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ABSTRACT
Land use/Land cover (LULC) change is one of the key reasons of Urban Heat
Island (UHI) dynamic. Previous studies focused on the relationship of urban sprawl
and emergence of UHI, but less attention was paid to how urban regeneration
progress influences on the thermal environment in built-up regions.
In this paper, a comparative study of Kowloon, Kuwn Tong and Kwai Tsing,
on the LULC and Urban Heat Island Intensity (UHII) in 2000 and 2010 was
conducted. The study investigated the effect of urban regeneration progress on
thermal behavior of the built-up environment.
Landsat 7 ETM+ data was used to retrieve the UHII of the two periods in the
study area. A spatial quantitative analysis was made through the integration of
Remote Sensing (RS) and Geographical Information System (GIS) analysis tool. The
results presented an evident enhancement of UHI in Kowloon East within the 10
years of urban development. The study results provides reference to optimize the
master plan of Kowloon East and contribute to the innovative thinking in applying
scientific methods to support the decision-making in urban regeneration schemes to
avoid environmental issues that the urban regeneration process may bring about.
INTRODUCTION
The Urban Heat Island (UHI) effect impacts on the urban micro-climate and is
a serious problem that hinders the living comfort of urban areas. Urbanization
progress is one of the major roles that play in the daytime of Urban Heat Island effect
(Radhi, Fikry, and Sharples, 2013). Many previous studies had conducted research to

593

COMPUTING IN CIVIL AND BUILDING ENGINEERING ©ASCE 2014

uncover the contribution of different urban development activities on the spatial and
temporal change of UHI. Saleh (2011) assessed how urban growth in Baghdad city
impact on the land surface temperature (LST) with integration of GIS and RS.
Giannopoulos et al. (2011) found that the high LST can be enhanced by the
increasing in urbanization and the reduction of lack of vegetation. In the study of the
thermal environment of the cooling effect of green space, there are a large number of
studies have shown that urban greenery has good cooling effect. Wen Xingping , Hu
Guangdao , Yang Xiaofeng (2008) studied the application of Landsat image temporal
changes in vegetation cover for the Guangzhou urban heat island effect; Onishi A,
Cao X, Ito T, et al., (2010) has studied the effect of parking lot in reducing the UHI
effect with the potential green coverage space. Urban land use condition is another
factor that influenced on UHI development. The studies of Jusuf, Wong, Hagen,
Anggoro and Hong (2007) proved that land use would have diverse impacts on the
urban temperature. Li et al. (2011) investigated how landscape composition and
configuration would impact on the UHI in the metropolitan centers. Tian, Chen, and
Yu (2013) studied the effect of urbanization progress on the UHI formation in
Shenzhen and concluded that the land use is responsible for the UHI transitions.
Urban regeneration is to solve the urban problems through a series of longterm actions to improve the economic, physical, social and environmental conditions
(Roberts, 2000; Alpopi and Manole, 2013). Many cities are conducting urban
regeneration actions to revitalize their economic, environmental and social functions.
With the aging of urban infrastructures and buildings in the cities, the contradiction
between quality of life and fading living environment become a key urban issue.
Therefore, urban regeneration is required to revitalize the activities of city centers,
old industrialized areas and old towns. As one of the inevitable phases in the
urbanization progress, urban regeneration becomes the new starts and motivation for
further urban development. Many cities are programming urban regeneration projects
to meet the demand of further development. The urban regeneration process in
Singapore integrated traditional buildings conservation with the new urban plan
through written conservation into the law as compulsory part. Some of the urban
regeneration aims to mitigate the environmental issues to improve living comforts.
The urban regeneration process of Bucharest, Romania, started in 2009 (Alpopi and
Manole, 2013). The scheme increased the quality of life of people by improving the
management of green spaces, access routes, etc. Among the current cases of urban
renew, seldom discussed or assessed the potential influence of regeneration progress
or results on the urban thermal environment. However, it is vital that the urban renew
project will not make sense if the byproducts of new construction make our
environment hotter.
In this paper, we cited the Kowloon and part of Kwai Tsing District (see
Figure 1), which are old as the study area to conduct a research on the influence of
the urban construction activities from 2000 to 2010 on the change of urban heat
island. With the comparison of different periods of data, we retrieve the Land Surface
Temperature (LST) and detect the land use change of this region through a series of
Remote Sensing (RS) and Geographical Information System (GIS) programming.
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STUDY AREA
The Kowloon District locates in the centre of Hong Kong and composed of
Sham Shui Po, Yau Tsim Mong, Kowloon City, Wong Tai Sin, Kwun Tong, Tsuen
Wan and Kwai Chung . It is the first urbanized area in Hong Kong with high
population density and urban density. Tsuen Wan New Town was developed in 1959.
It is Hong Kong's earliest new town for the "New Development Area" and now has
become one of Hong Kong's major residential districts. Sham Shui Po is also one of
the early developed areas in Hong Kong and was redeveloped into residential area
after its transformation from a commercial, industrial and transportation hub of the
territory. Kwun Tong is one of the first New Towns and still one of the major
industrial areas in Hong Kong. Due to the increasing population, the demands for
housing, public services and infrastructures also go up accordingly. In light of this
situation, a number of redevelopment projects were implemented there.

