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ABSTRACT

It is of utmost importance to understand and monitor the impact of urban heat islands on ecosystems and overall
human health in the context of climate change and global warming. This research was conducted in a tropical city,
Hanoi, with a major objective of assessing the quantitative relationships between the composition of the main land-
cover types and surface urban heat island phenomenon. In this research, we analyzed the correlation between land-
cover composition, percentage coverage of the land cover types, and land surface temperature for different moving
window sizes or urban land management units. Landsat 8 OLI (Operational Land Imager) satellite data was utilized
for preparing land-cover composition datasets in inner Hanoi by employing the unsupervised image clustering
method. High-resolution (30 m) land surface temperature maps were generated for different days of the years 2016
and 2017 using Landsat 8 TIRS (Thermal Infrared Sensor) images. High correlations were observed between
percentage coverage of the land-cover types and land surface temperature considering different window sizes. A new
model for estimating the intensity of surface urban heat islands from Landsat 8 imagery is developed, through
recursively analyzing the correlation between land-cover composition and land surface temperature at different
moving window sizes. This land-cover composition-driven model could predict land surface temperature efficiently
not only in the case of different window sizes but also on different days. The newly developed model in this research
provides a wonderful opportunity for urban planners and designers to take measures for adjusting land surface
temperature and the associated effects of surface urban heat islands by managing the land cover composition and
percentage coverage of the individual land-cover types.
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1. Introduction phenomenon of increased temperature in
urban centers compared to their surrounding
rural environments.

The phenomenon behind the urban heat
island has been studied for a long time. This

In the context of climate change and global
warming, it is of utmost importance to
understand and monitor the impact of urban
heat islands on ecosystems and overall human
health. Urban heat island refers to the effect was described by Luke Howard in the
1810s (Howard 1833). From 1964 to 1968,
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the urban heat island of New York City and
determined the effect of urban heat island in
both vertical and horizontal directions. The
results display maximum intensity of urban
heat island near the ground surface and
decrease to zero at a height of 300 m
(Bornstein 1968). Ackerman (1985) studied
the diurnal and seasonal variation in the
Chicago urban heat island, recording an
elevation averaging 1.85°C in temperature
inside the city most of the time.

Due to easy access and wall-to-wall
continuous coverage, LST derived from
thermal infrared remote sensors is one of the
most commonly used indicators for surface
UHI (SUHI) analysis (Schwarz et al., 2012,
Meng et al., 2018). In this study, the SUHI is
defined as the magnitude of the temperature
differentials between any two land-cover
types, a more general way than that which is
typically adopted in the literature. From the
physical point of view, LST and air
temperature are different entities, while strong
correlations were found between them by
many researchers in the literature (Schwarz et
al., 2012; Galo et al, 2011). For a few
decades, satellite data has been exploited for
determining and explaining the heat island
phenomenon observed in many cities around
the world. Since the 1990s, 3D models have
been made of the effects of surface urban heat
island in Tokyo, Japan, using satellite and
land survey data (Saitoh et al., 1996). In
Nagoya, Japan, the seasonal changes
pertaining to urban heat island have been
analyzed using Landsat and ASTER images
taken during the day as well as night, and
these have been modeled to determine if the
heat fluxes are natural or artificial (Kato and
Yamaguchi, 2005). In Chicago, Landsat and
MODIS images have been utilized in order to
determine surface urban heat island. It was
found that the temperature of the city center is
warmer than the surrounding areas by nearly
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5K. Higher negative correlation 0.64-0.71,
the observed variance in different years
between land surface temperatures (LST) and
Normalized Difference Vegetation Index
(NDVI) have also been reported (Mackey et
al., 2012). In Washington, the temperature of
the city center was found higher than the
surrounding vegetative areas by up to 10°C
(Kim 1992). These studies have indicated that
vegetation cover plays a key role in
minimizing the surface urban heat island
effect.

