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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 temperature 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 

hourly temperature data measured at four fixed observation sites to analyze the daytime and night time 

UHI 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 UHI. 

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. Overall objective 

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. 

1.3.2. Specific objectives and research questions 

Table 1: Specific objectives and research questions. 

No. Specific objectives Research questions 

1 

To quantify spatial and temporal patterns of 

green-vegetated areas in and around Xi'an 

City; 

What are the seasonal distribution patterns of 

the green-vegetated areas in and around 

Xi'an City? 

2 

To estimate and explore spatial and temporal 

patterns of land surface temperature in and 

around Xi'an City; 

What is the seasonal pattern of the land 

surface temperature in and around Xi'an 

City? 

3 

To examine  the relations between the 

seasonal vegetated green spaces in and 

around the city and urban heat distribution. 

Does the seasonal patterns of green-

vegetated areas in and around the city areas 

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. 

 

Spatial patterns of green vegetation Spatial patterns of urban heat island 

Statistic analysis 
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2. STUDY AREA AND MATERIALS  

2.1. 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 Köppen 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 

http://www.britannica.com/EBchecked/topic/539905/Shaanxi
http://en.wikipedia.org/wiki/Historical_capitals_of_China
http://en.wikipedia.org/wiki/Historical_capitals_of_China
http://en.wikipedia.org/wiki/Historical_capitals_of_China
http://en.wikipedia.org/wiki/Dynasties_in_Chinese_history
http://www.britannica.com/EBchecked/topic/638899/Wei-River
http://www.britannica.com/EBchecked/topic/607772/Qin-Mountains
http://www.britannica.com/EBchecked/topic/607772/Qin-Mountains
http://www.britannica.com/EBchecked/topic/607772/Qin-Mountains
http://en.wikipedia.org/wiki/Temperateness
http://en.wikipedia.org/wiki/East_Asian_monsoon
http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification
http://en.wikipedia.org/wiki/Semi-arid_climate
http://en.wikipedia.org/wiki/Humid_subtropical_climate
http://en.wikipedia.org/wiki/Dust_storm
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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 8 is an American Earth observation satellite launched on February 11, 2013. It is the 

eighth satellite in the Landsat program; the seventh to reach orbit successfully. Formerly  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 Earth’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. 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Thunderstorm
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/Earth_observation
http://en.wikipedia.org/wiki/Satellite
http://en.wikipedia.org/wiki/Landsat
http://en.wikipedia.org/wiki/NASA
http://en.wikipedia.org/wiki/United_States_Geological_Survey
http://landsat.usgs.gov/ldcm_vs_previous.php
http://landsat.usgs.gov/L8_QA_band.php
http://landsat.usgs.gov/ldcm_vs_previous.php
http://landsat.usgs.gov/ldcm_vs_previous.php
http://landsat.usgs.gov/ldcm_vs_previous.php
http://landsat.usgs.gov/landsat8.php
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Table 2: Spectral characteristics of Landsat 8. 

(Source: http://landsat.usgs.gov/band_designations_landsat_satellites.php) 

Band Description Wavelength (µm) 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 - 2.29 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. 

 

 

Figure 3: Bandpass wavelength for Landsat 8 OLI and TIRS sensors, compared to Landsat 7 ETM+ 

sensor. (Source: http://landsat.usgs.gov/L8_band_combos.php) 

 

 

 

http://landsat.usgs.gov/band_designations_landsat_satellites.php
http://landsat.usgs.gov/L8_band_combos.php
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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 correction 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 correction in rugged terrain by integrating a DEM (the "3" stands for "3 

dimensions") (R & D.Schlapfer, 2014). In this research, 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): 

 An information (acquisition date, input layers and sensor type) about input raster file; 

http://www.geosystems.de/atcor/
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 An accurate radiometric calibration is required, which shows the knowledge of c0, c1 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 (aerosol 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 

region 

"Urban" is selected according to the atmospheric condition of study. The 

atmospheric model: midlat_summer_urban, fall_(spring)_urban and 

midlat_winter_urban are chosen for summer, autumn & spring and winter 

respectively. 

 

Table 4: The c0 and c1 coefficients of bands 1-7 for Landsat 8 image of June 25, 2013. 

7 c0 c1    [mW/cm2 sr 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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Figure 4: Comparison of NDVI maps before and after atmospheric correction, dated 29th September 2013 

Table 5 and Table 6 clearly 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 -1 to 1 

September 29, 2013 (Autumn) -0.065 to 0.375 -0.286 to 0.688 

January 3, 2014 (Winter) -0.124 to 0.297 -1 to 1 

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 

June 25, 2013 

(Summer) 

Water 0.031 -0.197 

Built-up 0.148 0.204 

Green-Vegetation 0.317 0.577 

Bare land 0.153 0.185 

September 29, 2013 

(Autumn) 

Water 0.006 -0.085 

Built-up 0.076 0.086 

Green-Vegetation 0.146 0.275 

Bare land 0.099 0.126 

January 3, 2014 

(Winter) 

Water -0.042 -0.202 

Built-up 0.023 0.042 

Green-Vegetation 0.100 0.315 

Bare land 0.051 0.130 

March 24, 2014 

(Spring) 

Water -0.030 -0.159 

Bare land 0.060 0.076 

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 (Srivastava et al., 2012). In an 

unsupervised classification the image is classified by aggregating image data into natural spectral 

groups or clusters (Tursilowati et al., 2012). While in the supervised classification approach, first 

the training sets are created and then classification steps are executed .  

