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ABSTRACT

The urban heat island (UHI) refers to the phenomenon of higher atmospheric and surface temperature
which happens in urban areas than in the surrounding rural areas. The previous researches mainly focused
on analyze the green space in urban areas to mitigate the urban heat islands effect. However, little is
researched to discuss the effect of rural areas on urban heat islands. The objective of this research is to
investigate the effects of seasonal changes of the green-vegetated areas on the urban heat island in Xi'an

city and its surrounding regions.

In the study, the green-vegetated areas in four seasons were mapped through land cover maps using
Maximum Likelihood method based on the Landsat 8 data. The land surface temperatures in four seasons
were calculated by Split-Window (SW) algorithm using Landsat 8 thermal bands 10 and 11. The spatial
patterns of green vegetated areas and land surface temperature were quantified through five buffer zones.
Consequently, the relationships between spatial patterns of green vegetation and land surface temperature
were examined.

The results is that, in summer, the effect of green vegetations on the land surface temperature of built-up
is clear negative within the areas away from city centre. However, in winter and spring, large proportion
and areas of bare land may influence and counteract the cooling effect from green vegetation areas. the
relationships between green vegetation and land surface temperature in built-up areas. The results from
the relationship between the spatial patterns of green vegetation and urban heat islands show that the
urban heat islands is a the combined effects from all land covers and especially the bare land which
reflects higher land surface temperature.
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1. INTRODUCTION

1.1.  Background

It is well known that global warming is an indisputable fact. According to IPCC (2007), 1998 and 2005
were the warmest two years in the instrumental global surface air temperature record since 1850. Also, the
global average surface temperature has increased, especially since about 1950. The 100-year trend (1906—
2005) of 0.74°C % 0.18°C is larger than the 100-year warming trend at the time of 1901-2000 of 0.6°C *
0.2°C due to additional warm years. The total temperatute increase from 1850-1899 to 2001-2005 is
0.76°C £ 0.19°C. The rate of warming averaged over the last 50 years (0.13°C £ 0.03°C per decade) is
nearly twice that for the last 100 years. Population growth and urbanization are the main drivers for global
temperature rise. It is reported that more than half of the world's population now live in urban area and
the urban population is predicted to reach 81% by 2030 (UNFPA, 2008).

Due to rapid urbanization, it appears a phenomenon that higher atmospheric and land surface
temperatures occur in urban areas than in the surrounding rural areas (Maimaitiyiming et al., 2014). This
observation, called urban heat island (UHI), was first described by Luke Howard (1833) in the early of
19th century. Rapid urbanization causes a decrease in green-vegetated areas and an increase of the built-up
surface (Buyadi et al., 2013). The land surface is modified into built surface which can store the short-wave
radiation effectively (Maimaitiyiming et al., 2014). This urban structure can trap incoming solar radiation
during the day and then at night, slowly dissipate (Gago et al., 2013). Therefore, the land surface
temperature (LST) raised and it is crucial to the themes on urban climatology, global environmental
change and human-environmental interactions (Siti Nor Afzan Buyadi et al., 2013).

Many researchers tried to investigate the driving forces leading to the increasing temperature gap between
urban and rural areas and explore the way to mitigate urban heat island effects. Their studies were always
analyzed using two methods (Liu et al., 2006). One way to study the UHI effect is using LST derived from
remote sensing technique. Imhoff et al. (2010) used LST from MODIS in a spatial analysis to assess the
urban heat island surface temperature distribution. Other remote sensing information, such as Normalized
Difference Vegetation Index (NDVI), is used as indicator to estimate the relationship between LST and
vegetation abundance. For example, Farina (2012) used NDVI to explore the interactions between LST
and green-vegetation and her study showed that vegetation can provide for cooler microclimates through
the process of evapotranspiration and increasing amounts of vegetation might prove to be a effective
solution for mitigating UHI effect (Yuan & Bauer, 2007). However, the disadvantage of LST data is that it
can be influenced by air conditions over time and cannot characterize the surface atmospheric
temperature (Liu et al., 2006). It may only demonstrate the distribution of UHI qualitatively.

