> 2035 00 p S Ltdl bl
Sred Sl i GpS U 4 e xio sl 5 Canes plodjl (S (o) aw (g ol g5 )l il bl es55
ot 1y e sl (S5 S Sl oprd slajlogcdly plo g clawl dbojlo ¢3S0 b (05 b SRy (35 (e3Sele Nisd e
i blog Ol cnl g ogMe S (o )5 1) (ool Slo g 03> LRl 1) Tgn by Sk Slagbls 5 @iipe sbrojlo (izren Ny oo



sy
L’:ﬂ%’ %0

VLY oLl AY=Y 0 Y oY Lo A 0593 (il pporsd 4T

e sl oo i b Syl plis WS o wais 1) )l plis @l g eoly Lioljal ]y laoe (glo)S dan 00iiS wars ey 5 asls )l
(Kerami, Zandi & Taheri, 2020)a25 .0 )3 150 cod 1y lab Loyl o oyl e 31 586 g 5y 9 de) dlass (o158l cdo g L ol Ay a0
oS 5ot 393 e S5 I3 & o] a3 & 1S Jas s slaoatY] sl Sy lsie & e S S Rl
el e Sl 5 il OMSe «gyhon T a3l el BB 4 Olgien D il w3 g Sl nen )8 walys
ol 1y (Folite )18y 393 1 pluS” o a8 )l sl dasedie dw el Sl pli ) o)l ledi el (S5 p oled 2 oLl

:_\.Z.b.)@
Sy S5 @
Cas @

ol an @

odpy Ol b ablis gl (SLLs SaS Wil oo Lol sl (lulids o5 st (6,500 ot Jole 9 Lo (Lad g 4l Ol s
had olie ;5 &5 (g0 )0 Wlewslio jlow 03 SO 2l ssed sl 59, Slelo wiliy) wlide jo Sl sl Bl azals
DAl oSS oz i b e S Eee Su S ok 4ol n (ST B slal 4 Wl oo S92 laailole 4 dty sy ()
. (Ahmadi et al, 2019) wolh, 5)l,> plix Gad 5l asly oo Jogb e bal b blae jo g osls (lidl ) sy0s Sl uli>

&S Grpbar WS o0 o 1) ey g oling) Bble 4 Cued ged Bble jo Lo (05 YL ey st Sl nlx
o3l 5 Hge Sk Ll w3 S alir Gl les e Db 5 0 il nliz BT et Rl L Gleses
ol Jole (nl (B Dlpss (aniS pgal 4 Ll asS oy 1) G nliz (Bse Dt Wl oo S Sl 03,28 Sl
el o 5 s o ol |, s S slad logan ol ds 45 pae; gelans (glas 51 onliitl b 45 sl Saii e Loy 5 lado

ol 0y 00y o )18 U Jelgs
fbse (Il (daw glod Bl Juin (b 42U b dllate G 3 (6j)gliS g (ST by e 4> p @
it (Gl pliz oty (b5l g e 53 008 sl A D> (slolgale pslad (58S 59y g lej @
D)oy ool )3 oliw 4 WU lad (a0 Sy e ot ) D JSD (Shomm o @

Sl nli 55 U
don  Sog)l 5 (S o8 jlissl iols3l @
{65y Gpan i)l @
HJEVS WIRVRVE S
.(Mahmoudzadeh & Amanzadeh, 2021) ol cuas jials @

Bblie dlox 5l o ol oad dblo (Ll (551 (lie (oS g xS0l sl |y (e o (slod prée (aedgw (il Clalllas
Sie L3 3y50 53 Slalllas 131 sl Jo )3 (yizen (Arnfield, 2003) ans o Lis |y T g nl oo s bLS idsy eply jloscdlis cov
By (e o glod 9 (555 B peae

oo bl g lomgl Cundg 59y 2 1y Gl e 15y 9 Gyl plie BT (ladlls 3 (2006) e (ol g (5581 e (s3] ala

adlas Al oz 0y93 S (o 1) elyg 9 Gl OL 5 Aty caieS (slod (SlacieS” (Sloj sl N9, solate cul 4 lo3 ) () (5

