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Abstract

Urban heat islands could have destructive effects on the environment and increase energy
consumption. The present study aimed to investigate the spatial autocorrelation of land surface
temperature and its relationship with land use in Ahvaz city. Daily and Night Land surface
temperature maps were extracted from the split window method for the Landsat 8 satellite image and
MOD11A1 product, respectively. Land use maps of the study were extracted into five classes: Built-
up area, vegetation, bare land, water, and Karun River. Based on the results, Global Moran's index on
day and night was equal to 0.94 and 0.9, respectively, according to which Land Surface temperature is
distributed in a cluster form. Results of Getis-ord Gl statistics showed that the largest area of daily and
nightly hot spots in the east of Ahvaz was obtained with 5050.53 and 8055.69 ha, respectively. The
results of the Kruskal Wallis test showed that there was a statistically significant difference between
the average temperature of land uses (p-value<0.05), so industrial areas and bare land had the highest
temperature and the water bodies and vegetation had the lowest temperature. The results also showed
that LST has a negative relationship with NDVI (r = -0.47); however, the average NDVI index in the
study area was equal to 0.17 which indicated the poor quality of vegetation in Ahvaz. Therefore, it is
necessary to take measures to improve the quality of vegetation and expand the urban green space and
preserve water resources to adjust the land surface temperature in Ahvaz.
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Introduction

Land surface temperature (LST) is one of the essential components of climate in any region. It
controls physical, chemical, and environmental processes on the earth, which are influenced by factors
such as surface reflection and roughness of different types of land use/land cover, topography,
geographical location, biophysical characteristics, and climate parameter changes over time.
Population growth and urbanization, industrial development, and human activities such as
unprincipled changes in land use/land cover have created urban heat islands, which have devastating
effects on the environment and the health of the community, as well as energy consumption, especially
in cities with hot and dry climates. Using traditional methods to estimate land surface temperature is
impossible and time-consuming for all ground conditions. On the other hand, meteorological stations
only measure temperature information for specific points. In contrast, due to land cover and other
temperature conditions, temperatures in different regions are different from the recorded temperatures
for a particular point, and this data cannot be generalized to the whole region. Currently, remote
sensing technology with continuity and data collection in broad ranges can be very efficient in
estimating the land surface temperature. This study aimed to investigate the spatial autocorrelation of
surface temperature and to identify the thermal islands of Ahvaz using remote sensing and GIS.

Materials and Methods

Daily land surface temperature maps were extracted from the Landsat 8 satellite image in June
2020 using a split window method. The method of comparison with the temperature of the synoptic
station was used to evaluate the accuracy of the LST map. To investigate the changes in land surface
temperature at night, the land surface temperature product of the MODIS sensor (MOD11A1) was
used. In the next step, the spatial autocorrelation of Land surface temperature was investigated using
the global Moran index, and hot and cold spots were identified by Getis-Ord Gl statistics. In the next
step, land use maps of the study were extracted into five classes (Built-up area, vegetation, bare land,
water, and Karun River) using the support vector machine classification method. To evaluate the
efficiency of the classification method, the overall accuracy and kappa coefficient were used. The
relationship between land surface temperature (LST) and land use type, and normalized vegetation
difference index (NDVI) was investigated using the Kruskal-Wallis test and regression analysis,
respectively.

Research Findings

The results showed that the difference between the air temperature recorded by Ahwaz Synoptic
Station and the air temperature obtained from Landsat images is equal to 0.5 ° C, which indicates the
high accuracy of the LST map. According to the results, Region 8 had the highest, and Region 6 had
the lowest average surface temperature, equal to 53.72 and 51.53 ° C, respectively. The average LST
was 51.96 ° C. The results of calculating the global Moran index showed that the LST in Ahvaz has a
cluster pattern. The global Moran index for day and night was equal to 0.94 and 0.9, respectively,
which was significant at the level of one percent probability. The results of calculating the Getis-Ord
Gl statistic for identifying the areas with high and low clusters showed that daily cold spots in the west
and east of Ahvaz were equal to 4541.22 and 2644.74 ha, respectively. The largest area of daily and
night cold spots related to region 3 is equal to 1404.27 and 344.68 ha, respectively, and the lowest area
of daily cold spots related to region 7 is equal to 728.83 ha. In general, parks, areas around the Karun
River, cultivated lands, tree and forest cover, and water areas formed the cold spots of Ahvaz city. The
area of daily hot spots in the east and west of Ahvaz were obtained at 5050.53 and 2022.48 ha,
respectively, and the area of night hot spots in the east and west of Ahvaz was obtained at 8055.69 and
4509.66 ha, respectively. The highest area of hot spots day and night is related to region eight equal to
2734.92 and 3160.65 ha, respectively. The hot spots mainly covered industrial areas and surrounding
urban areas, hospitals, passenger terminals, gas stations, locations near busy roads, and bare land.
Based on the result, the kappa coefficient and overall accuracy of classification were 95.1% and 91%,
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respectively. According to the results of the Kruskal-Wallis test, there was a statistically significant
difference between the mean temperature of land (p-value <0.05), so industrial areas and bare land had
the highest average mean, i.e., the highest temperature and the water bodies and vegetation had the
lowest mean rank, i.e., the lowest temperature. The result also showed that LST has a negative
relationship with NDVI (r = -0.47), and with increasing the positive values of the NDVI index, the
average surface temperature decreased.