Another more traditional method to study UHI is using the surface air temperature data from
meteorological stations. Many researchers paid attention to the changes of UHI within one day, one year
and many years based on meteorological data (Zhang et al., 2010). Borbora and Das (2014) used half
houtly temperature data measured at four fixed observation sites to analyze the daytime and night time
UHLI effect of summer in Guwahati, India. This kind of data can quantitatively describe the variation of
UHI over a long period. However, it is hard to describe spatial distribution of UHI effect in accuracy (Liu
et al., 2006) because of the discontinuous distribution of meteorological stations (Zhang et al., 2010). Still
there is a high positive relationship between LST and surface air temperature (Schwarz et al., 2012)
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1.2.  Research justification

It has to be admitted that focusing on urbanization is an effective way to analyze UHI effect because
urbanization negatively impacts the environment mainly by the production of pollution, the modification
of the physical and chemical properties of the atmosphere, and the covering of the soil surface (Canada,
2009). However relatively little is done to address the effect of rural areas on UHI (Timothy et al., 2004).
In rural areas surrounding urban areas, the vegetated areas occupy most of the land and those green areas
contribute to the mitigation of UHIL.

Temperatures in the vegetated area and it surroundings keep the temperature lower than within developed
areas (Siti Nor Afzan Buyadi et al., 2013). Green spaces are particularly beneficial to improving the
microclimate (B. Zhang et al., 2014). Zhang et al. (2010) analyzed the relationship between vegetation
greenness and UHI effect in Beijing City of China and concluded that vegetation and temperature have a
significant negative correlation, which means the higher the vegetation coverage is, the lower the
temperature is. The reason is that vegetation usually has a higher evapotranspiration and lower emissivity
than built-up areas (Weng, Lu, & Schubring, 2004). Evapotranspiration is a vital process that the water
loss of a plant in the form of vapour released into the air and it produces the cooling of leaves and the air
temperature around them (Gago et al., 2013). In addition to evapotranspiration, the shade from trees can
also cool the atmosphere by interrupting solar radiation and thereby preventing the heating of air (Gago et
al., 2013). Besides, as two major components of land use/ land cover (LU/LC) pattern, the composition
of green space referring to the abundance and variety of land cover classes and the configuration of green
spaces related to the spatial arrangements of land cover classes both have relationship with LST
(Maimaitiyiming et al., 2014). The significant negative relationship between the vegetation composition
and LST has been well documented, however, the relationship between spatial characteristics and
configuration of vegetation patches and LST is less studied (Li et al., 2012; Maimaitiyiming et al., 2014).

Apart from spatial arrangement of rural green-vegetated areas, Yuan and Bauer (2007) estimated the LST
from four different seasons for the Twin Cities, Minnesota, and concluded that the relationship between
LST and NDVI is changing with the changes in seasons. Moreover, the land cover changes in urban areas
within one year can be assumed as stable. Therefore the spatial patterns of green-vegetated areas with the
seasonal changes derived from the phenology characteristics will be discussed in this study.

1.3.  Research objectives and questions

1.3.1.

To investigate the effects of seasonal changes of the green-vegetated areas on the urban heat island in

Overall objective

Xi'an city and its surrounding regions.

1.3.2.  Specific objectives and research questions
Table 1: Specific objectives and research questions.
No. Specific objectives Research questions
To quantify spatial and temporal patterns of | What are the seasonal distribution patterns of
1 green-vegetated areas in and around Xi'an | the green-vegetated areas in and around
City; Xi'an City?
To estimate and explore spatial and temporal | What is the seasonal pattern of the land
2 patterns of land surface temperature in and | surface temperature in and around Xi'an
around Xi'an City; City?
To examine the relations between the | Does the seasonal patterns of green-
3 seasonal vegetated green spaces in and | vegetated areas in and around the city areas
around the city and urban heat distribution. have a significant effect on urban heat island?
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1.4.  Research hypothesis
Null Hypothesis: The seasonal and spatial pattern of rural green-vegetated areas has no significant effect

on urban heat island distribution.

Alternatives Hypothesis: The seasonal and spatial pattern of rural green-vegetated areas has a significant
effect on urban heat island distribution.

1.5.  Structure of the thesis
The present research is elaborated in five chapters: Introduction, Study area and materials used,

Methodology, Results and discussion, and Conclusions and recommendations.
Chapter 1. Introduction

This chapter deals with the introduction, motivation behind this research, research objectives, research

questions and hypothesis.
Chapter 2. Study area and materials used

In this chapter, the information of study area which includes geographical location and climate is given,

and data/materials used are contained.
Chapter 3. Methodology

This chapter describes methods for data processing, image classification, estimation of emissivity and land

surface temperature and data analysis.
Chapter 4. Results

The output of each step is available in form of graphs and tables. The results about land cover

classification, estimation of land surface temperature and statistic analysis are presented.
Chapter 5. Discussion

In this chapter, the results obtained in the previous chapter are discussed to answer the predefined

research questions.
Chapter 6. Conclusions and recommendations

In this last chapter, the conclusions and recommendations for future research are formulated.

