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 For over a century, the history of Hanoi has been connected to its 
urbanization process. This urban expansion is leading to the replacement 
of natural surfaces by various artificial materials. This situation has a 
critical impact on the environment due to the alteration of heat energy 
balance. This research reports an investigation into the application of 
remote sensing, geographic information systems (GIS) to provide 
information on the impact of urbanization on land surface temperature. 
The results show that low land surface temperature correlates positively 
with the coverage percentage of water and vegetation. This association is 
negative for built-up and dry barren of land use types. Hence, also from 
the results, it can be said that with an increase of built-up area, land 
surface temperature also increases. Especially as, where the surface is the 
plant or water becomes impervious, the temperature rises dramatically, 
from 3 to 7 degree. This information can be used by the municipal 
authorities and decision makers as input during urban and 
environmental planning. 

Copyright © 2018 Hanoi University of Mining and Geology. All rights reserved. 
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1. Introduction 

Urbanization, the conversion of other types of 
land to uses associated with the growth of 
populations and economy, is the main type of land 
use and land cover change in human history. 

Changes in land cover include changes in biotic 
diversity, actual and potential primary 
productivity, soil quality runoff, and 
sedimentation rates (Steven et al., 1992), and 
cannot be well understood without the 
knowledge of land use change that drives them. 
Therefore, land use and land cover changes have 
environmental implications at local and regional 
levels and perhaps are linked to the global 
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environmental process (Weng et al., 1999). 
Urbanization has a great impact on the climate. By 
covering with buildings, roads, and other 
impervious surfaces, urban areas generally have a 
higher solar radiation absorption, and greater 
thermal capacity and conductivity, so that heat is 
stored during the day and released by night. 
Therefore, urban areas tend to experience a 
relatively higher temperature compared with the 
surrounding rural areas. This thermal difference, 
in conjunction with waste heat released from 
urban houses, transportation, and industry, 
contribute to the development of urban heat. 

The land surface is a complex feature that can 
be described as a combination of green 
vegetation, water surfaces, impervious surface 
materials, and exposed soils. As a result of this 
complexity, land surface temperature (LST) 
varies spatially and temporally. Impervious 
surface differs considerably between urban and 
suburban areas, and it is the main contributor to 
the surface urban heat island (SUHI) effect 
(Mallick et al., 2008). The growth and strength of 
the heat island areas during this time bring 
challenges for energy, the health of urban 
residents, water supplies, urban infrastructure 
and social comfort (Rhinane et al., 2012). In 
addition, it exacerbates heat waves and creates a 
negative effect on life expectancy on urban 
inhabitants (EPA, 2008). Typically, the average 
surface emissivity in urban areas is about 2% 
lower than the typical rural areas (Howard L., 
1820). Without emissivity correction and 
neglecting these difference temperature 
retrievals of urban-rural environments can show 
differences of 1.5o C or more. Therefore, urban 
heat island effects can typically be estimated. 
Remote sensing and geographic information 
systems (GIS) has been widely applied and been 
recognized as a powerful and effective tool in 
detecting urban land use and land cover change 
(Ehlers et al., 1990; Treitz et al., 1992; Harris and 
Ventura, 1995). Satellite remote sensing collects 
multi-spectral, multi-resolution, multi-temporal 
data, and turns them into information valuable for 
understanding and monitoring urban land 
processes and for building urban land cover 
datasets. GIS technology provides a flexible 
environment for entering, analyzing and 
displaying digital data from various sources 

necessary for urban feature identification, change 
detection, and database development. However, a 
few of the urban growth studies have linked to 
post-change detection environmental impact 
analysis. The question of how to develop an 
operational procedure using the existing 
techniques of remote sensing and GIS for 
examining environmental impacts of rapid urban 
growth remains to be answered. 

The relationship between land surface 
temperature and land cover has been 
documented in many studies. The correlation 
between surface temperature in Mexicali 
(Mexico) and land use was found by using remote 
sensing data (Cueto et. al., 2007). The relationship 
between land surface temperature using the 
thermal infrared band (band 6) and land cover 
changes in Zhengzhou city (Huabei Plain) using 
multi-temporal satellite data was analyzed by Cai 
et al., (2017). An algorithm to estimate the 
statistical correlation between land surface 
temperature and vegetation index was proposed 
by Hyung Moo Kim et al., (2005).  