Discussion of Results and Conclusion

The results showed that the type of land use affects the land surface temperature. The high
concentration of industrial centers, large areas of barren lands, and lack of vegetation are the main
reasons for the formation of thermal islands in Ahvaz city. Based on the results, the presence of
vegetation and water zone modulates the land surface temperature. The average NDVI index was
obtained at 0.17, which indicated the thin vegetation of Ahvaz city. Measures such as using bright
colors on the facades of buildings, roads, streets, and parking, expanding vegetation and green space,
creating green roofs, changing the use of bare land, paying more attention to the agricultural sector,
and preventing construction on agricultural lands, planning, and optimal traffic management in busy
places, streets, and squares with high traffic and preservation of water resources in the region and
creating waterfalls in high-temperature areas are necessary and recommended adjusting the land
surface temperature in Ahvaz. In this research, the study year was selected as near to normal
conditions and summer season. It is suggested that further studies should be done in wet and drought
conditions and other seasons and compared the results with the results of this research.
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Figure (3) Land surface temperature, A) Day, B) Night



\oo SKer 5 5 lail Lo jdame ol g 2l 58 L OT Byl 5 e el (los pltd (Soads 5 (o 2

60

3 _ s EN
f F] L T S s __ » H
T 50 < H [l 3 < T < <
\ » » H H Bl H » H
‘% a . 2 a Pt . *a *a
< H [ 4l < < < < <
3 40 <F Ya k™4 < N i < <
| -c> >< -:}-c -c:‘ :‘-c:‘ :‘-c -c> -:}
n » » H H Bl H » H
~ 4, Lt £, i, L% i <, <,
“é. 30 *y 7 I y M +* . + t
4 < Il < < 4 < <
3 2 e el 1 3 RIS N
Y 20 [ [ g e L : sl
» » ‘. » ... H ER > .’ » ‘. »
\")\ L . I i M +* 1 LY
) <, Lt " [£, " <, Lt L ° * <, " <,
10 < < bd ke * < I < * < b <
» H .‘. H ‘. H ERE H] .‘. H .‘. H
<, L3 .9 <, .5 . ° <, <,
< H * [ 4l + < < < +* < b d <
0 > » .‘. * .‘. = ERE = .‘. » .‘. L

ml m2 m3 m4 m5 mé m7 m8

Seal Bia bl ) e sl ol (8) S
Figure (4) Mean of LST in 8 regions of Ahvaz

Pl 8 LS g

(0) U2 53 Ol yls o cpmile sy 5l eslizal LA cdd s slias (siuaids 5l ol sl )8 Lk
S LS laaid (sl LIS o o8 55 O saasOlis gluaid sl b5l 1 ol s ol o ail
ol olab colus oy (F Jods) Col ghuazds 25 05 5d sute 31 Sl oS ol v/4 31 s L1
cla_ww):.«i.ﬁé)\bjg_,ﬁ:&btn:tﬁ.lsjbo.)mi:‘t.::'-bd..éb\ASJﬁQTZMJQLiJ)'\)A\J@_JLméLb)Ju..bb\
Dbty oS a by e il el e S S0le (e85 e e (sles Bl Lol
s g gles cp i (F Jsd) doel s w3l 8 Sl s VAN XY L ol a5 08
s g gles (o Sls oty (b ol 6 ol S sl b e sl Sl i s AV/OY L il
(¥ Jsd) Klesls olanstl s w50 sl S ol & 55 08/¥E L1, &l