Figure 1 shows the overall framework of the research.
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Figure 1: Framework of the research approaches.
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2. STUDY AREAAND MATERIALS

21.  Study area

Xi'an, the city and capital of Shaanxi province, north-central China, is one of the Four Great
Ancient Capitals of China, having held the position under several of the most
important dynasties in Chinese history. Xi’an metropolitan area consists 13 districts with
approximately 8.6 million permanent residents in an area of approximately 9983 km2 (Xi’an
Municipal Statistics Bureau, 2013).

Xi'an city is situated 33°39'-34°45' N and 107°40'-109°49' E, about 410 m above sea level. The
city site is on a low plain on the south bank of the Wei River. Just to the south the Qin
(Tsingling) Mountains rise dramatically above the plain. The study area (Figure 1) is a circle,
extending 20 km from city centre (The Bell Tower) to the east, west, north and south directions.

Figure 2: Landsat 8 image of the study area Xi'an City, China in summer. (R, G, B: 4, 3, 2).

Xi'an has a temperate climate that is influenced by the East Asian monsoon, classified under
the Képpen climate classification as situated on the borderline between a semi-arid climate (BSk)
and humid subtropical climate (Cwa). Xi’an has a continental climate with hot summers and cold
dry winters. Spring, summer, autumn and winter are from March to May, June to August,
September to November and December to February, respectively. The rainy season begins in
May and continues to September which can receive over 80% of the annual precipitation. Snow

occasionally falls in winter but rarely settles for long. Dust storms often occur during March and
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April as the city rapidly warms up. Summer months also experience frequent but

short thunderstorms. The annual prevailing wind of Xi’an mainly comes from the NE.

2.2.  Landsat 8 images

Landsat 8 dataset is used in this research. The data is used for the preparation of land cover maps
and estimation of the land surface temperature (LST).

Landsat 8is an American Farth observation satellite launched on February 11, 2013. It is the
eighth satellite in the Landsat program; the seventh to reach orbit successfully. Formetly called
the Landsat Data Continuity Mission (LDCM), it is a collaboration between NASA and
the United States Geological Survey (USGS).

Landsat 8 carries two instruments: The Operational Land Imager (OLI) sensor includes refined
heritage bands, along with three new bands: a deep blue band for coastal/aerosol studies, a
shortwave infrared band for cirrus detection, and a Quality Assessment band. The Thermal
Infrared Sensor (TIRS) sensor provides two thermal bands. These two sensors provide seasonal
coverage of the global landmass at a spatial resolution of 30 meters (visible, NIR, SWIR); 100
meters (thermal); and 15 meters (panchromatic) (Table 1). Improved signal to noise performance
enable better characterization of land cover state and condition.

The spectral bands of the OLI sensor, while similar to Landsat 7’s ETM+ sensor, provides
enhancement from prior Landsat instruments, with the addition of two new spectral bands: a
deep blue visible channel (band 1) specifically designed for water resources and coastal zone
investigation, and a new infrared channel (band 9) for the detection of cirrus clouds. A new
Quality Assurance band is also included with each data product. This provides information on
the presence of features such as clouds, water, and snow.

The TIRS instrument collects two spectral bands for the wavelength covered by a single band on
the previous TM and ETM+ sensors. The data quality (signal to noise ratio) and radiometric
quantization (12-bits) of the OLI and TIRS is higher than previous Landsat instruments (8-bit for
TM and ETM+), providing significant improvement in the ability to detect changes on the
Earth’s surface (http://landsat.usgs.gov/landsat8.php). Figure 2 shows a comparison of Landsat
8 and Landsat 7 spectral bands

In this study, four Landsat 8 images acquired on the 25th of June, the 29th of September, 2013
and the 3rd of January, the 24th of March, 2014 are used to represent the summer, autumn,
winter and spring season, respectively. Among the 11 bands of Landsat 8, the OLI spectral bands
1 to 7 are chosen to generate land cover classification map of the study area because they have
the same resolution of 30 meters and radiation information of bands 10 and 11 which provide
metadata, such as thermal constant, rescaling factor value etc., used to estimate the temperature
at the Farth’s surface. Bands 4 and 5 are used to calculate Normalized Difference Vegetation
Index (NDVI). Bands 2, 5 and 6 are applied to construct band combination in which the colours
tell healthy vegetation information about the parts of the spectrum that are represented in RGB.
Bands 10 and 11 are used to calculate land surface temperature.
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Table 2: Spectral characteristics of Landsat 8.