Many studies have used remote sensing data 
to determine and monitor land surface 
temperature distribution. The thermal infrared 
bands of Landsat 5 TM (band 6) and Landsat 7 
ETM+ (band 61 and band 62) data were used to 
estimate land surface temperature in urban area 
(Alipour et al., 2007; Mallick et al., 2008; Kumar et 
al., 2012; Grishchenko, 2012; Tran et al., 2009; 
Trinh, 2014). The results of these studies have 
demonstrated that in the big cities, urban heat 
island effect is becoming a problem due to 
increasing coverage of land with impervious 
surfaces. 

The goal of this paper is to demonstrate the 
integrated use of remote sensing and GIS in 
addressing environmental issues in Vietnam at a 
local level. Especially, objectives are to evaluate 
urban growth patterns in the Tay Ho district, 
Hanoi city and to analyze the impact of the urban 
growth on surface temperature. 

2. Study area 

Tay Ho district located in the Northwest of 
Hanoi capital has been identified as a service - 
tourist and cultural center and a protected area of 
natural landscape of the capital Hanoi. The total 
area is about 24 km2 consists of eight wards: Buoi, 
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Nhat Tan, Phu Thuong, Quang An, Thuy Khue, Tu 
Lien, Xuan La, and Yen Phu. 

Tay Ho district is adjacent to four districts: 
Long Bien district (to the east), Bac Tu Liem 
district (to the west), Ba Dinh district (to the 
south), and Dong Anh district (to the north). Tay 
Ho district has the largest freshwater lake of 
Hanoi, with more than 500 hectares of natural 

water and dozens of hectares of green space, Tay 
Ho has a fresh cool, healthful atmosphere (Fig.1). 

3. Data and methodology 

3.1. Data sources 

Landsat data were used for this study. Two 
landsat data selected to classify land cover of 

Figure 1. Study area in Tay Ho district, Hanoi city. 
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Table 1. Characteristics of satellite data used in 
study area. 

study area consist of a Landsat-5 TM data 
acquired on December 9th, 2004 and a Landsat-5 
TM data acquired on November 8th, 2010 
(download free at http://glovis.usgs.gov). The 
details of Landsat data were described in Table 1. 

 
 
 

Sensor 
Spatial 

resolution 
Processing 

Level 
Acquired Date 

TM 30 m 2A 9/12/2004 
TM 30m 2A 8/11/2010 

3.2. Urban expansion detection and analysis 

Land cover maps of Tay Ho in 2004 and 2010 
were classified from two LANDSAT 5 TM images 
acquired in the aforementioned years. An object-
oriented approach was used for improving data 
classification technique. The complex objects are 
assigned to class hierarchy by generating decision 
trees. The results using many complex datasets 
provide better accuracy compared to traditional 
classification techniques (Waiyamai et al., 2004). 
However, the application of such a classification 
method for monitoring the changes of land cover 
at urban area was not found in the literature. This 
approach was used to produce land cover map 
with four classes: impervious surface, water, 
vegetation, and barren land. The process of the 
object based image classification can be split into 
three steps: 1-segmentation; 2-classification; 3-
accuracy assessment. 

Firstly, the multi-resolution (MR) 
segmentation algorithms in eCoginition 
Developer 8.7 software has used in our study. 
Parameters for the segmentation include scale, 
shape ratio, and compactness/smoothness ratio 
was examined at different values. “Scale” is one of 
the important criteria in the segmentation 
process. Scale value directly affects the size of the 
segmentation objects (Trimble, 2011). Shape 
ratio value refers to the form and the structure of 
individual objects. The change in the shape ratio 
optimizes the spectral or spatial homogeneity of 
the resulting segmentation. While “smoothness” 
is defined as the ratio of an object’s perimeter to 
the perimeter of this object’s boundaries that run 
parallel to the image borders; “compactness” is 
the ratio of an object’s perimeter to the square 
root of the number of pixels within that image 

object. We hereby chose this segmentation as the 
most appropriate for the purpose of our work. In 
segmenting these images, the spatial and spectral 
characteristics of the image pixels were 
considered. The segmentation of this study were 
conducted at a scale of 10, color/shape ratio 
(0.8/0.2), and compactness/smoothness ratio 
(0.5/0.5). 