In another study, the analysis performed
with the help of Landsat data and field
measurements has shown that the highest
average surface temperature in Bangkok
increased from 26.01°C in 1994 to 37.76°C in
2000 and further to 39.79°C in 2009 (Srivanit,
Hokao and Phonekeo 2012). Many studies
have also indicated a correlation between
surface urban heat island and land-cover
composition in a city. For example, Weng et
al. (2004) reported a correlation between
surface temperature and vegetation in
Indianapolis, USA. Chen et al. (20006)
examined the relationship between surface
urban heat island and land-cover change, in
certain cities of the Guangdong province in
Southeast China, using Landsat images from
1990 to 2000. A similar study on the
relationship between surface urban heat
island, land-cover change, and population
density was also conducted in Nagpur, India
(Kotharkar and Surawar, 2015). Grover and
Singh (2015) analyzed the relationship
between NDVI and land surface temperature
in Delhi and Mumbai, India, as well.

Other similar studies have also been
conducted (Yuan and Bauer, 2007; Oke and
Maxwell, 1975; Miao et al., 2009, Estoque et
al., 2017; Singh et al., 2017). These studies
have drawn similar conclusions that urban
temperatures are highly correlated with land-
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cover composition (water, vegetation, built-
up, among others) in the cities.

Urban heat island is mainly caused by the
modification of land surfaces and the
concentration of population (Solecki et al.,
2005; Zhou et al., 2018). The process of land
modification generally increases the use of
materials that retain heat (concrete surfaces)
and sacrifices air-conditioning elements such
as trees and water surface, and moreover,
waste heat is generated by energy usage. In
tropical cities, where there is a great number
of very hot days, urban heat island has many
negative effects on the quality of the living
environment in these cities.

Urbanization and urban heat island have
been a hot topic in Asia. In recent years, the
effects of urban heat island have been noted in
many cities. For example, the Hong Kong
Observatory shows that the number of
extremely hot days has increased noticeably in
recent years, reaching a record of 38 very hot
days in 2016 (wwwl). In India, hundreds of
people died from heat strokes and hot
temperatures up to 51°C in 2015 and 2016
(www2).

Hanoi, the capital of Vietnam, is one of the
hottest cities in Asia, and it is highly
susceptible to the detrimental consequences of
heat island on urban ecology and human
health. On June 4, 2017, Hanoi experienced a
heat wave of the hottest level in the past 40
years, reaching 42°C (www3). According to
the study, which characterized rainfall and
temperature variability for all of Vietnam over
40years from 1971 to 2010, Vietnam's
average temperature has increased at a rate of
0.26+0.10°C per decade since the 1970s,
which is approximately twice the rate of
global warming over the same period (Nguyen
et al.,, 2014). In Vietnam, urban heat island
has also been interested in by some scientists,

which are concentrated in the two big cities,
Hanoi and Ho Chi Minh City, such as Mai and
Tang-Huang 2018, Nhung et al., 2017; Van
and Xuan Bao, 2010; Van 2014; Van et al.,
2017. However, there is still a lack of
quantitative studies on the relationship
between SUHI and land cover types.

This research has been conducted in a
tropical city, Hanoi, with a major objective of
assessing the quantitative relationships
between the composition of the main land-
cover types and surface urban heat island
phenomenon. This research analyzes the
effects of land-cover composition on surface
urban heat island on extremely hot days and
discusses the measures applicable for
minimizing the urban temperature conditions.

2. Methodology
2.1. Study area

This research was conducted in inner Ha-
noi, which is the capital city of Vietnam, en-
compassing an area of 160 km®. The location
of the study area is illustrated in Fig. 1.

The selected study area covers most of the
high-density built-up areas of Hanoi. In addi-
tion, water surface and agricultural cropland
areas were also selected large enough to have
sufficient data for comparing land surface
temperatures between different land cover
types.