Unsupervised classification is useful for evaluating areas where you have little or no knowledge 

about the study area. It has few disadvantages where the lack of information about a scene can 

make the algorithm decisions difficult and separate pixels with slightly different spectral values 

mistakenly and assign them to a unique cluster when they, in reality, represent a spectral 

continuum of a group of similar objects (Asmat et al., 2003). However, in the method of 

supervised classification, it uses pixels of known classes to identify pixels of unknown classes. 

Besides operator can detect errors and often remedy them. In this study, supervised classification 

method is applied to generate land cover maps of the four scenes. 

Commonly, used supervised classification approaches are parallelepiped, minimum distance to 

mean and maximum likelihood. Among these algorithms, the maximum likelihood method is 

generally preferred due to its higher accuracy levels (Asmat et al., 2003). Maximum likelihood 

classification is derived from the Bayes theorem, which based on the assumption that the 

probability distribution for each spectral class is of the form of a multivariate normal model with 

dimensions which equal the number of spectral bands (Jia & Richards, 1994). It makes use of a 

discriminated function to assign a pixel to the class with the highest likelihood (Ahmad & 

Quegan, 2012). 



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

13 

In this study, the object of attention is seasonal spatial patterns of green vegetation in rural areas 

and its relationship with urban heat islands effect. Therefore, the land cover is going to be 

classified into 4 categories: green-vegetated areas (including agricultural land, forests and 

grassland), built-up areas (including roads and railways), water and bare land.  

In the procedure of identifying training sets, the sample points (region of interest) are selected by 

visual interpretation, consulting with the high resolution aerial images and photographs from 

Google Earth, NDVI maps in four seasons, local knowledge of study area and information from 

band combinations (R,G,B:5,6,2,) applied to Landsat 8 (shown in Figure 5, 6 and 7). Then the 

selected points were divided into a training subset (60%) and a testing subset (40%) by random 

sampling, for the purpose of independent training and accuracy assessment. Table 7 shows the 

number of sample points of each land cover category in four seasons. 

Table 7: The number of sample points of land cover types in four seasons.

Image(season) Water Built-up Green-

vegetation 

Bare land 

June 25, 2013 (Summer) 37 35 47 40 

September 29, 2013 (Autumn) 36 41 50 34 

January 3, 2014 (Winter) 33 42 40 33 

March 24, 2014 (Spring) 36 35 36 32 

 

 

Figure 5: Band combination 

applied, dated 25th June, 2013 

(R,G,B: 5,6,2,) 

 

Figure 6: NDVI map for Landsat 8 

data, dated 25th June, 2013. 

 

 

Figure 7: High resolution aerial 

image of the study area, data from 

Google Earth. 

Accuracy assessment is an important part to analyze the result of the classified image through the 

overall accuracy and Kappa coefficient. The confusion matrix is used for a quantitative analysis 

of the land cover classification accuracy and the reference data are the remaining of 40% sample 

points. 

Furthermore, one of the most widely applied approach of comparing accuracy in remote sensing 
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is the comparison of kappa coefficients, the statistical significance of the difference between two 

independent kappa coefficients derived from different classification results is evaluated by the Z-

test value (Foody, 2009). The hypothesis is that two Kappas are equal. If final Z value is greater 

than a certain value (1.96 for 95% confidence level test), it indicates that the two compared 

classifications are significantly different at the 5% significance level. (Congalton & Green, 2002).  

Additionally, a suitable enhancing filtering is carried out after the classification process on the 

produced thematic map to improve the image visual interpretability. Classic pixel-based 

classification method often leads to the "salt and pepper" effects in the final classification map, 

derived from the isolated pixels of the one class within another dominant class (Al-Fares, 2013). 

To improve the classification results, the majority mode filter in ENVI is used as a post-

classification procedure. In this study, the Kernel size of 3 x 3 is applied to smooth the 

appearance of the image. 

In order to quantify the spatial patterns of green-vegetated areas, 5 buffer zones were created 

across the study area. The city centre acts as a centre point to create buffer zone. (shown in 

Figure 8). As the radius of the study area is 20 km. The buffer zones are equally distributed into 5 

zones, which are 0-4, 4-8, 8-12, 12-16, and 16-20 km in distance from city centre, respectively. 

These buffer zones were applied to explain the spatial pattern of green-vegetation areas and also 

used to quantify the spatial patterns of urban heat island phenomenon (Weng et al., 2004). 

 

Figure 8: Five buffer zones drawn in the study area. 

The whole image classification section are conducted by software ENVI and ArcGIS 10.2.1. 

Detailed results are showed in Chapter 4. 

3.2. Calculating land surface temperature from Landsat 8 images 

Land surface temperature (LST) is the temperature emitted by surface and measured in Kelvin 

(Rajeshwari & Mani, 2014) and is a good indicator of energy and water balance at the land-
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atmosphere interface (Yu et al., 2008). It can be estimated from satellite remote sensing and 

retrieved from TIR data (Jiménez-muñoz et al., 2014).  

There are several algorithms dealing with estimating LST data, such as Split-Window (SW), Dual-

Angel (DA), Single-Channel (SC), Sobrino and Mao (Rajeshwari & Mani, 2014). For Landsat 8, 

since the formal single band has been split into two TIR bands, the bandwidths of TIRS bands 

are narrowed, the use of two separate bands can minimize the error in the retrieval of LST 

(Caselles et al,, 1998). Hence, the present two TIR bands open a possibility to apply split-window 

(SW) algorithms, which corrects for atmospheric effects based on the differential absorption in 

adjacent infrared bands (Wan et al., 1996), instead of single-channel (SC) algorithms to retrieval 

LST (Jiménez-muñoz et al., 2014).  

