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Abstract

The surface of the earth or the top of the earth at the level of cities and urban areas becomes
significantly higher than the surrounding environment, which is known as the thermal component. If
this phenomenon is higher than a certain limit, it will cause problems for the city residents. But one of
the most important factors that can play a very important role in controlling this phenomenon is the
presence of vegetation, which is mainly a significant part of this coverage in urban areas. In this study,
the effect of vegetation cover on the amount of urban heat island in Isfahan City was investigated. For
this purpose, the surface temperature of the city and its relationship with the surface cover were
investigated using the land surface temperature (LST) products of the MODIS sensor in places with
heat islands by applying the Normalized Difference Vegetation Index (NDVI) of Landsat satellite data
during the period of 2001-2020. Examining the annual changes in temperature in Isfahan shows that
during this period, the temperature is generally increasing, so 2011 with an average annual
temperature of 37.21 degrees Celsius is the hottest year and 2012 is the coldest year with an average
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annual temperature of 33.7 degrees Celsius. The most apparent thermal islands were observed in areas
with industrial use, high-traffic places with severe air pollution and population density, and places
with weak vegetation, areas with dense and worn-out textures.

Keywords: LST, Landsat Satellite, Normalized Difference Vegetation Index (NDVI).

Introduction

In today's growing world, there is unprecedented urbanization and urban development, which have
become factors affecting the air temperature around urban areas. This temperature causes the creation
of a heat island in these areas compared to the surroundings, and as a result, it can play a fundamental
role in air quality and consequently public health. In one study conducted by Taghizadeh and Mazidi
(2019), the variability of heat island risk based on changes in land use and land cover was investigated
in Isfahan. The results of this research showed that the expansion of the city cannot be the main cause
of the increase in the surface temperature and the expansion of the heat island, but the change in the
use of other lands has also been effective in increasing or decreasing the temperature. The purpose of
the present study is to investigate the effects of vegetation in adjusting the surface temperature of the
ground in Isfahan City. Depriving the cities of vegetation will cause the temperature to rise, especially
in the summer season in big cities like Isfahan. Isfahan region is also facing the mentioned problems
due to the large size of urban areas and rapid growth in recent decades. In this regard, Landsat and
MOADIS satellite data are used.

Materials and Methods

To achieve the purpose of this study, satellite data were used. To investigate the effects of the
independent variable (i.e. vegetation covers) at the city level, the MODIS sensor data of the Terra
satellite were used in the period from 2001 to 2020. Landsat satellite data, which have a pixel size of
30 meters in the period from 2001 to 2020, were used to investigate the amount of vegetation (NDVI
index) in the city of Isfahan. In order to collect the data, first, satellite images were received by
referring to the United States Earth and Science website https://earthexplorer.usgs.gov. The NDVI
index was used in the period from January 2001 to December 2020 to investigate the patterns of
vegetation changes and fluctuations in time and place. For this purpose, raw images were obtained
from the NASA website, which included 240 monthly time series images of vegetation covers.

Research Findings

The results of the analysis showed that the average annual temperature of the surface of the earth in
this city is 35.6 degrees Celsius. According to the annual surface temperature map for the city of
Isfahan, the minimum temperatures are completely consistent with the peripheral heights of the city,
which can be seen in the form of spots in the northern parts (northern elevations of the foothills) and
southwest areas (southern elevations of Shahreza). These parts show a temperature between 19 and 25
degrees Celsius. The temperature of 25 to 30 degrees is scattered around the mentioned parts as well
as around the city of Isfahan and the Gav Khouni swamp. The largest temperature zone in the annual
map includes the temperature of 35 to 40 degrees, which covers most of the city. The maximum
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temperature that shows the hottest spots is located in the central part of the city. In order to investigate
the effects of the presence of vegetation and the amount of vegetation density in reducing the surface
temperature in the urban area of Isfahan, Landsat satellite data were used, and the NDVI vegetation
index was applied to these data. Then, a map and the amount of vegetation density were obtained.
Since the map of vegetation cover and surface temperature was prepared exactly on a specific and
simultaneous date, it is easy to visually observe the moderating role of vegetation covers in different
parts of Isfahan. With the investigations carried out, it was precisely determined that wherever there is
vegetation in Isfahan, the minimum temperature corresponds exactly to these parts. In parts of the city
that are devoid of vegetation, which mainly corresponds to urban constructions or barren lands, a
significant increase in the temperature of the surface of the earth can be seen. Therefore, the
moderating effect of vegetation on the temperature of the city and the simultaneous reduction of the
heat island in the studied area cannot be ignored. The major part of the concentration and density of
vegetation in this city exactly corresponds to the passage of Zayandeh Rood.