The second step in the object-oriented 
method was to classify image objects. The 
classification stage was done using the segmented 
image in association with the training data (class 
signatures) to achieve a good classification of the 
land cover pattern of the study area. The water in 
these categories is the most different in spectral 
with others, especially in near-infrared channel. 
Therefore, water was extracted based on band 3 
and band 5 of Landsat TM. After that, the 
Normalized Difference Vegetation Index (NDVI), 
Normalized Difference Built-up Index (NDBI) 
were used to establish a high-quality rule-set for 
vegetation and impervious surface. Information 
on image bands, image reflectance, and the 
relationships between neighboring objects is 
required to develop a highly accurate rule-set. To 
improve the accuracy of the classification, manual 
editing was carried out. 

Finally, to assess the accuracy of the classified 
maps, the ground truth data was used. The 
classification accuracy is achieved by comparing 
the ground truth data points with the classified 
images, points were sampled along roads, 
focusing on typical land-cover types in the region. 
The degree of agreement of the classified image 
position and the ground truth data points 
provides the classification accuracy of the image 
classification process. The accuracy of the 
resulting maps is based on 98 ground control 
points taken from high-resolution Google Earth 
images and fieldwork. The Kappa coefficient, 
which is calculated according to the Congalton’s 
formula (Congalton, 1991), deals with the 
experiment between the remote sensing data and 
the in-situ observation. 

3.3. Method of determining surface temperature 
from the infrared thermal images 

To calculate land surface temperature, in the 
first step, Landsat 5 TM band data must be 
converted to TOA spectral radiance using the 
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Table 2. LANDSAT 5 TM spectral radiance ML, AL 
dynamic ranges. 

(3) 

(2) 

radiance rescaling factors provided in the 
metadata file (LANDSAT Conversion to Radiance, 
Reflectance, and At-Satellite Brightness 
Temperature):  

𝐿𝜆 = 𝑀𝐿𝑄𝑐𝑎𝑙 + 𝐴𝐿 

where: Lλ - TOA spectral radiance (Watts/( 
m2 * srad * μm)); ML - Band-specific multiplicative 
rescaling factor from the metadata 
(RADIANCE_MULT_BAND_x, where x is the band 
number); AL - Band-specific additive rescaling 
factor from the metadata (RADIANCE_ADD_ 
BAND_x, where x is the band number); Qcal - 
Quantized and calibrated standard product pixel 
values (DN). 

 
 
 

No. Data type Band ML AL 

1 LANDSAT 5 TM 6 0.055.10-4 1.18243 

(Note that ML and AL are derived from the 
metadata of Landsat 5 TM data). 

 
In the second step, the LANDSAT thermal 

band data can be converted from spectral 
radiance to brightness temperature using the 
following equation (LANDSAT Conversion to 
Radiance, Reflectance and At-Satellite Brightness 
Temperature):  

𝑇 =
𝐾2

𝑙𝑛(
𝐾1
𝐿𝜆
+1)

  

where: T - At satellite brightness temperature 
(K); K1 - Calibration constant 1 [W/(m2.sr.µm)]; K2 

- Calibration constant 2 [K]. 
 

 

 
 
 

No. Data type Band 
K1 (W/ 

(m2.sr.µm)) 
 K2 

(Kelvin) 
1 LANDSAT 5 TM 6 607.66 1260.56 

 
For determining land surface temperature 

from Landsat data, land surface temperature can 
be calculated by the following equation 
(Grishchenko, 2012; Trinh, 2014; Kumar, 2012):  

𝐿𝑆𝑇 =
𝑇

1+(
𝜆.𝑇

𝜌
).𝑙𝑛𝜀

  

where: T - brightness temperature (K0), λ - 
wavelength (11,5 µm); ε - land surface emissivity, 

𝜌 =
ℎ.𝑐

𝜎
 , h - Plank’s constant (6,626.10-34 J.sec), c - 

velocity of light (2,998.108 m/sec), σ - Stefan 
Boltzmann’s constant, which is equal to 5,67.10-8 
Wm-2 K-4. 

