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Abstract—Worldwide urbanization has significantly 
changed the landscape in recent decades, which resulted in 
an urban heat island (UHI) phenomenon. This study 
quantitatively analyzed the spatiotemporal changes of the 
urban heat island (UHI) of Zhangzhou estuary city of China, 
in the context of urbanisation using Landsat Thematic 
Mapper (TM) and Enhanced Thematic Mapper Plus 
(ETM+) thermal images acquired in 2001 and 2006. Satellite 
thermal infrared images were used to determine land 
surface temperatures (LST). The results demonstrated UHI 
was evident and had developed in the 6-study years because 
of the dramatical urban expansion. LST varied from 20.29 
to 32.70 ℃with the urban heat intensity of 8.5 ℃and 9.5 ℃, 
respectively. The increased UHI areas were consistent with 
the new urban areas developed. The area of UHI has greatly 
increased, but the ration of UHI area to urban area seems to 
decrease. The study also indicted UHIs are radiative, with 
the highest LST on build-up lands due to high impervious 
structures, followed by farmland and cooled outwards 
toward forests and water body. It is hoped that the study 
will be beneficial to land use and urban planning and its 
management.  
 
Index Terms—land surface temperature, remote sensing, 
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I.  INTRODUCTION 

Over the past several decades, the global process of 
urbanization has progressed dramatically rapid, thus gave 
rise to many problems for the urban environment and 
climate [1], e.g., a phenomenon known as urban heat 
island (UHI). UHI leads to raising atmospheric and 
surface temperatures in urban areas significantly warmer 
than in surrounding non-urbanized areas due to 
urbanization. UHI effects develop when a large fraction 
of the natural land-cover in an area are replaced by built 
surfaces that trap incoming solar radiation during the day 
and then re-radiate it at night [2]. UHI effects are 
exacerbated by the anthropogenic heat generated by 

traffic, industry and domestic buildings, impacting the 
local climate through the city’s compact mass of 
buildings that affect exchange of energy and levels of 
conductivity [3, 4]. The resulting higher temperatures by 
UHI increase air conditioning demand, raise pollution 
levels and may modify precipitation patterns (Yuan and 
Bauer 2007) and also exacerbate the threats to human 
health posed by thermal stress [5]. Surface UHI is 
typically characterized as land surface temperature (LST) 
through the use of airborne or satellite thermal infrared 
remote sensing, which provides a synoptic and uniform 
means of studying SUHI effects at regional scales. The 
advent of satellite remote sensing technology has made it 
possible to study UHI both remotely and on continental 
or global scales. There has been considerable research on 
the UHI phenomenon using muti-resolution satellite data 
ranging from 1.1 km spatial resolution of 
NOAA/AVHRR thermal bands, to 120 m and 60 m for 
Landsat Thematic Mapper (TM) and ETM+'s thermal 
infrared (TIR) [6, 7]. Thermal infrared measurements 
from medium-resolution satellites, such as Landsat, have 
been used successfully to capture LST for urban areas [8]. 
The magnitude and pattern of UHI and their relationship 
with the process of urbanisation have become major 
concerns in many urban environmental and 
climatological studies.  

The main goal of this paper is to understand urban heat 
island effect of Zhangzhou estuary region in southeastern 
China and evaluate its changes during the years from 
2001 to 2006 in the context of urbanisation using time-
series remote sensing data. 

II. STUDY AREA AND DATA 

Zhangzhou estuary region, located in the Jiulong River 
in Fujian Province of southeastern China, is embellished 
with Longwen, Xiacheng districts and Longhai city (Fig. 
1). The approximate geographical position of the central 
estuary region is 24° 30' 48" N, 117° 39' 20" E. The 
estuary region is the main componential part of 
Zhangzhou City for its fast economic development, 
which accounts for 50% of Zhangzhou's GDP ranking the 
fourth in Fujian province in 2011. By 2011, the 
population of the region totaled 1.59 million. It has a 

 

Manuscript received January 1, 2012; revised June 1, 2012; accepted
July 1, 2012. 

corresponding author: Lzhua@xmut.edu.cn  

3082 JOURNAL OF COMPUTERS, VOL. 7, NO. 12, DECEMBER 2012

© 2012 ACADEMY PUBLISHER
doi:10.4304/jcp.7.12.3082-3087



northern subtropical monsoonal climate, with an average 
annual temperature of 21 degrees. The region presents a 
particularly interesting laboratory for studying SUHI 
effects due to the diversity of land cover types and uses, 
the unique natural ecosystem with rich biological 
productivity and varied eco-environment, combined with 
the rapid urbanization. 

