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Abstract

The climate crisis is considered one of the most pressing global issues today,
due to its devastating impacts on the natural environment, urban resilience,
and human health in affected cities. Recent extreme weather events in the
atmosphere have also brought climate shocks to not only developing cities
but also to urban clusters of developed countries. Some local governments
and city-dwellers of Asia were found lacking of comprehensive plans to re-
gain resilience after encountering a serious climatic disaster, thus the use of
innovative latest technologies has become crucial for identifying variations
of selected environmental attributes, assessing potential climatic risks, and
predicting the probability of occurrence of extreme weather events via sci-
entific approaches. This article examines how remotely sensed datasets
and satellite informatics can be effectively integrated to mitigate climatic
challenges at urban scales. Selected case studies in Asia were extracted as
illustrations, to shed light to combat with relevant climatic risks, as well as
maintaining a sustainable and healthy neighbourhood environment via data

analytic means.

Introduction

Climate change, which refers to the
long-term and widespread change in
average weather patterns, has exacer-
bated and imposed threats to environ-
mental and human well-being within
different means (Abbass et al., 2022),
for example, global warming in land
and ocean (Venegas et al., 2023), ac-
celerated rate of rising global mean
sea level (Horton et al., 2020), the loss
of ice sheets at Greenland and West
Antarctic (Wunderling et al., 2020),
as well as the occurrence of extreme
weather events, like heatwaves, flood-
ing, droughts, changing intensities and
frequencies of tropical cyclones (Koni-
sky et al., 2016; Kropf et al., 2025). The
persistence of high temperature and
drought for 79 consecutive days in Chi-
na during Summer and Autumn 2022
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(Chen and Wang, 2022); the heavy rain-
fall event in South Korea in August 2022
(Park et al., 2024); the record-breaking
monsoon rainfall in China and South
Korea in 2020 (Liu et al., 2020; Park et
al., 2021); and extreme landslide events
in Hong Kong due to super typhoons in
2017 and 2018 (CEDD, 2022), have all
imposed pervasive impacts on agricul-
ture and vegetation cover, ecosystem
and moisture transport (Drumond et
al., 2024; Liu et al,, 2023). As a result,
irretrievable altering of climatic system
has led to environmental and public
health challenges, for example, envi-
ronmental degradation and biodiver-
sity loss (Price et al., 2024), enhanced
risks of illnesses (e.g., cardiovascular
diseases and heatstroke) due to heat-
waves and excessive traffic pollutants
(Mak and Ng, 2021; Patel et al., 2022).
The impacts are more grievous in de-
veloping cities and can exacerbate the
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already existing urban social and health
inequities, as well as the urban-rural in-
come gap (Xie et al., 2023), because
climate change can directly influence
mobility trends (McMichael, 2023).
Nevertheless, the actual impact of cli-
mate changes will depend on resilience
of individual city, the level of engage-
ment from government officials and
town planners to individual city-dwell-
ers (Mak and Lam, 2021), community
involvement (Daniel and Fernandes,
2024), together with the advancement
of digital technology and information
management (Dwivedi et al., 2022) in
establishing short-term and long-term
plans to combat with induced spatial
challenges and promoting sustainabil-
ity. According to the Resilient Cities
Index 2023, developed cities like New
York and Los Angeles were in top po-
sitions in terms of resilience, but there
is still room for improvement in the re-
covery from extreme weather events
(Economist Impact, 2023). Wealthy
cities and places could also be unpre-
pared for a spectrum of environmental
shocks, for example, Hong Kong, as a
cosmopolitan city, is still highly vulner-
able to flooding and tropical cyclones
(Choy et al., 2020). On the other hand,
devastating impacts could take place
for groups settling in cities without a
detailed heat map, like Bangkok, Ja-
karta, and New Delhi (PreventionWeb,
2023), and Indian cities rank poorly
in terms of congestion management
within the Index as well. In recent years,
some Asian cities have established
ground monitoring networks to trace
and detect climatic patterns; however,
due to observational sparsity and the
impossibility of obtaining complete raw
datasets, the actual spatial and tem-
poral features and transitions cannot
be systematically reviewed (Kennedy,
2013). Further, the amount and quality
of observational datasets could vary
temporally and spatially (Garcia-So-
to et al, 2021), which induces bias,
misinterpretations, and uncertainties
when these in-situ measurements are
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adopted for future climatic predictions
(Brune et al., 2015). Thus, one attempts
to seek an alternative approach that
provides consistent measurements of
concerned climatic attributes in both
space and time so that respective
historical and current trends can be
acquired for conducting risk analysis.
Given the need, climate data records
(CDRs) have become indispensable for
monitoring change detection, retriev-
ing historical variations, and predicting
environmental changes in local, conti-
nental, and global contexts (Yang et al.,
2016). To develop informative CDPs,
sensors installed onboard both po-
lar-orbiting and geostationary satellites
have become essential because they
can provide trustworthy informatics
of land, oceans, atmosphere, and ice
sheets in continuous manners (NCEI,
NOAA). This article explores how the
advancement of data analytics, remote
sensing technologies, and satellite in-
formatics can effectively monitor part
of our climate system and then focus
on their applications in selected case
studies of Asia. With these inspirations,
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one can gain insights into establish-
ing a robust, sustainable, and healthy
neighbourhood environment, mitigat-
ing negative impacts due to sudden
climatic variations, and at the same
time developing strategies to cope with
associated environmental challenges
in the future.