2 o oS o B pmed el ] At b duglie 3 ol ataS glod Wi, dlisMe LB L3l Sl ol gl o 638
b ezt ey ke 5 S sl ped | dlie



) Ujﬁ%)

Se0,91 9 Jol (5 )/ ey G (gl yad L bLS )| (Slail oy

ol pliz oy pletle S (G STy 9 e Gidy 2ldd 3)S Sl Jlod Jo 398 (lmghs 1 (2018) aled g 6,05l
xS cnl 4 Opejpe lodoi Sl oliiel b jlind o (e glod poad aidle (Sly eSS g Sy b adllae L s red 3y
Sy pli ooy il Gl b (Aly (S g Sl o515 g ail S8 0l wdle (g JSI (Shom 42 o il Cu
Dy o0 D MIT (6 RS

TM 5 TIRS odizis yskasi ) syt dilaio )l opsse Jaboo 3 AU S5 oiyof)l i syt sl (2020) oylSad 5 (losks
e o3l Sl o a3l 5 (60 o (6ld g 2alS b amd o Lt ol a8 Wled,S edlitel s s Sloj 03l 3 A 5 8 Cawtd]
slod b yod Jasl dow g (alS (iides (asld o jbolie alayly cpisred Cuwl 4Bl ioli8l wo > VY e & (Sl plis Caws o)l
8 g Caman Gl 1 36 oS Sl 5 LS iy el plS Slyests o 355 Sl iz e Il ol Casd 0 (005 s
g oo Cguie (§)be ed (il plir > (e s Gl (Lol Jelge Sl sl (ol )

il 5 ab g (slod csony] 11 3 Iioe 0,55 winysSI 5 A Cassid (shoylaale yyglas 5l oslizl b (2020) 1S 5 0313505
addlae pl 5> odel Cund 4 guls 1,8 oolitul Ldod g, )3 5 b (o8l)) (68 adids 5 aS Wledls S ey yge |y Syl plie
g il g3l Sl ale 385 o b iaio 5 (AU (FsSume 3blie o515 o5 (BLS (dgy il Juad 53 & amd e (i
5 US by Juad 93 52 )3 5 Cunl (515 08 (LS (g ] et b uSe i Ml Gl 53 5 Syl ey oty s el 2T g o2
sl Sl a2 (565 (b wgpmcts g ol pdaw b bl

ol & oy O3l b g pandy (655 OMoxe 13 (G dwin bl p (Gl e ©AD (el () b (2021) edljlal 5 03lj3500xe
Cnl e 28l oS Lulyd cpl S a2 2 g sl (Sl plir ©Ab AL 568 plae (5)e g Sadye b by 42 pa & Wlod) dox
@l rizren 3l Sl plip Olues 3 yiie Jl bpladle eli)l 4 Cows a5 3)00 OMoxe 13 plae (350 9 39 WalgE 58 oy
b dilate )3 o8 (Jb )3 30 ]y led (S g cp e 5 4 Gl g e Juad 93 )3 pandy (665 3D LS (e s Lo | ol
Syl 18 ol ew o Loy g awils Sl aglas olile

b oS cunl oad plonil (Slisios jloky drwgs 9 e (b (e Sirpaaln SE aw GUbil 5l 5yl pliz sbnl GEalS cua 5> (pizren
S glame )3 (J)lp plix IS5 el doyd 03 g0k (i Sasil ¢ SeSie glalae Aty igded 2 S 5o
ol 00 o)Ll sladige 4 L3 53 &S Miwa

Srae 2L g sudyss 6551 by Jeuily (oiped Soby (liddisS G el 390 3 ) (s @S (2019) oS 5 'Sl
O ) ed S5l o) sl Shy &5 (wlin 5 Shuaeln IS el cpin WS o Sl R 0 dine) > plele 5
9 byt 5 Catlyyy Juily 53 3 See (slappadls Jolds diwly glajuste 9 28,5 515 (o) 3)90 Jite slapite (lgisd imd oo
19 acgles Ko b 5 (63000l 5 ey Laylpds oo a5 ol it aios s s st wl el Lals (651 G puae s
D9 pl cudy jload Adgi 5 5 shdyss 65 by iy (30> Ver o B ol 4y jorie Wil e (s 0ed SlaS gl (cwlidassS

