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Abstract 

 

       There is direct relationship between urbanization and Land use and cover 

(LULC) change, there is also relationship between the land surface temperature 

(LST) and Albedo, Albedo and LST can be influenced by urbanization at the same 

time. In this study, I try to explore the impact of urbanization on surface 

urban heat island (SUHI). There is no research studied by remote sensing method 

in North District of Hong Kong. In this study, i have classified the LULC in North 

District of Hong Kong, then, LST has been analyzed by using Landsat (TM/OLI) 

images. The inversion LST was obtained in this study's usage of the maximum 

likelihood classifier approach (supervised classification) to categorize pictures. 

There are so many methods to define urban area and non-urban area, simplified 

urban extend (SUE) method is used to distinguish urban area and non-urban area 

and then calculate the surface urban heat island (SUHI) in North District of Hong 

Kong, the correlation between urban heat island effect and urban green space and 

building land can provide important information for our urban development and 

environmental protection. To study the influence of urban green space and 

building land on urban heat island effect, I also analyzed the correlation between 

land surface temperature and Albedo, and the relationship between LST and 

NDVI, NDBI shows the influence of vegetation area on UHI is negative. Then 

the positive correlation between urban building land and surface temperature 

distribution is that urban building land has a positive influence on UHI, it also 

shows building area can enhance urban heat island effect. The results of LULC 

revealed that According to the classification results, from 1987 to 2004, 71.157% 

of forest area remained unchanged, 26.903% of forest was changed into urban 

area, and 9.529% of barren was changed into urban area. From 2004 to 2021, 

71.157% of forest area remained unchanged, 26.903% of forest area was changed            

https://www.sciencedirect.com/topics/engineering/urban-heat-island-effect
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into urban area, 9.529% of barren area were changed into urban area. From 1987 

to 2021, 42.654% of forest area changed into another land area, urban area 

continued to increase from 1987 to 2021. 

 

Keywords: Land surface temperature (LST), Urbanization, 

Albedo, Surface urban heat island (SUHI). 
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CHAPTER Ⅰ. INTRODUCTION 

 
 
1.Research Objectives and Significance of Study 

 

The severity of the Urban Heat Island Effect continues to increase because 

of the vast urban population, urbanization, changes in the underlying surface, 

canopy structure, and artificial heat exhaust. 

 

The impact of the UHI is receiving unprecedented attention. The urban heat 

island effect can not only affect people's regular work and life but also influence 

their overall well-being. Urban climate and environment have also developed 

rapidly with the continuous improvement of urbanization. During urbanization, 

many people are moving into cities from all directions, leading to increased 

industrial production that consumes a lot of non-renewable energy. 

Simultaneously, there are more artificial heat emissions from automobile exhaust 

gas, industrial exhaust gas, and other sources. As a result, the average temperature 

of the entire city keeps rising. 

 

On the other hand, the influx of population requires a larger construction 

area, resulting in changes to the city's underlying surface. Cement, asphalt, and 

other artificial impermeable surfaces are expanding, while vegetation coverage is 

decreasing. This leads to a change in the thermal properties of the city's 

underlying surface, making it more heat-absorbing and less reflective than natural 

vegetation, thus causing higher average temperatures throughout the city. Due to 

a phenomenon known as the "urban heat island effect," metropolitan regions often 

experience much warmer average temperatures than suburban areas. As 

urbanization progresses and the urban underlying surface changes, the intensity 
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and distribution characteristics of the urban heat island effect will also change 

significantly. With rapid urbanization and the expansion of urban areas, the high-

temperature areas become more extensive, therefore the urban heat island effect 

will be more widely distributed. The increasing average urban temperature will 

raise the energy consumption of refrigeration equipment and the electricity 

burden of the whole city. 

 

Hong Kong is now grappling with a serious urban heat island (UHI) problem. 

However, all research mentioned so far focuses on the most severe UHI issue in 

the North district of Hong Kong, there is no separate research referring to urban 

heat islands in this district. Hence, in this study, we will explore the effect of 

urbanization on surface urban heat islands in the North district of Hong Kong 

using remote sensing methods. Since the late 20th century, with the advent of 

high-resolution Earth exploration satellites, remote sensing techniques to detect 

land surface temperature (LST) and study the urban heat island effect have 

become popular. There are many benefits to using remote sensing to study the 

urban heat island effect, including high resolution, comprehensive coverage, and 

point density, which mitigate for the inadequacies of conventional meteorological 

observation techniques and enable the study of the urban heat island effect in 

wide-ranging regions. 

 

Landsat TM data is often the most excellent option for researching the urban 

heat island effect due to its high thermal resolution. In this study, I used Landsat 

TM images from 1987, 2004, and 2021 as data sources to analyze the thermal 

band and retrieve the surface temperature of North district of Hong Kong over 

the past 20 years. Using the maximum likelihood method, the ENVI 5.3 software 

has been used for the supervised classification of remote sensing images, and the 
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Confusion matrix has been utilized to assess the precision of classification 

outcomes. The kappa coefficient and total accuracy are anticipated to be higher 

than 90%. LULC images have been classified into four classes: urban area, water 

area, forest area, and barren area, after which we can examine how the land 

surface temperature is spatially distributed among these various land classes. In 

the North district of Hong Kong, the urban area has expanded from 1987 to 2021, 

while the forest area and barren area have decreased. It indicated that the urban 

surface temperature was the greatest, followed by that of the barren area, while 

the forest area was the lowest temperature. Then, I have calculated the surface 

urban heat island intensity (SUHI), and it revealed that the surface urban heat 

island intensity has increased from 1987 to 2021. Finally, i conducted a 

correlation analysis between LST and EDVI, NDBI, to obtain the correlation 

trend between LST distribution and urban area and forest area. The outcome may 

be used as a basis for rational urban planning, urban development, and decision-

support to improve the quality of life in Hong Kong's North area. 
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2. The influencing factors of Urban Heat Island. 