2 68 Slab s b gl (S5 5 comlus (F) Jgi
Table (3) Land use area and LST statistic in Land use Classes

RS ch.« sl s coluw

oSk I IS Lo S o
0\/ov 14/AY YAV A7) AAEAZVAR oddala
IR VY AN LYARS V4Y'0/EA A il
08/vE AV/OY £Y/YA AR\ oV £/4V o sl
£Y/0Y 04/ vo/04 YA vas4 ol
¥4/ £4/¢1 AN - V4V Glsy,
/4) LS a0/ LS s




VEOY Sl O oyled ) by FE Lo Jasee gm0 5 Wi Vo

48°35'0"E 48°40'0"E 48°45'0"E
=
£ =
= Z
a7 |
& 8
=
=
S z
g1 S
° - T~
= =
=
o sl u_.o'l )
_ L5 i
S =
S et . Z
S csd (2l | S
s B
1:125.000 T
o 2.5 5 10 15 . 29
- Oools aslio,,
48°3’5'0"E 48"46'0"1‘: 48"4‘5'0"]3

Jel s 2l sl (0) Yo
Figure (5) Land use Map of Ahvaz City

59500 P o) e gl Sler Olose Jobou
a5 L Jool 8 5 AR L Ll b s 5 Sler Ol asle e s el
S Z 5 S sS Jle pvalte [liis 5 ol sdal o 4 SO e 4 S35 Sl Ol ge e la Sl 4
35 e g Slas jalie f (plad sl 2 15 et 255 5 e e 28 (1 KD WS Lol S
P) do 3 A8 Olisebl mla w3 plad (Siams s gols Slaal e b pns mla (slos amiys 5 35 0

Als Lab s oddcslad 4 bl ol 5 YU slales wy ¢l (vValue=0.01

Moran's Index: 0.947720 Significance Level Critical Value Moran's Index: 0.908579 Significance Level Critical Value
z-score: 2596.765015 mm {gvakia) (z=oore) 2-score: 32.535630 (piala) (z-score)
001 mm <258 g 001 mm <258
p-value: 0.000000 o5 i p-value: 0.000000 i A
0.10 [ -1.96--1.65 0.10 [ -1.96--1.65
= = 1.65 - 1.65 = C3J -1.65-1.65
0.10 3 1.65-1.96 0.10 3 1.65-1.96
005 mm 196-258 005 Em 1.96-258
0.01 NN >2.58 0.01 >2.58
«— — A s | i

Significant ‘ . Significant

w1 -

(o 9, ( Al c’a.u sbs Sl Ol 90 Jodow (V) JSJ
Figure (6) Global Moran Analysis of LST, A) Day, B) Night



\ov SKer 5 5 lail Lo jdame ol g 2l 58 L OT Byl 5 e el (los pltd (Soads 5 (o 2

Jsal s Bl 5 &, Sol Bl e fo

Saal o 53 5 8 000008 Ly g A 5V 0 bl ms S1al G s il s slae) ol
L ol Slaal 3, 3 Lt 3l slaa S cmls 5 Jool JESa Yo TY/EA L 400 50 i Y bl iny
Gl 5 Dl bl Slaasd Cmls 1 g (Y S0 ol 00TV L il Slanl o2 3 5 e A+ 001
i e ke S o LS TV A0 S YWY Ul e Sl (6l 48 A Gl 4 by e
i i by 6l 5 4l pls eSS Comlns S sl adlin ) 53 s S1n 5 Lol S
AV JS2) ol JEKa VYAAT 5 WY Ll o e Slaal 65ls e

H oy &5 gasd B cud —£1s oS

3500
3000
—
_} 2500 :>
>
<
:$ 2000 ‘:
¥ 1500 + |
~ # o
1000 1 | *o|0
:{ : {: * :‘-t : -i:
500 :-: .‘, ::- ﬂf;‘ E :-: .‘. ::-
0 H .‘, H] ) F.9 ) = ‘. | - ‘_ o
ml m2 m3 m4 m5 m6 m7 m8

