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Abstract
Background and Objectives: Urbanization constitutes a significant physical and sociodemographic transformation
of the 21st century, exerting considerable influence on global ecosystems and local microclimates. Human-induced
alterations in the previously vegetated and permeable soil structure of natural landscapes, along with their
transformation into concrete, asphalt, and decorative architectural developments, significantly affect the Surface
Energy Budget (SEB). These alterations generate an artificial environment that disrupts the natural equilibrium of
the Latent Heat Flux. Latent Heat Flux decreases exponentially because of insufficient evapotranspiration,
concurrently leading to an increase in the storage and re-release of Sensible Heat Flux. The Urban Heat Island
(UHI) Effect refers to the phenomenon where urban areas experience higher temperatures than their rural
surroundings due to human activities and alterations in land cover. The Urban Heat Island (UHI) Effect refers to a
temperature phenomenon where urbanized areas exhibit markedly elevated atmospheric and surface temperatures
compared to nearby rural regions. The Urban Heat Island (UHI) Effect refers to a temperature phenomenon in which
urbanized areas exhibit markedly elevated atmospheric and surface temperatures compared to nearby rural
regions. The UHI Effect has significant implications, including increased energy demands for air conditioning,
deterioration of air quality due to heightened ground-level ozone production, and substantial risks to human health
and urban living conditions. Nakhon Ratchasima Province is strategically located as the Gateway of Isan, serving
as the biggest economic, industrial, and transportation center of Northeastern Thailand. The province has
undergone significant structural urbanization in the last two decades. The expansion has been driven by major
infrastructure assets and an increase of industrial areas. The city is experiencing thermal challenges due to its
expansion. The previous study on the UHI phenomenon in this domain has been mainly descriptive. Literature often
exhibits insufficient statistical validation to quantify temperature variations among various Land Use and Land Cover
(LULC) types and is frequently hindered by methodological limitations concerning satellite image data calibration.

Addressing these significant studies problems. This study aims to: (1) analyze the spatiotemporal changes in land
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use and land cover (LULC) from 2006 to 2021 and (2) assess the impact on structural changes in urban heat island
(UHI) intensity and dynamics, by using high-quality radiometric data and robust statistical methods to verify the
accuracy and reliability of the results.

Methodology: This study employed a Hybrid Classification method for the analysis of Land Use and Land Cover
(LULC) for optimal accuracy of data and consistency. The 2006 LULC database published by the Land
Development Department (LDD) was used as the baseline for this study. In 2021, LULC classification occurred by
using multispectral imagery from the Landsat 8 Operational Land Imager (OLI) sensor that was acquired during the
dry season in February to avoid cloud influence and variations in the season. The classification process used the
Maximum Likelihood Classification (MLC) algorithm, that is a parametric supervised learning method based on the
assumption of a normal distribution of image pixels within each training class. The classification accuracy was
assessed through Stratified Random Sampling involving 205 reference points, results in an Overall Accuracy of
95% and a Kappa Coefficient of 0.90, which refers to an excellent level of agreement between the LULC classified
map and in-situ data. The temperature evaluation focused on capturing Land Surface Temperature (LST) and
identified data quality through the selection of USGS Collection 2 Level-2 Science Products (L2SP). The
measurements of temperatures have been acquired from Landsat 5 Thematic Mapper (TM) for February 2007 and
from Landsat 8 Thermal Infrared Sensor (TIRS) for February 2021. A selection was taken to apply data from the
same temporal season (dry/cool season), and the selection of 2007 LST as a baseline estimate effectively reduced
discrepancies associated with seasonal variability and atmospheric absorption. This study uses advanced
statistical methods to evaluate the relationship between LST and various LULC types, expanding higher than simple
descriptive statistics. Welch’'s One-way ANOVA was used to improve its resistance against violations of
homogeneity of variance assumptions, which are often present in environmental datasets. Post-hoc pairwise
comparisons were performed utilizing the Games-Howell method. The spatial impact of heat island variation has
been evaluated by using the Urban Heat Island Ratio Index (URI) and the Temperature Grade Change Index (TGCI)
to show and quantify heat island expansion.

Main Results: The Transition Matrix analysis showed that the city's urban morphology changed a lot in terms of
structure throughout the 15 years of research. Urban and built-up areas grew by a net of 73.66 square kilometers,
which is a huge growth rate of 34.46% compared to the baseline. This urban and built-up area expansion primarily
occurred on agricultural land (55.32 sq. km.) while other of LULC (23.35 sq. km.). Additionally, the analysis found
that forest land decreased by 49.83%, which shows how significantly people are placing stress on natural resources

and their buffers. Statistical analysis of the 2021 LST data found important proof of the UHI effect. The average

54



B IENTIMENANARTYSN TN 31 (1TLT 1) WN9IAN — BB W.A. 2569

e — BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January —April 2026 Research Article
BURAPHA SGIENGE JOURNAL
ISSN 2985-0983

surface temperature in urban and built-up areas was 28.4°C, which was significantly greater than the average
surface temperature in forests land (25.40°C), with a statistical significance of p < .001. The average temperature
difference of about 2.99°C shows how urbanization impacts the temperature. The result is distinct from the baseline
LULC data from 2007, that showed a lack of statistical significance between urban and built-up areas and forest
area temperatures. This indicates that the city has changed from a temperature balanced condition to a distinct
island. In 2021, the mean temperature in the area decreased into slightly because of the La Nifia phenomenon,
which decreases the region. However, the location inside thermal structure became more severe. The URI analysis
showed that the number of regions classified as "High Temperature Grade" increased from 7.30% to 7.39% of the
whole area studied. This indicates that the increase due to urbanization is strong enough to cause local cooling
patterns in the surrounding environment. The Linear Regression study also showed a strong positive relation
between the Normalized Difference Built-up Index (NDBI) and LST. The coefficient of slope increasing higher in
2021 shows that the current urban surface elements in Nakhon Ratchasima are becoming increasingly prone to
heat accumulation and retention.

Conclusions : This study shows that the fast urbanization of Nakhon Ratchasima during the past fifteen years has
greatly exacerbated the UHI phenomena. The city has transitioned from thermal equilibrium to a fully developed
heat island, mostly due to alterations in urban morphology rather than regional climatic influences. The results have
serious effects on urban planning and policy. Statistical evidence indicates that there is a major negative
relationship between LST and NDVI and MNDWI. Therefore, city planners require that they quickly add "Blue-Green
Infrastructure” to the city's overall strategy. Several actions that should be implemented are to protect the original
forest areas, build green spaces in cities, and restore water bodies. These actions have been shown to be the most
effective approaches to decrease UHI intensity, increase Nakhon Ratchasima more comfortable in hot weather, as
well as making it more resilient to climate change as the future urban expansion.