In this research, SW algorithm is chosen to calculate land surface temperature and two thermal 

bands 10 and 11 are used in algorithm. For inversion of LST from remote sensing data, it is 

required to correct atmosphere-induced effects, that is the absorption and emission of 

atmospheric water vapour and land surface emissivity (LSE) (Zhao et al., 2005). Thus the inputs 

for SW algorithm are not only brightness temperatures (Rajeshwari & Mani, 2014), but also water 

vapour content and land surface emissivity (LSE).  

In this section,  there are four steps to estimate land surface temperature using ArcGis software : 

conversion of digital numbers to TOA radiance value, conversion of TOA radiance value to 

brightness temperature, estimation of land surface emissivity and calculate land surface 

temperature. They are described as below. 

3.2.1. Conversion of digital numbers (DN) to TOA radiance value 

The brightness temperature can be obtained using data from the Landsat 8 TIRS instrument. 

First, convert Digital Numbers (DN) to Top-of-Atmosphere (TOA) radiance values. 

Landsat TIRS bands data can be converted to TOA planetary reflectance using reflectance 

rescaling coefficients (Table 8) provided in the product metadata file (MTL file). The following 

equation is used to convert DN values to TOA reflectance for OLI data as follows: 

                                                             Lλ = MLQcal + AL                                                          (Equation 1 ) 

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)        

 

Table 8:  Landsat 8 reflectance rescaling coefficients for band 10 and band 11. 

Rescaling Factor Band 10 Band 11 

ML 0.000342 0.000342 

AL 0.1 0.1 
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3.2.2. Conversion of TOA radiance values to brightness temperature 

After conversion of digital numbers to TOA radiance, the next step is converting the TOA 

radiance values to TOA brightness temperature in Kelvin. TIRS bands data can be converted 

from spectral radiance to brightness temperature using the thermal constants (Table 9) provided 

in the metadata file (MTL file): 

                                                 T=
K2

Ln 
K1 

Lλ 
+1 

                                     (Equation 2) 

Where,          

T           = At-satellite brightness temperature (Kelvin) 

Lλ          = TOA spectral radiance (Watts/( m2 * srad * μm)) 

K1          = Band-specific thermal conversion constant from the metadata  

                 (K1_CONSTANT_BAND_x, where x is the band number, 10 or 11) 

K2          = Band-specific thermal conversion constant from the metadata  

                 (K2_CONSTANT_BAND_x, where x is the band number, 10 or 11) 

Table 9:  Landsat 8 thermal constants  for band 10 and band 11. 

Thermal Constant Band 10 Band 11 

K1 1321.08 1201.14 

K2 777.89 480.89 

3.2.3. Estimation of land surface emissivity 

For Landsat images, land surface emissivity is mainly determined by the surface materials and the 

range of bands. In this study, the land surface emissivity is estimated using NDVI threshold 

method which uses information collected by OLI in VNIR bands (reflectance or vegetation 

indices) depending on the fractional vegetation cover for a given pixel (Qin et al., 2006).  

As emissivity of different land cover types varies significantly, the land cover classification maps 

are used to estimate land surface emissivity. Generally, there are mainly four types of land feature 

on earth: water, built-up, soil and vegetation. For the bands 10 and 11 in Landsat 8, the emissivity 

of each land feature is set according to Aster Spectral Library (http://speclib.jpl.nasa.gov/). The 

detailed emissivity values are presented in Table 10. 

 

 

 

 

 

 

 

 

 

http://speclib.jpl.nasa.gov/
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Table 10: Emissivity values for different typical land feature in Landsat 8. 

Bands Land feature Emissivity value (ε) 

Band 10 

Water (w) 0.99683 

Built-up (b) 0.964885 

Soil (s) 0.96767 

Green-Vegetation (v) 0.98672 

Band 11 

Water (w) 0.99254 

Built-up (b) 0. 975115 

Soil (s) 0.97790 

Green-Vegetation (v) 0.98990 

However, it's hard to find 100% vegetation, bare land and built-up surface and at the pixel scale, 

the variation of emissivity is along with natural surface heterogeneity. Besides, the emissivity is 

largely related to the nature of vegetation cover, the surface roughness etc. In this research, one 

attempt has been conduct to estimate emissivity by using the proportion of vegetation cover in 

each pixel. For four land cover types, the emissivity values of water in two bands 10 and 11 are 

0.99683 and 0.99254, separately and the estimation of emissivity for built-up, vegetation and 

others are mixed pixels analysis which are described below. 

For natural land surface, the pixel of natural surface can be simply treated as a mixture of 

vegetation and soil. Therefore, emissivity calculation for vegetation and others can follow below 

Equation 3.3 used for mixture pixel which contains vegetation and soil: 

                                                          εi=PvRvεiv+(1-Pv)Rsεis + dε                                           (Equation 3) 

Where, 

εi      =  Land surface emissivity for band i in Landsat 8 (i = 10, 11) 

Pv    =  Fractional vegetation cover, defined as (NDVI-NDVIs)/(NDVIv-MDVIs), and NDVIs  

            and NDVIv are NDVI threshold for vegetation and others;  

dε     =  Thermal radiation interaction correction value 

 When Pv＜0.5 ，dε=0.0038Pv                                                                       (Equation 4) 

 When Pv＞0.5 ，dε=0.0038(1-Pv)                                                                  (Equation 5) 

 When Pv = 0.5 ，dε=0.0019                                                                          (Equation 6) 

Rv     =  Temperature ratio for vegetation 

Rs     =  Temperature ratio for soil 

Rv and Rs calculation algorithms are described later. 