Brief review of selected
climatic risks in Asia

According to the report from the World
Meteorological Organization (WMO),
the mean temperature of Asia in 2023
reached its second highest in history
(WMO, 2024), and was 0.84 °C-0.96
°C above the corresponding average
level from 1991-2020 and 1.81 °C-1.92
°C above that from 1961-1990 (IPCC,
2021). Doubled warming trend took
place in Asia and was particularly se-
rious from western Siberia to central
Asia (Li et al., 2021) and from eastern
China to Japan (Zhang et al., 2021).
Figure 1 shows the mean surface air
temperature trends of all 6 WMO re-
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gions and the corresponding mean in
land and ocean over 4 specific time
periods. On top, it was also reported
that climatic, weather, and water-relat-
ed hazards were most frequent in Asia
in 2023. Out of 163 natural disasters
attained, 17, 17, 15, and 15 of them oc-
curred in China, India, Indonesia, and
the Philippines, respectively (CRED,
2024), which included heatwaves,
drought, storm, flooding, and wildfires.
The Emergency Events Database also
recorded that over 80% of these natu-
ral disasters were related to flood and
storm events, which altered the prevail-
ing natural system and ecosystems
(Walz et al., 2021). The effect was fur-
ther amplified by phenomena like the
rise of sea level (Hens et al., 2018), pro-
jected rising atmospheric CO, level in
Asia (Labzovskii et al., 2019), and the
decreased cumulative mass balance
of glaciers in the High Mountain Asia
region (WMO, 2024).

Recently, the El Nifio-Southern Os-
cillation (ENSO) event had also led to
unusual wet and warm winters in the
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Figure 1: Mean surface air temperature of all 6 WMO regions (Africa, Asia, South America, North America, South-West
Pacific, Europe), and the corresponding mean temperature trend in globe (land and ocean) over 4 periods (1901-1930,
1931-1960, 1961-1990, 1991-2023) - Figure 4 of WMOQ's 2024 report: https://www.uncclearn.org/wp-content/uploads/
library/1350_State-of-the-Climate-in-Asia-2023.pdf
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Republic of Korea and eastern China,
summer monsoon in Asia, hot and dry
summer in southern Asia during sum-
mer-autumn 2023, the highest monthly
averaged temperature and deficit of
rainfall in India (WMO, 2024), as well as
huge spatiotemporal variability of rain-
fall content and precipitation in various
Asian countries (An et al., 2023). As a
result, massive flooding and fatalities
occurred in selected countries or cities,
namely South Korea (summer 2023),
Hong Kong (Sep 2023), central prov-
inces of Vietnam (Oct 2023), Madinah
of Saudi Arabia (Nov 2023), and Dubai
(Nov 2023). The climatic phenomenon
Mei-yu was also observed in East Asia,
and the persistent rain belt posed huge
challenges to water management and
urban planning (Takahashi and Fujina-
mi, 2021; Sun et al., 2023), at the same
time leading to the widespread of wa-
terborne diseases and increased risk of
vector-borne illnesses (Acosta-Espafia
et al., 2024). In particular, a fog event
off the coast of the Hangzhou Bay
occurred in 2013 (Wang et al., 2018),
increased rainfall and severe flooding
were found in Hangzhou and Jakarta
(Climate, 2025), extreme rainfall events
and enhanced rainfall during after-
noons at Kuala Lumpur (Miniandi et al.,
2024), and elevated mortality risks for
respiratory diseases in 30 cities across
mainland China, Taiwan, South Korea
and Japan due to exposure to heavy
rainfall (He et al., 2024).

