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Abstract:

Urban Heat Island (UHI) is an important factor for heat change and balance in global studies and is
considered as a proxy for climate change. Studying this phenomenon and investigating its mechanism
are very important in urban planning. During the last two decades, the great need for earth surface
temperature information for environmental studies and land resource management activities has turned
earth surface temperature remote sensing into one of the most important scientific issues (Sobrino et
al., 2004). In a research, He et al. (2019) studied the effect of the topographical factor on LST in
mountainous areas. The results of their research showed that there was a high correlation between
topography parameters and surface temperature. For the area studied in this research, the relationship
between LST and altitude was inversely linear. Tran et al. (2017) used Landsat 5,7,8 in order to
determine the relationship between land cover change and land surface temperature of the inner city of
Hanoi (plain and flat area). The results revealed that: a) LST depends on the non-linear method of
LULC types; b) Foci analysis by using the Getis Ord Gi* statistic allows analysis of LST pattern
change over time; ¢) UHI is affected from both the urban perspective and type of urban development;
d) investigation of LST pattern prediction and UHI effect can be done by the proposed model by using
nonlinear regression and simulated LULC change scenarios. In a research in a city of China, the
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harmful effects of land cover and land use changes on the Earth's surface temperature were
investigated through vegetation indicators based on three image sensors of TM and ETM+. For this
purpose, the researchers obtained the Temperature Vegetation Index (TVX) from the images. Their
results showed that land use change is an important factor for increasing the Earth's surface
temperature. It also showed high temperature in areas with scattered vegetation and low temperature in
areas with dense vegetation. It has been used in the statistical period of 2013-2015 in the city of
Isfahan as well. The results of this research showed that there was a sharp thermal gradient due to the
presence of Urban Cold Islands (UCI) between the center and suburbs. The largest UCI was identified
in Region 6 (Ahmadi & Dadashirodbari, 2016).

Keywords: Land Surface Temperature (LST), Normalized Difference Vegetation Index (NDVI),
spatial statistics, Isfahan City

Assumptions

It seemed that the growth and development of the city had increased the number of heat islands.

It seemed that the heat islands had spread from the surroundings towards the city center in the
investigated time period.

General purpose
Measuring the degree of spatial autocorrelation between land surface temperature and land use
Sub-goals:
Survey of land use in the summer of 2019
Spatial survey of thermal penalty in the summer of 2019

Research method:

In this research, 6 images obtained from Landsat 8 satellite were used Isfahan city in the summer of
2019. Landsat has two sensors; one is called Operational Land Imager (OLI) for Earth observation and
the other is Thermal Infra-Red Sensor (TIRS) thermal observation. These two sensors form 11 bands
together. The selected images had the wavelengths of 10.30-11.30 um, spatial resolution of 100 m,
and thermal band of 10. The pictures were taken in the warm season when we had the least amount of
cloud cover. To prepare the data, atmospheric and geometric corrections on satellite data were used
from the digital height data. Then, the Land Surface Temperature (LST) and Normalized
Difference Vegetation Index (NDVI) were calculated by using Google Earth Engine and radiometric
corrections were implemented on the data.

Results and conclusion:

This research paid attention to changes in the spatial autocorrelation pattern of surface temperature
and its relationship with land use. For this purpose, hot spot index and nearest neighbor average were
used. ArcGIS was used to apply the methods. The results of the nearest neighborhood average index
showed that Isfahan had some changes in the spatial correlation of ground surface temperature with a
high confidence level and the dispersion was clustered at the 99% confidence level. Based on the
patterns of hot spots in Regions 5 and 6, which were located in the south of the region, it played a
significant role in the formation and creation of thermal islands with 99% hot clusters. There were
areas of negative spatial autocorrelation (99% cold clustering areas) in the center of Isfahan city where
Regions 1 and 3 existed due to the presence of water use (33 bridges) and thus, a significant part of
Isfahan city lacked a statistically significant pattern. The results showed that the areas with vegetation
and water use weakened the heat island effect and the areas, in which the built regions were expanded
accelerated the heat island effect. In the planning and development of the city, more attention should
be paid to greening the city of Amar. Spatial statistics studies can lead to a suitable and new model for
the officials, politicians, and urban planners to use in the future.
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1. Urban heat islands
2. Thermal anomalies
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Figure 2- Steps to examine changes with Landsat satellite imagery
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\'Al Qb&.@.ﬂ}‘s.ﬁjbb’) d&‘)‘dﬂjlslechhudbA&wMAPbbyw