Keywords : Land Surface Temperature (LST) ; Urban Heat Island (UHI) ; Welch’s ANOVA ;

land use and land cover change ; Nakhon Ratchasima Province

*Corresponding author. E-mail : Anake.s@nrru.ac.th
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WNNTANINSDL (Urban Heat Island Ratio Index : URI) $aNALNNIMAgGaUn gD antdudy ive i lade muniidallseans

= 0 ° o A Ao o A o ~ a o
‘V]‘&’]N’]i‘ﬂu"liﬂ’sjﬂqi‘ﬂ’]ﬁuﬁutﬂﬂ’]ﬂﬂ’]?qqx‘lN\‘iL%J?N‘V]ENEluLLﬂ&ﬂ’WT?UN@ﬂ‘lJﬂW?Lﬂ@ﬂuLLﬂ@\T@ﬂWWQN@’mWﬁiui‘%ﬂ‘i_l

fasnulaasinetilsz@nsnan

Methodology

=2 d’j v o a ?/ a o ¥ = [
ﬂ’]i‘ﬂﬂ‘]ﬁl”ﬁﬂﬂﬂquuﬂﬂi‘ﬂuuuﬁﬂﬂLL@Sﬂuﬁlﬂu‘ﬂ’lﬁ‘q’ﬂﬂtﬂﬂﬂi‘zﬂqﬂﬁn“ﬁLﬂﬂiuiﬂﬂﬂ’]ii‘ﬂgi‘xﬂziﬂ@ TEULRANTAULNA

£ |
aa o A

NHAERT Lazn13LATITIMNeATRTUEY INatlsziluanudniusszudenisasunlasnisldnau uarAsnaguau

s ¥ = a o d’j
LL@zﬂi"]ﬂ{]ﬂ’]imm’]Zﬁ’J’WNﬁ‘@u IPENINEALIREAAIH

£ 1
& =

1. NUNANL

X A v . o - = 2 | a v o = , a ~

WunAne laun 81neleIuAssT@nn AetLRnunaunaNesdmdnuLiugelaT sendneazRqai
14-15 B4ANLUTE LAZABIAqAT 101-102 a9A1Rzduaan Aadiugeanszautimeial unanslszunns 180-210 wns

AIALIARNINLT 762.70 m3.nu. annpidszmalagsauiiauaindasaniialdlignmmile nunaeuldianeoiu
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4 42 . L e . X a4 e 4
gnAauasuaaLaiiunfiaestamuwisnAtasys (Uviaaene) douinui neunatauaznaumiaiansmdum
suguuiin Jarnzpasiaraaasdsinrailseniulnaniuiadunnaeind1Agyseqdlas (Nakhon Ratchasima
Provincial Office, 2020) (Figure 1)

AnwaueneInnA annisaAIziatfgieniAlusen 30 U (A.A. 1991-2020) 289401 HATIADINA

P , A A P~ PR a a A = s dl

UATINTANT NUINNUNANHINGUUNHIRRE 27.7 B9ANTATEA (QUUUNNAIRALRAE 33.2 BIANTAITHE LAZA4ALAAY
23.2 asAmaried) HU3unnunelusaneas 1,122.9 Saawmsiell wazianuiududlunniady 107.6 Sufell (Thai
Meteorological Department, 2023)

2. dyailldlun1sdnm

n1999usINuaTAAAandaya (Data Acquisition) e lsiulaluaaugnsiaanieiedinen (Radiometric

¥ '

Accuracy) WAZARAINARIAAREUANTULTTHINIA NsANEHiaenddeyanindraniadiaunsgIussAun
(Landsat Collection 2 Level-2 Science Products : L2SP) TInARWAZINaUWNTIAe United States Geological Survey

(USGS) TayagalilsznaudaAinisasiauwasniolan (Surface Reflectance) uazguu) I WUHL (Surface

1 ]
Temperature) ﬁthumiﬂf?uLLﬁ’ﬁuma‘mmﬁﬁwé”@ﬂ@??ﬁummﬂm (LaSRC waz LEDAPS)
lunnsAnaandeyanindianiaiian §asaliaeindrAyiunisacuauiladaggnia (Seasonal

Consistency) e lfaunsnuFausunas9guniuaznisanunianssaslaatingusiuen taeaanldninludaq

5)9uA3 (Dry Season) NHLFNMNKTRETIgR AL

o

fayasiaunuilgu (Baseline Period) N1sAnm1Asalildninaina1aiien Landsat 5 TM Ntiufiniiieinow

o

NuAUE A.A. 2007 ialudaunudeyagomniuazan nivuiadiuiudasd a.a. 2006

q

e

ayalliaqiiy (Current Period) N13An®ASINldn 1WA NA9LEN Landsat 8 OLITIRS Nitiufinidatheu

q

<«

NNANWUES A.A. 2021 (Table 1)

I
o =S

3. 1UAAUNITANKI

v
o

TunaunIsAnwILLaLlY 3 Aa 1) mif-i’ﬁLLuﬂ%@Hamﬂ%ﬂizimﬁﬁaumzaqﬂnmqmﬁu 2) 19U gL

a

dsngnmsnfinzannieuaesdes uaz 3) nswazipnuduiusidsiuisendensldlss lemmauuasdelnegy

a

- = _ - = L o &
AULATRINNHNURY (Figure 2) Tnestazipanlulsazdunaumiadl

3.1 nsdwundayanisldilss lomiauuas@snaguan (LULC Classification)

%

nsneRldaEn1sauundasaLLILRANNEY (Hybrid Approach) e T lideyandaaugneesgegnaniu

uFaTdgNan Aatl

nsauundeyanisldUsylanfnuuacdslnaguau ¥ a.a. 2006 Idtoyanfa)ininsgiuain neunmu
Aa o« a o 9 o ¥ ' vl ' . . o a
AU danaziBenuazangnaeegs §adelddnnquilszinnnisldnaulug (Reclassification) aMnsiannsgiisa

a
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> P2

Wit 5 Usznnuan laud (1) NuRinERINIIN 2) Fdenlsr (3) ﬁuﬁﬁmmmx?ﬁlqﬂ@.m%q (4) WA LAz (5) it
Wamdn ielWaenadasiunissuuntull a.a. 2021

mm"ﬂLLun'*ﬂ"ﬂH@mﬂ%’ﬂizimﬂﬁauumgmnmqmﬁu 1 A.A. 2021 ABuNIsALUNdayAAINANENE
AN9LAiEN Landsat 8 OLI (Surface Reflectance Bands 1-7) saadanainuaaiuunaziilugegn (Maximum Likelihood