On top of the aforementioned unex-
pected phenomenon, many countries
in Asia experienced prolonged heat-
waves in 2023, especially from April
to July. The highest or second highest
land temperature on record was de-
tected in cities of China, India, Japan,
Lao People’'s Democratic Republic, Sin-
gapore, Thailand and Vietnam (Lyu et
al., 2024; Satyanarayana et al., 2024;
Sun et al., 2024; Today's WorldView,
2023; WMO, 2024). In the presence of
urban heat island (UHI) effects, around
25 heatwave days were found in
Phnom Penh, Cambodia per year (GF-
DRR, 2025); heatwaves amplified urban
warming in Guangzhou, China (Luo et
al., 2023); and different synoptic pat-
terns led to contrasting interactions
between UHIs and heatwaves in Seoul,
South Korea, from 1997-2021 (Park et
al., 2023). These heatwaves were not
only formed on land but also along the
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marine, which led to the restructuring
of the ecosystem and coral bleaching.
Thus, it is of paramount importance
to fully utilize the strengths of modern
technological frameworks to perform
precise climate projections, identify
high risk spatial regions, and then de-
velop early warning systems and ap-
propriate public health infrastructures
that can minimize potential damages
induced by sudden climatic changes.
Moreover, communication with rele-
vant government organizations and
the engagement of the community in
adapting to climate change phenome-
na are equally crucial for strengthening
a country'’s resilience in the long run.

Roles of satellite
informatics and remote
sensing in assessing
climatic conditions of
Asian cities

Due to sparsity of in-situ monitor-
ing network, numerical uncertainties
in filling data gaps, the complicated
spatial correlations of different mete-
orological attributes for determining
overall climatic condition, technical
shortcoming of handling datasets of
different formats and resolutions, as
well as surrounding environmental
constraints that possibly diminish data
quality, it is almost impossible to per-
fectly describe spatiotemporal varia-
tions of climatic conditions within Asia
and the Pacific. Global climate models
(GCMs) established as many realistic
and high-resolution climate scenarios
as possible, so that associated risks
of climate change can be anticipated
(Wang et al,, 2014; Wang et al., 2022),
however the reliability of these project-
ed figures depends on model inputs
and settings, for example, greenhouse
gas emissions, physical parametriza-
tion schemes adopted, and the resolu-
tion chosen for performing simulations
(Wang et al., 2022). With the advance-
ment of technologies, scientists have
developed high-resolution regional cli-
mate models, statistical downscaling
approaches, and even artificial intelli-
gence techniques to retrieve, quantify
and predict climatic attributes, then
connect the useful informatics with
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disease prevention and city manage-
ment (Camps-Valls et al., 2025; Esfan-
deh et al., 2024; Li et al., 2019). Despite
concerted efforts spent, downscaling
approaches require intermediate pro-
jection and location-specific error of
up to 9.8% (Miller et al., 2025), while it
is not easy to understand the physical
significance of specific climatic attri-
butes when artificial intelligence is ap-
plied (O’Loughlin et al., 2025).