Figure 1. the site area: Kowloon District and Urbanized area of Kwai Tsing
District
DATA
The Remote Sensing image has the privilege of monitoring spatial changes of
land surface environment. Its accuracy and timeliness to detecting land information is
very significant to analyze the Land Use/Land Change (LULC) and land surface
temperature (LST). The Landsat -7 Enhanced Thematic Mapper Plus (ETM+) data
contains 8 bands in 3 resolution levels. Band 1-5 and 7 are obtained through 30m
resolution sense, while band 6 (61 and 62) through 60m resolution sense, band 8
through 15m resolution sense. Regarding to the difference emissivity of the bands, we
applied the various combinations of bands to process for different target of analysis.
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In this study, the Landsat-7 ETM+ images obtained on 14 September 2000 and
28 October 2010 were utilized to process the analysis of LST and LULC in Kowloon
and Kwai Tsing District.
Table 1. Landsat -7 ETM+ data for this study
Sun Elevation Angle
Obtain Date
14 September 2000

58.9983998

28 October 2010

48.29343796°

Scene center Coordinate
Lat: 23.11663
Lon:113.53951
Lat: 23.10801
Lon: 113.58596

METHODOLOGY
Land Surface Temperature Retrieve. Basic data processing is required before put
the data for band math calculation. Polygon of the site area was used to mask the data
to identify the boundary. This polygon can be a shapefile format data generated
through ArcGIS as it should be spatially adjusted to the positions in the same as the
coordinate of the site area in the earth.
Band 6 is utilized to retrieve LST in the site area, as it is the thermal infrared
band that can identify land objects and retrieve temperature with its thermal
information. Wavelength of band 6 can range from 10.40 to 12.50 μ m of the
electromagnetic spectrum (NASA, 2012).
After basic data process of atmospheric correlation and landsat calibration, there
are three major processes to retrieve the LST: radiation calibration, land surface
emissivity and calculating real temperature via the thermal infrared. For NDVI, it is
the Normalized Difference Vegetation Index (NDVI), an important factor to evaluate
the vegetation coverage on the ground, is necessary in the study of both LST and
LULC identification of each cell. The formula for NDVI calculation is as equ.1 :
(equ.1)
Where ρNIR is radiance in reflectance units of band 4 and ρRED is the radiance in
reflectance units of band 3 (Red light).
Land Use / Land Change Detection. Maximum Likelihood Classification
method is utilized in this studies to acquire the LULC condition both years. The
Maximum Likelihood is a supervised classification method which classifies surface
objects according to sample cells we define as different classes of lands. Obtained the
land use condition of the two years, we do the Change Detection Statistics to further
analyze the spatial and temporal dynamic of land classes of urban, bare land and
vegetation.
RESULT
Urban Heat Island Intensity (UHII) Detection. To normalize the data for
comparison, we use the Urban Heat Island Intensity (UHII) to present the thermal
environment of site area. UHII was defined as the variation of spatially-averaged air-
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temperature between an urbanized area and its surrounding rural area (Memon,
Leung, and Liu, 2009). We evaluate the intensity of Urban Heat Island of 2000 and
2010 as
Figure 2 (left). The UHII of urbanized areas are all more than 0, with mean
there is significant urban heat island effect. In 2000, Kowloon City, Yau Tsim Mong,
Kwai Tsing and Kwun Tong area have UHII of 0.01-0.2 ℃. In 2010, the UHI
accumulated areas are similarly distributed as that of 2000. However the UHII were
enhanced in several places. The area for Yao Tsim Mong and Kowloon with UHI
effect is reduced. However, the UHII of some places in Kwai Tsing and Kwun Tong
increased from 0.21-0.4 ℃. Seeing form
Figure 2(right), there is the change detection of UHII of 2000 and 2010 of the
site area. The class of change was ranked from 0 to 0.3 ℃. We can find that the
biggest change occurs at Kwai Tsing and Kwun Tong where are New Towns for
residential use.