The remotely sensed data used for the study are 
Landsat TM/ETM+ images acquired on August 31, 2001 
and 17 August 2006, respectively. The images are cloud-
free and have excellent quality. The images were rectified 
to the UTM projection system (Zone N50), and their 
thermal bands were resampled to 30-m resolution. The 
preprocessing of the images was carried out by an 
atmospheric correction procedure using the COST 
method [9].  

A new decision tree classification approach (DTC) was 
developed to extract landuse data of the study. DTC in 

remote sense is a classification technique like a binary 
tree structure, which has been widely used in remote 
sensing classification and thematic information extraction. 
In the study, DTC integrates multi-spectral features 
derived from imagery such as SAVI (Soil adjustment 
vegetation index), MNDWI (Modified normalized water 
index), MNDBaI (Modified normalized barren index), 
KT1 and WI (witness index), i.e., the first and third 
tasseled-cap band, with geographic features including 
DEM and slope. DTC approach based on multi-feature 
indices to extract urban landuse was built up (Fig. 2). 
Further details on the theoretical background of the DTC 
can be found in literature [10]. Based on the thresholds 
derived from above indices, the land-use information 
could be obtained by applying DTC method on the study 
area, and adjusted according to base maps and visual 
interpretation 

 

 
 

Figure 1.  A map of the study area, showing the important towns of the estuary region. 
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Figure 2.  Proposed classification framework: a muti-features decision tree to extract urban landuse 
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III.  METHODS 

A.  Derivation of Land Surface Temperature (LST)   
LST was derived from the TM/ETM+ thermal infrared 

bands, i.e., band 6 for TM Landsat 5, band 61 and 62 for 
Landsat 7 ETM+ repectively. Xian & Crane [4] assumed 
that band 62 was suitable for areas with low reflectance 
such as coastal regions. Therefore, band 62 was chosen 
here. LST retrieval was carried out through three phases 
as follows. 

1) Conversion from Digital Number to Radiance  
The digital numbers (DN) were transformed into 

absolute radiance using the equation: 

                      Lλ= Gainλ·DNλ + Biasλ                              (1) 

where, Lλ is the spectral radiance at the sensor’s 
aperture, the Gainλand Biasλ are band-specific rescaling 
factors obtained from the header file of the images. 

2) Conversion from radiance to brightness 
temperature  

Then the spectral radiance was converted into a 
satellite brightness temperature (TB), which is called 
effective at-satellite temperature, by the following 
conversion equation: 

               TB = K2 / ln (K1 / ( Lλ+1) - 273.15                    (2) 

where TB is the effective at-satellite temperature (°C), 
K1 and K2 are pre-launch calibration constants . For 
Landsat 5 TM, K1 = 607.76 Wm-2sr-1μm-1 and K2 = 
1260.56 K; for Landsat 7 ETM+, K1 = 666.09 Wm-2sr-

1μm-1and K2 = 1,282.71 K. Lλ is the spectral radiance 
from equation (1). 

3) LST Retrieval 
Since the resulting temperature values obtained above 

are referenced to a black body, it is necessary to correct 
for spectral emissivity depending on the nature of land 
cover. Land surface temperature (LST) corrected with the 
emissivity was obtained from the equation [7]:  

       LST = TB / (1+λ·TB /ρ)lnε                                     (3) 

where λ = 11.5μm, ρ = 1.438 × 10-2 mK, and ε is land 
surface emissivity. Water emissivitiy was estimated as 
0.995. For natural surface εsurface and build-up εbuilt-up land, 
they were obtained using the following equation:  

    εsurface = 0.9625 + 0.0614Pv - 0.0461Pv
2                    (4) 

   εbuilt-up = 0.9589 + 0.086Pv - 0.0671Pv
2                      (5) 

where Pv, is the vegetative proportion obtained 
according to Carlson & Ripley [11] as:  

Pv =[(NDVI – NDVImax)/ (NDVImax-NDVImin)]2         (6)  

Here, NDVImax and NDVImin donated the values for 
dense vegetation and bare soil  

B.  Urban Heat Intensity  
Zhao et al. [12] proposed UHI intensity which is 

defined as the maximum difference between urban LST 
and terrestrial average LST, as in equation: 

                       I = Max (Tui – Ta)                                   (7) 

where I is UHI intensity (°C), Tui is the LST of the ith 
pixel in the urban area (°C), Ta is average LST of the 
whole terrestrial part of Zhangzhou (°C), including rural 
and urban areas, 

