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ABSTRACT

The fast and unprecedented urban growth process may violate cities’ responsibilities by causing an urban heat island
(UHI) and increasing the public’s risk of heat-related illnesses due to vegetative area reduction and urban area inclination.
The Bangkok Metropolitan Area (BMA)’s variations in Land Use Land Cover (LULC), Land Surface Temperature (LST),
UHI, and several geospatial indicators, as well as the daytime and nighttime LST, are the main subjects of the study.
Between 2015 and 2021, the highest Daytime LST (DLST) rose consistently from 36.77°C to 38.14°C, then slightly
decreased to 37.22°C in 2023. There is a general increase in the maximum Surface Urban Heat Island (SUHI) intensity
from 1.112 (2015) to 1.162 (2021), and then a minor decrease to 1.157 (2023). With the highest values circling 11.0
and the lowest around 7.32, UTFVI levels stayed reasonable between 2015 and 2018. Nonetheless, there has been a
discernible increase in high-heat zones since 2019, with peak UTFVI values continuously exceeding 11.0 and rising to
12.19 by 2023. SAVI readings over the observed time vary from a low of roughly −0.088 to a high of 0.398. Consistent
urban expansion is suggested by the significant increase in the maximum NDBI values over the nine years, especially
from 2015 (0.057) to 2021 (0.081). To lower the risks and offer practical answers, the city planners and officials
implement sustainable urban development and urban resilience by adopting sustainable urban design techniques, such
as incorporating green infrastructure, preserving vegetation-rich regions, and putting heat-mitigation techniques like
rooftop gardens, urban parks, and permeable surfaces into practice, is crucial to overcoming these obstacles.

Keywords: Heat island effects, Climate change, Urban resilience, Bangkok, Urban sustainability

1. Introduction

The physical environment of cities has altered as
a result of urbanization, and these changes have
happened quickly because of economic growth and
population concentration [1]. The physical environ-
ment of cities has changed, and this has led to changes
in the urban climate [2, 4]. These developments have
also impacted the severity of urban climate change, as
urbanization keeps growing cities and making their
physical forms denser. More so than global climate

change, urbanization-induced urban climate change
has impacted metropolitan thermal conditions [5, 6].
Particularly in cities where extreme heat events have
been exacerbated by urban climate change, urban
heating is an issue. Numerous factors, such as the
high thermal mass released by concrete and asphalt
roads, the low ventilation capacity of urban canyons
created by high-rise buildings, and the combined ef-
fect of heat released from vehicles on streets and air
conditioners [7], all contribute to and amplify the rise
in ambient temperature brought on by urban climate
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change [8, 10]. Based on certain numerical indicators
specifically, an increase in air temperature in particu-
lar parts of cities the UHI is a picture of urban climate
change [11]. The potent force of UHI strengthens heat
waves, and vice versa [12]. The intensity of UHIs has
been rising quickly in large cities over the past several
years, which has resulted in higher energy consump-
tion and serious health issues for city people [13].
The need for more thorough research and analysis to
comprehend the decline of urban heat environments
is growing as heat waves and UHIs in cities occur
more frequently and with greater severity [9, 14].

There are numerous instances of high urban tem-
peratures around the world, which result from the
rapid urbanization process and the effects of global
warming [15]. Samut Prakan, Pathum Thani, Samut
Sakhon, Nakhon Pathom, and Nonthaburi are the
five additional metropolitan provinces that makeup
Thailand’s main urban centers, together with the cap-
ital of Bangkok. These regions together cover a vast
area of 7761.66 km2 [16]. Known as the Metropolis,
this area is the hub of the economy where vari-
ous facilities, services, and activities come together.
The Metropolis has experienced the interaction of
agglomeration economies, which has led to the blend-
ing of social and economic components [17]. On
the other hand, this phenomenon has caused traf-
fic in the primate city and sparked a decentralized
suburbanization movement [18]. At the same time,
various innovations have been sparked by the fast
pace of urbanization, extending metropolitan areas
into neighbouring provinces. Alongside this growth,
there have been increased investments in land trans-
portation, with a focus on improving connectivity
with the city center via highway and motorway
networks rather than giving public transportation pri-
ority [19]. The UHIs are a result of the expansion of
urban areas, which changes the link between surface
albedo and the thermal properties of LULC conditions
in urban contexts [20, 21]. A UHI is a condition
where the temperature in a metropolitan area is much
higher than the temperature in the surrounding areas.
This is mostly caused by changes in land surfaces
brought about by urban development. In Thailand, re-
searchers examined Bangkok, the capital of Thailand,
using the modified vegetation index to determine
its UHI [22]. The LST in greater Bangkok, or the
city’s core business district, was up to 3.5 °C warmer
than in peri-urban locations. Researchers found that
using historical air temperatures, the UHI of three
densely populated (urban) and one sparsely popu-
lated (suburban) area in Bangkok was 0.8 °C on av-
erage, with temperature differences reaching 6–7 °C
during the summer months (March-May) [23]. An-
other research examined how LST and patterns of

green space and impervious surfaces interacted in the
urban areas of Bangkok, Jakarta, and Manila. They
found that the mean LST had a negative correlation
with green space areas and a positive correlation with
impervious surface density. Furthermore, the mean
LST of the study’s urban regions’ impervious surfaces
was 3 °C higher than the green area’s [24].

In the context of urban environments, which
are extremely complex environmental systems with
unique circumstances in every city, the spatiotempo-
ral properties of surface biophysical features become
important components of cityscapes and significant
contributors to the SUHI effect [13, 25]. The main
driving force behind the SUHI is one of the trickiest
scientific problems. Numerous studies on the effects
of LST on entrepreneurship have been carried out
from a variety of angles [26]. Spectral markers for
surface composition can be effectively chosen us-
ing four fundamental concepts and guidelines, as
several research have shown: minimal redundancy,
practical ubiquity, theoretical relevance, and simplic-
ity of accessibility. Because spectral indices like the
normalized difference built-up index (NDBI) [27],
normalized difference moisture index (NDMI) [28],
and modified normalized difference water body index
(MNDWI) [29] are good at capturing surface biophys-
ical features and have good correlations with LST,
researchers have chosen to use them. Studies have
shown that changes in land cover and land use sig-
nificantly affect the SUHI intensity across a range of
spatiotemporal conditions [30]. The study discovered
that the geographical variability of LST patterns is
a result of the integration of functions inside built-
up areas brought about by fast urbanization [31].
The difficulties in acquiring precise data on urban
morphology at fine scales, however, have prevented
thorough investigations into the connections between
the urban surface biophysics layer, landscape compo-
sition, and overheating in the developing tropics. Fill-
ing in the information gap about how urban features
affect SUHIs in tropical cities is the goal of this study
[24]. Specifically, it examines how surface biophysi-
cal characteristics and the thermal environment inter-
act with urban land use planning, especially in tropi-
cal Asia, with a particular emphasis on a Thai city.