Classification: MLC) @qiiudsneafinuuunisdmesnidsz@nsnngslunisaruundeyaniinisuanuasuuuing

(Curran,1985)

Table 1 Geoinformatics data source

Data type Data Source
Remote sensing (RS): Landsat 5 TM: United States Geological Survey (USGS)
raster data LTO5_L2SP_128050_20070208_20200831_02_T1 https://earthexplorer.usgs.gov/

Landsat 8 OLI/TIR:
LC08_L2SP_128050_20210214_20210301_02_T1

Geographic information Land use and land cover in 2006 Land development department (LDD)

system (GIS): vector data

Global Navigation Satellite Land use and land cover point In situ data and Google Earth data
System (GNSS): vector

data

N19U9EIBANINYNABILRINTTIUUN (Accuracy Assessment) e EufUANLLIN TR0 UHLT LULC T
2021 Iﬁﬁmaz&jmﬁq@ﬂwLLUULLﬁ\i%uqﬁ (Stratified Random Sampling) S1uAUTIAL 205 qn tagldnguiantiay
Wuuunuwanuamiuiu (Fitzpatrick-Lins, 1981) nnsasaagauaugnsiediaeFeunauiuniwtign1aiaumang
auﬁm@;wm Google Earth 4azAIUaAIANYNFaetAtTIN (Overall Accuracy) warduilsr@naumili (Kappa

Coefficient)

N = Z®@

= ™)

v

Tne? p Ae wefidusimnugnseslaasauinsesnis, q Ae 100 - p,
E fia avaianainfigenliiinauld Z fe A Z anmseannsideiuuningg g o seduminimesiy
‘dl o o £ 1 v v a ‘:‘I o QJdIQI = o U
fnuun Tnanuusnapaugnsiasiaesmuetnadeaiasas 80 uazauianaafensllanienay 5 asaziideya
T ludunausalyl
a I's = 1% cala a a Z‘/ d” o a Y
nsdanzinisasundasnisldlss Tommaunazdslnaguau luduneudaziinanidinszidasys

anunwnisldilssTammaulu a.a. 2006 uaz 2021 Tugtuiuduusanas Tnaldiesasiianda Matrix Tullsunsy
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I8

ERDAS IMAGINE n193tAs1einaul sl aduiunasuy (from to) wluszaziaan vinedu 15 1 wivaldnaunanngld

]
[

dsrlominaunacdsulnauauusdazlssinmidiuniisauireanasvinle uazniaiinauieanasiuui s aaull

g d e rla s o oaw a4 o ¢ X da 42
Wuiuinisldusslaniaudszinnle uaildaziilinauiidnsniszeafavesiuidesmiintulussazioa
Wnariu 15 1

102°0'0"E 102'5'0"F

102°10'0°F

Mueang Nakhon Ratchasima District

15°5'0'N

L
15°0'0"N

14°55'0'N
h
14°550°N

Nakhon Ratchasima Province 2

25 50 100 ¢ {1 )
Kilometers f Kilometers
|

I B,
LC08_L2s_20210214:RcB NN b [ |StudyArea
) h

102°0'0E 102°5'0'E 102°10'0'E

!
147°50'0"N

Figure 1 Study area; Mueang Nakhon Ratchasima district and surrounding area,

Nakhon Ratchasima Province

3.2 matszidiutlsngnisalinizaauiauyeaes
= oo \ 1% | = ¥ = o . =

nsAneilanuadasaavesdeyanindieniaianliag luganianaarii (Seasonal Consistency) Aa
1299uds Ineiaenlddayad a.p. 2007 usaunulgau (Baseline Proxy) iasarnidudaqnanniinunindeya
- ~ A~ P = E o Py a
anysaiuazdsAanindnaguuInngaidainauiuD A.A. 2006 NIANEINUANAENNITATUINIGIUU)NATLAUBIN
B1ANAANHNARIALARBUAINNNINMUAAENL2ES tnedan|dnans sl Surface Temperature andiaya Level-2
2199 USGS Tngnss doyasinaianiunisamuinmaedanasna Single Channel AdNMsysaunnistoyanisusiiadnesdu
UITUINIALATAY Emissivity Niusiuein (Cook et al.,, 2014) TneiinnnsuiasAn (Rescaling) andayasasia (Digital

Number : DN) I idluvtdagasdmaai@ed wazaliwn1sAnnsasNuiiuaLazlaus (Cloud Masking) 8ananniui

Anwetruniendn Inglddayaainuounmunin (QA Band) ietlaiiaanuinnannuedrgumng
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Data Acquisition & Pre-processing

¥
Input Data
Primary data Auxiliary Data
® Landsat 5 TM (2007) ® Administrative Boundaries
® Landsat 8 OLUTIRS (2021) ® Google Earth Pro
® Field Survey ® LULC 20086 (LDD)
Pre-processing
® Geometric Verification
® Radiometric Calibration (DN to Radiance/Reflectance)
Data Processing
|
v v ¥
Land Use and Land Cover (LULC) l | Land Surface Temperature (LST) | | Spectral Indices Calculation
Image Classification Landsat Level-2 Surface ® NDVI (Normalized Difference
(Supervised: Maximum Likeli Temp sre Product Vegetation Index)
‘ L2 ©® NDBI (Normalized Difference
Digital Number (DN) to Kelvin Built-up Index)
Accur?cy jSsessment Conversion (Using Scaling Factors ® MNDWI (Modified Normalized
(Confusion Matrix, Overall from USGS uct Guide)
Accuracy, Kappa) F"’d Difference Water Index)
. ¢ [ Unit Conversion (Kelvin to Celsius) I : I:dcx Maps
P T oo 2 (NDVI, NDBI, MNDWI)
(2006 & 2021) Data Quality
(Using Quality Assessment Band -