Hanoi is inhabited by more than 7 million
people and has a high population density
(11,220 people/km®) in urban districts. Hanoi
is located in a tropical belt; thus, summers are
very hot with an average temperature of 32°C
lasting from May to August, and July is the
hottest month. The average number of very
hot days (> 35°C) from 1961 to 2007 was
21days, and that has increased in recent years
(Huong et al., 2010).
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Figure 1. Location of the study area, Hanoi inner city, delineated (black polygon) over the false color com-
posite (Shortwave Infrared, Near Infrared, Green) Landsat 8 image taken on 4 June 2017. Locations of the
meteorological stations: Lang (black solid triangle) and Ha Dong (black inverted solid triangle) used to ac-
cess the air temperature data in the research are also presented over the false color composite image

2.2. Acquisition and pre-processing of
satellite data

We acquired the Landsat 8 OLI
(Operational Land Imager) and TIRS
(Thermal Infrared Sensor) images from the
same day (June 4, 2017), when Hanoi
experienced a heat wave that was more than
the hottest level recorded in the past 40 years.
On that day, the air temperature in Hanoi
reached up to 42°C. The OLI data was
converted into Top-Of-Atmosphere (TOA)
spectral reflectance applying the rescaling
coefficients available in the metadata file.

We also acquired and processed the
Landsat 8 OLI and TIRS images taken on
another very hot day (June 1, 2016) and a cold
day (October 7, 2016) in order to validate the
correlation established between heat islands
and land-cover composition by comparing
them with the images of year 2017. All the
Landsat 8 images utilized in the research were
cloud free over the study area.
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2.3. Land-cover mapping and validation

We adopted the ISODATA-based
(Iterative ~ Self-Organized Data analysis)
unsupervised classification approach for

mapping the three major land-cover types,
built-up area, water, and vegetation, which
were prevalent in inner Hanoi. We carried out
tasseled cap transformation for the Landsat 8
OLI image (June 4, 2017) and calculated three
tasseled cap indexes, Greenness, Wetness, and
Brightness, following the methodology and
transformation coefficients (Table 1) provided
by Baig et al. (2014).

These three tasseled cap indexes were
used for the ISODATA-based clustering and
unsupervised mapping of land-cover types.
The newly produced map was validated with
the support of ground truth data, which were
prepared in the research. We chose randomly
100 geo-location points belonging to the no-
changed area between 01 June 2016 and 04
July 2017 of each land-cover class plus
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changed-areas of all classes, plus Others
class and plus a buffer zone of 3 pixels to
validate the classification results. A total of
300 points (for three target classes) were
selected. The random points were checked

through visual interpretation of Google Earth
images and Google Map, acquired in June
2016 and August 2017, respectively. The
distribution of the chosen points is displayed
in Fig. 2.

Table 1. Tasseled cap transformation coefficients for Landsat 8 at-satellite reflectance of five bands: Blue,
Green, Red, Near infrared (Nir), Shortwave infrared (Swir 1), and Shortwave infrared (Swir 2)
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Figure 2. Distribution of the ground truth points
collected in the research

2.4. Mapping of land surface temperature

Land surface temperature (LST) maps
were generated by using the thermal infrared
bands 10 and 11, which are available in the
Landsat 8 TIRS images (June 4, 2017, June 1,
2016, and October 7, 2016). We applied the
Split Window Algorithm (Equation 1) from
the literature (Sobrino and Raissouni 2000;
Jimenez-Munoz et al., 2014) for the
generation of these LST maps.

LST=Ti+ cl(Ti- Tj) + c2(Ti - Tj)’ + ¢o +
(c3 +cdw) (1 -E) + (c5 + cow) AE (1)

Landsat 8 bands
Tasseled cap indexes Blue Green Red Nir Swir 1 Swir 2
(Band 2) (Band 3) (Band 4) (Band 5) (Band 6) (Band 7)
Brightness 0.3029 0.2786 0.4733 0.5599 0.508 0.1872
Greenness -0.2941 -0.243 -0.5424 0.7276 0.0713 -0.1608
Wetness 0.1511 0.1973 0.3283 0.3407 -0.7117 -0.4559
i In Equation 1, Ti and Tj are the at-sensor
gend
o Forttr brightness temperatures at the thermal
* ot infrared bands i and j (in Kelvins) where,
"B e £ is the mean emissivity, £ = 0.5 (&i + &),
E;Vege‘am A€ is the emissivity difference, A4 = (i —
Water
‘ﬁ Others&Changes é:‘]),

w is the total atmospheric water vapor
content (in g.cm™);

c0 to c6 are SW coefficients to be
determined from simulated data.

