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ABSTRACT

Introduction: In recent decades, along with the physical development of cities and population
increase due to immigration, heat islands, which are mainly the result of human made activities, have
gained significant importance. So, the reduction of vegetation cover, the high consumption of fossil
fuels, the emission of greenhouse gases and the use of inappropriate materials in urban construction
have created the microclimate of a heat island above the metropolis of the world. Finally, it causes
an increase in the land surface temperature, atmospheric stability, persistence and stabilization of
pollutants and an increase in respiratory diseases. Today, by using remote sensing methods and using
digital satellite images, it is possible to examine the land surface temperature with high accuracy and
in a short period using MODIS sensors and Terra satellite images. Therefore, the main objective of
the current research was to analyze the temporal and spatial variations of heat islands of Isfahan using
the principal component analysis method. With this technique, it is possible to identify the seasons
and months when the land surface temperature and the heat island increased.

Material and methods: In this regard, the present research considered analyzing the temporal
and spatial variations of this phenomenon in Isfahan during a period of 20 years (from 2000 to
2020 AD). To achieve this purpose, the land surface temperature (LST) data extracted by MODIS
sensor and Terra satellite was used. These data are available for the whole world with a time
resolution of 8 days and a spatial resolution of 1x1 km in a sinusoidal grid with dimensions of
1200x1200 km. Therefore, for Isfahan, 913 images were extracted from the MODIS sensor. Then,
with the principal component analysis (PCA) method, the seasons and months that have the most
influence on the occurrence of heat islands were identified and in order to analyze the trend of this
phenomenon, the Mann-Kendall and the Kolmogorov-Smirnov tests were used.

Results and discussion: The findings of the research indicated that the land surface
temperature in the last 20 years in Isfahan had an increasing trend with a rate of 4%. However,
this trend in the population and urban centers has been completely different from the
surrounding areas of Isfahan. In terms of spatial distribution, the highest occurrence of heat
islands has been registered in the eastern and southeastern parts (including Hassan Abad and
Jolgeh) due to proximity to the hot deserts of Kavir-Lout, proximity to Sepiddasht, VVarzaneh,
Shahrak Ramsheh industrial towns and changes in the land use of agricultural to industrial and
residential. also in the North-West region (including Mahmudabad and Isfahan city) due to the
increase in man-made heating caused by the increase in the consumption of fossil fuels, the
growth of residential, industrial and commercial units, temperature has risen. In addition, the
results showed that the intensity of the heat island in winter is higher than in summer, and the
most intense time of its occurrence was recorded in January and the least in November.

Conclusion: Isfahan is integrally affected by global climate conditions, but depending on the
geographical location of each part of this province, the land surface temperature and the
occurrence of heat islands are different, so that, eastern and central parts, adjacent to Kavir-
Lout and close to industrial towns, have an increasing trend. Moreover, the southern parts have
a decreasing rate of temperature and heat islands due to less urban population, larger
agricultural lands and more vegetation. The increase in urbanization, migration, and the
increase in fossil fuel consumption, the decrease in vegetation, the aggravation of drought, and
the change in land use have a fundamental role in increasing the occurrence of this phenomenon.

Keywords: Modis Satellite, Heat Island, Principal Component Analysis, Mann-Kendall Test,
Kolmogorov-Smirnov Test, Isfahan.
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Fig. 3- Kilogram of the long-term mean of thermal island in Isfahan County
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Fig. 4- Spatial distribution of Heat Island in Isfahan County
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Table 1. Statistics of heat island and its trend in Isfahan County
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Kolmogorov-Smirnov Test Mann-Kendall Test Statistics of heat island ole
P-Value K P-Value Oeilee Al S Month