(Source: http://landsat.usgs.gov/band designations landsat satellites.php)

Band Description Wavelength (um) Resolution(meters)

1* Coastal aerosol 0.43 - 0.45 30

2% Blue 0.45-0.51 30

3* Green 0.53 - 0.59 30

4* Red 0.64 - 0.67 30

5 Near Infrared (NIR) 0.85-0.88 30

6 SWIR 1 1.57 - 1.65 30

7 SWIR 2 2.11-229 30

8* Panchromatic 0.50 - 0.68 15

9 Cirrus 1.36 - 1.38 30
10 Thermal Infrared (TIRS) 1 10.60 - 11.19 100 * (30)
11 Thermal Infrared (TIRS) 2 11.50 - 12.51 100 * (30)

*Within the visible spectrum
** TIRS bands are acquired at 100 meter resolution, but are resampled to 30 meter in delivered data

product.
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Figure 3: Bandpass wavelength for Landsat 8 OLI and TIRS sensors, compared to Landsat 7 ETM+
sensor. (Source: http://landsat.usgs.gov/I.8 band combos.php)



http://landsat.usgs.gov/band_designations_landsat_satellites.php
http://landsat.usgs.gov/L8_band_combos.php

SEASONAL PATTERNS OF VEGETATED AREAS AND ITS IMPACT ON URBAN HEAT ISLAND: A CASE STUDY OF XI'AN, CHINA

Satellite datasets of Landsat 8 over Xi'an city have been used in this study and can be

downloaded from Glovis. The details of satellite data are presented below.

Landsat 8 data of :

>

June 25, 2013 of WRS-2 Path/Row 127/36

¢+ September 29, 2013 of WRS-2 Path/Row 127/36
January 3, 2014 of WRS-2 Path/Row 127/36
March 24, 2014 of WRS-2 Path/Row 127/36

>

>

These four Landsat 8 imageries represent the summer, autumn, winter and spring seasons

respectively..
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3. METHODS

This chapter can be summarised into 4 stages: data processing-Atmospheric correction, image
classification, estimation of land surface temperature (LST) and statistic analysis.

Atmospheric correction - Atmospheric correction consists of software and module functions and
determination of parameters. Some of the parameters are extracted from the metadata of
downloaded Landsat 8 data and the remaining are estimated from the software.

Land cover classification phase includes two main steps: supervised classification, accuracy
assessment.

The third stage mainly focuses on calculating land surface temperature (LST) using Split-Window
(SW) Algorithm. In this algorithm, there are several parameters which are needed to determined.

3.1.  Atmospheric correction of Landsat 8 images

Earth-observing satellite sensors map the earth's surface properties. However, the radiation of
the objects recorded by the satellites are largely interacted with the effect of atmosphere, such as
absorption and scattering of atmospheric particle and molecules (Mahiny & Turner, 2007).
Meanwhile, haze from water vapour and aerosol particles influence the recorded signal(Tao et al.,
2012). In addition, in rugged terrain, varying illumination conditions (sunny and shady hills)
change the "true" spectral behaviour of surfaces.

Errors happened due to atmospheric effects influence the quality of the information extracted
from remote measurement, such as vegetation indices (Courault et al., 2003). It is especially
found that for the calculation of NDVI (Normalized Differential Vegetation Index), the effects of
the atmosphere should be considered (Hadjimitsis et al., 2010). In this research, the purpose is to
analyze the spatial pattern of green vegetation and its relationship with land surface temperature.
Therefore, the processing of atmospheric correction is absolutely necessary before carry through
the research questions.

ATCOR for ERDAS IMAGINE is a professional atmospheric correction and de-hazing
tool developed by DLR (German Aerospace Centre) with the objective to reduce haze content
and eliminate atmospheric and terrain effects to retrieve physical parameters of the earth's
surface, including surface reflectance, ground visibility and temperature (Source:
http://www.geosystems.de/atcor/). Such cotrection is especially important in cases where multi-

temporal, multi-sensor or multi-condition images are to be compared and analyzed.

ATCOR for IMAGINE consists of two options: ATCOR 2 and ATCOR 3. ATCOR 2 is used
for atmospheric correction in flat terrain (the "2" stands for "2 dimensions"). ATCOR 3 is used
for atmospheric cotrection in rugged terrain by integrating a DEM (the "3" stands for "3
dimensions") (R & D.Schlapfer, 2014). In this reseatch, the terrain of the study area is flat. Thus
ATCOR2 is chosen to conduct the atmospheric correction.