(s DB X ) Y8 Tl o e S 4y Lo )8 ol =Y ot
Table 1- Area of uses per square kilometer in 2019 (Authors, 2021)

gL A iy AL R sldamslu ol
ol ol ol Colos Sl M)J
Jl SWSH SWRH BWERH BWERH
(e sks) (e k) (e k) (e k) (o re k)
ADAKS 40,14 y1,Y0 IERKE VAN 0 ALY VeV Y4y 1y §4A1 1YE V0

mlodd et Sl s Bl (Sl Bl e i glos Skt Sl 608 Slib 1S
ol by e 3l 8 Sl i s YUY Slie b ol 6,08 4 Sl

(Ve OB 8) Pla 5 281 il 51 1)) 2,18 55 o) gl (slos Sl ek =Y Jgubr
Table 2- Ground surface temperature changes in land use in terms of average and maximum and
minimum (Authors, 2021)

Ls JSla> Ly iSlas s J;.{;L_.a
s8 r\s ol > ,s) i>,3) O s Al i>,3) e Bl il
(I F sl I F sl GI S sl
ot 4074AA YY/AQ £ /Y VA/v g iy YIVE
P e IR EA YY/V4 £4/49 YY/YS YA/YO Y/8X
sbls
YAYIrE s \W3% £4/A0 YA/FA YY/0) /v
IRRPLEA W
RPN
ALYV s YA/t £Y/V0 Y/ YV/ g \ZZA
%
ol ATATID YA/ £Y/00 Yoy Yamy AL

‘;Ldl.ho adas s o) ch.a sl olad M:y
S des e 0L s el i s P-value « 5,50 ;5 (VY +/VA) il 5L 5 Z-SCOre . slis

'\J.(.i)a‘\jg;_.ﬂh_:éﬁ)\)é\ﬂ.g Cload o = s ;J\;s‘ﬁ:j.)‘)‘b 39 3L 3 q@\cbbémuy

o.l_:_;.ol{j 6.)-..»\ u.'.',.hjj”_“: :\_>=:.’14 l_: 4.;’.9[.3. U'i‘ J\.\ngﬂ C,\:&J'Yl.s Ls.uuj;- ngf.” )‘ QLW‘ ol Jj“':gfo o>

Sl caslkes (VWAA)




VEOY Slg ) olad A8 ol FE Sl e 5,4l 5 LA vy

Nearest Neighbor Ratio: 1.474780
z-score: 710.189428 =

Significance Level Critical Value
(p-value) (z-score)

001 mm <-2.58

p-value: 0.000000 0.05 [E3 -2.58--1.96
010 [ -1.96--1.65

-~ [ -1.65-1.65
010 [J 1.65-1.96
005 [E@ 1.96-258
001 EW >258
 Sm— (Random) p——y
Significant Significant

Clustered Random Dispersed

(err OB X $) ) ch-n sl alad M:P L
Figure 6- Spatial autocorrelation of surface temperature (Authors, 2021)

'Cl.a 6\.&&‘_}4\:&

Lol polie b Laesls daale plUS 55 45 das so 0L SLisl ) 1558 o drmlone Z Sl G« s ol 5o
o)le 5 agd e i ol 1 A SKles 1368 5l Comler 02 asle a4 Lhld gduad 2 oS
S s e Ol (V JS2) adis cpl 0 lslae (glel Ll Ju@wvﬁ)&wrﬁs,\ib,w@ Bl i
Sl e Ghlad 13w slaasd 5 $ls slaasd plaalows a5 dinesd lsbias ool 51 Ll oS 3
Sl s o Shled | Bl glaaSd ils e Z 6 ible 5 ol 5 e (gl SasOLES (il e Z sl
53 o35 laadons VIS 6 5 Lol sdalie LB TAY 5780 JA8 Sluebl sl w03 5§l glaasd
o s eI sls 1 50 bl Jled 53 @3l laaoe 5 Ve Al Ok (sladdne A 5TV O bl
VE 5V bl g 3 wls bl 574 Dbl mlaw L8 5 Y bl G5 3 Wl sladke 5 788 Ol
Sy godm 5 b ik o, e 9\ 50 g,bl;»,;cslj Sl &S S0 53 558 0 sdaline 140 ot,,«b\ch.np
03§ AT 5 Y il o f s Wl gl (S5 508 K5 L AR Oluabl pelane V0 dilats 3 fls slaesd
L S eS e 3 S5, L 10 dilate 3 iz 5 Y dilata 53 Wly sladowe 5740 Olebl lave L V0 dilate 55 o
e lsbian (bl a5l g e s dis SspS 355 Ky b a5 bl .l sdalie LB 7AY labsl o



vy O, Ker 5 i) Ole, 21 6208 b e e glos (plab (Saeans B Oljpe o

Lasa)
et e
@ cCold Spot - 99%
@ Cold Spot - 95%
, Cold Spot - 90%

, Not Significant
%, Hot Spot - 90%
Hot Spot - 95%

o 225 45 9 135 18
e=5

Hot Spot - 99% — — PP

(Wt Oy ) 3w 5 Bl (SLoaS) (gl o5 2 -V IS5
Figure 7- Clustering of hot and cold spots (Authors, 2021)