Mean Max Min
0.036 0.108 0 15.41 18.80 8.58 45
January
0.150 0.085 0.543 -0.109 22.16 25.81 18.32 “08°
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0.150 0.062 0.628 0.328 30.77 34.75 26.07 ole
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0.150 0.073 0 50.84 52.23 49.29
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”.AL:.A..-J
0.150 0.072 0.371 -0.328 45.29 46.94 43.81 v
September
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Table 1. Cont. Statistics of heat island and its trend in Isfahan County
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Mean Max Min
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0.150 0.075 0.09 -1.542 36.21 38.27 34.36
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0.150 0.085 0.736 -0.613 23.98 26.83 20.79
November
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0.090 0.095 . 2.901%* 16.53 19.51 11.20 e
December
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The symbol * indicates the presence at the 90% confidence level (range between +1.65-1.96), the ** sign indicates the trend at the
95% confidence level (+1.96-2.57) and the *** indicates the trend in It shows a confidence level of 99% (more than +2.57).
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Fig. 6- Kilogram of heat island distribution in January
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Fig. 7- Kilogram of heat island distribution in August
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Table 2. Statistics of heat island of Isfahan County based on PCA
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Fig. 13- Scatter plot of heat island in Isfahan County with
PCA method

Cumulative variability (%)

2970 (§53,) oy polie Hlosai &,k 5l (gle o Ose3!
—r Soye X jemme (55)) bele slaws Llie o (Y
Oom ly eas cus (ool Ll 4 Jloged ol L8
Slr dls o1, S 5 (2 w9 S slo Jele
Sl Lo gladile Jogas ams o ol da el Lo
5 oAVl (wgly olo) Jsl adlie a5 cunl Cllae ()l
Ol (2b)S nliz e 5o adlie (n 535
22 adlie 23U (a,58) Sy 4y poo adlge Sl (bl
Sloged g S oo e o S a4 baodls 2y s,
Jelos plol ()3 2 (g9l 095 (nl 45 09l oo lgen
loole A USE o (V JS8) ablce Lol gloailse

100

[o} [oe]
o o
‘ ‘
Eigenvalue

N
o
:

[
o
I

F12 F11 F10 F9 F8 F7 F6 F5 F4 F3 F2 F1

Gy b Sl ol (oS o2 cslo s Jfoges VY JSC4

PCA
Fig. 12- Scree plot of heat island in Isfahan County with
PCA method

\FeY QLM) f o)Le..i) AR 0,99 ~‘5!a,:;m p9l.c asllad

of



Ol ¢ gl Sxb

RS o e Jledy (Go> 55 YU )
Ol e &Sl 0529 b oogdige Juli 1, (pleel
Lo ooelll Ll 13l o a3 LS5 j5b a0 (gl
G oo cel 1 0 Jge Iy oz Llo,le LSS
2 g ol o555 ole S 05 Guilrial (g )
il gslie Ll o] il slaing 3 5>

sl

aals e oo las (V) S oS jshilen SIS Hlas 5l
Gl Glugs o ol Kool OF U -AA 5l Olss
59 ‘4.3.5.3\')" olo 50 albes Lo u.._i’l...,o Q‘)’.:.A u_,)...of
Crx leyS S 0y o g Jled Ced
Joloo | &> 2on 655 0 Sleiend g liw 2158 >
il ole jo ailids Loo (1 Sle yl5ue o YL 065 oo

Sl idu S g g Le ag8 > 3,0 Jlb

Ny Mnars »n L LU u o ‘ . s

[P z

t

i iy e

- s e ;
[ e
B <z as
25410

1 5.