9 "CadluS o MS glayljBley ook 5] s L g gt gl o sladin 1) Sigeg b b imgly )3 (2017) T iSen 5 5
Sogedlo sy ploialy o dgn 5 T b JE5ks (2l o3l ml s g 438 gl |) ST I3l 5 pimgy ol S e 2] eSS
bl 5 03an 0393e (olll ) 5le (Sl (o3l w3 oo Sl (SgSuna ddlate 3 1) Cusl (GF 1 BpaneS (GeSuwe plaidle (b g ofg
Caino by g dnals dmog b0y laidsbo (6550 3 porddpo can ol ())) (SoSue dilate 3 ol cullsd clad )l il
Al Sl dasg 5 s SIS e Clo st b & e yin (SN B IS ]y o0k plie 5 5 S
Cyuxe Gul ()5 Spae g )lub dewg 4 olied W5 &S Cuwl @il 5 (gilane b Biate dlasly S dbml Jlis 4 Gojb ool 1)
Dgud 50

1 Zhang
2 Liuetal

3 Climate Consultant
4 Ecotect



92

VLY oLl AY=Y 0 Y oY Lo A 0593 (il pporsd 4T

fo slpleidls g9) p Wb e Gajlugcals ) gl abol gas sbyygis &Sl p (25 b (dngh )3 (2012) 'Sy ¢ 5818

ity el do Bl sl guoe (3082)05 598 5 2k Wle) pdpdiiod wlie 4 (pwpid o (ole & WS (oo Glo Wigd S yeke (5]
o S B i aiile) (8 Ll ot sl yaaln calple Nigd plibies plie b e ©jgot (5551 M5 9y 2 5585
by Joiliy 2 oot JS5 13l &8 0 aseie Gimghy ol 53 el (690 JIS e 3 (50 S b )3 (s yg3 (5551 e oS
i 1y o1y o Sy Camdy s SaSsh 45 alSim o S n ol D5 gy S 0 a3 el g BB (shedyg 50

Mk (Shedyb (551 51 pge e e e pdlate Glalo dlugy g lales dapl (plplhy 1l e (B (saedy B (65 ot

GRRIFH V9,

Gyt s WU g i 0gm0 ol Jliby GBun oS pl d dagi b oS eS8 Ja) )50 Bun 4y sl sbiwly o e o Jdod - oy
Sse sl adli I plS a Arc Gis 38l 5 5l oozl b 1an) gy (60 3blio led Syt o Syl sl Jlo py Sews Lt (S
JU 5 02,55 5 Landsat 8 OLI/TIRS olsale claiily 5 650yt b Lo 5 0035, glyscsl aloaiis B 53 ogrge Cunds
01335 g8 ol S5 dalaie 93 Slod pa (sladdd g duwle ENVI 580 55 35y y5 b A 9 Vg o dalaio 93 (slys (o) gdaw (slod SCA
el 4835 )13 gy 9 b3l 3y90 dilaie 93 )3 (Sl pli eSS 095 )3 e 3)50 slaasld b cole 3

Coy g asl

Ol sl Crwg Blod &y oyl S50 o cpmogus g o yE o ddlaio o (1338 550 500 paiMS” okl 3)50 (glaodld g dslllas 590 ddlais
YY 5o Y8 6 aids 0 g Jloud (o0 aids A g as 3 YA B aids ) g s 3 YA o 1S Y005 dgas mwg b ¢ 3 ylub,dl bl )5 o
ol o8y o o5 @S IS5 pldlaa lacudse (pipliin J (S0 3 28 R @ly 0 ol oad ly By sk add
sbcadgize g laplys oyl I g oo Slul saolicigu Jlhiinl 5 Curer o ol & ojpw lagly » bl gl
5 ey cul (255 g clalagS mbao > 1 cpl cpimen (ol 039 HIIE 51 10d dmwg By 50 4 Cowl Mooy 5 ks g ]
S molesgSw yital g Cumer Ol (laggls plyie 4 g 039 (5 pd el Jbiiel 3,90 jbps | laoee il lacichus > 4 laaslagS
(WD oy b ol Glyes g dngi yb) 6)10)95 2 03l 358 Conon