Thailand’s capital, Bangkok (Krung Thep Maha
Nakhon), has served as such for almost 200 years.
The largest city in Thailand, it continues to be a major
economic center. More than 10 million people are
living in the region, making it a densely populated
area [32]. Bangkok’s population is constantly
growing due to the city’s economic opportunities
mostly fuelled by rural-to-urban migration [33].
Urban sprawl, the growth of transportation networks,
real estate markets, rising land values, and the
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extension of cities into peripheral areas are all
results of this quick increase in population, capital
investment, factories, and workers [34]. The
BMR was created by the growing urbanization
of Bangkok and the five neighbouring provinces.
An earlier investigation into the urbanization of
BMR [35] emphasized that more than 70% of the
developed areas formed from agricultural terrains
throughout the 2000–2020 timeframe. World Bank
population statistics (https://data.worldbank.org/
country/thailand?view=chart) and the Statistical
Report of Thailand (2020) (https://www.nso.go.th/
public/e-book/Statistical-Yearbook/SYB-2020/6/)
showed that the proportion of the country’s
population living in urban areas had increased
significantly, rising from 22% in 1972 to 52% in
2020. Among the environmental problems brought
on by the BMR’s expansion include land subsidence,
increased urban heat, and pollution of the air
and water. According to the Thai Meteorological
Department (TMD), Bangkok’s maximum air
temperatures have risen during the past 20 years.
Previous studies on LST and SUHI in Bangkok found
temperature risk areas mainly in Zones 1 and 2,
with expansion driven by unplanned urbanization
[36]. There are temperature differences between the
urban and rural areas, as shown by multiple research
projects, showing that Bangkok has a harsh urban
climate that is associated with the phenomena of
UHI. This focus is on the SUHI analysis with DLST and
NLST, geospatial indices, and LULC alteration from
2015 to 2023. Urban warming mitigation solutions
based on scientific understanding have received little
attention from planners and stakeholders, despite
several recent examinations into Bangkok’s UHIs.

2. Study area

Bangkok’s high population, tropical monsoon
climate, and fast urbanization provide several envi-
ronmental problems for Thailand’s capital. With an
average annual rainfall of roughly 1,500–2,000 mm,
the city on the Chao Phraya River, receives ample
rainfall, especially during the monsoon season, which
runs from May to October. Bangkok frequently
experiences temperatures between 25°C (77°F) to
35°C (95°F), with the hottest months happening
immediately before the rainy season [37]. The heavy
humidity makes the heat much worse, particularly
in urban areas. Bangkok’s dense concentration of
roads, buildings, and other impermeable surfaces
absorbs and retains heat throughout the day, making
the city hotter than the nearby rural areas [38].
This phenomenon is known as the UHI effect and
is one of the city’s main environmental problems.

Rapid urbanization, which decreases green spaces
and increases the number of heat-retaining surfaces,
exacerbates this effect. Greater energy use for cooling,
poor air quality, and greater health risks, especially
for vulnerable groups like children and the elderly,
are all consequences of the UHI effect (Fig. 1).

The necessity of tackling these environmental is-
sues has been acknowledged by the BMA and the Thai
government. Numerous measures have been put in
place to lessen the impact of the UHI effect, including
the creation of more green areas, the encouragement
of rooftop gardens, the installation of cool roofs,
and urban shade programs [39]. The repair of exist-
ing parks and green spaces as well as the inclusion
of green infrastructure in new construction are in-
creasingly encouraged by urban planning regulations.
In recognition of Bangkok’s susceptibility to floods
as a result of its low-lying terrain and heavy rain-
fall, the government has also made investments to
strengthen flood management measures. This cov-
ers building retention ponds, canal restorations, and
drainage systems. In response to the high traffic and
pollution levels that contribute to the UHI impact, the
government has improved bike lanes and pedestrian
infrastructure while promoting public transit systems
like the MRT Subway and BTS Skytrain [40]. Bangkok
has integrated efforts to lower energy use and carbon
emissions into its climate action plan, which empha-
sizes climate resilience and sustainability [41]. These
government programs and urban planning tech-
niques, despite the difficulties, are meant to improve
Bangkok’s environmental sustainability, increase the
city’s resistance to the effects of climate change,
and improve the standard of living for its citizens.
Bangkok aims to address its urban heat island impacts
and other environmental challenges in the face of
fast urban growth by continuing its efforts in flood
control, climate action, and green infrastructure.

3. Materials and method

3.1. Data information

To obtain MODIS LST data in Google Earth En-
gine (GEE), use the MOD11A1 (Terra) and MYD11A1
(Aqua) datasets. With a scale of 0.02 (multiplied by
0.02), these offer daily Day (LST_Day_1km) and Night
(LST_Night_1km) LST at a resolution of 1 km. To
filter trustworthy pixels, Quality Control (QC_Day,
QC_Night) flags are used. For research on climate
change, land surface dynamics, and urban heat, the
databases are perfect. They can be accessed with
ee.ImageCollection(‘MODIS/061/MOD11A1’). In this
work, both photos are used to calculate Bangkok’s
DLST and NLST between 2015 and 2023. From 2015

https://data.worldbank.org/country/thailand?view=chart
https://data.worldbank.org/country/thailand?view=chart
https://www.nso.go.th/public/e-book/Statistical-Yearbook/SYB-2020/6/
https://www.nso.go.th/public/e-book/Statistical-Yearbook/SYB-2020/6/
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Fig. 1. Location map of Bangkok, Thailand.

to 2023, SAVI, NDBI, NDMI, and MNDWI can be
calculated using Landsat 8 Surface Reflectance data
(LANDSAT/LC08/C02/T1_L2) in Google Earth En-
gine. The following bands are used in the calculations:
NIR (SR_B5), Red (SR_B4), SWIR1 (SR_B6), and Green
(SR_B3). Indexes are obtained using altered formulas
or normalized differences. Applying cloud masking
and scaling (0.0000275) is necessary to achieve pre-
cise outcomes (Fig. 2).