13
| Output: LST Maps (2007 & 2021) I

}

Analysis & Statistical Relationship

| LST Variation by LULC, NDVI, NDBI, NDWI l

v

Statistical Analysis

©® UHI Intensity Analysis (Urban Heat Island Ratio Index - URI)
® Welch's ANOVA (Compare Mean LST among LULC classes)
® Linear Regression & Correlation (NDVI, NDBI, NDWI vs. LST)

v

Final Output

® Spatial-temporal changes of UHI
Relationship models

Figure 2 Research Methodology Framework

k3

ﬂmmwdwmmﬁﬂmmmﬁm Level-2 azgnudasriandayanaria (DN) Widuamisidndaoaannis

U

Fadunngianed USGS (2021) Asannig (2) waz (3)

HIUNYNNURY (Land surface Temperature : LST)

LST (°C) = (DN x0.00341802 + 149.0) - 273.15 (2)

NNsdsRauLas (Surface Reflectance)

PA= (DN x 0.0000275) - 0.2 (3)
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a Iy )

nsatasRTiiEaInasu (Spectral Indices Analysis) LiaaLuNAMAN BN LR TANUATALATIEW

1
a

ANANAUS AU U RN URY nsAnmBlsAwInsailidsalnaduainnndaanafaafsiiunisdiuutainig
Axy1a1La4 (Surface Reflectance) B ufaenan Ingld8mns1491ANLANAI9R9T9ARULALATRITId NN 3
Uszinn eduunAndnHzIasNuiuardlAT RN AN usiua )R TnedisneaiBanaunisuazinsingg

ANUNAIWEARI 1S Table 2

Table 2 Spectral indices used in this study

Index Equation Source
Normalized Difference Vegetation Index (NDVI) NDVI = (NIR-RED) / (NIR+RED) Tucker (1979)
Normalized Difference Built-up Index (NDBI) NDBI = (SWIR1-NIR) / (SWIR1+NIR) Zha et al., (2003)

Modified Normalized Difference Water Index (MNDWI) MNDWI = (Green-SWIR1) / (Green+SWIR1) Xu (2006)

Note : NIR = Near-Infrared, SWIR1 = Shortwave Infrared 1; derived from Level-2 Surface Reflectance products

3.3 MIUATISIN NANAUASAINANNUE (Statistical Analysis)

NFUATITIN AT ALATAMNENAUSLN @mmumwﬁuﬁuﬁﬂn@mmuqﬁﬁumLmevmmmﬂ i

Jl('

wazdstnaquau Iauldnsdnanzineanadugs A
N1INARDLAITNUANF mmmnm@gmmmﬁﬁmmuﬂiﬂmmwdwmjmiﬂwhﬁu (Levene's test, p

< 0.05) agtaenldadin Welch's One-way ANOVA LitaifFaiiguaniadsgungiaeusaslssinmnisldnag uazsin

v
aa o

mmﬁﬂ‘uLﬁﬂummumnﬁiwmw_j (Post-hoc comparison) mmﬁ Games-Howell N153LATIZUNIIADRANINN A
aAtunsiaa T ldsunsu jamovi et 2.6 (The jamovi project, 2024)

MRS nnsRneAssildnnansinannesiFady (Linear Regression) e
P duETE g RRLAa (LST) fusaiideaiinas lun saifowssos (NDVI) sidsgnahe (NDBI) uaz
saiunaani (MNDWI) siaaililsunss GeoDa (Anselin et al., 2006)

3.4 matszidiutlsngnisalinizaaiuiauluies (UHI Assessment)

FEALIAYINIUUSTRINEANTBULsT U AT URI LL@?JTM?Lﬂ?ﬂlﬁluLLﬂ@\i%ﬁUQMMqQ qedail TGCI
Aa@NN13 Urban Heat Island Ratio Index (URI) ANuatuaInnIsankungungdeantiu 5 361 anuinuei Mean-SD
184 Brightness Temperature grade: BTG (Dan et al., 2010) (Table 3) Lﬁ@ﬁf‘fmﬁmmumnm;mmmmmm%’@u‘lu
Angan &1 UN1TeE LN TEALNTWAIUNTRUNIZAIINTRY (Xu & Chen, 2004) VEANINE9AN UR Elngq n19
Lﬁmﬂa’mgmammﬂmfmm”auﬁlwﬁﬂqmgmm"ﬁ?uwhi%u FNENNNT (4)

URI_— WP, 4
100m Z' ! @
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a

Tnaifl m AeAnuINILAUTUI9EALTUIBIRUNYR n AR ATUINTIBNTEALTUTIg NN TulAR LR

a

2
oA A ° o

furuLazAslgnaing fdArgendunuaagwtuias W An Ardssimin feazldAnseauduaesanmni uaz P
4y X 4
A9 RUAZIRINUN

Temperature Grade Change Index (TGCI) 1431asnzvinsilasunilassciugmugisnainiga
ez NUANENsazanAMNFauinIW (Warming) wsaanas (Cooling) lwidiaiui TGCI iluaadadnild
dusunnsaeszf walduninidasuwilas (Temperature Trend) m@mmuqﬁmmm’]ﬂumwmummﬁj’q\aLqmﬁ
= dl ! - o A Y A @ £ dl \ a o =
Ane iesrydndsngnisadinnzadnuieuseleaiuiiuua i JULNTU viTe Ussm1as Tudaana1nvinnasdnen

v
o

YUuA (Xu & Chen, 2004; Ongsomwang et al., 2018) FN&NNT (5)

TGCI= )", w,xGB, (5)

1
adada

S A e . T = o o P ~
1ned n Aa mmummimmumqummmumﬂﬂ@muﬂmamuw GB Aa ANNTLLAEULLAY

'
a a

seALTUIBIgIUYN NSz ALTUTIedg U Ranad GB aziluay Tunmssiudnumnsvduduaesgimniiinag GB

a

4y &
AzifuLan Lay W Aa faazaadiun

Table 3 Temperature Grade classification using mean-standard deviation method.