B9y Obld (BT L 98 ©pf Jlod o (055 Olgie 4y (N JS8) Cusl 485 pldl oy weS A g Y Bble sl Giagh
5 0l Shati 5 il wlir e po) ol sbhans (b > Glle plis lajlugedls 5 axo clacdld Grzmen 5 (Sedind
b ) ol 1 e Jelge ol rizzen

1 Kanterz & Horvat



‘ S,
ay U"L-/f‘nﬁ‘;(d

"
4

508 23 A 5 ¥ 3blin 0390500 Casign ) IS
Ay palad and il w35 edlatw] )55 mlie Al Landsat 8 OLI/TIRS ojleale yglad jl o) pdaw (slod zlysctnl jolate 4
ngb 4 )J,LAJ 4 by)n ‘_;Lh:l]a> &3 CAS; lnl?ul ENVI )l).e"n)a Ja...’xn 2 L,’Sa).l‘.oy.)l) 9 ewiid ul?u.’x.a: lnl?u‘ JAL:’ Waosls u»)lb)a o

S5 g 5 i sl ¥ ol IS5 15,8 odlitl ENVI 1531 o5 53 FLAASH iy ,650 31 ¢ oS yiogedly coloegons Jloe (sl -y
Amd o L Landsat 8 OLI/TIRS (¢ yw o)lgalo (sl |y byl S

Landsat 8

Band Name  Bandwidth (um) Resolution (m)
Band | Coastal  043-045 30
Band 2 Blue 0.45 - 0.51 30
Band 3 Green 053059 30
Band 4 Red 0.64 - 067 30
Band 5 NIR 0.85 - 0.8% 30
Band 6 SWIR 1 157 168 30
Band 7SWIR2  2.11-229 30
Band § Pan 0.50 - 0.6% 15
Band 9 Cirrus 1.36 - 1.38% 30
Band 10 TIRS 1 1061019 100
Band 11 TIRS2 118 125] 100

Landsat 8 OLI/TIRS (s s)lsale b o Sl SS&5 g g b slasil . 1SS
5 a5 le aalllan ) 53 3liel 350 WIS claasls
SsSwe i lupj S colue @
lr g oM ez Y adlaie sl g oad gzl oy ol 2ol sloosls i adllas 3)90 0390500 13 (g labad (sl j Colune
A5 gandab WS dw o A ddlais
S i Sleidlo (S5
Sl 0515 ol 5 S Conloe 4 S e Sy 3 Sl S gy sl s el o515 g
A8 gaadb b 9 3L dawgie (oS (S ST 3 oy pele il slaodls jlesliul L cddlaie jo )3 39250

' Fast Line-of-sight Atmospheric Analysis of Hypercubes



94

VLY oLl AY=Y 0 Y oY Lo A 0593 (il pporsd 4T

oS Lisw lab ol @

b ganddls Bylate WS Y )0 53,0 0 mols 2l (slodls | oslawl b cadlaie 93 o )3 SeSime (iSu 4 by ye lads slaas

SSwme sy slaojle cwold @

SVl Jw ¥ UV o cJlood s (JS wMSY jo ddlaio g0y 10 10 35550 duil jos oy b mol> zyb (sbaosly 3l edlawl b

0 i o Y

Swme i ojlw CudS @

T 9 Y950 (slojle CuaS cus il ddlaie 93y )3 3930 JsSume Al iy b mels Zyb (claosld I eolitwl b cpsls yimedy o
645 gk calo Jlb 5 g jlog (Jd B (oo (o055 NS

B e

9 i glas b alaojle (S (WS 93 53 a5 o ol 5k (slvodls jloolial L cadlaio 93 jo (J9Sme (i 53 35290 sl
S sagai (g ] ] (S 5 cuis) b las b almojles 5 o3l
oolel 2 g ArcMap 138l p 5 laxe 5 dilaie 93 po (A 4w (sla BB (e gaw (lod p Gaate oo Slinogs plxl (4l
0a3lS o lp g dihaie b mawyd 39250 GAS (SAS1H ¥ pgal 9 ¥ pgar (8 bl )5 WAL el )b sl 03>
il Coslas 3 L3l SeMb bl s lie ] 55 adllas 3)50 608 (sl adls Casl 185 4 p3Y amd o bt |, (S

i Mza-u,:,;—-ﬁ“musw—- @ s
/

H |
_ TR,

! o.f%»v?;‘p%sﬁg@ |
b 3 W { ane *f:ga 4
i B AW pe 5‘%" 4
MR B Eq% ¥ & "
! = vr;x;:r;‘e r's l