In view of aforementioned deficiencies
and to provide continuous measure-
ments against time, satellite products
have become useful for regional appli-
cations, because satellites can mea-
sure different aspects of weather con-
ditions on Earth, provide multi-decade
datasets for monitoring and assess-
ing climatic variations at sufficiently
high spatiotemporal resolutions (ESA,
2021), and possibly fill up spatial sub-
grids with missing attributes. Satellite
imagery and missions can also gov-
ern the change in different portions of
our nature, including the atmosphere,
land, ocean, and ice, which are hugely
influenced by climate change. Table 1
shows some selected environmental
risks or undesirable natural events due
to climate change, as well as highlight-
ed satellite retrieval mechanisms and/
or missions that were implemented
for monitoring and forecasting with-
in Asia. Overall, after a series of data
pre-processing and radiometric cali-
bration stages, raw datasets obtained
from sensors installed onboard or
from remotely sensed instruments are
ingested into climate models. After-
ward, Geographic Information System
(GIS) provides a standardized inter-
pretation of the Earth’s surface (Yang
et al.,, 2024), while the integration of
machine learning and data analytic
approaches allow more accurate dig-
ital assessments within a prescribed
timeframe, especially for attributes
of land and ocean. Such approach
facilitates climate risk assessments
and encourages humanitarian efforts
in tackling climate change problems
(Yang et al,, 2024), and the detected
footprints could verify changes im-
pacted by natural disasters arisen from
climate change (Wu et al., 2021), which
are tremendously useful for spatial
risk management and laying down ur-
ban planning strategies from national
perspective.
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Table 1: Selected environmental risks associated with climate change and respective satellite products/missions used for
conducting spatiotemporal assessments in Asia

Environmental Risk

Highlighted Satellite Products / Missions at City / Country level

Increased Greenhouse gases
(e.g., CO,and CH,)

Greenhouse gases Observing SATellite (GOSAT) and the TROPOspheric
Monitoring Instrument (TROPOMI) aboard Sentinel-5: XCH, concentration in
the Asian monsoon region (North China Plain, southern China, South Asia, and
Southeast Asia) (Song et al., 2023)

China National Space Administration’s TanSat mission provides continuously
measured datasets of greenhouse gas concentrations (Source: https://earth.
esa.int/eogateway/missions/tansat)

Greenhouse gases Observing SATellite (IBUKI) in Japan, covering Zhangjiakou,
Anshan, Harbin, and Tianjin (China), Kolkata (India), eastern Uzbekistan, etc.
(Source: https://www.nies.go.jp/whatsnew/2014/20141210/20141210-e.html)

Changing meteorological
conditions (e.g., precipitation,
ground temperature)

MODIS (moderate resolution imaging spectroradiometer) for estimating land
surface temperature (LST) over South Asia (Shawky et al., 2023)

FengYun geostationary meteorological satellites (Du et al., 2024) - focus on
Chinese cities

TRMM 3B42, the IMERG Final Run, the PERSIANN-CDR, and the PERSIANN-
CCS-CDR (Huang et al., 2022) - focus on Luzon and adjacent seas

South Korean Geo-KOMPSAT-2A (GK-2A) across Northeast Asia (Yin et

al., 2022)

Air Pollution (e.g., increased PM, ,,
NO, and O, concentrations)

BEHR-HK OMI-based NO, products for more accurate and promising
tropospheric NO, columns in southern China (Mak et al., 2018)

Geostationary Environment Monitoring Spectrometer (GEMS) for estimating
and retrieving columns of atmospheric pollutants (e.g., 0,, NO,, SO,, HCHO,
CHOCHO, aerosols, etc.) in Korea (Kim et al., 2020)

0Ozone Monitoring Instrument (OMI) daily VCD of NO,, SO,, and O,, and MOPITT
for AOD product in Guangdong Province (Li et al., 2024)

High-altitude cirrus clouds

Ground-based Aerosol Robotic Network (AERONET) sun photometer data for
baseline AOD product in Singapore (Chew et al., 2024)

CloudSat 2B-CLDCLASS-LIDAR in East Asian countries (Li et al., 2018)

Variation of ozone layer and
ozone depletion

Variations of Antarctic total column ozone (TCO) in East Asia (Zhu
and Wu, 2024)

SBUV merged ozone datasets (MOD) from SBUV/SBUV-2 satellite in East Asia
(Shin et al., 2021)

Suomi NPP OMPS, Aura MLS, and Sentinel-5P TROPOMI are useful for
acquiring vertical profiles of ozone in Asia (Malina et al., 2024)

Increased drought

Geostationary operational environmental satellite (GOES) - produce Evaporative
stress index (ESI) of East Asia based on LST and leaf area index (LAI) - focus
on South Korea (Yoon et al., 2020)

GIMMS NDVI3g bimonthly dataset and NASA's MERRA dataset in the East
Asian region (including Mongolia, China, Korea, and Japan) (Ali et al., 2023)

Warming and rising ocean
(e.g., increase of sea level)