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

18 

However, for 100% vegetation or bare land areas, the land surface emissivity can be represented 

using typical vegetation or bare land surface emissivity (showed in Table 9). 

For land cover type built-up, it is a mixture of built-up and vegetation. The calculation equation 

of  emissivity is as below: 

                                                   εi=PvRvεiv+(1-Pv)Rbεib + dε                                          (Equation 7) 

Where,  

εi      =  Land surface emissivity for band i in Landsat 8 (i = 10, 11) 

Pv    =  Fractional vegetation cover, defined as (NDVI-NDVIs)/(NDVIv-MDVIs), and NDVIs 

            and NDVIv are NDVI threshold for vegetation and others;  

dε     =  Thermal radiation interaction correction value 

Rv     =  Temperature ratio for vegetation 

Rb     =  Temperature ratio for built-up 

For temperature ratio Rv , Rs and Rb , they are defined as Ri=(Ti/T)4 (i=vegetation , soil and 

built-up). In this study, the estimation of temperature ratio for vegetation, soil and built-up are 

showed below:  

                                                       Rv = 0.9332 + 0.0585 Pv                                                (Equation 8) 

                                                         Rs = 0.9902 + 0.1068 Pv                                                (Equation 9) 

                                                         Rb = 0.9886 + 0.1287 Pv                                              (Equation 10) 

3.2.4. Land surface temperature 

In the Split-Window (SW) Algorithm (Equation 3.10), the inputs are brightness temperatures for 

band 10 and band 11, land surface emissivity, water vapour content and c0-c6 coefficients. 

                   Ts = Ti + c1(Ti − Tj) + c2(Ti − Tj)2 + c0 + (c3 + c4w)(1 − ε) + (c5 + c6w)Δε          (Equation 11) 

where, 

Ti(j)     =  At-sensor brightness temperatures for band i(j), i=10 and j=11 (Kelvin) 

ε          =  Mean emissivity, defined as ε = 0.5 (ε i +ε j) 

Δε       =  Emissivity difference, defined as Δε = (ε i −ε j) 

w        =  Atmospheric water vapor content (g・ cm−2) 

ci        =  Coefficients for the SW algorithm, i=0 to 6, determined from simulated data (Table 11)   

The atmospheric water vapour content can be derived from local measurements in-situ or nearby 

meteorological stations (Rozenstein et al., 2014). However, it is hard to get the real water vapour 

content per pixel, the parameter in this study are set as a constant according to local meteorology. 

In order to describe the spatial patterns of land surface temperature in four seasons,  the five 

buffer zones created in section 3.1. are applied to quantify the spatial distributions.   
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Table 11: Coefficients for the Split-Window Split-Window (SW) algorithm 

Coefficients Values 

C0 -0.268 

C1 1.378 

C2 0.183 

C3 54.30 

C4 -2.238 

C5 -129.20 

C6 16.40 

3.3. Statistical analysis 

This section is to examine the relationships between spatial patterns of green-vegetated areas and 

urban heat islands in four seasons.  

Firstly, the proportion of green-vegetated area and bare land in each buffer zone is calculated. 

The former is tested by Z-test to know whether the proportion of green vegetation in each 

buffer zone is significantly different from each other. It shows the spatial distribution of green 

vegetation and explaining how the green vegetation changes with the increasing distance from 

city centre in four seasons. 

Secondly, in the phenomenon of urban heat island, the main focus is on the temperature in urban 

areas where the built-up areas occupy most land. Therefore, the significant differences of land 

surface temperature only in built-up areas among buffer zones are tested in this step. In each 

buffer zone, sample points (shown in Table 12) are randomly selected in built-up areas and for 

each sample point the corresponding land surface temperature value is extracted. One-way 

ANOVA and Kruskal-Wallis test are used to determine whether the differences between the land 

surface temperature in each buffer are statistically significant. Before using these two statistical 

tests, normality test is necessary to check whether the sample data are normally distributed. If the 

data are not normal distributed, the Kruskal-Wallis test is applied (McDonald, 2014). The 

Kruskal-Wallis test is a nonparametric test used to compare three or more groups. It is used to 

test the null hypothesis that all populations have identical distribution functions. It is the non-

parametric version of ANOVA and a generalized form of the Mann-Whitney test method 

because it permits 2 or more groups. Once determining that statistically significant differences 

exist among groups, Mann-Whitney U test is applied as post hoc test to examine which groups 

are different from each other. 

If the data are normal distribution, using one-way ANOVA to test for differences in the means 

of the dependent variable broken down by the levels of the independent variable (Rutherford, 

2001). However, one assumption is needed to accept to make sure the result is valid, that is there 

needs to be homogeneity of variances. If the data can met this assumption, once determining that 

differences exist among the means, post hoc range tests (Scheffe post-hoc test) and pair wise 

multiple comparisons can determine which means differ statistically. If data does violate this 

assumption, a Welch ANOVA, as well as alternative post-hoc tests ( Games-Howell test instead 

of Scheffe post-hoc test) will be applied.  

Thirdly, in order to investigate the effect of green vegetation on the urban heat islands, the 

significant differences of land surface temperature among buffer zones are tested here. The 
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statistical test method are the same as the second step, the number of sample points are 30, 90, 

150, 210 and 270 corresponding to buffer 1 to 5, respectively. The number is decided by the 

areas of each buffer.  