B o

®

§

e i

- — — x

ey
g S A

4505 ole 3o el Gl sed (il 0z Gloj 25T -1 F U
Fig. 14- Temporal distribution of heat island of Isfahan County in January

G omb Gl cud b arg LS g ad s>
o AV b plo Sl ol gles § 058 00 )5 s pus
Oigy et gye b iy g0 S sled (o5 4 g
5ol sles g ool cansyl e pwas 1) 843 sl 5 S
Bblin 45 Sl 5 ol 3y e 2 ot L
N Sl e b aaxg b ol slaay g oasaisle
G shensil &y eyl a1y 59, S5 o 00d 0050 slo)S
oS azg Ll ls oV 5> cod )b 5 ol
...\.b‘é ;]a.wwcja»:duéw5)j))b JJ)L) 4569).245
Slyess aiels a5 conl ol 51 S uegh slaadl
2 3l Jlo Ve (b e e sles ailids Sawail,
anile doli8l suigy ool Hlw el 31 g Caod
Sl sbiwnd 5 (S55d8 I (59, )0 Wy, cnl el

S & Blaris Ligae 45) alagS'y 4> 09, o i

R i e S o Bt ey
WYL Wt METT WWOLRTWUT  AYHTY

S 5 o
oolawl yudai jao 3l i slaybg, 3l eolaiwl gyl
e 5 2oL slayll 5l (S s 4 sl olgale jslais]
b slado,e Copoe g e Slss les sl
bS] S iy oS bl )l e e (e
Ol (ol 0nir oy (owyp lp (elidle lo
A 5o oy (nl B8 oy S W s il
sl ojlsale pglas (slaodls 3l ledal iyl ag
L as ols las als .cal oals oolaiwl uole osomw
5 PLS Gids 5o (Siglsd g9 5 Dl @ axy
S yo> 59 b ey slagiby Cglate Jolss (yeizran
5o g Jle iz glaole 5 59, Job 0 (59559
ok ol rbans 3556 Dlogas
Llodsl alizes glaole JoUHI (o) (552,59 pdolidgas

glas )l

5 b Ol ol el s sl sy S

\FeY QLM) f o)Le..i) AR 0,99 ~‘5!a,:;m p9l.c asllad

AN



w0 Ol pliw ol Al ()l plie alale Dt o)

dmlio D98 00 39; (n 5 A2 (635 0 ilagS i
sl olRegn Ko oS Glides b polo s gl
3 G lools jleslail b ailods ()l 0052 (b))
e laie a0yl Billay il ool sl 1> g0
be,S 85> s, » 4 «(Tourki and Masoodian, 2021)
Spi ol ASbn b g jg) 50 S S
SISy aS ol las alje, 83L yo ployw [ ol S
e sled el 53 g 7S Led (52Ske 5, (b gt
Mojarrad et ) 5.a50 zols Cawl 5 (55w slos I yii
il mo oliileS 108 o wms e lii 55 @l 2018
A $9) 2le)S b et plie ) (ledal (i el
(Hashemi Darrehbadami et al., 2018) .05 oo JoSis
9595 5% Old BN Sl enir Sk o) b
dsb o3 Jlo o pbl jo it S plim anced
S o oyl el o gle)S plis,

P Oy g gles &l Glpk Wy, eizes
@lls Bl 551 5o sl Jlo Yo b oledal b 0
w2 ol oniz ol @ 4 a8 cesl oy (A13H s
Sl oad o 1) (g2 (g5l 5 il (gogro s
O 2l s iped Gl Olgioe O RV ek
(PLS Gidgy Rl (e sl (Tl sy
S 0 el 1) a6 e g JloSias wais
5735 YU (59; 0hng ble 458 > e Jladh (59, 50
&3S 0 9 alpsSasl> ) o st | slacend
(PS5 e GlBl g 65,slaS Lol Cany s 4
r bl Gl nliz gy 5 eS e e sbeo
aS ol s JlasS—ye wig,y Judow bl ailb co otalS
Ol e 53 Lod (gl 5 oo W) o YL agils
ilools plaizl gz 4 1) leasl

Tobe b mhe glos Cute (San G )l mls
PLS Gidgy b slod (dhie (Stuen 5 p3ol3sk
as ol lad Gudow cpl @l Jb ol Lol plas