3.2. LULC classification

To increase the precision and dependability of
the final classification findings, pretreatment and

postprocessing procedures are essential for LULC clas-
sification utilizing Landsat 8 data. Converting raw
Landsat 8 data into a format that may be used is
the first step in preprocessing. To enable precise
comparison between various images and sensors, ra-
diometric correction is usually used, which changes
the Digital Numbers (DNs) to Top of Atmosphere
(TOA) reflectance [20]. Geometric correction elimi-
nates distortions brought on by sensor movement or
the curvature of the Earth, ensuring that the image
accurately corresponds with geographic coordinates
[42]. Another crucial function of cloud masking is
Removing clouds and their shadows, which might
obstruct the classification of land cover. Additional
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Fig. 2. Adopted methodology for SUHI study in Bangkok, Thailand from 2015 to 2023.

atmospheric adjustments can reduce the effects of
atmospheric particles.

Supervised and unsupervised approaches might be
used for the actual classification [43]. A classifier,
such as Maximum Likelihood Classification (MLC)
[44] or Support Vector Machine (SVM) [45], is used
to assign land cover classes to the entire image
based on training examples, chosen in supervised
classification. Pixels are grouped into clusters using
unsupervised classification methods such as K-means
[46], and these clusters are subsequently manually la-
belled with the types of land cover they represent. The
categorization outcomes are improved using post-
processing procedures. A confusion matrix is used
to compare the classification result to ground truth
data to assess accuracy. To assess the success of the
classifier, it is useful to compute measures such as
overall accuracy, user accuracy, and producer accu-
racy. Noise, such as tiny, isolated pixels that don’t
accurately depict different types of land cover, can
also be eliminated using post-classification filtering.
Small gaps or the boundaries of the classification can
be filled in by morphological processes like erosion
or dilatation. Furthermore, the boundaries between
different forms of land cover may be improved via
edge refinement techniques.

Lastly, the GEE interface allows for the visualiza-
tion of the classified map, which facilitates a rapid
examination of the different types of land cover.
The outcome can then be exported for additional
analysis, either as a vector file or as a raster picture

for GIS software, depending on the needs of the
study. To sum up, the process of classifying LULC in
GEE using Landsat 8 data combines preprocessing
methods (such as radiometric correction and cloud
masking), classification techniques (either supervised
or unsupervised), and post-processing steps (such
as filtering and accuracy assessment) [47]. For land
cover mapping, monitoring, and decision-making,
these procedures are necessary to guarantee that the
final categorization is precise and significant.

3.3. Applied geospatial indices

To reduce the impact of soil background
reflectance, particularly in regions with little
vegetation cover, the SAVI vegetation index was
created [48]. A variation of the NDVI, it is susceptible
to the brightness of the soil, especially in areas with
little vegetation. SAVI uses a soil adjustment factor
(L) to monitor vegetation more precisely in different
soil types. To draw attention to urban areas, the NDBI
is a vegetation index that separates built-up surfaces
including roads, buildings, and other infrastructure
from non-built-up areas, such as vegetation and
water bodies. Classifying urban land cover and
tracking urban sprawl, particularly in satellite data,
are two common uses for NDBI [49]. One vegetation
indicator used to evaluate the moisture content
of soil and vegetation is the NDMI. The NDMI is
especially helpful for tracking drought conditions,
vegetation stress, and moisture availability in the
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landscape since it is sensitive to changes in moisture
and water content, unlike the NDVI [50]. The
Near-Infrared (NIR) and Short-Wave Infrared (SWIR)
bands of satellite images are commonly used to
calculate NDMI because they react differentially
to soil and vegetation moisture levels. Since it can
be challenging to distinguish between built-up and
water areas using conventional vegetation indices
like NDVI, the MNDWI is a vegetation index created
to facilitate water body recognition. Particularly in
metropolitan settings where other indices may have
trouble detecting water bodies because of man-made
surfaces, the MNDWI takes advantage of the green
and SWIR bands, which are sensitive to water.

SAVI =
(NIR− RED)× (1+ L)

(NIR+ RED+ L)
(1)

NDBI =
(SWIR− NIR)
(SWIR+ NIR)

(2)

NDMI =
(NIR− SWIR)
(NIR+ SWIR)

(3)

MNDWI =
(Green− SWIR)
(Green+ SWIR)

(4)

The soil adjustment factor, L, varies from 0 (no soil
influence) to 1 (highest soil effect), where NIR is the
reflectance in the near-infrared band and RED is the
reflectance in the red band. A typical value for L is
0.5. Reflectance in the Short-Wave Infrared (SWIR)
band, usually Band 6 or Band 7 for Landsat imaging,
is known as SWIR. NIR is near-infrared reflectance,
usually found in Band 4 of Landsat imagery.

3.4. LST estimation

To estimate LST from MODIS data, the MODIS
thermal infrared bands (Band 31 or 32) must be con-
verted to LST [51, 52]. In particular, the MODIS LST
products (MOD11A1 or MYD11A1), which are pre-
processed and adjusted for atmospheric influences,
can be used to estimate LST using MODIS data [53].
You can use the following procedures to determine
LST directly from MODIS raw data:

Convert DN to TOA Radiance: For MODIS, the
following formula is used to determine the TOA ra-
diance, or (Lλ), from the raw DN:

Lλ = Mλ × Qcal + Aλ (5)

Where: Lλ is the TOA radiance (W/m2
· sr · µm), Mλ

is the radiance multiplicative scaling factor (from
metadata), Aλ is the radiance additive scaling factor
(from metadata), Qcal is the pixel value (DN).