-“_:\vrr z;-.«r'-v - - e . aes ¢ — —

r

o

-

sl 02335 gyl 5255 ol )b g 2y BN ()l e

sca oo o o s
S B AR e i B
L3
]
Laial . S .
- .ﬁ.
3 5 s "-'-'*?*\ :
| E
6019
| PEr dhuva ot omo o

= ook e o [~

-



b

0 ‘.‘0‘0.
(e
Sox0y9 9 ol (5 )iy G (51 pad L DS I (Sl o)

- - o Bt -wn

Pad

.

@

) »
\ Y 4
Ry

e

i 3008 2 AR gl et g 3y il 251
é ,

i = ?; gy a‘f\i;i_

| - < ‘\S : %’
- %%

- ]

&

-

s

e

-

e

LEed

anp

-
s

i

<tre

! » ’ e
PV N2 % 3 £

ik ol ” o '
- B i kS S

L

- o ’ LRAY ¥ 0% on \J

| E35 | K rrtons
™ == - - i —

A

(o connsd) 3235 A 9 ¥ (3blio s )3 S sla sl @jgs - I U



=—A

96

VLY oLl AY=Y 0 Y oY Lo A 0593 (il pporsd 4T
R d q .* L .I!

o B AR 3 s ke

& |

(ps> Ceond) 52y5 A 5 Y (3blis aw 3 628 b RS LS ojes 1 UK

om0y T (bod dwlo



o

¥ d;@%:

Se0,91 9 Jol (5 )/ ey G (gl yad L bLS )| (Slail oy

o) o sled sl ) Sge 5 38> slasbyy Ao ) pnysSl ul )5 edlisiel “(SCA) p2sSUl 5l (e s sled glaul sl

tdaw slod zlyzeul jolaie 4y SCA 1,6l (Soleymani et al, 2020) cul (so @yl Bls o9y (] phe o Sig jl 9 odd Cgucxo

Dihkan, Fevzi & ) cusl sad 03> axwgs ( Landsat 8 OLI/TIRS (s ojlgale )3 TIRS Wb : ke flgie 4 ) Syl Fymgyd LU 5l oo
i3 e isled ) LST auslors (glys o0zl 5,50 Laly (¥) b (V) Lls, (Guneroglu, 2015

Ts = Y[E_l(wli'sansw+ ¢2}+¢3] + 8 (1} '“Jﬂ-.'l_k

y= {CE Lssmor‘ [E

-1
- L + A1 2) sk,
Ts?mso:—* Cl semser ]} {} -
& = _FLsansor+ Tsansor (3} ala,

L;:l;*;'ss) ‘_gl.a.) Tsensor 0T UJ)‘P JJLg L)“’L)l) Lsensor Oxe) cla.m L)“"b')I) )Lm;] Cund € y0) C.\a.m LgLo.) )i:Lu Ts YL ]4.319) 2
54 Mt (g phnns] slmyzabl Wy 5 Wre Py cslogallh Coles 33 g S Ui i C2 g Ct )l gy 3 sige Jsbo A cokioniu

W35 Jeol (£) B (F) Ll

Yy, = 0.14714 w? —0.15583w + 1.1234 (4) =,
Y, = —0.1836 w? — 0.3760w — 0.52894 (5) abd;
Y3 = —0.0.04554 w? + 1.8719w — 0.39071 (6) sk,

17.27(T, — 273.15)
237.3 + (T, — 273.15

w; = 0.0981 {:m + 0.61.88 * exp] ]RH} +0.1679 (7 )aed,

53 45 3905 o3l Sty giw o] (clodls | ol o sox Ol HBu yial)b Jgas (ly ol s Cagby Aoy S5k RH &Y alaly )
93,8 ol a> 3 =YO L ol To jlade <07V oYY a5 yg0 13 g o odliw] 05 pad 05398 oK) (slvodly 3l 5305 o (gl adlllao )