Shlo frey idga 6 25 b ey o Sloo (Siron

O 5o el Ay ciolS W) (Gl LS g
Sl onyz Gloy Slymds Wy, (gwy n pskiie 4 pol>
—Bg,550lS gesl (B9, 90 3 plekel pliwed
w8, 5 eoliul oy JIAiS— s 5 g o]
oo 6l 305 ol (P-Value) Jlazs! e a5 ols olis
So (B e el 00 ) 2SasS peles 5 4l
&g Oldel Ol Gl oniz Sl p S
9 ke Ngy Gy CangSloghce o) wijls Jley
Bl Cate B9, (VL 4l 5 pales g 285
elaisl o3 a1y pledal Gliw el jo (Sl ons>
sioole (ol sladdlse ol (5, b izen g aslosls
Sl rlz olad; wans o1, IS 8L op i oS
G5y kol sloaile Julos Jlosl b Lol wijls
ol y2 sl (Sil> oniz slaosls (Stuon o sile
oy ool jlae,e Ve gaemme o aS Lol adlse VY
556 G 38 Al S (o0 (e 1) (Sl
b awsls O 51 letol plow el Bl jo (31> 0>
s peeloss olo ) gy o 525 il s j2aS g sl ¥\ laie
lioree ddlaie dw ol ol 5 (S mli canl <[ Y Jlake
aslllae 550 ailate ;5 (51> 0p32 o515 5 Sy
5 gl pmalod (95 ST agily (laole 09 o0 0y
w3 &S Gl opir phiel 1Sy shls a6
ST bgs g )l 518 (ol o s STy
(oole oo slaole Jold 5wt (51> 052 Lyt
o5z b dw i g Wil sl 5 Yoz ST

sl yralgs olo 4y bgs o yioS (551,
Wt slos eSlen st 1 SIS0 G155 )
@ Lo 58,2 25u gy olo )5 ez )3 O1F) e il
HeD S9y 2 SF e g G5 VB g, o
i Ol eSS sl oad ocsslie  lgaol
595 dsb o0 & Sl plaplSe a4 bgype (FIV LS
o 3l a8 gl sles s o wijls (YL o (g9
S eand oyl g s Ceanad Lol a5 sl 3bolie

\FeY QL.M) f O)Le.:a AR 0,99 ~‘5!af;u P;l.c asllad

N4



O )en 5 giloy glxb

sbad ialidl .l 0w slag il S 5l sslixul g god]
ARl pogdle e Slaels Sl ookl 5 (548 e
wad vy 1) (Gl llel Wlgte (Sl eni
CoisS Ssed oz se Saledys 5 was 1als | I Sl
boanwss Jo)po slajeed jo bl gl (Latingd (S
e slad sl sl JIB slad ( Slasle oYL (ST

d)‘}iﬂ*’%
o 4 3blowd Cpall Jlozapw oKiils 51 alwg s

@ (S19,a8 5 ,Sis JlS ol iegh Sl Geie Cole>
e coles 3 alin ol U85 50 Led gl o Jac

Sl oot sslainl gols ased b slydf ylojles

References

Abedini, M., Qaleh, E., Aghazadeh, N. and
Mohammadzadeh, M., 2021. Monitoring the surface
temperature of the earth and investigating the
relationship between land use and surface
temperature using OLI and TM, (Case study:
MeshginShahr city). Journal of Applied Research in
Geographical Sciences. 67, 375-393. https://doi.org/
10.52547/jgs.22.67.375

Afifi, M.l.,, 2016. Monitoring particulate matter
using multi-spectral images of Modis satellite in the
southwest of Iran. Geography Quarterly. 55, 184-
194. https://rimag.ricest.ac.ir/en/Article/9111

Ahmadi, M., and Ahmadi, H., 2018. Monitoring of
the night time land surface temperature in Iran based
on output of the MODIS. GeoRes. 33 (1), 174-190.
https://doi.org/10.29252/geores.33.1.174

Amorim, T., Dubreuil, V. and Amorim, A.T., 2021.
Day and night surface and atmospheric heat islands
in a continental and temperate  tropical
environment. Urban Climate. 38, 19-28. https://doi.org/
10.1016 /j.uclim.2021.100918

Arvin, A., 2021. Investigation of urban thermal
Island based on information of urban meteorological
stations. Geographical Planning of Space. 11(41),
81-94.