* Legend for left: Green=lower than 0, Yellow=0.01-0.2,
Orange=0.21-0.4, Red=0.41-0.6;
* Legend for right, Green=lower than 0, Yellow = 0.01-0.1,
Orange=0.11-0.2, Red=0.21-0.3

Figure 2. Urban Heat Island Intensity distribution for 2000 (up left) and 2010
(low left) as well as the variation quantification (right)
Land Use Land Change Detection. Comparing the land use result (see Figure
3) acquired from Landsat image of the two year, land transformation between urban,
bare land and vegetation is obvious. The original land for green space was deduced
and changed into bare land for further development. Some of the urban areas are also
changed into bare land for regeneration.
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Figure 3 LULC detection through Maximum Likelihood Method for 2000 (left)
and 2010 (right)
According to the Land Use Change Detection Matrix (see Figure 4), we can
easily find the specific number of land transformation. 6.86% and 31.8% of urban
land was transformed into green space and bare land. 15.76% and 41.9% of green
space was transformed into urban land and bare land. 24.54% and 11.7% of bare land
was transformed into urban or green space.

Figure 4 Land Use Change Matrix (2000-2010), up classes for 2010 and left
classes for 2000
DISCUSSION
Urbanization progress and dynamic of living environment are always associated
with population change. According to the population census in 2001 and 2011, the
population in Kwun Tong increased from 562,427 to 622,152; population in Kwai
Tsing increased from 477,092 to 511,167; population in Yau Tsim Mong increased
from 282, 020 to 307,878; population of Sham Shui Po increased from 353,550 to
380,855 (see Table 2). As we analyzed, the UHII of these places also increased in
accordance with the districts where the population grow up. Human activities have
great impacts on the formation and dynamic of urban thermal environment.
Table 2. Population Change from 2000 to 2010
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CONCLUSION
For most of the cities, especially the big cities, urban regeneration is important to
ensure the long-term energy and social-economic attractions of people. In the
progress of urban regeneration, new environmental issues may occur. Thus it requires
more consideration on the further impact on urban environment, especially the
thermal behavior, from new buildings or revitalized old buildings. We see from the
above studies that degeneration of urban green land in Kowloon resulted into the
enhancement of urban heat island intensity. Previous studies also proved that
vegetation is useful to cool down the temperature of environment. Thus, more parks,
open space with green land are necessary for urban renew or regeneration. Moreover,
population increase is another issue that makes the UHI severe. In many new towns
or residential areas, the UHI effect is more significant than other places, because
human activities and the accompany transportation emission and the long-wave
radiation emitted from building facades are major heat resources to increase the
regional temperature. To avoid the side effect from population aggregation, air
ventilation optimization of blocks and the development for more open spaces should
be considered to increase the urban heat dissipation.
ACKNOWLEDGMENTS
The work described in this paper has been supported by a GRF grant from the
Research Grants Council of Hong Kong Special Administrative Region, China
(Project CUHK 455110).
REFERENCES
http://www.censtatd.gov.hk/major_projects/2001_population_census/index_tc.jsp200
1, Hong Kong Population Census,
http://www.census2011.gov.hk/tc/, 2011 Hong Kong Population Census
Akio Onishi, Xin Cao, Takanori Ito, Feng Shi, Hidefumi Imura, Evaluating the
potential for urban heat‐island mitigation by greening parking lots, Urban
Forestry andamp; Urban Greening, Volume 9, Issue 4, 2010, Pages 323‐332,
ISSN 1618‐8667, 10.1016/j.ufug.2010.06.002.
Alpopi, C., and Manole, C. (2013). Integrated Urban Regeneration–Solution for
Cities Revitalize. Procedia Economics and Finance, 6, 178–185.
Gill, S. ., Handley, J. ., Ennos, A. ., and Pauleit, S. (2007). Adapting Cities for
Climate Change: The Role of the Green Infrastructure. Built Environment,
33(1), 115–133. doi:10.2148/benv.33.1.115
Howard, L. (1818). The climate of London (Vol 1). W. Phillips, sold also by J. and A.
Arch.
Kardinal Jusuf, S., Wong, N. H., Hagen, E., Anggoro, R., and Hong, Y. (2007). The
influence of land use on the urban heat island in Singapore. Habitat
International, 31(2), 232–242. doi:10.1016/j.habitatint.2007.02.006
La Rosa, D., and Privitera, R. (2013). Characterization of non-urbanized areas for
land-use planning of agricultural and green infrastructure in urban contexts.