Discussion of Results and Conclusion

The development of urbanization causes the reduction of barren lands with high temperatures and
the formation of a layer of relatively lower temperatures than barren lands in residential areas.
Vegetation has a reducing effect on urban built surfaces such as busy streets and changes in land use
such as agricultural land to residential use. Being adjacent to barren lands in the city has intensifying
effects on high temperatures and hot spots. In fact, the results of this study show that, according to the
investigations carried out on the Landsat satellite data in Isfahan, there is a strong correlation between
the presence of vegetation and the decrease in the temperature of the city. In this regard, in the parts of
the city where the density of vegetation increases, the surface temperature is greatly reduced, and the
moderating role of vegetation can be seen well, but the temperature increases completely as you move
away from the vegetation.



L;LLG-‘? sz'.l)uuﬂ
YY —¢n B NENY )L@.‘v (A <;lL:-l) ‘Jﬂ ULM.'Z g(,.hgj'.:.w Jl

VECY/VE Sk (EXAARVACRN PRI

51 e3lial b Olgheol Ol g pn) (e slos s gy ALS 23 SU )

093 3 Jopew laesls

Ol (Olgho!l Olgheol o &ils (530,400 5 Wbl i 5SS e Wbl a 05 8 Lkl FH i35 S15 L,
r.zakerinejad@geo.ui.ac.ir
01t Olgheal Olghol o8l (g3 54ab 51 5 L jhor 8aSEls b (Sl fior 05 8 JLils ¢ (g 5o o
s.movahedi@geo.ui.ac.ir
O gl Olgheo! (Olghs! o&Sls (5400 5 5 Wbl aor 84K (Kiy g oolidl 92 90T 0y Ayl slid S wis ol M5 (g3 125
zjjazi@gmail.com

0l S>

@ﬁonygdwlﬁgﬁéﬁ%)ygqny\h@@Md,@yu,upcuwa&,‘jawémg;wciwém
S ol s 53 aad e e OUSLe (gl SSia sl Gl 508 i pasiie d 3l Sledbly ol 5 pd e bl b S
:\_ik;aw_ajcla_.a&l_uQ‘MJJ}J4)).2.'.«JJ{.JJL;.n)ﬁ;)l.w‘;ﬂ.‘mj@iL;Jkiéj\jp-gﬁj'q-;ﬂﬂ&})ﬂdhks&iﬁ:ﬁ)
ol i b ola0lSe (s s s (LST) w;&dugaywjna;m\pﬁbu;;ﬁp;\wujnp_uwm
ey alS iy Joli jaxls 5l 39 2001-2020 Sles 631 53 aLS by oS| 5 8 &g gl iz D o)
o=l b 5 Las 4 s e 0L Olgheal Oli g &gy slos VL Sloy Sl s oy oA slizal el 6 58b slaesls (NDVI)
Glos S L2012 Jle 5 0 5 S Ol et o s 253 YWY VL glos 0L L 2011 Ul oS (g ey sl o2l530 0,553
Sl 0LE 58 ALS il g b ol el aalllas les 8555 5o Il 53 e Ol et o seds 2203 VYV VL
L o0l 5 x5 L bl o8 5l 0Lad Sol = sl ls |y by o 2aS ( alS Jidp b ol 5 s o 2t oL 5l
e;ﬁJAM_}L’?\—#AMLEAZJJQJ"LJQéM‘Sﬂ)LSR&N):.-L"Jl)é;)nﬂjéjbﬁfiﬁtyb}ﬂ:}?&\ﬁc(&l;ﬁ)w6YL.‘VS‘J:
el (5 los ral3al B asOLE 5 s ls ol e w1y ALS s Sl 8 Gl e 4 oS Sl

ANDVID) e a8 ids Jolss coadd 558l LST :gadS” glasjly

J}}«.Aa.kﬁ)l*
53 8 oy gale s e3ls 3l eslinl b Olgaol Ol g cyan oedows (Slos Dl uts 5 ALS idgy 80 s (VERY) a5 (S5 chana (S50 (L il (5 S13