Gridded sea-level anomalies (SLA) produced by the Copernicus Climate Change
Service and coastal along-track SLA produced by the Climate Change Initiative
Coastal Sea Level Team, adopted in Southeast Asia (e.g., Manila, Bangkok,
Indonesia, etc.) (Peng et al., 2024)

TOPEX, Jason-1, Jason-2, Jason-3, ERS-1, ERS-2, Envisat, CryoSat-2, SARAL,
and Sentinel-3A - satellite altimetry missions in the Southeast Asian region
(Affandi et al., 2025)
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Declining crop yields due to
diminished water and grasslands
for grazing

CHARMS - NDVI anomaly maps and development in Chinese cities &
CropWatch - NDVI anomaly and VCIx over the last five years, NDVI development
and clustering (Wu et al., 2015)

Four multispectral RapidEye datasets and one Landsat5 TM image, conducted
in Fergana Valley, Uzbekistan (Conrad et al., 2013)

Change in ice cover within
Asia domain

ERA5-Land reanalysed dataset for categorizing Frost Days (FD) and Frost-Free
Periods (FFP) in China (Li et al., 2022)

Landsat-7 panchromatic images and Sentinel-2 panchromatic images for

assessing changes in glacier velocity and flow patterns in the Himalayas, Asia
(Zhou et al., 2021)

Change in sea-surface
temperature and salinity
- influence ocean
circulation patterns

Ocean Color and Temperature Scanner (COCTS) onboard the China HY-1C
satellite — measured sea-surface temperature in Southeast Asia seas
(Sun et al., 2023)

Optimal Interpolation SST (OISST) version 2 based on measurements by
the Advanced Very High-Resolution Radiometer (AVHRR), CMEMS based on
observation of multi-mission satellite altimeters — quantified sea-surface
temperature and salinity of the Oyashio Region, Japan (Miyama et al., 2021)

Fluctuations in the carbon-rich
biomass, soil, and variations of
Land Cover

Landsat datasets together with the selection of remote-sensing classifiers
for detecting land-use land-cover (LULC) changes in Pakistan (Ul Din and
Mak, 2021)

Advanced Microwave Scanning Radiometer 2 (AMSR2), The Soil Moisture
Active Passive (SMAP) satellite, The Soil Moisture and Ocean Salinity (SMOS)
satellite, The European Space Agency (ESA)’s Climate Change Initiative (CCI)
for soil moisture dataset in northern China (Liu et al., 2022)

Occurrence of wildfires

Copernicus Sentinel-2, Sentinel-3, and Sentinel-5P missions provide a wealth of
information for monitoring blazes

Landsat (30 m resolution), VIIRS (S-NPP, NOAA-20 & NOAA-21) (375 m
resolution), MODIS (Aqua & Terra) (1 km) in FIRMS (Fire Information for
Resource Management System) provide dynamic imageries for acquiring the
spatial location of wildfire via graphical display

(Source: https://firms.modaps.eosdis.nasa.gov/map/#d:24hrs;@0.0,0.0,3.0z)

Massive flooding and landslides

Gaofen (GF) series and Zhuhai-1 hyperspectral satellite datasets for flood
monitoring in Chinese cities situated at the Yangtze River Delta Plain, as well
as Dabie Mountain, Xuefeng Mountain, and Luoxiao Mountain (Zhang and
Xia, 2022)

A high-resolution (1 m) diverse mountainous landslide remote sensing dataset
(DMLD), including 990 landslide instances across different terrain in Yunnan,
China (Chen et al., 2024)

Selected case studies
from Asia contexts

The following are two case studies in
Asia that illustrate how satellite infor-
matics and remotely sensed datasets
can be synergized to identify, analyze
and mitigate environmental challenges
ahead, thus provide insights for future
scientists and policymakers to fully
utilize the strengths of remote sensing
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by climate change (Verisk Maplecroft,
2021), however it still suffers from

in environmental monitoring, climate
assessments and implementing rele-

vant policies and governance within
city-level.