TOA Radiance to Brightness Temperature Conver-
sion (TB): Next, use the following formula, which is
derived from Planck’s law, to convert the TOA radi-
ance to brightness temperature:

TB =
K2

ln( K1
Lλ + 1)

(6)

Where: TB is the brightness temperature in Kelvin,
K1 and K2 are the thermal calibration ↓constants
(from the MODIS metadata).

Convert Brightness Temperature to LST: Utilizing
an emissivity correction, brightness temperature, TB
is converted to LST. The following formula is fre-
quently used:

LST = TB ×
(
1+ λ× TB/ρ × ln(ε)

)
(7)

Where: TB is the brightness temperature in
Kelvin, λ is the wavelength of emitted radiance
(11.03 µm for MODIS Band 31), ρ is a constant
(1.438× 104 µm · K), ε is the emissivity can vary
based on land cover type (urban, forest, water, etc.).
In urban areas, ε typically ranges from 0.85 to 0.95.
The final result, LST, is expressed in Kelvin, which
can be converted to Celsius by subtracting 273.15.

3.5. Heat island measurement

The LST datasets and the notified formulation com-
pute the heat island impacts. The SUHI study is
required to calculate the Thailand heat island effect
with seasonal change [13, 54]. To describe the impact
of SUHI, the UTFVI is the primary instrument. Nu-
merous factors affect LST that contribute to the SUHI
and UTFVI phenomena [55, 56]. SUHI indicates the
localized warming effect in urban areas as opposed
to surrounding rural environments, while UTFVI is
an index employing to classify the various levels
of thermal stress within these urban areas. Severe
thermal stress is indicated by higher UTFVI values
and translates into increased health risks, greater en-
ergy consumption, and discomfort for residents living
in urban environments. Heat waves, earth surface
change, light intensity, and psychometrics are some
variables.

SUHI =
(

Ts − Tmean

SD

)
(8)

UTFVI =
(

Ts − Tmean

Tmean

)
(9)

Where, Ts indicates LST in Kelvin, SD means stan-
dard deviation of LST, and Tmean representing mean
values of LST.
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Fig. 3. LULC maps of Bangkok from 2015 to 2023.

4. Modeling results

4.1. LULC modeling

Rapid urbanization is responsible for the notable
changes in the distribution of land types in Bangkok,
as shown by the LULC maps from 2015 to 2023
(Fig. 3). Large portions of the city are now domi-
nated by built-up territory, especially in the central
and suburban sections, as a result of its significant
expansion over time. Agricultural land, particularly
in the outskirts, has been steadily declining as a re-
sult of this growth. Additionally, there is less bare
ground and vegetation since many of these places
have been turned into metropolitan centers to meet
the demands of industry, commerce, and housing.
Water bodies have remained relatively constant, with
very slight variations in their spatial expanse. One
possible explanation for this stability is the efforts
to preserve natural water systems like canals and
rivers. Nonetheless, the loss of agricultural land and

the shrinking of green areas have serious environ-
mental repercussions. Urban heat island effects are
made worse by the dwindling flora, which also has a
detrimental effect on biodiversity and carbon seques-
tration. Meanwhile, the risk of flooding rises when
permeable surfaces are swapped out for imperme-
able ones, a serious issue in a city like Bangkok that
experiences frequent flooding. The stresses of urban
growth and the difficulties in striking a balance be-
tween development and environmental sustainability
are highlighted by these developments. The increas-
ing problems of urbanization and its effects on the
environment and local populations call for the imple-
mentation of climate-resilient measures, sustainable
urban design, and green infrastructure.

4.2. Geospatial indices measurement

After accounting for the impact of soil brightness,
the SAVI maps of Bangkok from 2015 to 2023 offer
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Fig. 4. SAVI maps of Bangkok from 2015 to 2023.

Table 1. Threshold values of the urban thermal field variance index (UTFVI) and ecological evaluation
index [57]. Q1

Urban Thermal Field Variation Index Urban Heat Island Phenomenon Ecological Evaluation Index

<0 None Excellent
0–0.005 Weak Good
0.005–0.010 Middle Normal
0.010–0.015 Strong Bad
0.015–0.020 Stronger Worse
>0.020 Strongest Worst

information on the state of the local vegetation. Vari-
ations in vegetation density and health are reflected
in the SAVI values, which vary from a low of roughly
−0.088 to a high of 0.398 during the observed period.
With greater values (over 0.36) localized in the
periphery, where vegetation was denser, SAVI levels
in 2015 were usually modest. Particularly in the city
center and southern sections, urbanized or arid areas
showed lower SAVI values (below −0.08). SAVI
values varied throughout time as a result of shifting
land uses, urbanization, and possible vegetation loss
(Fig. 4). In 2021, the highest SAVI value of 0.398

was noted, signifying a peak in vegetation health and
density that may have been caused by agricultural
activity in some regions or urban greening initiatives.
But in the years that followed, there was a minor
drop, reaching a high of 0.378 in 2023. In a similar
vein, the lowest scores, which fluctuated between
−0.088 in 2015 and −0.072 in 2023, indicated areas
that were consistently barren or heavily urbanized.
Higher SAVI values were continuously seen in the
northeastern and periphery regions between 2015
and 2023, indicating that these areas maintained
superior vegetation cover (Table 2). On the other
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Table 2. Maximum, minimum, and mean values of geospatial indices and LSTs (Day and Night).