 

Many academics have disclosed the link between urban heat island from 

many viewpoints, such as the influence of diverse land cover and land use (LULC) 

types on urban heat island at various times of the day and night, as well as 

throughout the seasons. Heinl, Singh, and colleagues studied the intensity and 

geographical distribution of urban heat islands. The findings reveal that the 

number of impermeable surfaces is directly connected to the severity of the urban 

heat island. Cheval, Alves, and colleagues investigated the intensity and 

geographical distribution of urban heat islands under various seasonal 

circumstances. The parameters of the urban heat island changed according to the 

season. Krehbiel et al. did research to compare urban heat island during the day 

and night, and discovered that the urban heat island impact is considerable both 

during the day and at night. Vallati investigated the effect of urban heat islands 

on the energy consumption of urban structures in Rome, Italy. According to the 

findings, cooling demand for urban structures grew by 33% in the summer but 

declined in the winter. Gu discovered that the link between climate, precipitation, 

and urban heat island varies depending on the season. The severity of the urban 

heat island is favorably connected with precipitation in the summer, while it is 

more evident in the winter. There is no significant correlation between rainfall 

and temperature. Moon explored the mitigation effect of urban heat island by 

using various greening patterns for urban buildings, including exterior greening, 

interior greening, and roof greening. 
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3. Research Range 

 

The Hong Kong Special Administrative Region, sometimes known as "Hong 

Kong," is a part of southern China that is situated to the east of the Pearl River 

estuary and across the sea from the Chinese cities of Macao, Shenzhen, and 

Zhuhai. With a population of 7,333,200 in 2020, it is one of the world's most 

densely inhabited areas, with the highest human development index and life 

expectancy. Since ancient times, Hong Kong has been a part of China. From 1842 

to 1997, it was governed by the British. Being one of the "Four Little Dragons of 

Asia" and a region with one of the wealthiest, most developed economies, and 

the best living standards worldwide, Hong Kong's economy and society evolved 

rapidly after the Second World War, On July 1, 1997, Hong Kong was handed 

over to the Chinese government. Hong Kong, which has long maintained a 

capitalist economy and enjoys considerable autonomy in other areas except for 

foreign and defense issues, is entirely under the supervision of the Central 

Government. The core tenets of the Chinese government's national policy are 

"one country, two systems," and a high level of autonomy. Alongside New York 

and London, Hong Kong is one of the three Harbor cities—a thriving free port 

and a global metropolis. It is a crucial hub for global commerce, shipping, 

innovation, and technology and the third-largest financial center in the world. The 

traditions of China and the West are blended in Hong Kong, combining Chinese 

managerial expertise with Western knowledge, and it is regarded as having a 

competent legal system, a free market, and a government that operates with 

integrity. 

 

Due to the low latitude and close to the sea, there is a subtropical Marine 

monsoon climate in Hong Kong, characterized by neither hot summer nor cold 

winter. Also due to the geographical location of the southeast coast of the Asian 
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continent, deeply affected by the monsoon, the formation of the mid-year weather 

seasonal changes are significant characteristics. Hong Kong's climate has four 

different seasons due to the cooling impact of the mainland in winter and the 

urban heat island effect of the mainland in summer, and the climate difference is 

large. Therefore, there is hot in summer and sudden cooling in winter. At the same 

time, due to the influence of tropical and temperate weather, Hong Kong's 

weather has different changes from day to day. The high degree of development 

in Hong Kong raises serious concerns about the urban heat island effect. In the 

North district of Hong Kong, the urban heat island issue is not much more severe 

than in other regions of Hong Kong. However, over time, the impact of 

urbanization on the urban heat island becomes increasingly problematic. 

 
 
 



12 

 

 

Figure 1: Location of North district of Hong Kong 
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4. Problems among studies 

 

The research methods for studying urban heat island include the 

establishment of ground meteorological observatories, utilization of 

mathematical models, analysis of remote sensing data, and application of 

landscape ecology theory. However, there are still areas that need improvement 

in the research process. Most of the studies mentioned above focus on big cities 

or mega-cities, such as Beijing, Shanghai, London, and other large-scale urban 

areas. When it comes to the analysis of remote sensing data method, there are also 

many problems among studies, first, the impact of weather, second, Land surface 

information loss, the accuracy is not that high. 
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CHAPTER Ⅱ.  LITERATURE REVIEW 

 

1. Urban heat island (UHI) and urban heat intensity (UHII) 

 

Typically, a city's atmospheric temperature is significantly higher than that 

of the adjacent suburbs due to the urban heat island effect. The urban high-

temperature zone is called an "urban heat island" because it seems to be an island 

sticking out of the water on the temperature map, even though the temperature 

difference in the suburbs is minimal on the near-surface temperature map. "Urban 

heat island intensity (UHII)" refers to the difference between the greatest 

temperature in suburban areas and the highest temperature in urban areas, as 

defined by Oke in 1987. 

 

After comparing temperatures in urban and suburban London, in 1833, Lake 

Howard, a British climatologist, postulated the "urban heat island effect" in 

Climatology published in London. This marks the first time that "the ban heat 

island effect" has been documented. In 1958, Manley introduced the Urban Heat 

Island (UHI). 

 

When it comes to urbanization, it is used to describe two processes that are 

different but related to each other. On the one hand, it relates to the absolute and 

relative proportion of individuals residing in densely populated areas who engage 

in non-agricultural activities. On the other hand, it involves transforming the 

natural landscape (e.g., the LULC change) into an environment that is suited for 

human habitation. 
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A phenomenon known as the urban heat island (UHI) is defined by the 

temperature disparity between metropolitan areas (or portions of them) and the 

surrounding non-urban areas. This difference assumes that the natural 

environment would have a different temperature if urbanization did not exist. 

Urban heat islands may be divided into four categories: 

 

1. Canopy-level urban heat island (CUHI): This refers to the near-surface air 

temperature below the height of roofs in urban areas. 

2. Boundary-level urban heat island (BUHI): This is calculated using the air 

temperature above the height of buildings. 

3. Surface urban heat island (SUHI): This is determined by the temperature 

of the three-dimensional urban surface, including the ground, walls, and rooftops. 

4. Substrate urban heat island (GUHI): This considers the temperature of the 

soil beneath the ground surface. 

 

This study primarily focuses on the surface urban heat island (SUHI). The 

SUHI effect occurs when the complex urban structure, with its buildings and 

infrastructure, traps and retains heat, leading to temperature variations at a 

microscale. Solar energy absorption and distribution on the urban surface play a 

significant role in this process, affecting the local temperature. Additionally, 

various human activities, such as vehicle emissions, building heating, and 

industrial processes, contribute to the SUHI effect. 
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2. The research methods of urban heat island and progress 

 

There are currently three primary approaches to studying urban heat island, 

1. surface meteorological data observation between urban areas and suburban 

areas, 2. remote sensing monitoring, 3. boundary layer numerical model 

simulation. The approach for observing ground-surface meteorological data is 

based on sparse data from stationary meteorological stations in suburbs, 

combined with flow observation data to make a comparative observation of 

temperature and surface temperature. Remote sensing monitoring uses aerospace 

sensors to observe the urban underlying surface temperature. Boundary layer 

model simulation employs mesoscale models from one to three dimensions to 

simulate the temperature, humidity, and wind fields at a specific height. 