Assessing flood risks

in Jakarta

According to “Environmental Risk
Outlook 2021”, Jakarta is one of the

world’s most vulnerable cities when
facing environmental hazards caused
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“riverine floods” and “coastal floods”,
where the former one is normally influ-
enced by rainfall, while the later one is
due to the rise of sea-level, tides and
storms. Yang et al. (2024) attempted to
assess hazards induced within city-lev-
el, where the level of riverine floods is
determined via a modelling approach,
and coastal floods are analyzed via a
digital elevation model. The overall
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Figure 2: Three components of climate risk assessment in Jakarta, Indonesia, as well as the measurements and
procedures needed. The figure extracted from Yang et al. (2024).

climate risk score consists of three
equal-weighted components, namely
hazard, exposure, and vulnerability, and
is defined as in Figure 2.

Satellite images from The World Imag-
ery dataset were first downloaded from
the ESRI ArcGIS REST APl website
(https://tiledbasemaps.arcgis.com/
arcgis/rest/services/World_Imagery/
MapServer). The images acquired from
three visible bands cover the entire Ja-
karta (excluding small inland areas),
with exposure and vulnerability scores
assigned at each prescribed sub-grid.
Rescaling of available geospatial data-
sets is conducted for the assignment
of hazard score, and the climate risk
score of each grid was then calculated
and aggregated into the 262 districts
of Jakarta.

When determining hazard scores, the
riverine flood hazard score at each sub-
grid is estimated by the SOBEK model
(Deltares, 2024), which integrates a set
of hydrological and hydraulic indica-
tors to perform simulations, while the
coastal flood hazard score was based
on a global digital elevation model of
30 m spatial resolution. Available sat-
ellite images were grouped into 20
clusters based on the supervised Deep
Cluster Algorithm (Caron et al., 2018),

followed by the combination of a ma-
chine learning model that considers
interpolated and extrapolated popula-
tion density and Relative Wealth Index
(RWI) parameters, so that respective
exposure and vulnerability scores of
each grid were computed at cluster
level, with learning process conducted
at the same time. Spatial results and
scoring obtained were intercompared
against two regression models and
validated by building and road foot-
prints obtained from OpenStreetMap,
together with municipal statistics. As
a result, the occurrence of compound
floods, human exposure patterns, and
vulnerability of each individual district
within Jakarta can be identified so that
its sensitivity to climate change can
be revealed, and rainfall trends can be
more effectively predicted in the future.

Retrieval of Land Surface
Temperature (LST) over the
Tibetan Plateau

LST is crucial in monitoring climate
variability (Oduro et al., 2025) and es-
timating urban heat island phenom-
enon (Mohamed et al, 2017). The
Tibetan Plateau (TP), situated mainly
in southwestern China, spans through
central and eastern Asia, experiences

significant environmental changes due
to rapid surface warming, and exerts
strong thermal forcing over the Asian
monsoon region (Yang et al., 2014).
Due to the coarse spatial resolution
of land surface models in China and
the heterogenous nature of its surface
types, uncertainty of LST in TP often
arises (Jiang et al., 2020). Due to the
complicated surface properties and
hydrometeorological conditions of TP,
obtaining synchronized atmospheric
profiles in TP has become challeng-
ing. Most satellite retrieval algorithms
have assumed clear-sky conditions
(Wan and Dozier, 1996) and possessed
prescribed sensor characteristics and
geographical contexts (Becker and
Li, 1995), but these assumptions are
usually not applicable for TP. Novel
LST retrieval algorithms were pro-
posed in recent years, for example,
predicting LST via a deep learning and
knowledge-driven model (Wang et al,,
2021) and Random Forest approach
(Wang et al., 2022). Although these
algorithms have effectively accounted
for atmospheric effects and changes
over time, they have not considered the
spatiotemporal relationship in between
all input environmental variables, and
require vast amount of training data
for distinguishing the complicated spa-
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Figure 3: Spatial distribution of averaged seasonal daytime LST ((a) Spring 2020; (b) Summer 2020; (c) Autumn 2020; (d)
Winter 2020) from SLSTR satellite datasets in Qaidam Basin. Figure extracted from Qi et al. (2023).

tial and temporal LST patterns. Thus,
these deficiencies have laid down the
importance of combining satellite sen-
sor outputs with an optimized machine
learning model for TP or other develop-
ing cities in Asia.