Index 2015 2016 2017

Max Min Mean Max Min Mean Max Min Mean

5SAVI 0.367 –0.088 0.1395 0.382 –0.076 0.153 0.386 –0.062 0.162
NDBI 0.057 –0.479 –0.211 0.062 –0.465 –0.2015 0.065 –0.0429 0.01105
NDMI 0.479 –0.057 0.211 0.466 –0.062 0.202 0.429 –0.065 0.182
MNDWI 0.649 –0.301 0.174 0.596 –0.298 0.149 0.598 –0.287 0.1555
DLST 36.77 27.18 31.975 36.81 27.38 32.095 36.76 25.62 31.19
NLST 27.38 23.78 25.58 26.91 24.01 25.46 27.91 22.82 25.365

Index 2018 2019 2020

Max Min Mean Max Min Mean Max Min Mean

SAVI 0.387 –0.077 0.155 0.382 –0.074 0.154 0.385 –0.078 0.1535
NDBI 0.078 –0.477 –0.1995 0.083 –0.466 –0.1915 0.067 –0.473 –0.203
NDMI 0.477 –0.078 0.1995 0.466 –0.083 0.1915 0.445 –0.022 0.2115
MNDWI 0.641 –0.272 0.1845 0.654 –0.296 0.179 0.631 –0.306 0.1625
DLST 36.93 27.56 32.245 38.39 26.66 32.525 37.61 26.89 32.25
NLST 27.05 23.15 25.1 27.09 23.96 25.525 27.28 23.52 25.4

Index 2021 2022 2023

Max Min Mean Max Min Mean Max Min Mean

SAVI 0.398 –0.073 0.1625 0.432 –0.079 0.1765 0.378 –0.072 0.153
NDBI 0.081 –0.451 –0.185 0.106 –0.46 –0.177 0.077 –0.435 –0.179
NDMI 0.4 –0.066 0.167 0.404 –0.062 0.171 0.417 –0.048 0.1845
MNDWI 0.642 –0.29 0.176 0.628 –0.297 0.1655 0.594 –0.317 0.1385
DLST 38.14 25.85 31.995 37.35 26.01 31.68 37.72 25.62 31.67
NLST 26.72 22.64 24.68 27.36 22.87 25.115 27.08 23.74 25.41

hand, Bangkok’s central and southern regions
consistently displayed lower SAVI values, which is
consistent with the city’s continued urbanization and
shrinkage of green areas as shown by LULC research.

NDBI values from 2015 to 2023 are shown in the
figure, emphasizing the growth of built-up areas over
time. Non-built-up areas, such as vegetation or wa-
ter bodies, are indicated by lower or negative NDBI
values, whereas built-up or urbanized areas are in-
dicated by larger positive values. During the nine
years, the maximum NDBI values have increased
significantly, especially between 2015 (0.057) and
2021 (0.081), indicating steady urban growth. Al-
though the lowest values fluctuate somewhat, from
−0.479 in 2015 to −0.435 in 2023, the overall trend
shows a decline in non-built-up regions (Fig. 5). Par-
ticularly in the center and southern regions, urban
areas shown on the map as red zones have pro-
gressively grown, perhaps encroaching on green or
natural areas. Among previous years, 2018 had the
greatest maximum NDBI score (0.078), indicative of
an increase in development or building activities.
The slightly lower maximum value (0.077) in 2023,
on the other hand, can point to a plateau in urban
growth or changing patterns of urbanization. The
2021 and 2023 minimum values, which are −0.451
and −0.435, respectively, indicate a progressive de-
cline of vegetated or unbuilt-up areas over time. The
necessity for housing, infrastructure, and commercial
development frequently results in a loss of natural

land cover, and this trend is consistent with the
rapid urbanization trends frequently seen in places
like Bangkok. The changes that have been noticed
highlight the continuous change in land use in the
region, which may be influenced by demographic
expansion, economic expansion, and development
initiatives. These trends could have an impact on
environmental sustainability, necessitating balanced
urban development to reduce the effects of urban heat
islands and conserve undeveloped areas.

As vegetation moisture levels decreased over time,
the maximum NDMI values gradually decreased from
2015 to 2023, from 0.479 in 2015 to 0.417 in 2023.
This loss raises the possibility of environmental
stress brought on by deforestation, fast urbanization,
or climate variables that impact the health of
vegetation. The lowest NDMI values, which indicate
greater urban coverage and less non-urban vegetation
zones, also exhibit significant variances, ranging
from −0.078 in 2018 to −0.048 in 2023 (Fig. 6).
The continuous influence of urban development on
natural land cover is demonstrated by the steady
growth of arid zones, which are indicated by low
NDMI values (Table 2). The maximum NDMI readings
in 2018 briefly increased to 0.477, perhaps as a result
of better water availability for plants or favourable
meteorological circumstances. The readings began to
decline once more in 2021 when the highest NDMI
fell precipitously to 0.400, but this recovery was not
maintained in the following years. Some mitigation
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Fig. 5. NDBI maps of Bangkok from 2015 to 2023.

of extreme dryness is suggested by a minor improve-
ment in minimum NDMI values by 2023 (-0.048),
which could be achieved by local conservation initia-
tives or adjustments to land management techniques.
The patterns that have been seen are consistent
with the fast urbanization occurring in and around
Bangkok, where urban infrastructure is replacing
green spaces and agricultural regions, lowering
the overall moisture content of the vegetation.
Additionally, the annual variations in NDMI values
are probably caused by seasonal rainfall variability
influenced by monsoon patterns. The study empha-
sizes the necessity of efficient water management
and sustainable urban design to mitigate the negative
environmental effects of continued urbanization and
maintain the region’s vegetation health.

Probably in an area close to Bangkok, the image
shows changes in the amount of water and non-water
surfaces over time, illustrating MNDWI values
from 2015 to 2023. MNDWI values are a range of
negative to positive, with positive values denoting

water bodies like rivers, lakes, or wetlands and
negative values representing non-water surfaces
like urban or vegetated regions. During 2015–2023,
the maximum MNDWI values dropped from 0.649
to 0.594, indicating a decline in the intensity or
coverage of water bodies. Similarly, minimum values
changed from −0.301 in 2015 to −0.317 in 2023,
indicating that land-use changes or urbanization may
have increased the number of non-water surfaces
(Fig. 7). Some years, like 2017 and 2023, saw notable
fluctuations, with maximum values sharply declining,
suggesting that water bodies were under stress from
the environment or infrastructure. Rapid urbaniza-
tion in the Bangkok area, where built-up regions have
supplanted natural water bodies, and seasonal or
climatic factors like rainfall unpredictability may be
to blame for these patterns. These changes may also
be influenced by land reclamation initiatives or other
water management techniques like canal alterations.
The trends that have been noticed highlight the neces-
sity of water conservation initiatives and sustainable
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Fig. 6. NDMI maps of Bangkok from 2015 to 2023.

urban design to handle the continuous changes in
the hydrological and land-use dynamics of the area.