 

 

3. Surface meteorological data observation between urban area and suburb 

area 

 

The Comparison Method of Peri-urban Meteorological Observation Data is 

the first approach used to study the Urban Heat Island effect. This method utilizes 

multi-year observations from meteorological stations in both urban and suburban 

areas. The data is subjected to comparative analysis using statistical or 

mathematical simulations to analyze the distribution and intensity of the urban 

heat island during the same period, as well as its variation throughout the day and 

season. Since the early days of research, the average temperature in the 

metropolis was 1.1 degrees Celsius higher than in the suburbs, according to 

Howard. Duckworth and Sandberg later supported this finding. In the case of San 

Francisco, a temperature difference of 10°C was observed between the park and 

the City Centre, showing similarities to Howard's results. Consequently, the study 

concludes that the urban heat island effect in most cities is more severe during 



17 

 

winter than in summer, and this seasonal variation is evident. Additionally, wind 

speed is identified as the primary factor determining urban heat island. As wind 

speed increases, the temperature difference decreases, while the urban heat island 

effect becomes more pronounced with the city size. Zhou Shuzhen et al. were the 

first group to discover the urban heat island effect in Shanghai, observing a 

significant temperature difference of 5°C higher than in suburban areas, 

particularly 2-3 hours after sunset. This effect is more pronounced during the 

night. Over the years, data has revealed that the expansion of downtown Shanghai 

has widened the temperature difference in its suburbs, leading to an increase in 

annual minimum temperatures by 0.7°C in 1984. 

 

 

3.1 Boundary layer numerical model simulation 

 

The urban heat island effect is simulated by using statistical modules 

combined with an analog prediction method. This simulation involves the use of 

type, physical, numerical, and analytical models. Among these, the most widely 

applied model is the numerical simulation of the boundary layer, which employs 

the principles of thermodynamics and dynamics to examine the energy 

equilibrium and temperature field. By utilizing boundary layer numerical 

modeling, it is possible to study the energy balance, fundamental properties of the 

temperature field, and the heat transfer process between the ground and the 

atmosphere. The initial modeling of the urban heat island effect was conducted 

by Myrup using the most basic one-dimensional equation. In subsequent studies, 

Carlson and Artbus emphasized the importance of considering surface heat flow, 

and they simulated surface heat response processes with precise surface 

parameter selection. To obtain a spatial distribution model and understand the 

time and space-time evolution of the heat island, researchers have coupled 
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boundary layer and remote sensing methods. Additionally, the "urban canyon" 

impact on the surface energy balance was first included by Oke et al. The 

Japanese Yoshikadao school uses three-dimensional modules to study the 

interplay between sea wind and heat island circulation in Tokyo. 

 

 

3.2 Remote sensing monitoring 

 

The research of the urban heat island effect has been profoundly affected by 

the growth and development of remote sensing technology. Compared to 

traditional methods, the remote sensing inversion method offers many advantages, 

such as comprehensive coverage, visual representation, and high synchronization 

in time. This method is based on analyzing the absorption of solar long-wave 

radiation characteristics by different objects, which results in varying radiation 

values in different wave segments. Thermal infrared sensors are used to observe 

the urban geological temperature. 

 

The advent of remote sensing and satellite technologies in the 1980s enabled 

the investigation of the urban heat island effect by remote sensing monitoring. 

This monitoring method involves continuous and periodic observations of surface 

temperature using spaceborne or airborne sensors. Remote sensing data may be 

translated to absolute surface temperatures using Geographic Information 

Systems (GIS). The sensor data can then be interpreted and analyzed to provide 

corresponding surface cover data, considering the different absorption 

characteristics of solar radiation. Remote sensing monitoring methods allow for 

the collection of urban surface data over a wide range, providing synchronous 

and direct reflections of the spatial-temporal distribution of urban surface 

temperatures. 
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Currently, various data can be used for remote sensing monitoring, primarily 

including NASA Landsat series data such as Landsat TM/ETM+, Landsat OLI-

TRIS, MODIS, ASTER, AVHRR, etc. [31] Different remote sensing data have 

distinct characteristics, Landsat series have higher resolution and easier to acquire. 

In contrast, MODIS and ASTER data offer shorter re-visit cycles and higher 

accuracy. As a result, while studying urban heat islands, the remote sensing data 

used must be adjusted to the unique demands of the research. 

Scholars, such as Wei Lingling, Liu Bingbing, et al. have conducted studies 

on urban heat island in Nanjing, Changsha, Shanghai, and Beijing city based on 

remote sensing data. Hou Haoran et al. utilized remote sensing to study the spatial 

and temporal evolution of urban heat island in Fuzhou over the past 20 years. 

Chen Yunhao used remote sensing data to invert the surface temperature of 

Shanghai and analyzed the spatiotemporal characteristics of the city's overall 

thermal environment. Li Haifeng analyzed the urban heat island in Mianyang City 

by using remote sensing images and found no significant difference in intensity 

between urban heat island and non-urban heat island. Using MODIS surface 

temperature data and DMSP night light data, Wang Li investigated the spatial-

temporal aspects of urban growth in China and its link with urban heat island. 