' Single Channel Algoritm



98

VLY oLl AY=Y 0 Y oY Lo A 0593 (il pporsd 4T

S uLwAnkmaj)hd‘f ‘) L)] C.v‘)...:.u oJaMgw)@a‘udub\;xw W) MbLOENVI

- - Sh— e ——

L) .
Mo B Al 2 ] ma g @
w -

r'-x 0550172021 <& 13e
r et

!
..‘
9
1
B
3 5 2 Bl 3 e e 5t @
i 05001/2021 454 4
= L
h T RN W
E "- f » H
-

o
ﬁi
Oy
¥

. v o '
k "Z i .f A‘ ., "‘;‘. 1
: \'\ '~‘ ' : 5.‘( .
! ALY Ve !
e = b ‘tf-
| aceoss vt it ' " vy " 2 ' i

o e

|- : ]
3,5 il 433 ey )] il pi 03gd5xe g ddlllas 390 Gbolie )3 (e o (slod K LSS

gl onl lagyej 4 3late w55 4 LST (sl o Jobo (slod o py o5 3980 odalike ¢ Cuand (plyd 008 Jol> ol & a2y L

5 M (gl padls Gilises (gla oM (S (s et Cuol iy b A dilais )3yt b 5550 g (il g o3l) 3gi5 5 5

Vs
F aihin iy e 5y LST 355 3 o o 5" s iy o 5L
dilaie FgSue iy 3 LST (Sike () S5l oy b asls o s gl a3
AV/AY yoyio YVF jl aS
VE/ASY Fra-a Loy JS colus
/oy ay.-yvvs (m?)
NARS:Y YYYY-IY VY
Y /¥Y oS
/4 Loy
YAIYY ;l;w St
a/ay RV




aq Uj&-’nﬁy{//,

Se0,91 9 Jol (5 )/ ey G (gl yad L bLS )| (Slail oy

s oS 5 ik ¥
SRRt VEIYY Y-t
V-/0) e olal slass
v Y-10
YAV il g i ol
YA/Y ol ol 8jlw Cumdy
<IYA o5
Y/o¥ el Jb
VV/A- Jsd LB
A o Sgpge 03k kS
YVIEA s
YO/YA yoS g Jlo V-
B«/+) Jlo vy )
YE/N Jlo Yo 5l i d5290 0l Cuod
v Jg>
A dibie igSus yi LST 5:55ko 5 lo Jodb57 )18 Aoy oyl
dilate GgSas 154 3 LST :S0Le (%) Slol 3 2oy layasls LoD S clagasls
W-¥ &rope TVY I yiaS oy JS ol
Ay LA AL
¥ @y e AV ity K
FINE oS
FAUVY Lawgs
YEIV Dlj;’ RN
vIvY ")
\ZAR oS g il ¥
WY vo¥
/2% s b sl
SIv¥ Y-10
WAL iy o ojl
AY/\Y iz ojle o)l Cundg
-¥/fA°C A )5S
Y/¥A el Jb
el Jsd JB 39390 0jlw CudsS
Y. IAS oy
/AL Slog
Va/a0 iS5 Jlod e
FA/¥O Jlsye-y. )
vy Jlo¥e ) i 39290 ol Caold




100

VLY oLl AY=Y 0 Y oY Lo A 0593 (il pporsd 4T

& 5 s

Bolie 13 e 50 SIS (sla 3L (oo () 5 45,5 B sitg s 2350 05yl 8 Canl et ke S S Bl Al
26 o ol dnug g Glalin g oud T Lelind (oAU (lapretin) [Site 4 & Gl )l ey nl g glats (A o5 0
S 285 s &Sy 0500 el (9,8 S5 (gl (g5 Bpas G ol b & Syl plir ol W8S 8 SLS Julse
E9o90 ol 4 s b 0,5 o (o) o )3 (i) sl (S0 VT b g g (Sigly 63,555 1 (s SlS 5 Sl 60 Gblio g2 5
ol S8l el a3 g Bl (ol oy Cuanl el (o drsg g 1Dy 53,5 oo S i s 580 CoB 0 Gble S opjr &S
A5 Jes 3)ly a0 5 de 0lisS (gla g5 ydelp CIB 1D e g Cudld 1y oyl ) s 5485 g JolS el sl yel (il jo