3,98l sl flou

SlS (ISl ps ol 188 s s slaad ot L Lol 68 s sdas ol Ll st A IS
Sde b Cmlus o a8 alS iy 8L Gble g 58 5 kS VAT Jlde b Colie gy iy edda L
st JoLE L e ek YT

i (o pyal A JSE) Ay o GLAT 1780 3 glaad 2t b Bl (6,58 >l &S (g 5lssad 5o
A e 8 4 Gl Cxles djufjcffu\\/'w\/i“ Dlie b sddatle (5 ,0,8 4 Gl -l

Wl e e VYV e

Sl b sddianstlo (5 )8 4 Glae b o mis ((© i A KE) 780 5w Glaad =t L 15 5o
.CM|@JAJ:.AY'£YH Colaw b alS fig 6,08 @ Glae Sl o 2S5 @fj:a\/\/\/\on

Gt G S (am e e VIO s Cols L lel (& smi A IKE5) s fsbine (golel 31 a7 (gl 505
ol L O (58 ca oo WoAVE £n Cols Ly sl it (5 208 a0 £0YVe o0 Cmla b alS
Wl 633 OLES 0 0 VAYEROH s Cmlis b alS 2y B (6 )8 5 (Cboos (1 20S) o 0 YO TAE

Cols L oddant Lo (LS 4 Glate Comlos o i (& g A JS2) 780 s (glaasd s sed 3
Wl e Q4 ol b T (58 @ hate Cmlos 1 S 5 e e VR AT

LS 5 e tO0 Cola b 1y g o2 508 1 508 (7 ppas A JS2) 780 Fls slaasd Jls yod 53

..))‘.) cjﬁj:ﬁqu" Q?Wb‘)ﬁww% oddaslu



VEY Sle ) alad AR by P Dl s 55,40l 5 Wi vi

R ALS i (6 )8 aS A e OLL (g nsas A JS) (fﬁéuuj})'xqq Flo glaasd Jlssai
.J)\J CJAJI.A LVAVae wwh‘)m&iﬁégidﬁjgﬁ CJ.AJ‘:.» AAFA T C,}-LM..A[J‘)W

< .
]
95% apm sl At b Al
5 ay 99% 3w sl Al Al
17 527 400 3,231,000 70,000,000+ 5 Ly
4 20,000,000 ‘ | 110700 [ 50,578,200 ) 5,577,300
o o FE000 B 41490
[ 17,627 400
% 15,000,000+ [0 295200 J 50,000,000 4 [ 50,578,200
Mo W 494100 % 40,000,000 4 O 333900
2 - 1 B 2,000,700
® 30,000,000
8 £ 20,000,00{5577,300}
10,000,000
0
12 3 4 001 2 3 4
@bl gols bl gl
<
<
Aad lalina el Blad ji oS Bllis
& )ﬂ a5 Wl y go%awdun,&"]_‘,ﬁ.ﬁ
“ 5 el
k! 170,870,400 ] 76,596,300 gk
7 200,000,000 4 B 45270000 10,000,000 [ 7.771,500 fpo 2,042,100
a 0 170870400 b B 3420
3 [ 79,243,500 4 0 '212'400
W 3038400 9 5,000,000 /
4 100,000,000 B 125100
&)
2 50,000,000
0.
1.2 3 4
el gl
(al &
% af sl Al Lo Al S . s
95% 28 s il b Al TS 90% a8 5o 4dss b Al sl
o (5 MI)
I
1200.000_ 990,000 = sgg.ggg 14.0001000_ 10,95,800 1,483,200
3 ooo,000 4 0] 990,000 4 12,000,000 B 3,766,500
P ' T ] 10,936,500
% 800,000 pememmel | [E]. 381,600 % 000, S 1599000
", 6000004 381600 ). .. |H 4500 v, 8,000,000 B 93000
& | e 6,000,000
& 400,000 R
o 4,500 =)
200,000 =
0- T T
34 001 2 3 4
bl gnls @bl gnls
99% 58 sl Al L Al
50,000,000 ﬁs:;.s)soo
3 gggggggg [t B 57.249,000
J 60,000,000 O 34,359,700
4 50000000 | 34358700 O 4055400
w4, 40,000,000 & W 479,700
2 30000 o0
£ 20,000,00L 8178500
bl Ls).uls

(\i" Lb‘f.ﬁm«.}.j) b,«_”t‘é 6“&)) ﬁ‘)‘ 6,:)\5"«6\#)‘:}93—/\‘}&3

Figure 8- Charts of land use share in hot and cold spots (Source: Authors, 2021)
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