 

Since Rao's first research on the urban heat island effect by utilizing satellite 

remote sensing in 1972, many scholars have extensively used sensor data from 

various platforms, including space, aviation, and ground data for urban heat 

island research. Qualitative remote sensing analysis involves studying the 

absorption of the sun's long-wave radiation by various geological features, 

resulting in different wavelength radiation values. This information is then used 

with thermal infrared sensors to observe urban geological temperature within a 

specific range, followed by calculation and interpretation using computer 



20 

 

technology to analyze the heat distribution of the earth's objects. Differences in 

suburban vegetation status are also analyzed based on vegetation indices. To 

determine the approximate range of the urban heat island, the color synthesis of 

two different phases of TM (4-6 Band) is used against the target urban area. The 

effect of the urban heat island on temperature differences in suburban areas is 

estimated. Furthermore, remote sensing monitoring is commonly used for surface 

temperature analysis, which involves studying the absorption of long-wave 

radiation from the sun by different surface features. This process includes 

summarizing geographical conditions, climatic characteristics, and temperatures 

of the city, followed by image processing for grayscale stretching and density 

segmentation. Bright temperature data are obtained using the bright temperature 

calculation mode, and simultaneous geometric correction, calibration, mosaic, 

shear, and density segmentation are performed. Finally, the central distribution 

area and field structure characteristics of the heat field are analyzed. NOAA or 

Landsat TM images are used to determine the number of bright temperatures 

obtained. The flatness of the urban heat island effect in different seasons is also 

analyzed. This data is valuable for studying the distribution of urban areas, urban 

planning, urban environmental quality assessment, and environmental protection 

in cities. Ma Wai et al. studied Beijing's surface temperature using Landsat-5 data 

based on atmospheric adjustment, focusing on the impact of plant cover on 

surface temperature. 
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3.3 Temperature-Based Heat Island remote sensing Monitoring Method 

 

Thermal infrared remote sensing records the emission radiation and rings of 

surface objects. Satellite brightness temperatures can conveniently replace the 

sum of ambient and atmospheric radiation. While satellite brightness temperature, 

ground temperature, and temperature are closely related to each other. Different 

temperature monitoring methods can be used according to the treatment 

temperature means. There are two sub-categories: brightness-based temperature 

monitoring and the surface-based monitoring temperature method. Research on 

Urban Heat Island Based on Bright temperature assumes that due to the limited 

area of the city, the water in the study area can be considered in a vapor state 

approximately the same. Therefore, the effect of the atmosphere on the radiant 

temperature can be disregarded. Many scholars used NOAA/AVHRR or Landsat 

Bright Temperature Data of TM/ETM Images. 

However, surface heat radiation is exposed to the atmosphere and radiation 

surfaces during its conduction. There is a heavy impact on it, and the thermal 

radiation intensity observed by satellite remote sensing is no longer a simple 

surface thermal radiation intensity, bright temperature, and proper surface 

temperature. There is a significant difference, sometimes up to 5~6K. So, using 

bright temperature to proceed directly with Urban Heat Island research has 

excellent limitations. A Basic Study of Surface Temperature Monitoring Method 

in Inverting Temperature considers the multiple effects of the atmosphere and 

radiation surfaces, but due to the urban underlying surface's unusual complexity 

and the difficulty of obtaining real-time sounding data at transit times, it is 

challenging to overcome the precise inversion of surface temperature. Currently, 

monitoring methods based on surface temperature are generally obtained by 

several simplified methods, such as specific radiance and atmospheric parameters. 
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3.3.1 A Method of Heat Island Remote Sensing Monitoring based on 

Vegetation Index (NDVI) 

 

In remote sensing applications, the vegetation index reflects surface 

vegetation and it’s the most important source of information widely used for 

qualitative and quantitative evaluation of valuable vegetation cover and its vitality. 

In 1993, for the first time, GALLO et al. estimated urban heat island by using 

vegetation index obtained from AVHRR data. The role of the urban heat island 

effect in causing differences in urban and rural temperatures results in a table-like 

surface radiation temperature between vegetation index and urban and rural 

temperature. There was also a clear linear relationship and explanation for the 

mean minimum temperature concerning spatial change. 

 

Further research has shown that in this field, the NDVI difference between 

urban and rural regions is identical to the difference between those two locations. 

There is a relationship between the urban and rural surfaces' respective minimum 

temperature differences during the same period. The relationship between 

temperature and urban and rural minimum temperature differences should be 

closer and more stable. There may be a distinction between urban and rural 

regions because of the NDVI difference between the two. Surface differences in 

minimum temperature (urban heat island effect) in different environmental 

material attributes. However, the vegetation index-based monitoring side has 

several limitations to the law which cannot be ignored. The study only applies to 

regional cities, and the elevation difference between villages should not exceed 

500m. Areas of colored vegetation are not applicable; ③ Cities in arid climates 

are not applicable. 
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3.3.2 A Method of Heat Island remote sensing Monitoring Based on "Heat 

Landscape." 

 

A Monitoring Method Based on "Heat Landscape" by Chen Yunhao et al. 

which was conducted through the research method of landscape ecology and 

introduced the concept of "thermal landscape." It is considered studying from a 

landscape viewpoint by using GIS and remote sensing technologies, it’s a study 

on the Spatial Pattern and Process of Urban Thermal Environment. The 

evaluation index of the method is divided into fractal dimensions, number, 

shape index, dominance, fragmentation, separation, and diversity. This 

approach analyzed Shanghai's thermal environment's spatial pattern and 

dynamic development. The findings demonstrate that the thermal environment 

evolves in tandem with urban growth, becoming more fragmented and polished 

because of human activity. 

 

 

4. Research urban heat island by remote sensing inversion 

 

Up to now, the commonly used satellite thermal infrared remote sensing 

information sources are shown below. 

 

Table 1: satellite thermal infrared remote sensing information sources 
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Numerous surface temperature inversion approaches, such as the 

conventional radiation transfer equation method, the split window algorithm 

(1996), the single window algorithm (2001), etc., have been presented based on 

various remote sensing image data. The radiation transfer equation approach 

initially requires an atmospheric simulation to deduct the quantity of radiation 

from the thermal radiation measured at satellite height to get the real thermal 

infrared radiation. 

 

 

 

4.1 Radiation transfer equation method 

 

 

 

Figure 2: Radiation transfer equation method principle (Li et al., 2016) [41] 
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The effects of the atmosphere on surface thermal radiation are first evaluated 

by using a technique based on the radiation transport equation. The thermal 

infrared radiance value Lλ that the satellite sensor measures comprise three 

components: atmospheric radiance L↑, actual radiance on the ground detected by 

the satellite sensor after traveling through the atmosphere, and atmospheric 

radiance. The following is an example of a radiation transfer equation: 

 

 Lλ = [εB(TS) + (1-ε) L↓] τ + L↑                                (1) 

 

Where ε denotes the surface's particular emissivity, TS denotes the 

temperature of the surface in Kelvin, B (TS) is the brightness of the blackbody 

thermal emissivity, and τ denotes the atmosphere's thermal infrared band 

transmittance. The thermal infrared band's thermally heated black body's radiant 

brightness B (TS). 