4. Results anddiscussion  

4.1. Urban expansion in Tay Ho district from 
2004 to 2010 

According to the accuracy assessment results 
of classified maps, the overall accuracy for 
Landsat 5 TM 2004 and Landsat 5 TM 2010 was 
84.44% and 89.03% respectively; the Kappa 
Coefficient of those maps reached 0.81 and 0.84, 
respectively. The land cover maps of study area 
were generated in Figure 2, and land cover classes 
area and percentage were summarized in Table 4 
and Table 5. Based on Figure 2, vegetation, water 

Landcover 
 

Wards 

Impervious Vegetation Water Bare land Total 

Area (ha) 
Area ratio 

(%) 
Area (ha) 

Area ratio 
(%) 

Area 
(ha) 

Area ratio 
(%) 

Area 
(ha) 

Area 
ratio (%) 

Area 
(ha) 

PhuThuong 141.39 22.48% 303.75 48.30% 150.48 23.93% 33.21 5.28% 628.83 

Buoi 74.16 46.34% 6.03 3.77% 79.47 49.66% 0.36 0.22% 160.02 

Nhat Tan 115.83 33.85% 108 31.56% 64.8 18.94% 53.55 15.65% 342.18 

Quang An 94.86 24.12% 60.39 15.36% 233.01 59.26% 4.95 1.26% 393.21 

Tu Lien 70.47 26.54% 145.98 54.98% 36.36 13.69% 12.69 4.78% 265.5 

Xuan La 83.43 33.94% 136.89 55.69% 18.99 7.73% 6.48 2.64% 245.79 

Yen Phu 66.33 43.28% 28.89 18.85% 53.19 34.70% 4.86 3.17% 153.27 

ThuyKhue 53.73 30.37% 5.04 2.85% 117.63 66.48% 0.54 0.31% 176.94 

(1) 

Table 3. LANDSAT 8 thermal band calibration 
constants. 

Table 4. Structure of land cover in 2004. 
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Table 6. Matrices of land cover changes in Tayho district. 

 

Landcover 

Wards 

Impervious Vegetation Water Bare land Total 

Area (ha) 
Area ratio 

(%) 
Area (ha) 

Area 
ratio (%) 

Area (ha) 
Area 

ratio (%) 
Area 
(ha) 

Area 
ratio (%) 

Area 
(ha) 

PhuThuong 215.28 34.24% 210.69 33.51% 164.88 26.22% 37.98 6.04% 628.83 

Buoi 79.29 49.55% 1.44 0.90% 79.11 49.44% 0.18 0.11% 160.02 

Nhat Tan 161.82 47.29% 79.2 23.15% 85.86 25.09% 15.3 4.47% 342.18 

Quang An 131.58 33.46% 27.45 6.98% 231.93 58.98% 2.25 0.57% 393.21 

Tu Lien 110.34 41.56% 123.84 46.64% 5.85 2.20% 25.47 9.59% 265.5 

Xuan La 112.59 45.81% 110.25 44.86% 16.83 6.85% 6.12 2.49% 245.79 

Yen Phu 82.35 53.73% 19.98 13.04% 49.23 32.12% 1.71 1.12% 153.27 

ThuyKhue 58.68 33.16% 0.63 0.36% 117.54 66.43% 0.09 0.05% 176.94 
 
 

2010 
2004 

Impervious (ha) Vegetation (ha) Water (ha) Bare land (ha) Total (ha) 

Impervious 700.2 0 0 0 700.2 
Vegetation 197.29 546.21 25.92 35.55 818.97 

Water 20.43 10.71 697.23 25.56 753.23 
Bare land 64.01 16.56 28.08 27.99 127.64 

Total 981.93 573.48 751.23 89.1 2400.04 

 
and impervious areas were the dominant LULC 
classes in spatial distribution pattern. 
Accordingly, vegetation, water, and impervious 
areas were counted for about 34.1%, 31.4% and 
29.1% of the total area in 2004, respectively. 

Meanwhile impervious, water and vegetation 
areas were occupied 40.9%, 31.1% and 23.8% of 
the total area in 2010, respectively. The 
vegetation, water and bare land change to 
impervious were about 197.19 ha, 20.43 ha and 

Table 5. Structure of land cover in 2010. 

Figure 2. Spatial distribution of land cover in 2004 (a) and 2010(b). 

(a) (b) 
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Figure 3. Spatial distribution of surface radiant 
temperature in 2004 

Figure 4. Spatial distribution of surface 
radiant temperature in 2010. 

Table 7. Summary temperature results for the land cover of Tay Ho district between 2004 and 2010. 

64.01 ha of the total region study between 2004 
and 2010, respectively (Table 6). The results also 
showed that the water surface area from 2004 to 
2010 is nearly no change. 