Generating random sample points for built-up is conducted in ArcGis 10.2.1, and statistical 

analysis is done with SPSS 22. 

Table 12: The number of sample points in built-up areas , in each buffer zone for the four seasons. 

The number of 

Sample points 
Buffer 1 Buffer 2 Buffer 3 Buffer 4 Buffer 5 

Summer 30 80 80 80 75 

Autumn 30 80 100 95 85 

Winter 30 77 100 75 60 

Spring 30 80 115 80 50 
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4. RESULTS 

This chapter shows the results according to the objectives of the research which are: (1). to 

quantify spatial and temporal patterns of green-vegetated areas in and around Xi'an City; (2). to 

estimate and explore spatial and temporal patterns of land surface temperature in and around 

Xi'an City; (3).Furthermore, relationship between the land surface temperature of each land cover 

type with the spatial distribution of green-vegetated areas are analyzed.   

4.1. Spatial patterns of green-vegetated areas in four seasons 

4.1.1. Land cover maps and accuracy assessment 

Figure 9 shows the classified land cover maps of the study area through maximum likelihood 

classification approach. From the four maps, it is revealed that the spatial patterns of vegetation 

changes seasonally. During summer,  the green vegetation mainly located around built-up areas 

and very few in the city (Figure 9 (a)). The area of green vegetation is highest in autumn 

compared to other seasons (Figure 9 (b)). Through visual interpretation, the distribution pattern 

of vegetation in autumn is similar to summer but the density of green vegetation is higher in 

autumn compared to summer. In winter (Figure 9 (c))., bare land is dominant land cover type 

around the city, while the area of green vegetation is least of all four seasons, distributed mainly 

away from built-up areas. In spring (Figure 9 (d))., the area of green vegetation is higher than in 

winter but lower than in summer.  
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Figure 9: Land cover classification maps: (a) summer; (b) autumn; (c) winter; (d) spring. 

 

 

 

 

 

 

 

(a) (b) 

(c) (d) 



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

23 

For each image classification, the accuracy assessment includes an overall accuracy and Kappa 

statistical analysis. Table 13 shows the confusion matrixes of four images.  

Table 13: Confusion matrix for accuracy assessment in four season images. 

Images Class 

Ground Reference Data  

Water 
Built-

up 

Green-

vegetation 
Others Total 

Producer's 

Accuracy (%) 

User's 

Accuracy (%) 

summer 

Water 13 0 0 0 13 86.67 100.00 

Built-up 0 11 0 0 11 78.57 100.00 

Green 

vegetation 
0 0 19 0 19 100.00 100.00 

Others 2 3 0 16 21 100.00 76.19 

Total 15 14 19 16 64 Overall Accuracy: 92.19% 

autumn 

Water 12 0 0 0 12 85.71 100 

Built-up 1 14 0 3 18 87.50 77.78 

Green 

vegetation 
1 0 20 0 21 100 95.24 

Others 0 2 0 11 13 78.57 84.62 

Total 14 16 20 14 64 Overall Accuracy: 89.06% 

winter 

Water 12 1 0 0 13 97.31 92.31 

Built-up 1 15 0 2 18 88.24 83.33 

Green 

vegetation 
0 0 16 0 16 100.00 100.00 

Others 0 1 0 11 12 84.62 91.67 

Total 13 17 16 13 59 Overall Accuracy: 91.53% 

spring 

Water 11 0 0 0 11 78.57 100.00 

Built-up 2 13 0 0 15 92.86 86.67 

Green 

vegetation 
0 0 14 0 14 100.00 100.00 

Others 1 1 0 13 15 100.00 86.67 

Total 14 14 14 13 55 Overall Accuracy: 92.73% 

Table 14 shows the overall accuracy assessment for the four land cover classification maps 

representing summer, autumn, winter and spring is 92.19%, 89.06%, 91.53% and 92.73%, 

respectively. The accuracy of the four land cover classification maps is similar, as is also the 

Kappa coefficient. 
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Table 14: Accuracy assessment of classified Landsat 8 images for four seasons. 

Image (Season) Overall accuracy Overall Kappa coefficient 

June 25, 2013 (Summer) 92.19% 0.90 

September 29, 2013 (Autumn) 89.06% 0.85 

January 3, 2014 (Winter) 91.53% 0.89 

March 24, 2014 (Spring) 92.73% 0.90 

Also, a Z-test is performed to test the statistical significance of the difference between two 

independent Kappa coefficients as displayed in Table 15. It shows that the Z-values are less than 

1.96 for 95% confidence level test. Therefore, the null hypothesis i.e. two Kappas coefficient are 

equal, is accepted. That means there are no significant difference at the 5% significance level 

among the Kappas of the four images and the land cover classification of the four images is 

accurate. 

Table 15: The result of Z-test for Kappas. 

Images Summer 

image 

Autumn image Winter image Spring image 

Summer 

image 

—— 
   

Autumn image 0.83 —— 
  

Winter image 0.18 0.64 —— 
 

Spring image 0.17 0.97 0.33 —— 

4.1.2. Quantification of spatial patterns in green vegetation areas. 

In order to quantify the spatial patterns of green vegetation, five buffer zones were created. In 

each buffer zone, the area proportion of green vegetation is calculated (see in Table 16). In all 

seasons the area of green vegetation increases with increasing distance from the city centre. 