Noal wBcia Gble KL 5 6155, pls sLas) oles (V) S5
Figure (7) The area of Hot spot Pattern in 8 regions of Ahvaz

bl Cel baasT pl a8 55 O sdiaslis 5leal e S ia Gble s &l Fls slaasd Condge g
0 Sy Gl dLarp 5o oy (6 les GLAALL a0kl O GIbI 53 sddale LSl 5 axs
(A JS22) doleds Jala 1 o Lay (g3,5ES Lol 5 b 0sd 5 oo sl 5 Sl 5 slaesls
5 Al 0S8 ST gued sy (9551 rEaS 5 e Sle w pL s ) ol plild sk sk L bl
5o b3S e i ML Sles il 5l ‘gwiﬂgwu@uﬁ) S 50,5 shw Slalllae ulu
Ao Whi opboe Slay alS iy les Gl Ol Lol 5 Slas 55 65 Jl 0 S o a2
.(Choudhury et al., 2019) ol o 2,158 5l S sl
ol i s e dd el |y (5 Fes S o 5 i Slaal 3, 53 Al Bl glaasd ol
o 3 e 3 s Bl ol Sl e S A edalie Ko (g Sl Ll S IS Slaal g s g
O30 ool a5 dsb s (oA (ISE) ol ol Lol ¥ 5 Y bl Jid g 05 bl plx ol 45 Klas
LS Jlm 3 g a5 g oty b 3 5 S S et il @b S S B O3l e 4 A
Lo S o oln 5 S5l el ales 3o 3 el ple S e b L pllas sy cle w sddas



VEOY Sl O oyled ) by FE Lo Jasee gm0 5 Wi VoA

s A laolaxstle yls i Ol ol 5l rie ples 5 ol anl b5l Saala WLOT s el 3
Wl ol o B i b Ol is Esly algs al S e e mhae 53 Lo S DU e pime sl
oLl 5 (53, (golme ((VWAN) DL 5 slsls 0,3 aiila ((FAY) 0L 55 20 ol b Laasily
(it 3 bk g gad 3l a s s 3ol Cllas (V80 ) Obs s 5 (S5 5 (VAA) s
Sl st plesl OLSGl b JaSs ol 5 doas e OLES (g0 Vove 3 Voo bl 55 1) e o gl
N S b LTS LS Bl sl et s b s e Rl e a3 1) e glasiy
e gl glos Olsee  azmiiys 5 AS o B cah S 53 |y (e e Vo) LSy SO L diles -l

Sl Cillas (VWAA) o ol 5 (65 Sas (g5l @L:} LS cl Jseoddcd

|
1:100.000 Gn)lS &5y,
o 3 6 12 18
— — 3Km
- 48°390°F 48°400°E 48°450°F - 48°3S0°E 48°300°E 48°480°E

(o ey (I Glaal g ol pls aas) Cand e (M) S
Figure (8) Location of hot spot in ahvaz city, A) Day, B) Night

sl s KL g &, ol 5 e sasd Jdou

g s Ao 5 s Gla i (S Cou Sl 08 Bl Skl slaes sds S 5y, b
Sl g w3 SpSacior 3, S0 i b5 (A S0) Wlesls LSKis 1y i3s3 slaasd ‘u‘-’T
1S osbas el Slaal 553 5l rie Sleal G s dlss s glaas) Sl (8 ISK2) 355 g s dalie
Jeol S YULEVE Uy oy 5lsal 5 5 Sl £08/TY Ll 5pal e il 3 e sbaes) ol
UK FEEIA Gl 5lpal Gy s LS YVOA L iy Slaal o 5 0l 3 e slae) b (Ve JS5) 3
e Sleal gols e d Vddhie 4 by e Al 5 il s e g Cobwe o iy (V0 IS A ol
L o 5ol ol et V ikie 4 g o 55, 5 e (6o eS) e 1 20 5 LS VEE/ N 5 V60 E/YV L,
(0 JS8) ol U YoV



Vo4 SKer 5 5slail Lo e aal g 2ol 608 b 0T Blisl 5 e el (slos (2l (Stumas 33 ) 2

A§ISOE 48 0E 45°450°E 18IS0E AT W0E SSUSTE

31°2240°N
I2TAON
2240°N
TN

TN

MUIT0N

WNTAON

s chas) . s
1:100,000 on)lS wlog, 1:100,000 o9)lS wlssy,
0 3 6 12 18 0 3 6 12 18
— — = 1Km — — Km

SIZON

48°380°E 48°400°E 48 400°E 48°390°F 1574007 48°390°E

i S5au (A Glpal g 5ol 3 laas candge (4) K3
Figure (9) Location of Cold spot in ahvaz city, A) Day, B) Night
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