 

   B(TS) = [Lλ - L↑- τ(1-ε) L↓]/τε                                   (2) 

 

From Planck's formula, Ts may be calculated. 

 

TS = K2/ln(K1/ B(TS)+ 1)                                     (3) 

 

 

4.2 Mono-window algorithm 

 

Qin Zhihao (2004) developed the Mono-window Algorithm, which inverts the 

surface temperature by using Landsat TM/ETM+ 6th band data. The algorithm's 

mathematical formula is as follows: 

  

TS = [a (1- C- D) +(b (1- C- D)+C+D) T6- DTa]/C          (4) 

 

Where TS refers to the actual surface temperature (K), and a and b are constants 

(-67.355351 and 0.458606, respectively). C and D represent intermediate 
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variables, where C = ετ, and D = (1-τ) * [1 + (1-ε) * τ]. Here, ε refers to the 

surface-specific emissivity, τ refers to the atmospheric transmittance, and T6 is 

the brightness temperature (K) of pixels detected by sensors at satellite altitude. 

 

 

 

4.3 Split-window algorithm 

 

Split-window algorithms were created to invert sea surface temperatures 

first, notably for NOAA/AVHRR channels 4 and 5. They have subsequently been 

used to invert surface temperatures. The split window algorithm adjusts the ratio 

of the brightness of the atmosphere and the surface using two neighboring thermal 

infrared channels (10.511.5m and 11.512.5m) in the atmosphere window. This 

phrase is used: 

 

T S= T 4+ A (T 4- T 5) + B                         (5) 

 

T4 and T5 are the AVHRR's channels 4 and 5, respectively, while TS is the 

real surface temperature, and A and B are constants. Channel 4(10.15~11.13μm) 

and channel 5 (11.15~12.15μm) of AVHRR correspond to the center wavelength 

of 31st wavelength of MODIS (10.178~11.128μm) and 32nd wavelength 

(11.177~12.127μm) of MODIS. 
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5. The effect of urbanization on urban heat island by remote sensing 

 

When studying surface urban heat island, remote sensing techniques are 

typically used to examine how surface temperature and urban heat island intensity 

(UHII) fluctuate over time. For example, (Muhammad et al., August 15, 2022) 

selected three remote sensing images from different years. They calculated the 

average temperature and urban heat island intensity (UHII) for each of these 

remote sensing images for the same month. Next, they obtained land use/land 

cover (LULC) classification outcomes for each remote sensing image and 

compared the LULC images with temperature distributions. Finally, they 

investigated the connection between urbanization and urban heat island. 

 

.   
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CHAPTER Ⅲ. RESEARCH METHODOLOGY 
 

1. Research Contents and Technical Route 

 

1.1. Research Contents 

 

After analyzing the above methods, this study adopted the remote sensing 

monitoring technique to evaluate the urbanization process of the North district of 

Hong Kong. This research looks on the relationship between urban surface Land 

use and Land cover (LULC) and the urban heat island, examined the 

characteristics of urban landscape patterns and the impact of urban heat island. 

This research suggests strategies to reduce the urban heat island impact and urban 

heat island intensity based on the geographical and temporal development and 

distribution of the urban heat island in Hong Kong's North district. 

 

Firstly, three Landsat datasets from 1987 to 2021 of the North districts of Hong 

Kong were obtained from the geospatial data cloud. The data were carefully 

chosen to be as close in time as possible and accurate. After pretreatment on the 

ENVI 5.3 platform, 3 sets of surface temperature inversions were obtained by 

using the radiation transfer equation algorithm, and the surface temperature 

distribution characteristics were analyzed at different time points. 

 

Based on the Landsat data, the Land Use and Land Cover (LULC) images of 

the North district of Hong Kong in 3 different years were derived by using the 

maximum likelihood classification method. After classification, the changes in 

urban surface within the North district of Hong Kong were analyzed. NDVI and 

NDBI were calculated, and the correlation between NDVI and NDBI was studied 

through linear regression. 
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By using satellite thermal bands, I estimated the land surface temperature of 

North district of Hong Kong using Landsat data to categorize land use and land 

cover (LULC). The years 1987, 2004, 2021, and December were all covered by 

the Landsat data collection. Before classifying a picture, ENVI 5.3 was used for 

radiometric calibration, adjustments for air conditions, and calculating LST using 

the thermal band. The Maximum Likelihood Classifier Algorithm in ENVI 5.3 

was used to conduct LULC classification, and accuracy was evaluated using 

fieldwork and randomly selected Google Earth sites. 

 

Table 2: In this investigation, satellite pictures were employed. 

 

 

 

1.2. Technical Route 

 

Firstly, the pre-processiof to remote sensing data should be conducted. The 

exponential and ratio methods were employed to invert the land surface 

temperature and analyze the urban heat island's evolution process and distribution 

characteristics. Then, the maximum likelihood classification method was applied 

to classify land use and land cover (LULC) on the surface, and the land use and 

land cover (LULC) status was analyzed, including land use and land cover change, 

the distribution of land surface temperature (LST), and the study on the influence 

of different LULC types on the urban heat island. Using the outcomes of the 

categorization of land use and land cover, the Land Surface Temperature (LST), 

Surface Urban Heat Island (SUHI), and Urban Heat Island Intensity (UHII) are 

analyzed. On the other hand, the change of albedo was also analyzed at the same 
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time, then, the association between urbanization and urban heat island is revealed 

in this study. 

 

 

1.2.1. Access to remote sensing data 

 

Landsat series, developed and launched by NASA in 1972, is a satellite 

engineering program designed for various applications in agriculture, mapping, 

forestry, regional planning, monitoring, and education. Since its inception in 1972, 

Landsat Data has deployed eight satellites equipped with sensors that transmit 

millions of image data for research in diverse fields. Among these satellites, 

Landsat 7, launched in 1999, is the seventh one and carries an enhanced thematic 

mapper that increases the panchromatic band resolution to 15 m and improves the 

data resolution of band six from 120 m to 60 m. The 2013 launch of Landsat 8, 

the newest satellite, will be accompanied by the newest Land Imager (OLI) and 

Thermal Infrared Sensor (TIRS), further enhancing its resolution compared to 

Landsat 7. Even though Landsat 1 to 5 are retired, they are still operational and 

contribute to the missions of Landsat 7 and 8. For this study, three Landsat images 

of 1987 (Landsat 5 TM), 2004 (Landsat 5 TM), and 2021 (Landsat 8 OLI) are 

selected as data sources. These images are clear, cloud-free (< 5%), and can 

provide a comprehensive view of the research area. 