Ti and Tj were calculated on the basis of
the following formula (Equation 2):

K;
i) @

In Equation 2,

T is at-sensor brightness temperatures;

L, is TOA spectral radiance in W/(m® ster
pm);

K; and K, are the pre-launch calibration
constants (from metadata file of Landsat &
image).

The TOA spectral radiance (L;) (in
Equation 2) were calculated from the radiance
rescaling factors provided in the metadata file
applying the following formula (Equation 3):

Ly =M Qcar + AL (3)

In Equation 3,

M, is the band-specific multiplicative
rescaling factor;
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Ay is the band-specific additive rescaling
factor;

Qca 1s the quantized and calibrated
standard product pixel digital numbers (DN).

The Land Surface Emissivity (&) was
estimated from the Landsat 8 imagery using
the NDVI thresholds method (Yu et al., 2014).

The total atmospheric water vapor content
coefficient was obtained from NASA’s
Atmospheric Correction Parameter Calculator
(http://atmcorr.gsfc.nasa.gov/).

The coefficients cO—c6 (in Equation 1)
were determined from the simulated data
provided by Jimenez-Munoz et al. (2014).

The reliability of the Landsat 8 TIRS
imagery-based LST maps generated during
the research were evaluated taking into
account the air temperature data observed by
the two meteorological stations in the city.

2.5. Preparation of statistical datasets

A recently produced and validated 30m
resolution land-cover map (June 4, 2017) of
inner Hanoi was used to prepare the land-
cover composition datasets for the research.
We applied the moving window method with
varying window sizes, from 120 x 120 m (4 x
4 pixels) to 570 x 570 m (19 x 19 pixels), for
the preparation of the land-cover composition
datasets. We utilized the moving window (dis-
tance between the windows is 5 x 5 pixels)
through the study area to gather a sufficient
number of samples (as large as 7,770) for the
statistical analysis. For each window, the per-
centage coverage of the land-cover types, ur-
ban built-up (%U), vegetation (%V), and wa-
ter (%W), were calculated. We also calculated
the mean of the land surface temperature

(uLST) for each window.
2.6. Regression analysis and modeling
The datasets

statistical constituting
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land-cover composition (%U, %V, and %W)
and land surface temperatures (uLST) with
varying window sizes (from 120 x 120 m to
570 x 570 m) were used to analyze the rela-
tionship between land-cover composition and
land surface temperature by performing a re-
gression analysis on the hottest day of 2017.
Based on these relationships, a multivariate
regression model has finally been established
for the prediction of land surface temperature
from the land-cover composition. According
to the European Green Capital report (EGC
2018), the number of houses located at a dis-
tance of more than 300 m from a 0.5 ha adja-
cent green (or larger) is considered as a basis
for the evaluation of a green city. If this num-
ber is large, the green score of the city will be
reduced. It means that the smallest urban area
used for evaluation is around 28 ha
(=3.14*300 m’). In addition, the Ministry of
Construction of Vietnam issued a Circular No.
10/2008/TT-BXD to guide the assessment and
recognition of model new urban centers on 22
April 2008. In the Circular, the first require-
ment is that the urban area must be 50 ha or
more. We assumed that a window size of 510
x 510 m, 17 x 17 pixels of Landsat 8 image,
close to 25 ha (half of the minimum require-
ment of the Circular No. 10) can be consid-
ered representative enough as a suitable unit
for urban land management and planning. The
performance of the newly established model
with 510 x 510 m window size was assessed
for the prediction of LST with different win-
dow sizes on the hottest day of 2017 as well
as of 2016. Implications of the established
model for urban planning and design were
discussed.