4.3. LST analysis

The maximum DLST shows a consistent upward
trend, peaking at 38.14°C in 2021 after rising from
36.77°C in 2015, then slightly declining to 37.22°C
in 2023. With no discernible pattern, the minimum
DLST varies between 25.62°C and 27.56°C, poten-
tially as a result of shifting vegetation and land
use (Fig. 8). In terms of geography, the central and
northern regions continuously show increasing DLST
values, indicating an urban heat island effect, while
the southern parts continue to be cooler, most likely
as a result of vegetation or water bodies. Between
2019 and 2021, the maximum DLST increased sig-
nificantly, suggesting that warming was accelerated
over this time, maybe due to urbanization or cli-
mate extremes. From 9.49°C in 2015 to 11.60°C
in 2021 (Table 3), the thermal range between the

highest and minimum DLST increased with time, sug-
gesting that surface temperature is becoming more
heterogeneous. Although they are still higher than
in previous years, maximum temperatures show little
stability after 2021 [58]. These patterns highlight
how human activity and climate change affect local
temperature dynamics, highlighting the significance
of environmental preservation and urban planning in
preventing more warming.

The maximum NLST varies slightly over time, from
26.91°C in 2016 to 27.48°C in 2015, reaching a peak
of 27.28°C in 2020 before levelling off at 27.08°C
in 2023 (Fig. 9). The measured timeframe suggests
that evening thermal conditions are rather steady, as
evidenced by the slight range in the maximum night-
time temperatures. However, the minimum NLST has
greater variability, fluctuating between 22.64°C in
2021 and 24.01°C in 2016, with sporadic cooling
trends probably impacted by regional environmental
factors such as atmospheric dynamics or vegetation
cover. Lower temperatures (green zones) are found
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Fig. 7. MNDWI maps of Bangkok from 2015 to 2023.

in the southern and periphery, while higher temper-
atures (red zones) are concentrated in the center and
northern regions [32]. Due to decreased nighttime
cooling and heat storage in impermeable surfaces,
these patterns point to urban heat retention in the
core zones. Cooler zones are those that have veg-
etation or bodies of water, which help to provide
efficient cooling at night. The difference between the
maximum and minimum NLST, or thermal contrast,
varies throughout time from roughly 3°C to 4.5°C,
reaching its highest in 2018 (27.05°C to 23.13°C).
This suggests a rise in thermal variability in the area,
which may be caused by changes in land use or urban-
ization. Following 2020, a minor downward trend in
the thermal range is noted, indicating that nocturnal
temperatures may have stabilized as a result of ei-
ther natural or man-made causes. Between 2019 and
2020, both the maximum and minimum NLST had the
biggest rises in nighttime temperatures, which may be
the result of extreme weather occurrences or transient

climatic shifts. There may be a levelling-off effect in
the observed region, as the temperature trends after
2021 stay comparatively consistent.

4.4. SUHI measurement

SUHI intensity in Bangkok from 2015 to 2023
is shown in the presented image, emphasizing spa-
tiotemporal variability. Higher numbers indicate
stronger urban heat effects in the assessed SUHI in-
tensity. The following is a thorough analysis: There
is a general increase in the maximum SUHI intensity
from 1.112 (2015) to 1.162 (2021), and then a minor
decrease to 1.157 (2023). Urban heat effects have
been getting stronger over time, as evidenced by this
upward trend. This is probably because of growing ur-
banization, rising anthropogenic heat emissions, and
declining plant cover. The geographical variations in
land cover or nighttime cooling effectiveness may
be the cause of the slight fluctuations in the lowest
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Fig. 8. Daytime LST maps of Bangkok from 2015 to 2023.

Table 3. Maximum, minimum, and mean values of SUHI and UTFVI.

Indices 2015 2016 2017

Max Min Mean Max Min Mean Max Min Mean

SUHI 1.119 0.777 0.948 1.112 0.779 0.9455 1.153 0.751 0.952
UTFVI 11.06 7.68 9.37 11.6 8.12 9.86 11.9 7.75 9.825

Indices 2018 2019 2020

Max Min Mean Max Min Mean Max Min Mean

SUHI 1.123 0.813 0.968 1.119 0.746 0.9325 1.097 0.757 0.927
UTFVI 11.42 8.27 9.845 10.99 7.32 9.155 11.33 7.82 9.575

Indices 2015 2016 2017

Max Min Mean Max Min Mean Max Min Mean

SUHI 1.162 0.756 0.959 1.169 0.785 0.977 1.157 0.755 0.956
UTFVI 12.01 7.82 9.915 12.39 8.33 10.36 12.19 7.96 10.075

SUHI intensity, which ranges from 0.746 (2018) to
0.813 (2018). Darker orange to red zones, which in-
dicate the highest SUHI intensities, are consistently
seen in the core urban regions (Fig. 10). Due to their
sparse greenery, impermeable surfaces, and dense
urban infrastructure, these locations probably retain

heat and have a lower capability for cooling. The
vegetative and peripheral zones, on the other hand,
exhibit lower SUHI values (blue and green), high-
lighting the natural land cover’s moderating effect on
surface temperature regulation. With the maximum
value increasing slightly from 1.112 to 1.123, the
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Fig. 9. Night-time LST maps of Bangkok from 2015 to 2023.

SUHI intensity suggests a mild increase from 2015 to
2018 (Table 3). A greater increase in SUHI intensity
is noted between 2018 and 2021, which corresponds
with fast urbanization and potential reductions in
green cover. Since 2021, the highest SUHI values
have stabilized somewhat, which may indicate that
the urban heat effect’s severity has plateaued or that
mitigation efforts, including urban greening projects,
have begun to offset the heat accumulation.