 

 

1.2.2.  Remote sensing data preprocessing 

 

Before this research, the dataset should be conducted through Geometric 

distortion, atmospheric extinction, and radiation distortion exist to remote sensing 

images, degrading not only their quality but also impacting the accuracy of 
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research results. 

 

 

(1) Geometric correction 

 

In addition to realizing the normal geometric correction function, the method 

can also eliminate geometric distortions caused by terrain fluctuations by 

measuring elevation points and DEM. Orthogonally corrected images have 

precise spatial positions. 

 

 

(2) Atmospheric correction 

 

Spaceborne sensors are influenced by the atmosphere and light, affecting the 

reflectance, emissivity, and surface temperature of natural objects. Atmospheric 

correction can eliminate these effects. There are various atmospheric correction 

methods for remote sensing images, which can be divided into absolute and 

relative atmospheric correction methods. I utilized ENVI 5.3, which incorporates 

various atmospheric correction models, the dark pixel technique, and the 

statistical model-based reflectance inversion method, and the MORTRAN model 

based on the radiation transmission model. The relative atmosphere correction 

methods include the invariant target and histogram statistics methods. I chose the 

FLAASH atmospheric correction tool of ENVI 5.3, developed based on the 

MODTRAN4+ radiation transmission model and belongs to the absolute 

atmospheric correction method. 
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(3) Radiometric calibration 

 

Surface and brightness temperatures are not directly obtained from the onboard 

sensor recordings. The sensor records the shadow value of the ring element (DN), 

requiring a conversion to obtain the corresponding physical information, a 

process known as radiometric determination. 

 

 

(4) Study area image clip 

 

The downloaded image data is relatively regular and covers a large area, after 

conductions of Atmospheric correction, Radiometric calibration, and other 

processes, remote sensing dataset should be clipped into imaged in demand. 
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Figure 3: the flowchart of the Technical Route. 
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2. Supervised Classification 

 

We created training samples and use the maximum likelihood method to 

classify each Landsat image into 4 classes, they are urban area, water area, barren 

area, and forest area. 

 

 

2.1 Accuracy Assessment 

The accuracy of the categorized pictures, which is essential for supervised 

classification, will be assessed using the Confusion matrix approach. The 

following equation will be used to determine the global, user, and producer 

accuracy. 

 

 

2.2 land surface temperature (LST) 

The surface temperature determined by satellite thermal bands has previously 

undergone radiometric and geometric corrections. For this study, the surface 

temperature was determined using the thermal bands of Landsat 5 and Landsat 8. 

Landsat 5 has just one thermal band (band 6), but Landsat 8 has two (bands 10 

and 11), however band 11 was not utilized for LST calculation due to major 

calibration issues uncovered by the USGS. Digital number (DN) is the thermal 

band that Landsat acquires. Consequently, we must translate the DN values into 

surface temperature. 

In this investigation, Landsat thermal bands were processed using the method 

outlined by Artis and Carnahan (1982). In the first step, the DN values were 

converted to spectral radiance, and surface temperature was then created from 

spectral radiance in the second. 
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In Landsat 5 and Landsat 8, DN values are converted differently to radiance. 

The following equation [46] describes the transformation of Landsat 5 TM DN 

values to spectral radiance. The terms LMAXλ and LMINλ refer to the maximum 

and minimum radiances, respectively. QCALMAX and QCALMIN refer to the 

quantized maximum and minimum, respectively. 

Lλ represents spectral radiance, while QCAL represents thermal band 6. The 

thermal band of Landsat 5 TM is band 6, and values can be obtained from the 

image's metadata file. The equation describes how Landsat 8 converts DN to 

spectral radiance. 

In Landsat 8, the thermal band corresponds to band 10, whereas ML stands 

for Multiplicative band 10, QCAL for Thermal band 10, and AL for Additive band 

10. 

Using an equation, the spectral radiance was converted to the temperature of 

the surface in degrees Celsius. K1 and K2 are constant integers discovered within 

the metadata file. Lλ stands for spectral radiance, while T refers to temperature. 

 

Land surface temperature (LST), where T is computed as the degree of 

satellite brightness. The wavelengths of Landsat 5 TM Band 6 (11.5 m) and 

Landsat 8 OLI Band 10 (10.8 m) are measured in degrees Celsius. The equation 

is utilized to calculate the emissivity (ε) of the land surface. 
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Calculated using NDVI readings, the percentage of vegetation (Pv). As a 

result, we first computed the NDVI (Equation) before utilizing the equation to 

determine the amount of vegetation. 

 

 

 

 

3. Correlation between LST and EDVI, NDBI 

 

NDVI: In comparison to other wavelengths, thriving vegetation (chlorophyll) 

reflects greener and near-infrared light. However, bluer, and red radiation is 

absorbed. The result of this equation is a number between -1 and 1. Consequently, 

the NDVI will be high if the red channel has low reflectance (or low values) and 

the NIR channel has high reflectance. And vice versa. NDVI is a standard method 

for measuring the condition of vegetation. 
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NDBI: Normalized Differential Building-up Index is one of the most widely 

used indexes to enhance the display of building information and to extract 

building land.  The formula is as follows: 

 

𝑁𝐷𝐵𝐼 =
(𝑆𝑊𝐼𝑅 − 𝑁𝐼𝑅)

(𝑆𝑊𝐼𝑅 + 𝑁𝐼𝑅)
 

 

 

 

 

4. UHII 

 

In this investigation, the simplified urban extent (SUE) algorithm was used to 

determine the SUHI. The calculation methods for the SUHI are provided below. 

From the extracted LULC data, we constructed two subsets: one for urban area 

and one for LULC classes excluding urban area and aquatic bodies. Water may 

exaggerate or underestimate the SUHI during the day and at night because of its 

high heat capacity. After computing the LST for urban and non-urban regions, the 

SUHI was created by dividing the mean LST of urban and non-urban areas. 