Brightness Temperature Grade Interval of Temperature Values
Low temperature area LST < Mean - 1.0 SD
Secondary low temperature Mean - 1.0 SD <LST < Mean - 0.5 SD
Medium temperature Mean - 0.5 SD <LST < Mean + 0.5 SD
Secondary high temperature area Mean + 0.5 SD <LST <Mean + 1.0 SD
High temperature area LST > Mean + 1.0 SD

Source: Dan et al., 2010

Results

1. an1unisalupsnisilazuulasnisldilse lumiiauuasAslnaguav (LULC Dynamics)

1.1 anuni1sadnisldiseluruiauuasaAviinagquanil a.a. 2006

a

aannasauundeyalneldgiudeyaninsgiuainnesnimuinau wudnlull a.a. 2006 NunAns

£ '

gninaguasaiuinensnssuldunan AsaUAguANLRN 460.59 A9.NY. viseFata: 60.39 TAINUTIUNA T89AINTAD

WungNTULATAILgNaie Auan 213.77 me.nu. vizadasas 28.03 nsvanasivagatnaiuinluiFnuguanan e
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¥ v
°

BATANNBULEUNANUNANUAN Turnuen NNl warNunuasinidndowiisaidntias Aasatias 2.26 way 2.15
AANANAL (Figure 3a and Table 4)

1.2 anmandnisldse Toauiiauuasdainaguant 2021

& A o
ANUNNEATNTTNEIAGLTIU

Tufl A.a. 2021 uansliifiunsilasunasdasaaieiuiiasnedaian wsl
NALTZNAUNAN (411.27 M3.NN. WFa5a8ay 53.92) WAdARIuanadasinuiuladn Tummzﬁﬁu%muumﬁqﬂqﬂﬁw
gengdainduiu 287.43 me.nu. viefeuar 37.69 1esituiAny Anvsaenafeengiuiisuilesludnmms
ngzamnnszang (Urban Sprawl) N’m@lx‘iﬁu (Figure 3b and Table 4)

1.3 AINGNABIYBINI7IMUNTBYA (Accuracy Assessment)
m@ﬂf]amq%faumwgnﬁ’fﬂwmLLmuﬁmﬂ%ﬂiz‘Emﬁﬁauﬂ p.A. 2021 HANuBNANANEN AT
Landsat 8 #2835 Maximum Likelihood Iagiieuiiieuiuqad198aniaauiiuaznImaaaians sz nga
AUIU 205 40 WULIHAIANGNABetAYIIN (Overall Accuracy) 5at1ay 95.00 LazAduseAna At (Kappa
Coefficient) 1Ay 0.90 ﬁd'ﬁmgﬂmzﬁuﬁ@'w (Almost Perfect) muinusiaad Landis & Koch, (1977) m@ﬁwﬁﬁm?ﬁy

¥

. Sy yat LA A e o o W & P = s & g o o
Q’]“ll‘ﬂﬂ;ll’dLLNLWW]PLWNﬂ'J’]Nu’WLﬂ]ﬂﬂ‘ﬂ@]\‘iLL@?JL‘MN’Wzﬂwﬂﬂﬁﬂﬂﬂﬂﬁﬁﬁ‘ﬂﬂqiuﬁiﬂ’lLﬂ?’WMﬂ’]i‘Lﬂ@ﬂuLLﬂ@QLﬂﬁwuﬂiu@"lﬁu

sall (Table 5)

L1 iKilometers A __E__Ll- M [ iKilometers

ko3, -
- O - 0 25 5 [ ® 0 25 5

(a) (b)

Figure 3 Land use and land cover in (a) 2006 and (b) 2021
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Table 4 Land use and land cover area in 2006 and 2021

LULC in 2006 LULC in 2021
LULC Type

km? Percent km? Percent
Agriculture Land (A) 460.59 60.39 411.27 53.92
Forest Land (F) 17.22 2.26 8.64 1.13
Urban or Built-Up Land (U) 213.77 28.03 287.43 37.69
Water Body (W) 16.36 2.15 22.49 2.95
Miscellaneous Land (M) 54.75 7.18 32.86 4.31
Total 762.70 100.00 762.70 100.00

1.4 nsulagutlavns s lumiiauuazasiinaguay (Change Detection Analysis)

[
o =

WalFaufaunialdsunlasseudiedasdasiaan (Table 6) wunadanalasunlasidn Aty Aa A

D

TUTUUALRILIGNATINHERIINAFLINGINGR (+34.46%) HN19VUNELFNNHIUANT 73.66 #T.NN. AINN1TIATIZILLN
o » , o o o &
sndnnaiaauuilag (Transition Matrix) nsaenefiliiaaInNLREUaNINIes WUAINEAINIIN (55.32 MT.NLL) LAY

wudawmdn (23.35 aa.nx.) wWumdn lunepssiudn fundlilinnsqodanuignifousy 49.83 (-8.58 ne.nw.) &9

| ¥
aa A

ALTRUINNANTEINLBINIHRAILN N B NN A NUAN19ETINT R (Figure 4 and Table 6)

Table 5 Error matrix for accuracy assessment of land use land cover classification in 2021

LULC reference

LULC in 2021 User's Accuracy (%) Commission Error (%)

A F U w M Total

A 145 0 0 0 2 147 1 0

F 1 6 0 0 0 7 0.99 0.01

U 0 0 23 0 4 27 0.86 0.14

W 0 0 0 6 0 6 0.73 0.27

M 1 1 0 0 16 18 1 0

Total 147 7 23 6 22 205

Producer's Accuracy (%) 98.64 8571 100 100 7273

Omission Error (%) 1.36 14.29 0 0 27.27
Overall Accuracy 0.95
Kappa coefficient 0.90
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Cdaa_Jra_Jus B wA W !Eg L L <iometers
C0a Bl B0 Bl @les 0 %3

. - Jru I -
] v T - T - s T e
s s o o

]we-u

Figure 4 Land use and Land cover change from 2006 to 2021

Table 6 Transition Matrix of Land use Land cover change from 2006 to 2021

LULC2021 (km?)
LULC 2006 (km?)

A F U w M Total

A 373.60 5.22 55.32 7.50 18.95 460.59

F 5.00 1.79 8.05 0.16 2.23 17.22

U 10.47 0.32 199.14 1.15 2.71 213.77

w 217 0.15 1.57 12.08 0.39 16.36

M 20.03 1.16 23.35 1.61 8.59 54.75

Total 411.27 8.64 287.43 22.49 32.86 762.70
Change (km®) -49.32 -8.58 73.66 6.13 -21.89
Annual average change (km?) -3.29 -0.57 4.91 0.41 -1.46
% Change (percent) -10.71 -49.83 34.46 11.20 -39.98
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2

2. N19N72AEIAIUALAIINUAN BN T BN U AN UAII 1 uN 13N 19 19152 T miAIAwW (Spatiotemporal

Variations of LST)

2
=]

2.1 ansodzgaumginuaalutlgau (a.a. 2007)