Chander-G., Markham, B.L. and Helder, D.L., 2009.

Slllas jo Wb oS Caul (539, Al g (Jad Dl s
wloS 85 gwyp 0gh a8 Sl s Sl o
slalad Gozen (Lol Adg 25U Gledel Gl s
b chnss )01y s slo loislo oST5 L (5,00 jumw
kg).eri:dlﬁ)a\.ol.iﬁ.obdw@?_—;@gﬁu)fgﬁ}?%m

3 2l 65 ge 5l e olaiil b s g alie
Sled el slopg Ol 4 az s 3l g 548 (5TLsT Gblis
— S sl ledns jo anS Jolaie (g0g02l |y e

arwgs 6 (S opiz AL ablie sl ook sl
Sl azog Gaile, Jole 4 Lyl o a8 cul azdly
g wdx uals 5 Sl ol il ey e el
1 JCON I IR O E S RV PRI JE P e Y
Ol 381 g e Slaels 3l eolaiul g (6 o s sLaS ol 3l

&be

Summary of current radiometric calibration
coefficients for Landsat MSS, TM, ETM+, and EO-
1 ALI sensors. Remote Sensing of Environment.
113(5), 893-903. https:// doi.org/ 10.1016/ j.rse.20009.
01.007

Gartland, L., 2008. Heat Island. London: Earth scan.

Gedzelman, S.D., Austin, S., Cermak, R., and
Stefano, N., 2003. Mesoscale aspects of the urban
heat island around Newyork city. Theor Appl
climatol. 75, 29-4. https://doi.org/10.1007/s00704-
002-0724-2

Hajifathali, M., Faizi, M., and Dehghan, A., 2021.
The relationship between air heat, average radiant
heat and albedo in reducing heat islands in cities.
Geography Quarterly. 71, 173-190.
http://ensani.ir/file/download/article/1651302222-
10550-1400-149

Halabian, A. H., Parvin, N., and Nagibzadeh, R.,
2021. Analysis of spatio-temporal changes in the
thermal patterns of Arak city by processing
satellite images and GIS. Scientific-Research
Quarterly of Geographical Information (Sephehr).
30(119), 121-138. https:// doi.org/ 10.22131/
sepehr._2021.247885

\FeY QL.M) f o)Le..i'a AR 0,99 ~‘5!af;u f;l.c asllad

NG


https://rimag.ricest.ac.ir/en/Article/9111
https://doi.org/10.1007/s00704-002-0724-2
https://doi.org/10.1007/s00704-002-0724-2
http://ensani.ir/file/download/article/1651302222-10550-1400-149.pdf
http://ensani.ir/file/download/article/1651302222-10550-1400-149.pdf

w0 Ol pliw ol Al ()l plie alale Dt o)

Hashemi Darrhbadami, S., Darvishi Belorani, A.,
Alavi Panah, S. K., Maleki, M., and Bayat, R., 2018.
Analysis of changes in the heat island of urban
surfaces during the day and night using multi-
temporal Modis sensor products (Case study: Tehran
Metropolis).  Applied Research  Journal  of
Geographical Sciences. (52), 113-128. https://doi.org/
10.29252/jgs.19.52.113

Iménez-Mufioz, J.C. and Sobrino, J., 2008. Split
window coefficients for land surface temperature
retrieval from low-resolution thermal infrared
sensors. Geoscience and Remote Sensing Letters.
IEEE. 5(4), 806-809. https://doi.org/10.1109/ LGRS.
2008.2001636

Jolliffe, I.T., 2001. Principal Component Analysis,
2nd Edition, Springer.
Kargupta, H, Huang, W.Y, Sivakumar, K. and
Johnson, E., 2001. Distributed Clustering Using
Collective Principal Component Analysis. Knowl.
Inf. Syst. 3 (4), 422-448. https://redirect.cs.
umbc.edu/ ~hillol/PUBS

Khurshiddost, A.M., 2004. Applied hydrology and
meteorology, Yavariyan Publishing, Tabriz.