 

 

 

 

 

 

 

 

 

 

 

 

(14) 
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Figure 4: Urban heat island intensity flow chat 
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CHAPTER Ⅳ. OUTCOME 
 

After classifying LULC utilizing supervised classification (maximum 

likelihood method), the classified images are divided into four categories: Water 

area, Forest area, Urban area, and Barren area, and then, analyze LULC change 

in north district of Hong Kong, we associate LULC with land surface temperature 

(LST), calculate the surface urban heat island intensity (SUHI), we discover a 

correlation between LULC change and LST, allowing us to determine the effect 

of urbanization on the urban heat island. 
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Figure 5: LULC classification result 
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1. Separability 

 

The separability between classes can reflect the selection of regions of 

interests (ROIs) quality before classification, we can see, in this study, the 

separability between forest area and urban area, forest area and barren area, urban 

area and barren area among 1987,2004, and 2021 are more than 1.9, and the 

separability between water area and barren area is 2.0, that means the quality of 

ROI is much high. 

 

Table 3: Separability of supervised classification 

 

 

 

2. Accuracy evaluation of LULC 

 

Using the error matrix, the accuracy evaluation (kappa coefficient and 

overall accuracy) is generated for all classified images. For the years 1987, 2004 

and 2021, respectively, the aggregate accuracy was greater than 99%, 96%, and 

99%. While kappa co-efficient was above 0.99,0.94, and 0.99 for the years of 

1987, 2004, and 2021.the overall accuracy and kappa coefficient are much high, 

it proves that the quality of classification is excellent.  
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Table 4: LULC classification accuracy 

 

 
 

 

3. Land use and land cover (LULC) classification result 

 

According to classification outcomes, from 1987 to 2004, 71.157% of forest 

area remained unchanged, 26.903% of forest were changed into urban area, 9.529% 

of barren area were changed into urban area. From 2004 to 2021, 71.157% of 

forest area remained unchanged, 26.903% of forest area were changed into urban 

area, 9.529% of barren area were changed into urban area. From 1987 to 2021, 

42.654% of forest area changed into other land areas. 42.177% of the forest was 

converted into urban area. From 1987 to 2021, forested land was converted to 

urban land, and urbanization continued to expand. 
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Table 5: Land-use transfer matrix 

 

 

 

4. Calculation of NDVI and FVC through ENVI 5.3 

 

A negative number denotes a ground cover that reflects more visible light, 

such as clouds, precipitation, snow, etc., whereas a positive value denotes a 

ground cover that reflects less visible light, such as vegetation. 0 indicates rock 

or barren soil, and NIR and Rare are roughly equivalent. NDVI can reflect the 

underlying influences of a plant canopy, such as soil, moisture, precipitation, and 

decomposition. vegetation cover is correlated with foliage, texture, etc. We 

calculated NDVI using ENVI 5.3 and obtained the NDVI graph, which can also 

reflect the degree of urbanization. 
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Figure 6: NDVI of north district of Hong Kong 
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As an essential component of the ecological cycle, vegetation plays a crucial 

role in the global energy and material cycles. Fractional vegetation cover (FVC) 

is typically used to describe the surface vegetation cover and is the ratio of the 

vertical projection area of the ground's plant canopy to the overall area of the land. 

 

 

 

5. Correlation analysis between UHI and NDVI and NDBI 

         

      In 1987, NDVI and LST had a correlation value of -0.61274; NDBI and 

LST had a correlation coefficient of 0.59873; in 2004, NDVI and LST had a 

correlation coefficient of -0.48521; and in 2021, NDVI and LST had a correlation 

coefficient of -0.40626; NDBI and LST had a correlation coefficient of 0.77621.  

 

Table 6: The relationship between LST and NDVI 
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Table 7: The correlation between LST and NDBI 

 

 

 

6. Relationship between LST and LULC 

 

This investigation measured the land surface temperature (LST) in the Hong 

Kong North district using the Landsat thermal band. Landsat 5 TM images from 

December 1987, Landsat 5 TM images from December 2004 and Landsat 8 

images from December 2021 were acquired. We can observe a spatial increase in 

LST in the study area, and the LST distribution is comparable to the LULC map. 

In 1987, high LST in the study area was primarily distributed in urban and 

desolate areas, whereas the high temperature distribution range was not the same; 

however, in 2004 a much greater proportion of the study area encountered high 

temperatures in urban and desolate areas. Due to urbanization, the north district 

of Hong Kong will become harsher in 2021, with temperatures reaching above 

30 degrees Celsius. The decreased temperature in the study's eastern region is a 

result of the forest and aquatic regions. The variations in LST reflected the effect 

of land change. Continuous urban area expansion and a rise in LST suggest that 

urbanization has an impact on LST. Observing the land surface temperature (LST) 
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between our research and the satellite transit time LST is challenging. So we used 

0 cm Ground Temperature from National Meteorological Information Center of 

Hong Kong for comparison. After comparison, I found the error between our 

study and meteorological observatory observation data is under 2.0 °C, based on 

our purpose of study, the error is within a reasonable range, it can meet the needs 

of study. 
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Figure 7: Land Surface Temperature of North District of Hong Kong 
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According to the research of Muhammad Farhan Ul Moazzam, urban areas 

significantly contribute to the rise in LST, and changes in land use and land cover 

(LULC) may have a negative impact on the geographical distribution of land 

surface temperature (LST) there, in 1987, when the urban area was 13.56% of the 

portion in North district of Hong Kong, the average temperature was 17.67 °C, 

but when the urban area reached 51.32% in 2004, it rose to 20.30 °C, in 2021, the 

urban area was 62.34% and the mean temperature was 24.74°C, shown that 

urbanization directly affects LST. Fig. 8 demonstrated the connection between 

urban areas and LST. 

 

Figure 8: Trend of LST with increasing urbanization. 
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7. The Albedo and LST 

 

From the albedo map, it shows that the distribution of albedo change is the 

same with the LULC change, as the urbanization and urban growth take place in 

north district of Hong Kong, the surface of this region changes at the same time, 

especially, the impervious surface and forest area surface, all these changes take 

place with the albedo change by the same time. The result shows that the 

distribution of LULC, albedo and LST is the same. 
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Figure 9: The distribution of albedo in North District of Hong Kong. 
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8. Analysis of Albedo and LST in significant sub-areas 

 

The cyan-red scale images below clearly demonstrate the direct relationship 

between the surface albedo and the LST values of the building's interesting 

regions. Images of Δα and LST demonstrate the clear relationship between 

surface albedo and LST values of interest regions. As pictures 1,2,3,4, shown, 

there are no changes in these regions from 1987 to 2021. However, in pictures 

5,6,7,8, the surfaces of these regions changed. In picture 6, the surface albedo 

diminished strongly with 0.13, resulting in a temperature increase of 4.7 °C. 