ATCOR uses a "Project File" which stores all information gathered during operation. In the
atmospheric correction parameters, some can be extracted from satellite imagery metadata. The
other parameters are estimated and calculated using ATCOR software. In ATCOR 2, a number
of important inputs are drawn below (Table 3):

e An information (acquisition date, input layers and sensor type) about input raster file;
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e An accurate radiometric calibration is required, which shows the knowledge of co, ¢ in

each spectral band (see Table 4). It is obtained from the metadata of satellite imagery data;

A valid solar zenith of the sun at the recording time for the given location. It can be
calculated from ATCOR 2 with information of the time of day (UTC), day of month,
month of year, longitude and latitude. Also the solar zenith can be calculated using sun

elevation. These detailed values are all from the metadata of imagery;

An accurate estimate of the main atmospheric parameters (acrosol type, visibility or optical
thickness) is necessary, because these influence the value of path radiance, transmittance.
The aerosol type includes the absorption and scattering properties of the particles, and
wavelength dependence of the optical properties. ATCOR supports four basic aerosol
types: rural, urban, maritime, and desert. The decision are made based on the geographic

location. In this study area, urban aerosol type is assumed because the urban areas in the

satellite image need atmospheric correction and haze remove most.

Table 3: Input parameters in the ATCOR 2 module

Parameters

Description

Input raster file

The image has to be corrected, the input-file source

Input layers

Selection of spectral bands to be corrected

Sensor

Satellite sensor: Landsat-8 OLI

Calibration file

The sensor specifications (Table 4)

Solar zenith

Obtained from metadata

Visibility The scene visibility for the aerosol model (km)
Model for solar "Utban" is selected according to the atmosphetic condition of study. The
region atmospheric model: midlat_summer_urban, fall_(spring)_urban and

midlat_winter_urban are chosen for summer, autumn & spring and winter

respectively.

Table 4: The co and ¢ coefficients of bands 1-7 for Landsat 8 image of June 25, 2013.

7 co ¢i [mW/cm? st micron]
1 -6.076628 0.001215
2 -6.222541 0.001245
3 -5.734018 0.001147
4 -4.835247 0.000967
5 -2.95893 0.000592
6 -0.735859 0.000147
7 -0.248024 0.000050

Before atmospheric correction, the NDVI values were in range of -0.065 to 0.375 while after

applying the atmospheric correction, the dynamic range of NDVI map changes to -0.289 to

0.692. Figure 4 shows NDVI maps of Landsat 8 data before and after atmospheric correction.

The image clearly shows that the overall range of NDVI has been adjusted.
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Before

After
NDVI values

NDVI values

[ 1-0.065 - 0.054 [ 1-0.289-0.023
B 0.054 - 0.090 N 0.023-0.100
55 0.090-0.125  p— e—ilometers [ 0.100-0.177
9 0.125-0.161 ¢ 5 10 20 B 0.177-0.265
0 0.161 - 0.208 [ 0.265 - 0.365
I 0.208 - 0.375 I 0.365 - 0.688

Figure 4: Comparison of NDVI maps before and after atmospheric correction, dated 29th September 2013

Table 5 and Table 6 cleatly depict the overall NDVI values and NDVI values for each land cover

type before and after atmospheric correction in the four seasons.

Table 5: The range of NDVI values before and after atmospheric correction for four seasons.

Image (Season) Before After

June 25, 2013 (Summer) -0.180 to 0.589 -1tol
September 29, 2013 (Autumn) -0.065 to 0.375 -0.286 to 0.688
January 3, 2014 (Winter) -0.124 to 0.297 -1to1

March 24, 2014 (Spring) -0.118 to 0.397 -0.486 to 0.963
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Table 6: Comparisons between NDVI values for four land cover type before and after atmospheric

correction in four seasons.

Image (Season) Land cover type Before After
Water 0.031 -0.197
June 25, 2013 Built-up 0.148 0.204
(Summer) Green-Vegetation 0.317 0.577
Bare land 0.153 0.185
Water 0.006 -0.085
September 29, 2013 Built-up 0.076 0.086
(Autumn) Green-Vegetation 0.146 0.275
Bare land 0.099 0.126
Water -0.042 -0.202
January 3, 2014 Built-up 0.023 0.042
(Winter) Green-Vegetation 0.100 0.315
Bare land 0.051 0.130
Water -0.030 -0.159
March 24, 2014 Bare land 0.060 0.076
(Spring) Green-Vegetation 0.159 0.323
Bare land 0.075 0.110

3.1 Land cover classification and accuracy assessment

Different image classification procedures can be used for different purposes, which are generally
grouped into unsupervised and supervised classifications (Stivastava et al, 2012). In an
unsupervised classification the image is classified by aggregating image data into natural spectral
groups or clusters (Tursilo