Landsberg, H. E.,
Academic Press.

1981. The wurban climatic:

Lazzarini, M., Marpu, P.R. and Ghedira, H., 2013.
Temperature-land cover interactions: the inversion
of urban heat island phenomenon in desert city areas.
Remote Sensing of Environment. 130, 136-152.
https://doi.org/10.1016/j.rse.2012.11.007

Liu, L. and Zhang, Y., 2011. Urban heat island
analysis using the Landsat TM data and ASTER
data: A case study in Hong Kong. Remote Sensing.
3(7), 1535-1552. https://doi.org/10.3390/rs3071535

Mann, H.B., 1945. Non-parametric tests against
trend, Econometrica. 13,163-171. https://doi.org/
10.2307/1907187

Mansourmoghadam, M., Rousta, I., Zamani, M.S.
and Mokhtari, M.H., 2022. Study and prediction of
land surface temperature changes in Yazd city:
investigating the effect of proximity and land cover
changes. Journal of Remote Sensing and
Geographical Information System in Natural
Resources. 45, 1-27. https://sanad.iau.ir/journal/
girs/article_682083

MCST., 2006. MODIS Level 1B Product User’s

Guide. NASA/Goddard Space Flight Center
Greenbelt, MD20771,62.

Mohammadi, M. and Afifi, M.1., 2021. Investigating

the phenomenon of urban heat islands using ASTER
satellite images (Study area: Shiraz city). Geography
and Environmental Studies Quarterly. 10(37), 21-44.
https://www.sid.ir/paper/386693

Mojarrad, F., Naseriyeh, M. and Hashemi, S., 2018.
Investigation of Periodic and Seasonal Variations of
Urban Heat Island (UHI) at night and day by using
Satellite Imagery in Kermanshah City. Journal of the
Earth and Space Physics. 44(2), 479-494. 10.22059/
JESPHYS.2018.247773.1006952

Mortazaviasal, S.K., Saidi, R. and Rezaei, M., 2021.
The effect of land use on the spatial distribution of
cool islands in Tehran. Quarterly Journal of
Geographical Studies of Mountainous Regions.
2,50-31. D0i:10.52547/gsma.2.2.31

Nasir, M.J., Ahmad, W,. Igbal, J., Ahmad, B., Abdo,

H.G., Hamdi, R. and Bateni, S.M., 2022. Effect of
the Urban Land Use Dynamics on Land Surface
Temperature: A Case Study of Kohat City in
Pakistan for the Period 1998-2018. Earth Systems
and Environment. 6(1), 237-248 https://doi.org/

10.1007/ s41748-022-00292-3

Rezaeirad, H. and Rafieyan, M., 2017. Estimating
the spatial-temporal Changes in intensity of the heat
island in Tehran Metropolitan by Using ASTER and
Landsat8 Satellite Images. Regional Planning. 27,
47-60. 20.1001.1.22516735.1396.7.27.4.1

Safarrad, T., 2021. Analysis of temporal changes in
the intensity of the nocturnal heat island in Tehran.
Journal of Climate Change Research. 8, 55-66.
10.30488/CCR.2021.319317.1063

Shahmohamdi, P. and Cubasch, U., 2013. Conflict
between Population and Urbanization Factors:
Impact of Urban Heat Island on Energy
Consumption. Balance. Journal of Civil Engineering
and Architecture. 23, 16-2. https://www.mdpi.com
/2673-4109/2/2/26