The shifting levels of heat stress in Bangkok are
depicted on the UTFVI maps from 2015 to 2023. The
UTFVI values range from 11.06 in 2015 to 12.19
in 2023, indicating an increasing trend in thermal
intensity over time, according to the maps (Fig. 11).
This suggests that the UHI impact is gradually but no-
ticeably getting stronger, especially in crowded and
built-up areas. The central and southern regions con-
sistently exhibit higher UTFVI values, often exceeding
11.0 in later years, reflecting the heat-retaining ca-
pacity of urbanized zones with impervious surfaces

like asphalt and concrete. Because of the vegetation
and open spaces that help moderate temperatures,
the northeastern regions, on the other hand, continue
to be somewhat colder, with UTFVI values falling
below 8.0 for several years. With the highest val-
ues circling 11.0 and the lowest around 7.32, UTFVI
readings stayed reasonable between 2015 and 2018
(Table 3). Nonetheless, there has been a discernible
increase in high-heat zones since 2019, with peak
UTFVI values continuously exceeding 11.0 and ris-
ing to 12.19 by 2023. This trend emphasizes the
increasing heat stress in cities, probably caused by
growing urbanization, a decline in green space, and
rising temperatures associated with climate change.
The results highlight how urgently sustainable urban
planning solutions like adding more vegetation, in-
stalling green roofs, and using water features in urban
planning are needed. By taking these steps, Bangkok’s
citizens can live better, increase urban resilience, and
lessen the city’s increasing thermal stress.
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Fig. 10. SUHI maps of Bangkok from 2015 to 2023.

5. Discussion

A minor increase in thermal heterogeneity
throughout the region is also reflected in the
temperature range between the maximum and
least SUHI readings [59]. This expanding range
suggests that some outlying places may cool
or keep constant temperatures as a result of
improved environmental management, even as the
metropolitan centers continue to heat up. Notably,
southern areas near water bodies, such as the
Chao Phraya River, consistently display lower SUHI
intensities, reinforcing the cooling effect of water
and vegetation [36]. In contrast, the northern regions
that are heavily urbanized and industrialized exhibit
consistent high-intensity values. The information
emphasizes how urgently specific urban design
measures are needed to lessen the consequences
of SUHI, such as expanding green roofs, planting
trees, and encouraging permeable surfaces. The

stability of SUHI intensity beyond 2021 indicates that
current efforts may be helpful, but more action and
monitoring are needed to manage future temperature
increases and enhance urban resilience. In urbanized
areas, the general trend shows a slow deterioration
in vegetation density and health, highlighting the
necessity of strategies to preserve and increase
vegetation to lessen the negative environmental
effects of urbanization, such as lower air quality and
urban heat island effects [60].

The spatial and temporal patterns of urban heat
intensity throughout Bangkok are depicted in the
UTFVI maps from 2015 to 2023. The charts show
a distinct trend of rising heat stress, especially in
the southern and central regions likely the most
populated. As a result of continued urbanization
and land-use changes, the regions with the highest
thermal intensity have grown over time. Warmer
regions are shown in red, while cooler regions are
shown in green, creating a clear visual representation
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Fig. 11. UTFVI maps of Bangkok from 2015 to 2023.

of the temperature variation. Because there is more
vegetation, open space, or water bodies to prevent
heat buildup, the northeastern areas of the city
always seem cooler. On the other hand, heat is
persistent and getting worse in highly populated
places, which is a sign of the urban heat island
effect, which occurs when heat is trapped by
impermeable surfaces like asphalt and concrete.
Rising ambient temperatures brought on by climate
change, decreased vegetation cover, and greater
urbanization are probably the main causes of the
thermal intensity’s evolution throughout time [16].
Urban areas’ ability to retain heat is increased by
these changes, which reduces the thermal comfort of
the environment. The significance of implementing
sustainable urban planning techniques, such as main-
taining green areas, encouraging energy-efficient
building designs, and incorporating natural cooling
components like urban trees and water bodies, is
highlighted by these developments. In a rapidly ur-
banizing city like Bangkok, addressing these thermal

concerns is crucial to enhancing urban liability and
resilience.

Built-up land predominates in Bangkok’s center dis-
tricts, including Phra Nakhon, Bang Rak, and Pathum
Wan, where the UHI effect is particularly noticeable.
Because of their impermeable surfaces, dense urban
infrastructure, and sparser vegetation, these regions
routinely have higher UTFVI values, which indicate
greater surface temperatures. These zones were sub-
ject to ongoing thermal stress from 2015 to 2023;
UTFVI values were higher than 11.0 in 2021 and
2023, especially during increased urban activity. Con-
versely, the northeastern districts of Min Buri, Nong
Chok, and Lat Krabang continue to have lower UTFVI
values, indicating superior thermal comfort brought
about by a mix of sparse urbanization, agricultural ar-
eas, and water bodies. These areas are vital defences
against the city’s worsening heat island effect. There
are noticeable geographical changes in the vegetation
health as measured by SAVI. Because of their agricul-
tural areas and green belts, Bangkok’s northeastern
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and eastern districts often have higher SAVI values
(over 0.36). In 2021, Nong Chok and Lat Krabang,
for example, recorded SAVI values close to 0.39, in-
dicating healthy vegetative cover. Conversely, SAVI
scores below 0.10, which indicate scarce or nonex-
istent vegetation, are seen in central urbanized zones
including Khlong Toei, Ratchathewi, and Sathon. Due
to the substantial loss of vegetation in these densely
populated, high-rise building-dominated areas, there
is less capability for urban cooling and carbon
sequestration.

Previous studies highlighted how high-rise struc-
tures and open areas enrich metropolitan landscapes
by promoting better air circulation through roads
[16, 24, 61]. Furthermore, academic discussions have
emphasized the significance of including green spaces
and designing buildings in an efficient manner [34,
37]. Therefore, it is necessary to take into account
additional aspects that impact environmental dif-
ficulties while analysing metropolitan districts or
localized contexts. The proportions of building height
to road width and the arrangement of tall buildings
are examples of these variables. Furthermore, the in-
tegration of green spaces takes the form of various
characteristics and designs specific to each location,
depending on the surrounding circumstances, finan-
cial limitations, and intended use as determined by
landscape architects and urban planners [62]. Pre-
vious research in the BMR relied on LST data to
explain this phenomenon, but by basing its analy-
sis on air temperature data, this work closed the
methodological gap in urban climatology. The poten-
tial of near-surface temperature analysis to produce
an urban climate map that supports UHI mitigation is
highlighted by this. Furthermore, it showed a more
noticeable spatiotemporal variation than LST data
[63]. Enhancing BMR thermal data and honing urban
thermal studies through the use of a variety of climate
data would require substantial work.