g Conl gy lo)S sl YoV V 40 Fo,b 50 oF dilate 4 Cand A dilaio )3 (o) o (lod (ko i8S & joo Slalllas yolasl p
i a5 ol ol 5l 039 ¥ adlaie I gtio A adhaie > Jlo Yol i cwsd b claladlo wul oad ool L5 Jolis p3 4 jehailen
2 cals cuas ol Jed BB sla o5l sl ogMe dy sl 3,luilinl o3le 281 Y ddlaio 4y o A ddlaie )0 D550 (sl 0jlu I (g i
2 Omxed ol odd Cole) jmeS A dilate )3 (65l g (slojle (claduslinl wns @l ol b dsg b il e Y ddlaie dy Cans A ddlaio
Sl ozt lus dlass A dilate ) G0 Glids 4 bayye Slalllas )3 233,85 0 3950 ol sloojl (ghyls leidlu (g iy dlaad 35505 ol A ddlals
5 Y ddlaie sl laidle 4 Cund (i 6515 5 S gl bt e oy e A ddlaie (3 0gMe &y Cuwl ¥ ddlais | i 4l ¥ U
il 3550 Slasil VL oo 5 iy el o1 daosle 5l i) s ol 2y 0 A Al 3,50 ke 3 Calys
Pty (6 yiaS a8 g 0jl (gL 05 @i pe laplaitls &S adlate BM 2550 g Iy (SgSume (B0 )3 () ghaw slod

3y90 Bblie )3 (o) aw slod (:le 9 (I)l > pliz 65 JSB 0920 5 Lo 3 (5)loline 3T o yadls cpl w3 odalie (plpl
a5 bl o Janl Chyen Byl 4 SeSue Lisu jd edd Mg ole)S (655 plael Cand aSil g 0ud )53 3)l50 &y dliwl b 3yls ddllas
e 038 )53 o) ) oV ddlaie 4 Cons A adhate 3 (olo)S (551 €8 i 85w e A g Y adlate 93 a3 ()l nlie @iy
ol 0l Coley eSS p3Y sl liliol a7 bl o (655 Gpas (silwdigy Cas ;3 iydelpy & dan pl 10 39350 Slalllae g 634
Dgad dalgs SLLs SaS

References

Ahmadi, M., Dadashi Roudbari, A., & Esfandiari, N. (2019). Monitoring urban heat islands with special fractal evolutionary
approach (FNEA) (case study: Tehran metropolis). Iranian Remote Sensing and GIS Journal, 11(1), 112-93. (in Persian)
DOI: 10.52547/qisj.11.1.93

Ajhdari, A., & Taghvayi, A. (2018). Analysis of the effect of spatial configuration of urban cover and physical characteristics
of buildings on the phenomenon of urban cold surface islands. Environmental Journal, 44(1), 189 — 203. (in Persian).
DOI: 10.22059/jes.2018.244458.1007528

Arnfield, A. (2003). Two decades of urban climate research: a review of turbulence, exchanges of energy and water, and the
urban heat island. International Journal of Climatology a Journal of the Royal Meteorological Society, 23(1), 1-26.
https://doi.org/10.1002/joc.859

Dihkan, M, Fevzi, K, Guneroglu, N. (2015). Evaluation of surface urban heat island (SUHI) effect on coastal zone: The case
of Istanbul Megacity. Ocean & Coastal Management, 309-316. DOI:10.1016/j.ocecoaman.2015.03.008

Isaya Ndossi, M., & Avdan, U. (2016). Application of open source coding technologies in the production of land surface
temperature  (LST) maps from Landsat: a PyQGIS plugin. Remote  sensing, 8(5), 413. DOI:
https://doi.org/10.3390/rs8050413

Juelin, H., Zhao, W., Ainong, L., Fengping, W., Daijun, Y. (2019). The impact of the terrain effect on land surface
temperature variation based on Landsat-8 observations in mountainous areas. International Journal of Remote
Sensing, 40(5),1808-1827. DOI1:10.1080/01431161.2018.1466082