The outline of the research methodology is
depicted in Fig. 3.
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Figure 3. Outline of the research methodology

3. Results and Discussion
3.1. Land cover map and validation results

The newly produced, 30 m resolution, land-
cover map of Hanoi in 2017 is displayed in Fig.
4. The map represents the three major land-
cover types, built-up area, vegetation, and wa-
ter bodies; other types also exist in Hanoi. The
accuracy of the newly produced map was vali-
dated through the ground truth data prepared in
the research. The validation results presented
98% overall accuracy of the map 97%, 98%,
and 99% accuracy for the urban built-up area,
vegetation, and water respectively.

- Built-up
- Vegetation

Water
Others

Figure 4. Land-cover map of inner Hanoi city of 2017

3.2 Land surface temperature maps

The land surface temperature (LST) maps
generated in the research are shown in Fig. 5.
According to Jimenez-Munoz et al. (2014),
the mean error of the LST is less than 1.5 K.
As observed in the maps, significantly high
LST (nearly 54.6°C in pixel case) was

prevalent at the core of Hanoi city on the
hottest day (June 4, 2017).

The LST maps (Fig. 5) demonstrate that the
central area of Hanoi exhibited the highest LST
compared to the surrounding peri-urban areas.
The areas covered by vegetation and water
bodies presented lower LST than locations
covered by dense urban built-up areas.
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(2)

3.3 Comparison of air temperature data

The air temperature (in °C) data from two
meteorological stations in Hanoi observed on
June 4, 2017, are collated in Table 1. During
the morning (10-11 am) when the Landsat 8
data were captured, the air temperature (38.6—
39.6°C) of Ha Dong station situated at a peri-
urban region was slightly higher than that of
Lang station (37.8-38.7°C) situated at the city
center. The LST map generated in the
research matched the trend of the air
temperature data; the LST from Ha Dong
station’s pixel case (41.02°C) is slightly lower

(b)
Figure 5. Land surface temperature maps of inner Hanoi city: (a) June 4, 2017;
(b) June 1, 2016; (c¢) October 7, 2016

(©)

than that of Lang station (41.19°C) and
indicates the robustness of our LST map.
From the physical point of view, LST and air
temperature are different entities. However, a
strong correlation has been described between
them by many researchers (Gallo et al., 2011;
Schwarz et al., 2012; Mutiibwa et al., 2015;
Hadria et al., 2018). Moreover, a similar trend
was observed in this study. Therefore, the
LST map generated in the research can
explain the variability of air temperature and
thereby the phenomenon of urban heat

islands.

Table 1. Comparison of land surface temperature and air temperature data

. Air temperature (°C) in every hour
Station Date 9 10 1 D 3 12 5 16 7 LST (2017-6-4)
Lang 2017-6-4 | 36.2 | 37.8 | 38.7 | 39.5 | 403 | 40.7 | 41.2 [ 41.6 | 413 41.19 °C
Ha Dong 2017-6-4 | 373 | 38.6 |39.6 1402 | 41.0 | 415414 425|418 41.02 °C
3.4. Individual land cover coverages versus LST were absent. Therefore, we present the

Results from the regression analysis
showed that there were strong correlations
established between the percentage coverage
of the individual land-cover types (%U, %V,
and %W) and mean land surface temperatures
(uLST) for all window sizes considered in the
research. However, in our studied area, we
detected that smaller window sizes (less than
300%300 m) did not represent a heterogeneous
mixture of the land-cover composition. In
most cases, one or two components of the
land-cover composition (%W, %U, and %V)
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analysis results pertaining to window sizes
larger than 300 x 300 m. On the other hand,
the correlation between the percentage
coverage of the land cover types (%U, %V,
and %W) and mean land surface temperatures
(uLST) were much stronger in large window
sizes than in small window sizes.