Comparing the four seasons, in autumn, the area of green vegetation in each buffer zone is 

largest, whereas in winter, the area is smallest. Figure 10 also shows the change of green 

vegetation areas in each buffer zone and trend lines to describe the degree of changes within the 

buffers. In summer, the vegetation areas are nearly the same in buffer 1 and buffer 2, and then 

increase gently from 26.22% to 41.99% within buffer 3 to buffer 5. In autumn, the trend line 

shows that from buffer 3 to buffer 5, the increase of area in vegetation is gradual and the slope of 

the trend line is similar to that in summer, which means in autumn and summer, the growth rate 

of green vegetation area are approximately the same, but the overall vegetation cover in autumn 

is higher. In winter, the proportion of green vegetation areas within buffer 1 to buffer 3 is similar , 

while in buffer 4 and 5, there are more proportion of green vegetation areas which increase from 

8.06% to 17.16%. In spring, comparing to winter, the vegetation area in buffer 3 to 5 get larger 

(9%-26.84%) and there is more green vegetation around the urban areas. 

The proportion of bare land is also shown in Table 16 and Figure 11. The areas of bare land is 

generally increasing from city centre to rural areas. Especially in winter the total area is largest of 

all four seasons, in all buffer zones. In autumn, the areas of bare land is least in each buffer. And 

also the proportion of green vegetation is higher than of bare land. In summer, the proportion of 

vegetation areas and bare land are approximately the same in all buffer zones. In spring and 

winter the proportion of bare land is higher than of green vegetation, in all buffer zones.  

Table 16: Area proportion of green vegetation and bare land in five buffer zone, four seasons. 
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Summer Buffer Area (km2) 
Proportion 

Green Vegetation (%) Bare land (%) 

Buffer 1 48.74 17.46 16.10 

Buffer 2 146.23 18.70 21.66 

Buffer 3 243.72 26.22 27.60 

Buffer 4 341.21 37.17 34.56 

Buffer 5 438.70 41.99 38.52 

 

 

 

Autumn Buffer Area (km2) 
Proportion 

Green Vegetation (%) Bare land (%) 

Buffer 1 48.74 26.98 8.67 

Buffer 2 146.23 28.04 12.62 

Buffer 3 243.72 38.68 16.33 

Buffer 4 341.21 45.68 21.92 

Buffer 5 438.70 47.59 31.39 

Winter Buffer Area (km2) 
Proportion 

Green Vegetation (%) Bare land (%) 

Buffer 1 48.74 5.37 40.77 

Buffer 2 146.23 4.93 49.01 

Buffer 3 243.72 5.16 59.14 

Buffer 4 341.21 8.06 70.13 

Buffer 5 438.70 17.16 70.35 

Spring Buffer Area (km2) 
Proportion 

Green Vegetation (%) Bare land (%) 

Buffer 1 48.74 6.49 45.89 

Buffer 2 146.23 7.28 46.03 

Buffer 3 243.72 9.00 53.48 

Buffer 4 341.21 13.47 65.72 

Buffer 5 438.70 26.84 63.65 
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Figure 10: Area proportion of green vegetation in 

each buffer zone, four seasons. 

Figure 11: Area proportion of bare land in each 

buffer zone, four seasons. 
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4.2. Spatial patterns of land surface temperature in four seasons 

4.2.1. Land surface temperature maps 

Calculating land surface temperature uses Split-Windows (SW) algorithm, which contains two bands 10 

and 11 of Landsat 8 thermal channel ( 10.6 - 11.19 and 11.5 to 12.51) in order to give more accuracy. In 

Figure 12 the land surface temperature in the four seasons is presented. In this figure, the legend used are 

range from the lowest land surface temperature and highest land surface temperature in four seasons. 

Therefore, it is more easy to find the land surface temperature for the four seasons intuitively. More red 

represents higher temperature and green means lower temperature. This figure shows that in summer, the 

land surface temperature is highest of all four seasons and in winter, the land surface temperature is lowest. 

The land surface temperature in autumn is nearly the same as in spring.  

 
Figure 12: Normalized land surface temperature in summer (a), autumn (b), winter (c) and spring (d). 
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Figure 13 illustrates more details about the land surface temperature maps for the four seasons. 

In summer (Figure 13 (a)), the land surface temperature ranges from 299.25 to 347.17 Kelvin with a mean 

of 315.97 Kelvin. The lower temperatures happen in water and green vegetation areas, and highest 

temperature zone mostly happens in bare land which surrounds urban areas. The land surface temperature 

in built-up is lower than that in bare land.  

In autumn period (Figure 13 (b)), the range of surface temperature is from 291.33 to 322.03 Kelvin with 

mean value of 302.02 Kelvin. Water and green vegetation still show lower land surface temperature while 

areas in bare land and some parts of built-up areas show higher temperatures.  

Land surface temperature in winter is from 274.44 to 299.19 Kelvin with mean value of 283.59 Kelvin  

(Figure 13 (c)). Higher land surface temperatures appear in bare land and some built-up areas. Water, 

green vegetation and some built-up areas show lower temperatures. 

During spring period, the land surface temperature is from 287.91 to 324.05 Kelvin with a mean of 301.29 

Kelvin  (Figure 13 (d)). The lower land surface temperatures appear in water and green vegetation while 

bare land and West of built-up areas show a higher land surface temperature distribution. 

 

 

 

 

 

 

 

 

 

 



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

29 

 

Figure 13: Land surface temperature maps (in Kelvin)：(a) summer; (b) autumn; (c) winter; (d) spring. 