C.  Comparision of UHI Change between Different Dates 
It is difficult to compare these two images directly 

using LST due to different time periods. To further study 
the UHI changes of the city in the 5-year period, a 
relative LST index (R) was used to normalize LST values 
from different dates. R could be calculated using the 
following equation: 

         R = (Tui–Ta) / (Ta + 273.15)                               (8) 

The normalized images were further divided into 6 
levels using the thresholds in Table I, and corresponding 
UHI grades describe the level of UHI intensity. Thermal 
patches of levels 2–6 together formed the overall extent 
of UHI. The urban patches with the area of less than 0.5 
km2 was masked out from the image.  

TABLE I.   
THRESHOLDS USED IN THE SEGMENTATION OF THERMAL PATCHES [12]. 

R value Class number UHI grade 
≤ 0  1 None 
0-0.005 2 Weak 
0.005-0.01 3 Mid 
0.01-0.015 4 Intensive 
0.015-.020 5 Very intensive 
> 0.020 6 Extremely intensive

 
To quantitatively compare UHI, an urban-heat-island 

ration index (URI) was used, which can be expressed by 
the formula [13]:  

             ∑
=

=
n

i
ii pwURI

1100
1                           (9) 

where m is the number of normalized temperature levels, 
i is the level value of temperatures higher than rural areas, 
n is the number of higher temperature levels mainly 
occurring in urban areas, wi is weighted value using the 
value of correspond level i, pi is the percentage of level i. 
Levels 4, 5 and 6 are mainly distributed in urban areas 
and the temperatures in rural areas are generally below 
level 4. Accordingly, n is 3, and i1 i2 and i3 equals 5, 6 and 
7 respectively, p can be obtained from the percentage 
values of the corresponding levels in TableⅡ.   

IV.  RESULTS AND DISCUSSION 

A.  LST Patterns and Statistics 
The digital remote sensing method provides not only a 

measure of the magnitude of surface temperatures of the 
estuary area, but also the spatial extent of the surface heat 
island effects (Fig. 3). Fig. 3 shows the distribution of 
LST values that have a range of 15.68-33.67℃with the 
urban heat intensity of 8.5 ℃ in 2001. In 2006, LST 
varies from 20.29 to 32.70 ℃with the urban heat intensity 
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of 9.5 ℃, respectively. The UHI was distinct in the 
estuary region either in 2001 or in 2006 (Figs.3-4). Two 
apparent hot spots in 2001, located in the old downtown 
area in Longwen, Lichen district, and longhai city, can be 
identified (Fig. 3(a)).In addition, it was seen that the 
northeast and northwest part, which comprises of 
considerable patches of fallow farmland, also recorded 
obviously higher thermal characteristic in 2001. They 
showed very clear features of the UHI apart from fallow 
farmland area that was due to large low vegetation area. 
The UHI has a strong contrast compared to surrounding 
“cool” areas. In addition, the airpot, railway station of 
Guokeng, and Longhai Dock, some areas in jiaomei town 
also show the UHI phenomenon. 

With the expansion of urban, the distribution area of 
the UHI in 2006 was remarkably greater than in 2001. 
Many urban areas, Shiting town in Xiangcheng district, 
Buwen, Lantian and Zhaoyang towns in Longwen district, 
and Jiaomei, Shima towns in Longhai city, etc., have 

witnessed dramatic growth in the 6-year period. The 
increased UHI areas were consistent with the new urban 
areas developed since 2001. Among them, new Zhaoyang 
and Lantian Industrial Estate showed UHI characteristics 
with the high temperature area. UHI characteristics in 
most part of Jiaomei town are also moving forwards to 
the new built-up areas in the southeast of Longhai (Fig. 4).  

B.  UHI Changes 
The resultant LST images based on the normalized 

method were shown in Fig. 4 and the area of each 
temperature level is given in Table Ⅱ. It shows that the 
area of the urban heat island expanded with the urban 
expansion. The temperature can increase by 2 to 3 grades 
in several areas, such as Lantian town, Zhisan town, 
expanded portion of the Shima town, Zhaoyang Industrial 
Estate, and some reclaimed area by the sea.   

 

 

 

 
 

Figure 3.  Distribution of Heat-Island in Zhangzhou estuary region in 2001 (a) and 

2006 (b) Note: the areas in the ellipses in each panel represent where fallow farmland 

exhibited obviously high temperature hots. 