4.2. Spatial distribution of surface radiant 
temperature in the Tay Ho district, Hanoi City 

Figure 3 and Figure 4 show the results of 
surface temperature distribution across the Ho 
Tay district. Observation maps show the lowest 
and highest surface temperature during study 
period ranges from 18.6oC to 27.2oC, and from 
20.5oC to 30.6oC in 2004 and 2010, respectively. In 
particular, the construction of high density has the 
largest land surface temperature with an average 
value is 30°C and are shown in red on the map in 
2010; concentrated in the urban areas. In 

contrast, the water surface and the green area of 
vegetation remaining lower temperatures. 
Particularly, the surface temperature of the water 
surface is the lowest, with average values 
reaching 18oC and is shown in dark green on the 
map (Figure 3). The results also show that the 
temperature in vegetated areas was lower in 
comparison with the built-up area. Because 
vegetation has the capability of evaporating, 
which help to accelerate the process of heat 
transfer between land surface and atmosphere. 
Meanwhile, the temperature in urban area 
covered by impervious surfaces was higher due to 
its construction materials shown a tendency in 
absorbing and holding heat, and less evaporating.  

4.3. Urbanization impact on surface 
temperature 

 

Wards 
Temperature in 2004 (0C ) Temperature in 2010 (0C ) 

Min Max average Min Max average 
Buoi 18.6 21.8 20.2 20.9 26.7 23.6 

Nhat Tan 18.6 27.1 22.0 19.3 28.0 22.7 
PhuThuong 19.5 24.5 21.1 21.3 28.9 24.4 
Quang An 18.6 24.0 19.9 20.9 28.0 23.2 
ThuyKhue 18.6 23.2 19.9 20.4 26.7 22.7 

Tu Lien 19.5 24.0 21.6 23.6 30.6 25.8 
Xuan La 19.0 23.2 20.5 21.3 28.0 25.1 
Yen Phu 19.0 23.6 21.0 20.9 28.0 24.7 
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Figure 5, Figure 6, Figure7, and Figure 8 
shows the relationship between the change of 
land cover and surface radiant temperature from 
2004 to 2010. For the surface is not permeable, 
the temperature rises, especially at the point in 
which the vegetation or water becomes 
impervious surface as the following. 

- For Buoi and Thuy Khue: the temperature 
increased highest, from 30C to 70C due to the 
vegetation gradually turning into the impervious 
surface. 

- For Xuan La and Phu Thuong wards: the 
average land surface temperature increases from 
20C to 50C.

Figure 5. Change of spatial surface radiant 
temperature in 2004 - 2010. 

Figure 6. Spatial relationship between land cover 
and surface radiant temperature in 2004. 

Figure 7. Spatial relationship between land cover 
and surface radiant temperature in 2010. 

Figure 8. Spatial relationship between change in 
landcover and surface radiant temperature from 

2004 to 2010. 
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- For Yen Phu and Quang An wards: the 
average land surface temperature increases from 
10C to 40C. 

- For Nhat Tan ward: the average land surface 
temperature between 2004 and 2010 was the 
same. 

5. Conclusion 

Identification of factors affecting the land 
surface temperature in urban areas is very 
important. Because the temperature of cities was 
higher than the countryside and this phenomena 
is due to an increase in land surface temperature 
and thereby creating urban heat islands are 
happened. The main cause of increase in urban 
land surface temperature is change in the 
structure of the Earth's surface or the so-called 
change of land use/land cover in these areas. The 
increment of land surface temperature in the 
long-term causes a lot of damage to the urban 
environment and its inhabitants as well. By 
identifying effective land use at land surface 
temperature, better urban planning can be done 
for urban development and partly can prevent 
from increasing temperatures and heat island 
phenomenon in urban areas. 

In this study, an integrated approach of 
remote sensing and GIS was developed for 
evaluation of rapid urban expansion and its 
impact on surface temperature in the Tayho 
district, Ha Noi city, Viet Nam. Results revealed a 
notable increase in urban land use/cover 
between 2004 and 2010. The increase of surface 
radiant temperature was related to the decrease 
of biomass. The spatial pattern of radiant 
temperature increase was correlated with the 
pattern of urban expansion.  

The integration of remote sensing and GIS 
provides an efficient way to detect urban 
expansion and to evaluate its impact on surface 
temperature. The environmental impacts of land 
use and land cover change can be modeled at the 
local level using the integrated approach of 
remote sensing and GIS. This methodology should 
be possible to apply to other regions in Vietnam or 
other nations that occurs rapid urbanization. 
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