]

a9
NsaATIEHAT AGIMNNALRY (LST) anniwdngn1aiies Landsat 5 ilusaunuaesionguas uanali
NI TN AN TN AR UM NAIEAT 40.9 B9AEAEeA (S.D. = 3.01) genduiiiieuwazdalgnaing (39.6

aeALTaLEeg) waviuntln el (39.5 agAnmalEed) LANTae AINNIMNAGELIANNLANAINTBIANRALAREADA Welch's

° o

One-way ANOVA wudndszinnnis sz laminaudsnasoguugdinuiouans9ivetweltudAnyn1eadia (F(4,

146) = 17.1, p < .001) @eialsfinu uan19ifFaumeuseffaeds Games-Howell T A AIUAN HOAZIANT 209 g UA

a

¥ ' [ '
a A

Tagldnuaauuanssad e ldadAynisaifseudrsnunilasuaziuiiald (o = 1.000) 2208097 UNINNUN

o dﬂ/ dl A v Y @ 1 b4 v ﬂgl dl Qd‘d d&/ ;
NBATNITUNLNUNLNGAS (0 = 0.081) AU AU TUAN1IZUTILAY NUNSITNTVFNNANNTURNATNITDAZANAI

1 |
o = 1 o

9 v o = o JRE g .3 ~ A = a o ' oo P
T'ﬂuimﬂ@Lﬂﬂ\jﬂuqmmf‘mﬂ@ﬂ@ﬁ"}\i 1u°ﬂm$V]WuV]LLﬁ@Qu’]LﬂuLWﬁl\iﬂ@qNLmﬂqwu’qmﬁﬂmﬁ]’]ﬂqqﬂqﬂﬂu@ﬂqﬂﬂjﬂmu (1ans

Q al al

34.7 9FTaLEYg) (Table 7)
2.2 anwouzgaumpanuda luthlagiy (a.a. 2021)

Tt A.A. 2021 wapstan At aelpseaFianiemnuFaundala Inenana Welch’s ANOVA &g

° o

AHLANFNNTRIgUURszndNenguat 19l g ATy (F(4, 220) = 48.2, p < .001) wan1sLlTa UL A

(7

P2 '
a

Y @ K 1 o k% Adl 1 o é’ oA a A Aal % = tdl =
WARN AU INBAA9INZ AN TR UTAUT AT WUQ’]W%V]LN@\?LL@&@Qﬂ@Jﬂ@?’NN’QWMﬂNL@@H 28.4 ANANLTALTEIA

a

Aagananiunin el (25.4 asAaaiiios) atnalisd1Aymnieaa (p < .001) Inainas1vguunieaswiniy 2.99

= dl dgl oA v A o o =3 % = d?/ dl = o dgl d‘
AIANLTALTEIR ﬂ’]?Lﬂ@HuLL'ﬂ@Quu@“ﬁ@ﬁiﬂi\‘mj"]\iLN@Qiuﬂ@‘ﬂUuNUWUWWTuﬂ’]?ﬂﬂLﬂ‘]JﬂQ’]N?'E]uVI’Q\ﬂJuLN'E]L‘Vlil‘LIﬂ‘LI‘WlW]

a . = A s oo L & Ay e o e @
NNBTTNEALANAAINT g uae19F T wananil denudnduntldduansdnaninlunisiduunaeinidu

49
ALl (Cooling Source) NaNgA LTI Tnadamuugiaindnuiunasii (26.6 avAEalTag) lanas (Table 7)

a

Table 7 Comparison of Land Surface Temperature across land use categories in 2007 and 2021

Land Use type 2007 2021
N Mean (°C) = S.D. F (Welch's) p N Mean (°C) = S.D. F (Welch's) p
A 66 40.9 3.01 102 29.9 2.54
F 59 39.5 2.85 83 25.4 2.49
u 56 39.6 2.37 88 28.4 2.06
171 <.001* 48.2 <.001*
w 58 34.7 4.87 93 26.6 2.85
M 61 39.6 3.25 84 29.2 2.49
Total 300 39.0 3.95 450 28.0 3.01

Note: * Significant at .05 level. Welch's ANOVA was used due to unequal variances (Levene's test: p < .05).
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3. N19N72ALAUTINUN VAN UNYAN WA IUA AT TIT AL INATH

12

annstszananadayanintneaaaniNe AWMU RNLRY (LST) uazdailianlnni laun dntine

W33tW (NDVI) Aatidqtgnasne (NDBI) LazFTTiumaain (MNDWI) Aauanalu Figure 5 uazagiAnatia lu Table 8 wu

' [
o a 0 o =

ANHEZNIINITANEFINAVATYASH (Figure 5)

£ 1
a A A

3.1 ANHUENITNITALFNTINUT VDI UN)ANURUA AT TaLnm Tl LTy (2007)

Tutl A.¢. 2007 gruugAuRadARAL490N 39.00 avA@aLTaa AN UNAgINIzAnFIg0AAREY

'
o = o

& Ada DA =~ &4 . ! A a Sa
UNUNNR A AEH NDBI (BN ZW%’N EN)) VL AUA LT ALATNUNINHATNIINNINU AT TUIIE LTI NN AN AT

=b

B
= a aaa

DVI g4 (RTaaid) uaz MNDWI 44 (A1) WﬂmngLﬂuﬁuwmmmmmmmmmwmmu

3

Z
3D

-

3.2 AnwIENIINTY f«aﬁﬂmmwumm@mwnywumm saailimsainasnluthlageiy (a.a. 2021)
Tl p.A. 2021 @qmuqmmmmmmmm 28.00 a4AEALTEA WAZUULILNINIZANEFAnT89ANTauIAY

nezansauuuinlutFnaaamlewazgNIUANN19 1886 denndediuAIATE NDBI AN A Nnu uuauly

13T WeFa e u@eNuiwuan N ARNTnssauunugie (High NDVI) uazuviasdn (High MNDWI) €4p9

mutiduumasnauidiu (Cool Island)ﬁ ANATYYINNNANNNNTEN A YLiaa

4. ANNABNNET WQ?Q@(M?/YIIJJW‘IJNQLL@ “ATilFIannmia (Correlation Analysis)

a

mﬁmmw’mwmuwuﬁmLéfuizmwgmmﬁﬁumﬁuﬁmﬁ@mmﬂm“mammwﬁuaqﬁfmmummmﬂﬂ
\Faidu 4 sAUBANATYNNADRA .01 (p < .01) LanS ITALDNAN AW ZI89ANNANTUS lULARZd91a1 Al