32.70                              20.29 ( )℃
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Figure 4.  Comparision of the change of the UHI distribution between 2001(a) and 2006 (b). 

 

TABLE II.   
AREA  DIFFERENCE IN LST IN ZHANGZHOU ESTUARY REGION FROM 

2001 TO 2006 

Level 2001 2006 
Difference 
between 
2001 and 2006 

 Area(km2) (%) Area (km2) 
(% Area 

(km2) 
(%) 

1 2.51 6.04 0.33 
0.

9 
-2.18 -5.75

2 5.15 12.40 11.81 
10

7 
6.66 -2.03

3 10.82 26.06 44.63 
39

7 
33.81 13.11

4 13.54 32.61 43.78 
38

2 
30.24 5.82 

5 6.28 15.13 12.58 
11

4 
6.30 -4.09

6 3.23 7.77 0.82 
0.

2 
-2.41 -7.05

Total 41.54 100.00 113.96 
10

00 
72.42 0 

 
 
The area of UHI has greatly increased from 21 km2 in 

2001 to 57 km2 in 2006. URI is 0.42 in 2001 and 0.35 in 

2006, which suggest that the ration of UHI area to urban 
area is decreased. The area of highest temperature level 
(level 6) only makes up 7.77% of the urban area and area 
of level 4 makes up 15.13% in 2001, while the data were 
0.72% and 11.04%, respectively, in 2006. This indicates 
the UHI has somewhat been mitigated. This can be 
typically found in old downtown area in Longwen and 
Xiangchen districts. High temperature areas in some 
locations were significantly reduced.  

C. Characteristics of LST by Land Cover Type 
Table Ⅲ summarized the statistics of St by LULC type, 

including the mean and standard deviation values of LST 
by LULC type in 2001 and 2006. It shows that build-up 
land exhibited the highest temperature (27.75 and 
25.65℃ for 2001 and 2006, respectively), follows by 
farmland (25.46℃ and 23.94℃). The lowest temperature 
is observed in water bodies (23.46 and 23.20 ℃), follows 
by forestland (25.46 and 23.94℃). The study suggests 
that urban development brought up LST by an average of 
6.10 and 3.2 ℃ in 2001 and 2006 by replacing natural 
environment (forest and water) with non-evaporating, 
non-transpiring surfaces such as stone, metal, and 
concrete. The standard deviation value of LST is large for 
build-up land (2.3 and 1.3 ℃), indicating that these 
surfaces experience a wide variation in LST with diverse 
construction materials interspersed vegetation and water 
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body in varying percentage. Farmland has an 
intermediate level of LST (25.46 and 23.49℃, 
respectively) owing to their sparse vegetation and 
exposed bare soil. Forests possess a considerably lower 
LST, because dense vegetation can reduce amount of heat 
stored in the soil and surface structures through 
transpiration. Water exhibits a distinctively small LST 
owning to its rather high thermal inertia. 

TABLE III.   
DESCRIPTIVE STATISTICS OF BIOPHYSICAL PARAMETERS OF THE LAND 

COVER TYPES 

Land use/cover type 2001 2006 

 Mean LST ( )℃  Mean LST ( )℃  

Build-up land 27.75 ± 2.30 25.65 ± 1.31 

Farmland 25.46 ± 1.96 23.94 ± 0.79 

water 19.83 ± 1.80 21.64 ± 0.69 

Forestland 23.46 ± 1.48 23.20 ± 0.66 

V.  CONCLUSION 

Landsat TM/ETM+ thermal infrared imagery play an 
important role in the study of the UHI phenomenon. In 
the study, LST estimated from the images was as a 
indictor of UHI. The spatiotemporal changes of UHI for 
the Zhangzhou estuary city of China with the process of 
urbanization were explored. The extent of UHI effect 
influenced by urbanization has greatly increased, but the 
ration of UHI area to urban area somewhat decreases.  

The study also indicted UHIs are radiative in nature, 
with the highest LST on build-up lands with high 
impervious structures, including commercial, industrial, 
and residential areas, followed by farmland and cooled 
outwards toward forests and water body. These imply that 
urban development contributes to the overall increase in 
LST by replacing the natural environment, particularly 
forests and water body with non-evaporating, non-
transpiring surfaces. To mitigate the UHI in the region 
and mprove the overall urban environment, city planers 
and environmental managers should adopt some heat 
island reduction strategy, plantation of shade trees , 
selection of factory building size and highly reflective 
roof materials etc. 
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