YN e DY o lds s aolipn YT e=Ye0) Sl s eyss

2476-3357 © The Author(s). Pulished by University of Isfahan ®' T

This is an open access article under the CC BY-NC 4.0 License (https://creativecommons.org/licenses/by-nc/4.0)

d https://doi.org/10.22108/sppl.2023.136224.1689 Eﬂ 20.1001.1.22287485.1402.13.1.3.0
=


https://portal.issn.org/resource/ISSN/2476-3357
https://creativecommons.org/licenses/by-nc/4.0
https://doi.org/10.22108/sppl.2023.136224.1689
https://dorl.net/dor/20.1001.1.22287485.1402.13.1.3.0
https://dorl.net/dor/20.1001.1.22287485.1402.13.1.3.0
mailto:r.zakerinejad@geo.ui.ac.ir
https://orcid.org/0000-0001-7502-5067

VY Sle A ale) Il o pled cons s Jlu L (530,000 vy

4o dde

ORI e Jalse Ol S S 558 e 0> el e A5 5 OS8Ol el A5 5 el sl o
L dmslin 5o gblie ol v Sl 6 bl Comge Ly il 3l cpl ool (6 e o BLbI s 1ea slos
o 3ne Sl OF dar 5 1oh CohS 3 e s bl 2 Wl e OF 51 36 (sla 1 5 555 e BT Lo
3, Shas 55 S 3503 35 e okl Gl s 3t sladyl 3L OTAY O Kas 5 i) Ll axdls
e U 55l e ST (5 ed Ghla (glpn S s sl e S0l i WSS 5 ed Sl
(! esde 38 e T e B a5 a Sa TGl 0L 5 bes 0L Olge) ol s 5 sl 5L
Tan et ) coul (UHIY) e ol plpm sl e BT 51 sles lagsbwal 5 (6 e of oS 5 56
Sl B LS oS 5 ey Sl ealiial &g (6 e S0l & iy ol als 5l (S (al., 2010
sl S 5 Lol Slial Sy laeile 5 b slaslascstlo ( AlS iy co 55 ok SLISIL «
S 2t St Ul b A5 s S 4 OIS e o (S 5 s el
Sk D Ol a8 ol (AL Sl iy 5 o Gble el (s GOl 2l My Y
P 03 S Tl ek s 5ok edde ts Sl S B 5 S Olie e e s ceddd
5 ot Sl Sleslsale slaosls 5 islat S iSa L o3l (Malick et al., 2008) ol SIS il (o o
JSdan g Gl fs Laslie 5o s glaapn SOl nli 5 e Ly les Dl oL
o Sl Sl o s ed e 5 siasn 5 (WFAY) je 5 Sl .Sl Bl JialS 6;(.,;;?
52 Al e ) 5 e  Res SOl S Gy Rl e 1) alS gy el Sl
Sl il slaesls Sl ol sl (6,8 IS 3 Bl L0l B e Sl oS s s
Gbloe ol col,m= L b lans irns Gblie o8 3ls 0L 8l el il sk 16 (55, 2 ASTER
50l )3 S o 515,00 5 ol Joar s gldd 5 ALS b L Gble 5 ST L O slee Joay L
AT O an 5 0lKae) Lls Lags 8 plos 4 Sl (5,208 (Slos el sl

03 r;j tbos doals (Susly o8 sl ol o s S elrl Olghol (6 40 Lo 55 oS A e 03
335, 50 5\ bl s rj_f e Wy 5 b s 3555 03 oy m e 5 03 3 5T 50 bl
S AU e T8 (L) ol Gtdodaliin Jlu o8 8555 53 3 s0tily Bltagy Gaal o (15
ALS S bt la jleslinal b maman 5 552 Sl Sl glaesls Sleslial Lol Sllllas 55 5ol >~
aS sls olis QT@L:JJQ_AJ? Cgo e e 53 SLST sNDVI ol s ahex ) sl a8 § &) o0
ol N b s 53 ol b i 5 Asla ) b o meS (alS Al b oLl s L o pi oL S

g3, b b gblise 5 cims alS 22 b oSheldas i So 1L S5, sl a5 ,8 L

1. Urban Heat Island



v Olan 5 31555 515 L Ol Do g o s sz S5 1 A by G )