4.1 A uduniug lutlgu (p.A. 2007)

1 A.A. 2007 (Figure 6a and Table 9) TaiflumauNUIBITUAY WU NDBI HANANRusdauaniy

grun)AnuRaluszAuganan flAnduiarans Aanudu (Slope) Winfiu 29.38 LT3 uan9201 N ALTILES FURTIT AN

mm:muumLLuuaqﬂQﬂmwmﬂwuwLﬂmidw”mmumﬁi@mamvmuﬂmm@u@mﬁmm lunnamsaiuda

D

MNDWI LLEQ@\?UV]U’W]ELHT]’]‘J@@@QOAV@‘ Nag W\i“ﬁﬂlﬂu'ﬂﬂﬁ (Slope = -54.04) ’aEI’]\‘iVLi‘ﬂE‘HN WUANHALNALRY NDVI 7

D

WAANANNANAUTLTILINAURUNY N (Slope = 98.31) LﬂummuLummn@ﬂwm”m\imﬂm‘wmmqmLLm foudi

'
v v a

mwmmiumﬂumLﬂumumwLLﬁW’ﬁ@memm’mwﬁgmmuqqmwmem

Table 8 Descriptive statistics of Land Surface Temperature and spectral indices in 2007 and 2021

2007 2021
statistics
LST NDVI NDBI MNDWI LST NDVI NDBI MNDWI
Minimum 16.31 -0.30 -0.78 -0.71 16.23 -0.92 -0.94 -1.00
Maximum 56.89 0.72 0.64 0.78 42.61 0.98 0.90 0.96
Mean 39.78 0.28 0.06 -0.39 28.94 0.42 -0.03 -0.46
Standard Deviation 3.08 0.08 0.1 0.13 2.57 0.16 0.14 0.16
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o 25 s o 25 s o 25 s 0 25 s

16.31 3461 37.95 40.50 43.04_59.89 -0.92 0.02 0.28 0.42 0.57 0.98 -0.78 -0.60 -0.21 0.07 0.35 0.64 0.1 043 -0.32 -0.11 019 0./8

LST 2007 NDVI 2007 NDBI 2007 MNDWI 2007

&= Adilometsrs L L iKilometers L L iKilometers L L iKilometers

025 5 ¢ 25 5 ¢ 25 5 o 25
16,22 25.61 2¢.92 29.89 32.06_42.61 -0.92 0.02 0.28 0.42 0.57 0.98 -0.91 0.02 0.28 0.42 0.57 0.98 -0.99 -0.50 0.38 -0.15 0.24 096

LST 2021 NDVI 2021 NDBI 2021 MNDWI 2021
(b)
Figure 5 Spatial distribution of Land Surface Temperature (LST) and spectral indices (NDVI, NDBI, MNDWI)
in 2007 (a) and 2021 (b)

4.2 powduniuguihlaqii (a.a. 2021)
#1150t A.A. 2021 (Figure 6b and Table 9) megﬂLmummﬁuﬁuﬁﬁm’mmmﬁmﬁwqwﬁmﬂzmm

1 12 1 |
Fowlwdawialilunau Tna NDBI Sepaiduiladtudnidanaiauansegmugi (Slope = 13.36) uiilAnduanasiile

D

¥ H ¥
WeuiuDgu enadunannainanuaulufiuigeauaingnsnazesan ngieaniAwuuatiion Tuaneil NDVI uans

v v
a0 A a

1 4
AHANTUSITIAUAINUNG (Slope = -0.80) LANNTNITUNHANNTUANYIIA NI T8 AgUNYRNUE LA uay

69



B IENTIMENANARTYSN TN 31 (1TLT 1) WN9IAN — BB W.A. 2569

e — BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January —April 2026 Research Article
BURAPHA SGIENGE JOURNAL
ISSN 2985-0983

o &

MNDWI §laAqudaaA N NN LS T9aL (Slope = -4.11) Sudugniuzaednisiduunaananuidy (Cooling Island) 7

Ay lun e

o

5. nadnANFUUNNTBNUNIANTRUTIUERY (UHI Intensity Dynamics)

5.1 NMsALLULANTEALIAINTULINTBNNIZAIINTBY (URI Analysis)

a

annstsziiuaniunisninoufausasail (URN) Amuinandadouiui luudazszdlanmgil (Table

10) wunnaasuutlasdelnnsiaitianududen e fdail URI saufinnslsusanasadntiosann 0.53 (Figure 7a)
Tu A.A. 2007 1l 0.52 (Figure 7b) Tu A.A. 2021 azviauliv@ninasesaninglainiAssAuNunIA (Macro-climate)
Tnenanizdsangnisaiantioyalutl a.a. 2021 ﬁﬁmw%uzﬁ’uﬁm{@.q dqmalﬁﬁmmuﬁuﬁllumju @qmmﬁmé’] (Low
Temperature) LATADUA AN (Secondary Low) ﬁmimmmﬁqm@mquﬁuﬁmnﬁuiumwmu asi9lafinIu
Lﬁ'@ﬁmimnLm:'ﬁn‘luixﬁmmugﬁzﬁq (High Temperature Area) ?ﬁuﬂuﬁuﬁﬁﬂqmmLm:mw%@uﬂﬁuwudn

An192818AANTWANN 55.69 A9.nN. (Faaay 7.30) Tull A.A. 2007 1w 56.37 A3.nu. (Faaaz7.39) luil A.A. 2021

%
'

(Figure 5¢) thdudanweiniAlaesnazifiuas walaseainaiesdanamuiniasananusauesnadudulazinig

[3
v

weraLaNufaudneanllet1wsieiies asunmeiuuww idug g lnan1eadandn
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[y}
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Figure 6 Scatter plots illustrate the linear relationships between Land Surface Temperature (LST)

and spectral indices (NDBI, NDVI, MNDWI) in (a) 2007 and (b) 2021
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Table 9 summarizes the changes in regression coefficients, highlighting the influence of seasonal moisture

variability on the thermal behavior of different land use and land cover types

Spectral Slope ) Slope ) ]
Indices 2007 2021 Change & Interpretation

NDBI +21.16 0.693 +13.36 0.384 Consistent Positive Correlation: The relationship remained positive in both
periods, confirming built-up areas as primary heat drivers. However, the slope
magnitude decreased in 2021, possibly due to higher soil moisture levels (La
Nifa effect) dampening the thermal response.