Taha, H., 2002. Urban climates and heat islands:
albedo, evapotranspiration, and anthropogenic heat.
Energy and buildings. 25(2), 99 -103.
https://doi.org/10.1016/S0378-7788(96)00999-1

Tahani Yazdli, M., Rousta, |. and Abdolazimi, H.,
2023. Analyzing the Relationship between Temporal
and Spatial Changes in Daily Surface Temperature
and the Spatial Pattern of Land Cover Changes in the
Direction of Environmental Sustainability(Case
Study: Kashan city). Geography and Environmental
Sustainability. 13(1), 1-20. 10.22126/GES.2022.
8014.2551

\FeY QL.M) f o)Le..i'a AR 0,99 ~‘5!af;u f;l.c asllad

OA


https://doi.org/10.1016/j.rse.2012.11.007
https://doi.org/10.3390/rs3071535
https://www.sid.ir/paper/386693
http://dx.doi.org/Doi:10.52547/gsma.2.2.31
https://dorl.net/dor/20.1001.1.22516735.1396.7.27.4.1
https://doi.org/10.30488/ccr.2021.319317.1063
https://doi.org/10.1016/S0378-7788(96)00999-1

O )en 5 giloy glxb

Tarig, A., Mumtaz, F., Zeng, X., Baloch, M.Y .J. and
Moazzam, M.F.U., 2022. Spatio-temporal variation
of seasonal heat islands mapping of Pakistan during
2000-2019, using daytime and nighttime land
surface temperatures MODIS and meteorological
stations data. Remote Sensing Applications: Society
and Environment. 27, 100-109. https://doi.org/
10.1016/j.rsase.2022.100779

Tipping, M. and Bishop, M., 2008. Probabilistic
principal component  analysis. Technical
Report NCRG/97/010, Microsoft Research.

Tourki, M. and Masoodian, S.A., 2021. Analyzing
the temporal and spatial behavior of the heat island
of Mashhad metropolis. Journal of GIS and Remote
Sensing. 4, 35-60. https://doi.org/10.52547/ gisj.
13.4.35

Umar, U.M. and Kumar, J.S., 2014. Spatial and
temporal changes of urban heat island in Kano
metropolis. Nigeria. Journal of Research in
Engineering Science and Technology, 1(2).
https://www.researchgate.net/publication/32147502
9

Valizadeh, K., Gholamnia, K., Ainali, G. and
Mosavi, S.M., 2017. Estimation land surface

temperature and extract heat islands using split
window algorithm and multivariate regression
analysis (Case Study of Zanjan). Research and
Urban Planning. 30, 35-50.
20.1001.1.22285229.1396.8.30.3.9

Vidal. R.Y.M. and Sastry, S., 2005. Generalized
principal component analysis, PAMI. 27,1-15.
https://doi.org/10.1109/TPAMI.2005.244

Voogt, J.A. and Oke, T.R., 2003. Thermal remote
sensing of urban climates. Remote sensing of
environment. 86 (3), 370-384. https://doi.org/
10.1016/S0034-4257(03)00079-8

Widaman, K.F., 1999. Bias in Pattern Loadings
Represented by Common Factor- Analysis and
Component  Analysis. Multivariate Behavioral
Research. 25 (1), 89-95. https://doi.org/10.1207/
s15327906mbr2501_11

\FeY QL.M) f o)Le..i'a AR 0,99 ~‘5!af;u f;l.c asllad

AR


https://www.researchgate.net/publication/321475029
https://www.researchgate.net/publication/321475029
https://dorl.net/dor/20.1001.1.22285229.1396.8.30.3.9
https://doi.org/10.1109/TPAMI.2005.244

w0 Ol pliw ol Al ()l plie alale Dt o)

\Fe ¥ uLa.-a.ﬂ) f o)Le..'l'a AR 0,99 ~‘5]a¢:>u P;l.c aolilad
&