4.2.2. Quantification for the spatial patterns of land surface temperature in built-up areas 

To analysis the spatial distribution of  land surface temperature in built-up areas, the mean land surface 

temperature of built-up in each buffer zone for the four seasons are obtained based on the data of random 

sample points (shown in Table 17 to 20). Also the error bars for sample points in four seasons are showed 

in Figure 14 to 17. 

 

(a) (b) 

(c) (d) 



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

30 

Table 17: Mean and Std. Deviation of the land surface temperature of sample points in built-up areas in summer. 

 
Table 18: Mean and Std. Deviation of the land surface temperature of sample points in built-up areas in autumn. 

Autumn Number Mean Std. Deviation 

buffer 1 30 301.89 1.50 

buffer 2 80 302.14 1.67 

buffer 3 100 303.06 2.03 

buffer 4 95 302.54 2.11 

buffer 5 85 302.61 1.74 

 
Table 19: Mean and Std. Deviation of the land surface temperature of sample points in built-up areas in winter. 

Winter Number Mean Std. Deviation 

buffer 1 30 283.17 1.50 

buffer 2 77 282.50 1.46 

buffer 3 100 283.76 2.18 

buffer 4 75 283.43 1.81 

buffer 5 60 283.18 1.38 

 
Table 20: Mean and Std. Deviation of the land surface temperature of sample points in built-up areas in spring. 

Spring Number Mean Std. Deviation 

buffer 1 30 300.13 2.14 

buffer 2 80 300.87 2.57 

buffer 3 115 302.06 2.48 

buffer 4 80 301.75 2.63 

buffer 5 50 301.44 2.22 

 

Summer Number Mean Std. Deviation 

buffer 1 30 316.03 1.69 

buffer 2 80 317.05 2.41 

 buffer 3 80 317.39 2.58 

buffer 4 80 316.62 2.57 

buffer 5 75 316.46 2.11 
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Figure 14: The error bar for the land surface 
temperature of sample points in built-up areas in 
summer 

Figure 15: The error bar for the land surface 
temperature of sample points in built-up areas in 
autumn

      

Figure 16: The error bar for the land surface 
temperature of sample points in built-up areas in winter 

Figure 17: The error bar for the land surface 
temperature of sample points in built-up areas in spring

4.2.3. Quantification for the spatial patterns of urban heat island 

In order to quantify the spatial patterns of urban heat island, randomly selecting sample points in each 

buffer zone is applied to obtain the information. Table 21 to 24 show the mean land surface temperature 

and standard deviation of sample points in each buffer zone, in the four seasons. In summer, the mean 

land surface temperature is highest in each buffer zone among the four seasons, while in winter, the mean 

land surface temperature is lowest. The mean land surface temperature in autumn is close to that in spring.  

Figure 18 to 21 are the error bar for the land surface temperature of sample points in the four seasons 

from the city centre to rural areas. 
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Table 21: Mean and Std. Deviation of the land surface temperature of sample points in each buffer in summer. 

Summer Number Mean Std. Deviation 

buffer 1 30 315.68 2.36 

buffer 2 90 316.60 2.33 

buffer 3 150 316.70 3.62 

buffer 4 210 315.79 3.72 

buffer 5 270 315.75 3.88 

 

Table 22: Mean and Std. Deviation of the land surface temperature of sample points in each buffer in autumn. 

Autumn Number Mean Std. Deviation 

buffer 1 30 301.35 1.46 

buffer 2 90 301.54 1.37 

buffer 3 150 301.99 1.91 

buffer 4 210 301.82 2.06 

buffer 5 270 302.47 2.15 

 

Table 23: Mean and Std. Deviation of the land surface temperature of sample points in each buffer in winter. 

Winter Number Mean Std. Deviation 

buffer 1 30 283.08 1.58 

buffer 2 90 283.22 1.08 

buffer 3 150 283.46 1.64 

buffer 4 210 283.51 1.60 

buffer 5 270 284.04 1.60 

 
Table 24: Mean and Std. Deviation of the land surface temperature of sample points in each buffer in spring. 

Spring Number Mean Std. Deviation 

buffer 1 30 299.78 2.90 

buffer 2 90 300.53 2.24 

buffer 3 150 301.11 2.45 

buffer 4 210 301.50 2.81 

buffer 5 270 301.52 2.56 



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

33 

 

Figure 18: The error bar for the land surface 
temperature of sample points in each buffer in summer. 

Figure 19: The error bar for the land surface 
temperature of sample points in each buffer in autumn. 

 

Figure 20: The error bar for the land surface 
temperature of sample points in each buffer in winter. 

Figure 21: The error bar for the land surface 
temperature of sample points in each buffer in spring.

4.3. Relationship analysis between green-vegetated areas and urban heat island 

4.3.1. Relationship between the green-vegetated areas and land surface temperature in built-up areas. 

Firstly, the results of Z-test for proportion of green vegetation areas are showed in Table 25 - 28 with red 

mark representing the Z-Score is bigger than 1.96 or less than -1.96 and showing which two buffer zones 

have a statically significant difference between the proportion of vegetation areas.  

In summer, the proportions of vegetation areas are significantly different between buffer 1 and 4, buffer 1 

and 5, buffer 2 and 4, buffer 2 and 5, buffer 3 and 4, and buffer 3 and 5. In autumn, the difference of 

proportions between buffer 1and 2,  buffer 1 and 2, buffer 3 and 4, and buffer 4 and 5, are not significant. 