NDVI +8.75 0.061 -0.80 0.004 Seasonal Directional Shift: The 2007 data exhibited an anomalous positive
slope (+8.75), likely driven by the high thermal emittance of dry
vegetation/crop stubble in the extreme dry season. In contrast, 2021 showed
a standard negative correlation, reflecting the cooling capacity of healthy
vegetation.

MNDWI -12.94 0.602 -4.11 0.147  Highest Cooling Potential: Both years demonstrated a negative correlation.

The steeper negative slope in 2007 (-12.94) highlights that water bodies were
the most significant cooling source amidst a thermally dry landscape

compared to 2021.

5.2 mMaslagutlasg g 13N (TGCI Spatial Distribution)

[

HANNTIATI TN As LA AU IR TGCI (Figure 8) wansliiiiunnanszanfnaasnunng
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al
¥

Tusnennundoulugjressnailasuanauuaifuanmgianas (Cooling Trend: AU1RU) 49AARBINLBNENATD

'
o
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Fringe) waruiiinemsnssugnuiasninislasuaninidunegedanazdunidlaanssnlud aanadeaiunig

'
=
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(b)

Brightness temperature grade

1 = Low temperature area (LTA)

2= Secondary low temperature area (SLTA)
3 = Medium temperature area (MTA)

4 = Secondary high temperature area (SHTA)

T idoneens 5 = High temperature area (HTA)
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Figure 7 Brightness temperature grade distribution in 2007 (a) and 2021 (b). Brightness temperature grade
distribution change between 2007 and 2021 (c)

1. Anudauusarsnaeaningdeiniauazlnssainaiies (Climate Variability vs. Urban Structure)

@

HANNSANENT IuA AR LS T aUs T daN s e FRTadLH LA A NI NURY wdd NuRgT LA A

Ugnaisasiinnsenadainauednenn (feaay 34.46) lutag 15 Dinuwn usAeaaguuginuialull A, 2021

ndufiAranaiianfFeumauiutlgu (a.a. 2007) Usngnisaiiiannnsnesung lidaeaninazesnnuudsdsuanin

nienAsel (Inter-annual climate variability) tnedayaainnsngatanineniiaadn Tl a.a. 2007 NunAns a5y

?ﬁw%wamnﬂsﬁﬂgmitﬂmﬁim (EI Nifio) seAuaauial1unany d9naliinan 1oz uietaaasauduluan1eAmn

X, o X a pRp X A= \ va a e =
LARRNITRACANAINNTDUADINLNA slu"llmzmﬂ A.A. 2021 'W‘L(W]ﬂﬂﬁ’]@%ﬂqﬂimﬂ‘V}ﬁW@ﬂﬂﬂﬂﬁ"]ﬂ{]ﬂqﬁ‘m@qumq

(La Nifia) ndenaldSuinedunazaau@ulumiu (Soil Moisture) §9n41A11nF (Thai Meteorological Department,
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v A a

2022) ugihidunalnassnaiflunisaanauguunIiuialunneau aanAde9iLNLIAa289 Meechai et al.,

y oA ° o '

(2025) inudnTudantioyn Wunineasuazi lfazilanmgianasetsliadAny adnelafinnu Weiansunlwids

al

TageainerinuAes URI ndunundngwdedsednddn Taseainailesdanvinninazanaonfeustnadudu Inaiun

52ALINAREININ (High Temperature Grade) laaenasafindugunsiuAedaguunisan Astiududafuny

294 Kalnay & Cai (2003), Cui & Shi (2012) ua¥ Deng et al., (2013) Aiszydnnisilasunlas@lnaguauiiuilady
. o .

wanndenalaunsesonisinTusasguuINuEa Inaenizn1sununnunsssugAnadanalgnafiennniiu

q

a A

AMNFaU (Tan et al., 2020; Saha et al., 2021) nan13Aanw1 luafatlnanaliidiuinaninaseadanidas (Urban

q
[ |

Materials) HAINIULISNENNATIAZ AU UNATIN AT LA INAN TN HNATEALYRNA L TuszAuuan1zqn
(Local Scale) aia1sunluseaziae mdeiua nudnusinuntgumginuiagedsng iunudaseus iz
A . g aad @ AL o aa o . £

fenzdueeniaasliaaiunfiresiangnaiinssngsuis Aanzdunnaasliluaniiuanuesazunuazingnang
a o = A a o A lﬂ” Adld =3 a XK a o a A o

fAnzdunniagviiatdnnmnuanaen (wleiuniswasuazislsidsy) llaudwanziueeniaaauileluandua
A8UBWATLI U UTTUEY wenannil ff\iwummmumw%@ummﬂﬁwmmiuu?wmm@mﬁm (Urban Fringe)
Tnaanizuiinemsnssnguieminisaauaniniduiegenduwaztunidizenssnud Usngnisaiilasious

o A A = dal’ a ¥ 3 dif a < o

gUuuunnsaeaAareilesluiu sy (Urban Sprawl) Mitlasuiudaszunaariufeulinaiaifunuiiafiuin

o 1% o o
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al

Table 10 Transition matrix of Land Surface Temperature grades between 2007 and 2021 and URI (Unit: km?)

2021 (Unit: km?.)

2007 (Unit: km?.)

LTA SLTA MTA SHTA HTA Total Percent  URI (2007)

LTA 99.19 40.31 24.68 2.88 098  168.05 22.02

SLTA 33.97 423 51.85 413 127 13352 17.50

MTA 33.94 55.71 165.97 38.38 1553 309.53 40.56

SHTA 5.02 7.07 42.26 23.42 1863  96.39 12.63 0.53
HTA 2.4 2.68 16.93 13.72 1996  55.69 7.30

Total 174.51 148.07 301.69 8253  56.36 763.17 100.00

Percent 22.87 19.40 39.53 10.81 7.38 100.00 22.02

URI (2021) 0.52
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Figure 8 Spatial distribution of Temperature Grade Change Index (TGCI) indicating thermal trends
between 2007 and 2021

2 wadppawsauiiulasulilninggniauasdstinaguau (Seasonal Dynamics of Thermal Behavior)

'
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NANNTRLATIZLADAARBITLNUASE TEALUNUN T ANANETY 11 Deng et al. (2018), Guechi et al. (2021),

¥ 1
o a
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3 ANNANRUTYNATHTSALAZN179AN74HBY (Indices Correlation & Urban Management)
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Mnudngruuunieanian naeilesuardndouiund daaianswasanisnsvanasivaesguuIvuie (Mushore et al.,

2019; Bard et al., 2015)
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