Kanters, J., & Horvat, M. (2012). Solar energy as a design parameter in urban planning. Energy Procedia, 30, 1143-1152.
Doi: 10.1016/j.eqypro.2012.11.127



https://doi.org/10.52547/gisj.11.1.93
https://doi.org/10.22059/jes.2018.244458.1007528
https://doi.org/10.1002/joc.859
http://dx.doi.org/10.1016/j.ocecoaman.2015.03.008
https://doi.org/10.3390/rs8050413
http://dx.doi.org/10.1080/01431161.2018.1466082
https://doi.org/10.1016/j.egypro.2012.11.127

o

- S,

Se0,91 9 Jol (5 )/ ey G (gl yad L bLS )| (Slail oy

Kerami, M., Zandi, R., & Taheri, J. (2020). Locating thermal islands and matching it with satellite images based on TOPSIS
model in Mashhad city. Applied Research Journal of Geographical Sciences, 20(56), 75-92 . (in Persian) .DOI:
10.29252/jgs.20.56.75

Liu, S., & Wang, J. (2019). Climatic Adaptability Design Strategy of Residential Zones based on Climate Consultant and
Ecotect Analysis--Taking Weidong New Town Community as an Example. In IOP Conference Series: Earth and
Environmental Science, 384(1). IOP Publishing. Doi: 10.1088/1755-1315/384/1/012017

Mahmoudzadeh, H., Amanzadeh, F. (2021). Comparative study of intensity of heat islands based on urban geometry (Case
study: Valiasr and Shanb Ghazan neighborhoods in Tabriz city). Researches of human geography, 54(2), 657 — 697. (in
Persian). DOI: https://sid.ir/paper/1060940/fa

Mahmoudzadeh, H., Pouyan Jam, A., Amanzadeh, F. (2020). Calculation of ground surface temperature and extraction of
thermal islands using Landsat 8 satellite images and separate window algorithm in Urmia city. Journal of Geography and
Planning, 24(73), 325 — 348. (in Persian) DOI: 10.22034/gp.2020.10794

Qihao, W. (2009). Thermal infrared remote sensing for urban climate and environmental studies: Methods, applications, and
trends. Journal of photogrammetry and remote sensing, 64(4), 335-344. https://doi.org/10.1016/j.isprsjprs.2009.03.007

Ranjbar Saadat abadi, A., Aliakbari, A., & Sadeghi hosseini, A. (2006). Effects of heat island and urbanization on local
weather and climate in  Tehran metropolis. Environmental Journal, 32(39). (in Persian) Doi:
20.1001.1.10258620.1385.32.39.7.4

Soleymani, K., Rouhani, F., Shaabani, M., & Rouhani, M. (2020). Application of single-channel algorithm in heat island
analysis of urban area. Journal of Iranian Remote Sensing & Gis, 12(3). (in Persian) DOI: 10.52547/qgisj.12.3.87

Youshui, Z., Balzter, H., & Xiongchang W. (2013). Spatial-temporal patterns of urban anthropogenic heat discharge in

Fuzhou, China, observed from sensible heat flux using Landsat TM/ETM+ data. International journal of remote
sensing, 34(4), 1459-1477. DOI:10.1080/01431161.2012.718465

Zhang, J., Xu, L., Shabunko, V., Tay, S. E. R., Sun, H., Lau, S. S. Y., & Reindl, T. (2019). Impact of urban block typology
on building solar potential and energy use efficiency in tropical high-density city. Applied Energy, 240, 513-533. Doi:

10.1016/j.apenergy.2019.02.033



http://dx.doi.org/10.29252/jgs.20.56.75
https://iopscience.iop.org/article/10.1088/1755-1315/384/1/012017/meta
https://sid.ir/paper/1060940/fa
https://geoplanning.tabrizu.ac.ir/article_10794.html?lang=fa
https://doi.org/10.1016/j.isprsjprs.2009.03.007
https://dor.isc.ac/dor/20.1001.1.10258620.1385.32.39.7.4
https://doi.org/10.52547/gisj.12.3.87
http://dx.doi.org/10.1080/01431161.2012.718465
https://doi.org/10.1016/j.apenergy.2019.02.033