S e O30 L OTAN) (o 5 0313 5 45 S0 Balllas 5> (V740 ¢ Slal) A edaliin o3 b
S S Sl plowll Ol e o o) iy s oS S0l Sl 4 il oS 4 S bl
@l S8 e Okl g 53 ed R 5 (BNl Sl Bl s gl 8 bl
s sl ple S8 S 5 e los 11 Lol el LS o e 5 eSS sls 0L sy
rsbad Sleslial Ly ;55 hass 0o Sl g e 5 b 2l (I3l 5o (Sl nle 08 g5 s
oS b S USKS s AL Rl 5 e e les BLILT Olgheol i S e s et (gl sale
ool 428 gladle a4 o ot sladlir 53 Les (211w s S sS el 45 Ad o O slas blse
OLLSes 5 51l 550 ol Kl s o/ 2016 L5 2010 e 330 s aVle (los Lo s 45 (g 5bas
Oliis 5 A s 2 4o 55 63 55 G ol ol S 5 Sl Oluss (6,505 adllas 53 (V)
(i ol bl ls e BLSE LS 2Ep b g6l SOl alir Sld a8 sy e ol @
3 (Umar & Kumar, 2014) 515 O ey e cpl Madlopw o553 55500 53 5,68 ol S ol o 5855
13 DL gl 5 b e Wl (5 Gblin 53 ppon el 5lod (S5 (5 5Sme o5 Sla 31 55 aalllns S,
s St ylams Sy Salus g a8 S0 Sl b LIl (5K (15 L B s LST el o5
ool LS O o )y o Olge L i3 55 (2021) Tepanosyan et al. .(Morabito et al., 2016) .|
oS Aols LS Oleto ) Ols ] 93 o0 1 e 1 ol (S ,gd Ul 6 b 5 pen b i)
015 o e@lons ol Ols ) el 3 0l b (it 5 o los Dl is G el 1 alS Ry
ALST) gy o los et oy Wil (o> (RIAN gy Dl adS S53 5 (02 10 4 35 O
.(Hidalgo & Arco 2022; Tepanosyan et al., 2021) <l s 35,5 s ALS ilg 5 e 08

S 534S eddelanil (g e bl )3 JILLE Glamhn dan g (LS id s b Ay s Sl Sl
S g ol b g 5o LAl o ge oS Gl ol oLl alS idg Ol a5l Oladlas
(Lietal., 2020; Hua et al., 2020; Yang et al., 2022; Ma & Peng, 2021; Waheed et al., 2023)

Sl el b Olghool Ol s mbar (slos Do AS iy S50 s S0l s 5 s
SLans 5> e 35 5 6 e 3b5 Gy Woas Olgol Ol g3 .ol (sloypale 5Ll (glaosls
D=l VL o8 5 5000 w03 S by oty 593 Sl e pslial el 4l e 0l S5 OIS b
L 655 5 S slaosls 4y (RS oo s (@3l Lt (583 ol alim Sl T Sl skt s
=l Jdes 5 Ll 5s s 5l G (65508 Sl 6 S e o g (s et slaaig 3 Ll b 5 608
2 e Ay sles Jodsd 5o ALS i el e p ol SR Sl Gl Ll sl 6 el S~

Sy g oslitl pwsle sloein 5 Cowdd 55l gale glaesls Sl Ll pl s ol Olgdal Ol g



VY Sle A ale) Il o pled cons s Jlu L (530,000 \1

ol anilae aalate
Ol as Jlad G 3l 5 g uwem Ol 356 S 5l (s g G0k 108 4 O o 3 Olghosl Ot g
035w (il 35 e 3 5dmma 03] 5 0S4 g a3l 5 Bao 5 O35l b 4 B0 3l 5 Obs )l 5 dae
Y s Y LY e s 1Y i sla o 5 483 )Y 5 amys OF B aids V) 5 am s 0) Uil i slad b
e Vb Slie b eli )yl £eS 5 ol Jlad gla s s 2 YT Ol b ol diy das o (A | adds

() JSK8) ol 20100 Ol gl o)) T ste 505 g0 0> Ol g d (655 o0 sla A o

(QW‘ QL'»AJ@J:) oddanlan dalaie (%«-‘r Connss) d“—\i’b‘ K (Q’-«:‘) Cannr) 63 glows L :\JSJ-
(\i'Y ‘C)\fv\-'u\gs ‘rrﬂjjb. c-'ﬂ)

Figure 1: The location (right side) and height (left side) of the studied area
(Isfahan city)
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Fig 4: Seasonal distribution of surface temperature in Isfahan city (2001-2020)
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Table 1: The percentage of spatial changes in Isfahan's spring temperature
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