599

COMPUTING IN CIVIL AND BUILDING ENGINEERING ©ASCE 2014

Landscape
and
Urban
Planning,
109(1),
94–106.
doi:10.1016/j.landurbplan.2012.05.012
Ma Y, Kuang Y, Huang N.(2007). Coupling urbanization analyses for studying urban
thermal environment and its interplay with biophysical parameters based on
TM/ETM+ imagery. International Journal of Applied Earth Observation and
Geoinformation, 2010, 12(2): 110-118.
Memon, R. A., Leung, D. Y. C., and Liu, C.-H. (2009). An investigation of urban heat
island intensity (UHII) as an indicator of urban heating. Atmospheric
Research, 94(3), 491–500. doi:10.1016/j.atmosres.2009.07.006
NASA, 2012. Landsat 7 Science Data Users Handbook. NASA. Available at:
<http://landsathandbook.gsfc.nasa.gov/pdfs/Landsat7_Handbook.pdf>
(accessed 1.10.12).
Nichol, J. E., Wong, M. S., Corlett, R., and Nichol, D. W. (2010). Assessing avian
habitat fragmentation in urban areas of Hong Kong (Kowloon) at high spatial
resolution using spectral unmixing. Landscape and Urban Planning, 95(1–2),
54–60. doi:10.1016/j.landurbplan.2009.12.002
Onishi, A., Cao, X., Ito, T., Shi, F., and Imura, H. (2010). Evaluating the potential for
urban heat-island mitigation by greening parking lots. Urban forestry and
Urban greening, 9(4), 323–332.
Onishi, A., Cao, X., Ito, T., Shi, F., and Imura, H. (2010). Evaluating the potential for
urban heat-island mitigation by greening parking lots. Urban Forestry and
Urban Greening, 9(4), 323–332. doi:10.1016/j.ufug.2010.06.002
Radhi, H., Fikry, F., and Sharples, S. (2013). Impacts of urbanisation on the thermal
behaviour of new built up environments: A scoping study of the urban heat
island in Bahrain. Landscape and Urban Planning, 113, 47–61.
doi:10.1016/j.landurbplan.2013.01.013
Roberts, P. (2000). The evolution, definition and purpose of urban regeneration.
Urban regeneration: A handbook, 9–36.
Tian, L., Chen, J., and Yu, S. (2013). How has Shenzhen been heated up during the
rapid urban build-up process? Landscape and Urban Planning, 115, 18–29.
doi:10.1016/j.landurbplan.2013.03.009
VAN DE GRIEND, A. A., and OWE, M. (1993). On the relationship between thermal
emissivity and the normalized difference vegetation index for natural surfaces.
International Journal of Remote Sensing, 14(6), 1119–1131.
doi:10.1080/01431169308904400
Wen, X. P., Hu, G. D., and Yang, X. F. (2008). Extraction vegetation coverage from
hyperspectral remote sensing image using spectral feature fitting. Geography
and Geo-Information Science, 24(1), 27-30.
WU Xiao‐Gang,LIN Yin‐Ding,YAN Hai‐Bing,HAO Xing‐Yu, Correlation between
ecological effect and structure characteristics of urban green (2008). Chinese
Journal of Eco‐Agriculture, Volume 16, Issue 6, Pages 1469‐1473, DOI:
10.3742/SP. J.1011.2008.01469
Zhou, X., and Wang, Y.-C. (2011). Spatial–temporal dynamics of urban green space
in response to rapid urbanization and greening policies. Landscape and Urban
Planning, 100(3), 268–277. doi:10.1016/j.landurbplan.2010.12.013

600