Changes in land usage are closely related to vari-
ations in temperature throughout Bangkok. Higher
thermal variance is seen in central areas like Bang
Sue and Huai Khwang, where the loss of green spaces
and growing urban density have caused temperatures
to rise sharply [64]. In the western districts, such as
Bang Khae and Taling Chan, the conversion of agri-
cultural land to urban infrastructure has also led to an
increase in thermal stress over time [65]. The cool-
ing influence of water bodies and mangrove forests,
on the other hand, results in mild thermal condi-
tions in regions along the Chao Phraya River, such
as Samut Prakan and Bang Khun Thian. However,
these regions are becoming more and more strained
due to their expanding urbanization, which results
in gradual warming. Built-up areas have significantly

expanded in Bangkok, with urban development can-
tered in the central and western districts. Over time,
Lat Phrao, Bang Kapi, and Don Mueang have changed,
with bare terrain and agriculture being turned into
residential and commercial areas [66]. This quick de-
velopment increases surface temperatures, decreases
vegetation health, and intensifies the effects of UHI.
Urbanization has been slower in the northeastern dis-
tricts, such as Sai Mai and Bang Bo, which still feature
a mix of agricultural and vegetated regions. To lessen
Bangkok’s urban sprawl’s negative environmental ef-
fects, these areas are essential.

The rise in urban temperatures across Bangkok is
closely linked to changes in land use, particularly
urban expansion and the reduction of green spaces.
Central districts like Bang Sue and Huai Khwang
experience higher temperatures due to rapid urban-
ization, while western areas such as Bang Khae and
Taling Chan face increased thermal stress from agri-
cultural land conversion. Water bodies and mangrove
forests along the Chao Phraya River help regulate
temperatures, but ongoing urbanization threatens
their cooling effects. Preserving green spaces, imple-
menting sustainable urban planning, and promoting
reflective materials are crucial in mitigating the urban
heat island effect and ensuring a more resilient city
environment.

6. Limitations and future research direction

The poor geographic resolution (1 km) of MODIS
data, which ignores fine-scale urban fluctuations,
and the fact that it measures surface temperature
rather than air temperature are two of its drawbacks
for Bangkok’s UHI investigations [52]. Accuracy is
decreased by air interference, cloud cover, and ur-
ban heterogeneity; further difficulties arise from
significant preprocessing and ground validation. For
reliable analysis, MODIS must be complemented with
ground-based or higher-resolution data. Landsat data
is better suited to capturing fine-scale urban fluctu-
ations in Bangkok’s UHI investigations since it has a
higher spatial resolution (30 m) than MODIS [67].
Nevertheless, the monitoring of dynamic temperature
changes is limited by its lower temporal resolution
(16-day revisit). There are still issues with cloud
cover, atmospheric interference, and the emphasis
on surface temperature rather than air temperature.
Although merging Landsat with other data sources
can yield a more thorough UHI study, extensive
preprocessing and validation are necessary. The re-
sults obtained from this study will have great social
relevance in urban planning, public health, and sus-
tainable development matters. Hence, lessons learned
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from this study could enable policymakers to ap-
ply focused interventions to remedy various high-risk
heat-stress zones in and around Bangkok and other
cities through the expansion of green areas and heat-
resilient building materials, ensuring full comfort for
the population.

The interdependence of vegetation health, UHI, and
thermal variation highlights the negative environ-
mental effects of Bangkok’s fast urbanization. Because
of the severe heat stress and vegetation loss experi-
enced by central districts, immediate solutions such
as rooftop gardens, urban greening, and sustainable
zoning laws are required. Despite being ecological
buffers at the moment, peripheral districts may lose
their environmental integrity due to growing urban
pressures. It is crucial to combine development with
environmental sustainability by keeping vegetation
in the northeastern and eastern zones, protecting
mangroves along the river, and incorporating green
infrastructure into urban planning. To address these
issues and guarantee Bangkok’s resilience to urban-
ization and climate change, a multifaceted strategy
is needed. These NLST trends highlight how impor-
tant nocturnal urban heat retention is and how it
interacts with climate variability. They also empha-
size the necessity of urban cooling techniques to
lessen the consequences of nighttime warming, such
as introducing heat-reflective materials or expanding
vegetative cover. Recent NLST stability indicates that,
if applied, interventions may already be having some
effect; however, this has to be confirmed by addi-
tional research and ongoing monitoring.

7. Conclusion

In summary, Bangkok’s UHI, vegetation health,
thermal fluctuation, and urban development from
2015 to 2023 are examined, highlighting the in-
creasing environmental problems brought on by the
city’s rapid urbanization. The center districts have
severe vegetation loss and increased UHI impacts due
to their densely populated areas, which exacerbates
thermal stress and lowers overall liability. Expanding
urban infrastructure is putting more and more strain
on the peripheral regions, especially in the north-
east and east, which are crucial biological zones with
healthier vegetation and less thermal volatility. Tem-
perature variations are directly related to changes in
land cover and use, as urbanization has gradually
displaced agricultural and vegetated regions, espe-
cially in the west and south. Despite their continued
existence, the cooling benefits of the Chao Phraya
River and the nearby mangrove forests are becoming
more and more threatened by encroaching urbaniza-

tion. Adopting sustainable urban design techniques,
such as incorporating green infrastructure, preserving
vegetation-rich regions, and putting heat-mitigation
techniques like rooftop gardens, urban parks, and
permeable surfaces into practice, is crucial to over-
coming these obstacles. Additionally, sustaining the
city’s natural balance depends on focused efforts to
protect mangrove regions along the river and eco-
logical zones in the northeastern districts. Bangkok’s
capacity to strike a balance between urban growth
and environmental sustainability will determine how
resilient it is in the future. An urban environment
that is healthier, more liveable, and climate resilient
will require proactive steps to reduce thermal stress,
improve vegetation health, and control urban sprawl.
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