Qi et al. (2023) adopted remotely
sensed datasets acquired from sea
and land surface temperature radiom-
eter (SLSTR) installed on Sentinel-3,
which provide radiometric measure-
ments, fractional vegetation cover,
land cover type, total column water
vapor, SZA and quality control flags,
together with high resolution Landsat
images for LST retrieval. MODIS/Terra
LST products (MOD11A1) and MODIS
Level 1B Calibrated Radiances serve as
datasets for validating and calibrating
aforementioned datasets before intro-
ducing inputs into the machine learn-
ing based model for training (Li et al.,
2021). The near-surface air tempera-
ture, specific humidity and air pressure
from CLDAS V2.0 were used to cal-
culate the atmospheric total column
water vapor (TCWV) in TP (Shi et al,,
2011). All these datasets together with
specific coefficients and Land Surface
Emissivity (LSE) retrieved from SL-
STR, were fit into the well-established
single-channel (SC) and split-window

42 |

(SW) algorithms for estimating the
spatial distribution of LST in TP.

Within the case study, 4190 samples
(with 2933 training samples and 1257
validation samples), together with rel-
evant meteorological attributes from
satellites were fit into the traditional
Linear Regression model, Decision Tree
model, Random Forest model and Back
Propagation Neural Network for retriev-
ing and predicting LST across different
regions of TP. Upon validating against
the derived in-situ LSTs from the 6 sta-
tions in TP, it was found that Random
Forest model best describes the spa-
tiotemporal distribution of LST in the
prescribed spatial context, and the re-
trieval uncertainties are mainly attribut-
ed to the attenuation of water vapor
content and land surface emissivity.
It was also found that hot and humid
atmospheric conditions could lead to
significant errors when estimating LST
(Jimenez-Munoz and Sobrino, 2010),
which has to be dealt with when de-
signing geostationary satellites for at-
mospheric retrieval. Figure 3 shows the
spatial distribution of the SLSTR-based
daytime LST in four seasons of 2020
over the Qaidam Basin, where signifi-
cant discrepancies of LST and tempo-
ral variations could be observed.
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Insights in technological
advancement, city
development and
conclusion

The amplification of frequency and in-
tensity of global climatic risks and di-
sasters during the past decades has
caused undesirable impacts to city de-
velopment, economic and political in-
stability, as well as diminishing overall
health qualities of individuals and live-
ability of Asian cities, as a result hinder
the future smart city development (Chi
and Mak, 2021). Strengthening the en-
vironmental dimension of early warning
has become one of the key focuses of
the UN Environment Programme, Agen-
da 2030, thus the existing approaches,
strategies and measures of conducting
climatic assessments should be con-
tinuously reflected, so that the city's
environmental conditions can be kept
under review in timely basis. Mean-
while, modelling approaches should
be adopted into tackling environmen-
tal problems of selected thematic ar-
eas (United Nations, 2012; United Na-
tions, 2019), which range from climate
change, nature and environmental pol-
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lution, so that new strategic reposition-
ing can be effectively implemented.

Regional meetings of UN have also
reached consensus to advance four
key multi-hazard early warning sys-
tems pillars, namely risk knowledge
and management, observations and
forecasting, dissemination and com-
munication, preparedness and re-
sponse (WMO, 2024). The preparatory
efforts in facing environmental chal-
lenges, the ways of regaining resilience
after natural disasters, and the plans of
incorporating innovative technologies
and data analytics into understanding
causes and possible consequences of
natural disasters are currently the most
important tasks for all Asian countries.
In particular, a city government should
first promote scientific advancement
in relevant disciplines, like healthcare
technologies, air pollution monitoring
and the way of delivering information
to public; create a harmonious, sustain-
able and low-carbon economy within
the society; as well as associate tech-
nological breakthrough with practical
environmental needs of individual city.
With the advancement of algorithms
and satellite informatics, humans pos-
sess the potential to monitor and proj-
ect the spatial and temporal transitions
of highlighted environmental quantities
in nature, for example, ground pollutant
concentrations (Mak, 2019), green-
house gas concentrations (Imasu et
al., 2023), and ice motion in Antarctica
(Dirscherl et al., 2020), so that potential
climatic risks in specific region can be
effectively identified. These informa-
tion should then be associated with
health-risk and liveability assessments,
and can act as advice and suggestions
for policymakers and decision-makers
to implement practical actions that
combat with climate crises, thus steer-
ing city development forward in gradu-
al but continuous manners.
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