Figure 6 demonstrates the relationships
between the percentage coverage of the land-
cover types (%U, %V, and %W) and mean
land surface temperatures (WLST) in the case
of the 510 x 510 m window size. All the
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observed relationships were strong; water
coverage (%W) showed the highest regression
coefficients (R*> = 0.70) followed by urban
built-up cover (%U) (R* = 0.67) and
vegetation cover (%V) (R* = 0.43). It should

100

be noted that water (%W) and vegetation
(%V) coverages displayed a negative
correlation to uLST, whereas the urban built-
up cover (%V) was positively correlated to
pLST.
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Figure 6. Relationships between percentage coverage of land-cover types (%U, %V, and %W) and mean
land surface temperatures (WLST) on the hottest day of 2017 (June 4): (a) uLST and Urban; (b) pLST and

Vegetation; (¢) uLST and Water

3.5. Land-cover composition-driven predic-
tion of LST

In this research, we established the multi-
variate regression function between land-
cover composition (percentage coverage of
urban built-up area (%U), vegetation (%V),
and water (%W)) and land surface tempera-
ture (LST) on the hottest day of 2017 (June 4).
For this purpose, we utilized a 510 x 510 m
window size, close to 25 ha, which we as-
sumed to be a suitable unit for urban land
management and planning. The resultant re-
gression function is given in Equation 4.

LST = 0.032261 x %U — 0.040953 x %V —
0.137770 x %W +42.01 4

We analyzed the ability of the established
regression function (Equation 4) with a 25 ha
land management unit for the prediction of

LST with different window sizes. For all
window sizes (from 300 X 300 m to 570 x
570 m), the regression function offered stable
results (R2 ~ 0.9 in all cases). For example,
almost 90% of the variation in LST could be
predicted through the established model for the
window sizes of 330 x 330 m and 510 x 510 m
(Fig. 7). This analysis confirmed that the
regression function established using the 510 x
510 m window size can be applied for the
prediction of LST with other window sizes
as well.

We also tested the ability of the established
regression function (Equation 4) for the
prediction of LST on the hottest day of 2016
(June 1). Figure 8 presents the successful
prediction (R* > 0.86) of the LST for window
sizes 330 x 330 m and 510 x 510 m in this case.
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the case of 510 x 510 m window size and (b) in the case of 330 x 330 m window size

50
v =1.096.x - 4.534
RZ=0.897

D 45 #:
<

Rl

-t

o

c

2 40

c

K=

w

wv

Q

o 35

o

£

o

=

'_

V] 30+

—— Linear Regression
+ Data
25 : I T .
25 30 35 40 45

LST from Landsat-8 image(° C)

a

50

LST from Regression Function (°C)

50

45

40

35

30

25

v =1.092.x - 4.428
R? =0.869

—— Linear Regression

+ Data
25 30 35 40 45
LST from Landsat-8 image(° C)
b

50

Figure 8. Land-cover composition-driven predictions of LST for the hottest day of 2016 (June 1): (a) in
the case of 510 x 510 m window size and (b) in the case of 330 x 330 m window size

210



Vietnam Journal of Earth Sciences, 41(3), 201-215

We further analyzed the applicability of
the established regression function for the
prediction of LST on a cold day in 2016
(October 7). In case of both window sizes
(330 x 330 m and 510 x 510 m), the
regression function could successfully predict

50
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O 451 y*
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2
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LST from Landsat-8 image(° C)

a

(R* > 0.83) the LST (Fig. 9). These analyses
confirmed the reliability and applicability of
the model established in this research for the
prediction of LST in Hanoi with respect to
land-cover composition, considering an urban
land management unit of 25 ha.

50 .
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Figure 9. Land-cover composition-driven predictions of LST for a cold day of 2016 (October 7): (a) in
the case of 510 x 510 m window size and (b) in the case of 330 x 330 m window size

3.6. Implications for urban planning and
design

Assuming that the unit of urban land man-
agement is around 25 ha (510 m x 510 m), on a
very hot day such as June 4, 2017, the LST (in
°C) can be predicted with respect to land-cover
composition using the regression model estab-
lished in this research as shown in Table 2.