In the southeast of Hong Kong's north district, many residential areas had 

solar roofs. As shown in image 8, the photovoltaic roof led to a 0.09 reduction in 

albedo and a 5.8 °C rise in LST as a result. 

 

Figure 10: Albedo and LST in significant sub-areas. 
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9. The distribution of SUHI in the North District of Hong Kong 

 

Urban heat island surface intensity (SUHI) has been determined. According 

to the findings, the metropolitan area's average surface temperature in the North 

District of Hong Kong was 17.6724 °C in 1987, rose to 20.2954 °C in 2004, then 

rose to 22.9465 °C by 2021. In 1987, the non-urban LST was 8.4176 °C; in 2004, 

it was increased to 10.7653 °C; and in 2021, it was raised once more to 11.6905 °C. 

Surface urban heat island, or SUHI, is the difference between the mean surface 

temperature of an urban area and an undeveloped area. For three years, SUHI was 

computed. In 1987, there was a difference in mean LST between urban and non-

urban area of 8.2548 °C; this value grew to 10.5304 °C and 11.2565 °C in 2004 

and 2021, respectively. 

 

 

10.the development of urbanization and urban heat island in the North 

District of Hong Kong. 

 

According to literature review research, the findings demonstrated a 

favorable association between urban heat island and urban area land use and land 

cover (LULC), and the association between urban heat island and water area, 

forest area is negative. In this study, the land use and land cover (LULC) results 

show that the expansion of urban area could increase the land surface temperature 

(LST), whereas the urban heat island intensity is the temperature difference 

between urban and non-urban areas. So, the urbanization speed goes faster, the 

land surface temperature of the urban area increases faster, and the surface urban 

heat island more serious. 

 

in 1987, when the urban area was 13.56% of the portion in the North district 
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of Hong Kong, when the urban area reached 51.32 percent in 2004, the average 

temperature was 17.67 °C and rose to 20.30 °C, in 2021,the urban area was 62.34% 

and the mean temperature was 24.74°C, in 1987, there was an 8.2548 °C 

difference between the mean LST of urban and non-urban areas, but it grew to 

10.5304 °C and 11.2565 °C in 2004 and 2021 [67,68,69]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



55 

 

CHAPTER Ⅴ. CONCLUSION 
 

To investigate how urbanization and the surface urban heat island are related, i 

categorized Landsat 5, Landsat 8, and LULC pictures by using maximum 

likelihood supervised classification. The separability of supervised classification 

is sufficient, and the Kappa coefficient and overall accuracy range from 96% to 

99%, or from 0.94 to 0.99, respectively. In the result of LULC classification, I got 

the land-use transfer matrix of the North district of Hong Kong, from 1987 to 

2004, 71.157% of forest area was retained, 26.903% of forest was changed into 

urban area, 9.529% of barren area was changed into urban area. From 2004 to 

2021, 71.157% of forest area was retained, 26.903% of forest area was changed 

into urban area, and 9.529% of barren area was changed into urban area. 42.654% 

of the forestland was converted to other land uses between 1987 and 2021, while 

42.177% of the forestland was converted to urban space. From 1987 to 2021, 

forest land was converted to urban land, and this urbanization trend persisted.  

Then I got the inversion LST based on the radiation transfer equation method 

through the thermal band of Landsat 5/ Landsat 8 images in ENVI 5.3, I can find 

that the distribution of high temperature is basically the same as urban area and 

barren area in LST maps and LULC maps. Surface urban heat island (SUHI) may 

be estimated by comparing the mean surface temperatures of urban and non-urban 

areas. In the North District of Hong Kong, the SUHI for 1987, 2004, and 2021 

was determined. In 1987, there was an 8.2548 °C difference between the mean 

LST of urban and non-urban areas, but it grew to 10.5304 °C and 11.2565 °C in 

2004 and 2021, respectively. I have hypothesized that the North District of Hong 

Kong's high surface temperature is caused by urban growth, which implies there 

is a direct correlation between urban growth and LST and it is the primary source 

of the LST increase. In this investigation, it was also shown that the SUHI 

intensity rose by 2.0017 °C between 1987 and 2021.  
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On the other hand, I have examined the correlation trend between the LST 

and EDVI, and NDBI to determine the correlation trend between the LST 

distribution and urban building land and green space. According to the correlation 

coefficients between NDVI and LST, which are -0.61274 in 1987, -0.48521 in 

2004, -0.70397 in 2021, and -0.40626 in 2021, urban heat islands are negatively 

impacted by urban green space. Urban building land has a positive impact on the 

urban heat island, which suggests that urban building land may boost the urban 

heat island effect, according to the positive association between urban building 

land and surface temperature distribution. Hence, the North District of Hong 

Kong has suffered significantly as a result of urbanization, which is also to blame 

for the region's rising temperatures. 
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Main innovations and limitations in this study 

 

Innovations:1. The combination of land use and land cover (LULC) and the 

inversion of Land surface temperature (LST) make the relationship between 

urbanization and urban heat island effect clearer.2. I selected Albedo and LST in 

significant sub-areas, the analysis of interesting points can reveal the change of 

albedo of North District of Hong Kong as time goes by in different regions. 

 

Limitations:1. In this study, I used the winter dataset to get the winter urban heat 

island, but without the summer urban heat island. 2. I just got the urban heat island 

development and situation of the North District of Hong Kong, however, the 

climate in Hong Kong is complex and multivariate, Studying the whole Hong 

Kong urban heat island effect is more serious than part of Hong Kong city. 
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Research prospect of urban heat island in Hong Kong region 

 

This study used 3 datasets to get the urban heat island development and 

situation in the North District of Hong Kong. I analyzed the land use and land 

cover (LULC) change and the impact on land surface temperature (LST) and 

urban heat island, then, revealed the relationship between urbanization and urban 

heat island, however, the dataset is limited, and the result is just winter urban heat 

island, and the research range is just North District of Hong Kong but not the 

whole Hong Kong city. The relationship between urbanization and urban heat 

island is just surface urban heat island, the result can just reveal the urban heat 

island effect in the North District of Hong Kong through a two-dimensional 

surface aspect, in the future, the study should take urban form into account to 

research urban heat island in Hong Kong from three-dimensional space. 
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