The substantial impact of land-cover com-
position on LST and surface urban heat is-
lands is apparent from Table 2. This analysis
shows that LST at each management unit
(e.g., 25 ha) can be decreased from 45.23°C

(100% wurban built-up cover) to 37.91°C
(100% vegetative cover) and then to 28.24°C
(100% water cover). The urban planner and
designer can indeed neither change LST di-
rectly to mitigate the effects of surface urban
heat islands, nor would it be possible to con-
vert all urban built-up coverage in the cities to
water bodies or vegetative areas. However,
even a 20% conversion of urban built-up areas
into vegetative and water bodies could reduce
LST by 2.43°C. The results of this research
present a wonderful opportunity for urban
planners and designers; the LST and associat-
ed effects of surface urban heat islands can be
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adjusted by managing land-cover composition
and percentage coverage of the individual
land-cover types (%U, %V, and %W) in each
urban land management unit.

Table 2. Land-cover composition-driven prediction
of land surface temperature

Land-cover composition LST (in °C)
%U %W %V
100 0 0 45.23
0 0 100 3791
0 100 0 28.24
80 10 10 42.80
60 20 20 40.37

4. Discussions

Reduction in the greenery has been
described as a major cause of the rising
temperatures in cities by many researchers,
and it has been suggested that urban greening
activities are the efficient nature-friendly
solutions for mitigating urban heat island
effects (Rotem-Mindali et al., 2015; Kardinal
Jusuf et al., 2007; Zaeemdar and Baycan,
2017; Tang et al., 2017; Lin et al., 2017,
Keeratikasikorn et al., 2018; Nastran et al.,
2018).

Over the last century, the city of Hanoi has
seen a drastic increase in population, high-
speed urbanization, and transformation of
natural forests into urban built-up areas. All
these socioeconomic and biophysical changes
have had a critical impact on the urban
microclimate. As a result, severe heat waves
have become common during the summer
months in recent years.

The effects of surface urban heat islands
have serious consequences on the lives of
urban residents, especially in tropical
countries. The research recommends the
mitigation of urban heat island effects by
increasing green infrastructures, such as
roadside plantation, green roofs, city parks, as
well as water ponds, which can be installed
even in city centers through urban planning
initiatives and public awareness. This can
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promote comfortable and sustainable living in
cities.

5. Conclusions

In this research, we analyzed the correla-
tion between land-cover composition, per-
centage coverage of the land cover types (%
urban, % vegetation, and % water), and land
surface temperature (LST) for different win-
dow sizes or urban land management units.
Landsat 8 OLI (Operational Land Imager) sat-
ellite data was utilized for preparing land-
cover composition datasets in inner Hanoi by
employing the unsupervised image clustering
method. High-resolution (30 m) LST maps
were generated for different days of the years
2016 and 2017 using Landsat 8 TIRS (Ther-
mal Infrared Sensor) images.

High correlations were observed between
percentage coverage of the land-cover types
(Yourban, %vegetation, and %water) and LST,
coherent with previous studies, considering
different window sizes on the hottest day of
2017 (June 4). The vegetation and water
coverages demonstrated strong positive
correlations to LST, whereas the urban
coverage was indirectly proportionate to LST.

Based on the ideas from the results
presented above, a multivariate regression
model was developed for the correlation
between land-cover composition and LST.
This land-cover composition—driven model
could predict LST efficiently not only in the
case of different window sizes but also on
different days. The newly developed model in
this research provides a  wonderful
opportunity for urban planners and designers
to takes measures for adjusting LST and the
associated effects of surface urban heat
islands by managing the land cover
composition and percentage coverage of the
individual  land-cover  types  (%urban,
%vegetation, and %water). This model
proposes that a substantial decrease in LST
can be achieved by increasing the proportion
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of vegetation and water for the promotion of
comfortable and sustainable living in the city.
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