During Winter and spring, the significant difference of proportions are both happens between buffer 1 

and 5, buffer 3 and 5, and buffer 4 and 5, whereas there is also a significant difference between buffer 2 

and 5 in winter. 
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Table 25: The result of Z-test for proportions, in summer. 

Summer buffer 1 buffer 2 buffer 3 buffer 4 buffer 5 

buffer 1 ---- 
    

buffer 2 -0.19 ---- 
   

buffer 3 -1.30 -1.70 ---- 
  

buffer 4 -2.71 -4.02 -2.79 ---- 
 

buffer 5 -3.33 -5.07 -4.11 -1.36 ---- 

 

Table 26: The result of Z-test for proportions, in autumn. 

Autumn buffer 1 buffer 2 buffer 3 buffer 4 buffer 5 

buffer 1 ---- 
    

buffer 2 -0.14 ---- 
   

buffer 3 -1.55 -2.14 ---- 
  

buffer 4 -2.47 -3.63 -1.69 ---- 
 

buffer 5 -2.75 -4.14 -2.25 -0.53 ---- 

 

Table 27: The result of Z-test for proportions, in winter. 

Winter buffer 1 buffer 2 buffer 3 buffer 4 buffer 5 

buffer 1 ---- 
    

buffer 2 0.12. ---- 
   

buffer 3 0.06 -0.10 ---- 
  

buffer 4 -0.70 -1.23 -1.37 ---- 
 

buffer 5 -2.14 -3.68 -4.49 -3.73 ---- 

 

Table 28: The result of Z-test for proportions, in spring. 

Spring buffer 1 buffer 2 buffer 3 buffer 4 buffer 5 

buffer 1 ---- 
    

buffer 2 -0.19 ---- 
   

buffer 3 -0.57 -0.59 ---- 
  

buffer 4 -1.38 -0.59 -1.66 ---- 
 

buffer 5 -3.13 -1.95 -5.54 -4.55 ---- 
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Secondly, the results of significant difference test for the land surface temperature in built-up areas in five 

buffer zones are showed in four box-plots shown in Figure 22. 

In the (a) summer period, the land surface temperature of built-up in buffer 3 is significantly higher than 

that in buffer 1, 4 and 5 with the p value of 0.04, 0.011 and 0.015 respectively. 

 In autumn (b), the built-up land surface temperature of buffer 3 is significantly higher than that in buffer 

1,2 and 4. Also, the significant differences exist between buffer 1 and 5 and between buffer 2 and 5 with 

the higher land surface temperature in buffer 5. 

In winter (c), the land surface temperature of built-up in buffer 2 is statistically significant lower than that 

in buffer 4 and 5.   

During spring period (d), the land surface temperature of built-up in buffer 1 is significantly lower than 

that in buffer 3, 4 and 5. Similarly, in buffer 2, the land surface temperature of built- up areas is also 

significantly lower than that in buffer 3 and 4. 

  

 
Figure 22: Four box-plots for the land surface temperature in built-up areas: (a) summer; (b) autumn; (c) winter; (d) 

spring. 

Comparing the results of statistical results for the proportion of green vegetation areas and the land 

surface temperature in built-up areas between buffer zones, the relationships between green vegetation 

and land surface temperature of built-up exist between buffer 3 and buffer 4, also between buffer 4 and 

buffer 5 with negative correlation in summer. In autumn, positive relations happen between buffer 1 and 5, 

buffer 2 and 3, also between 2 and 5. In winter, the relationship exists between buffer 2 and buffer 5, as 

well as between buffer 1 and buffer 5 in spring. 

(a) (b) 

(c) (d) 
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4.3.2. Relationship between green-vegetated areas and urban heat island 

In this section, the statistical results for quantified spatial patterns of urban heat island are present in 

Figure 23. 

In autumn, based on the results shown in Figure 10 (b), the positive relationships between green 

vegetation and land surface temperature exist within buffer 2 and buffer 3, and also from buffer 4 to 

buffer 5, while a negative relation appears within buffer 3 and buffer 4. 

In winter, related to Figure (c), the area proportion of green vegetation is similar in areas from buffer 1 to 

buffer 3, whereas in buffer 5, the area proportion increase. Therefore, there is a positive relationship 

existing from buffer 4 to buffer 5. 

Accordingly, during spring , the area proportion of green vegetation raise gently from city centre to buffer 

4, thus the vegetation is slightly positive related to land surface temperature from city centre to rural areas 

buffer 4. 

Figure 23: Four box-plots for the land surface temperature: (a) summer; (b) autumn; (c) winter; (d) spring. 

Comparing the results of statistical results for the proportion of green vegetation areas and land surface 

temperature between buffer zones, there is no relationship happened in summer. In autumn, the 

relationships between green vegetation and urban heat island exist between buffer 1 and buffer 5, between 

buffer 2 and 3 as well as between buffer 2 and buffer 5. In winter, the relationship exists between buffer 1 

and 5, buffer 2 and 5, buffer 3 and 5 as well as buffer 4 and 5. In spring, the correlation only happens 

between 1 and 5. These relationship are all positive. 

(a) (b) 

(c) (d) 
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5. DISCUSSIONS 

5.1. Quantification for spatial patterns of green-vegetated areas in four seasons 

Generally, the proportions of Green vegetation gradually increase from buffer 1 to buffer 5 in the four 

seasons. Especially in summer, the proportion of green vegetation is highest in the four seasons followed 

by the proportion in summer. In summer, the main crop is wheat. However, according to the agricultural 

phenology in Xi'an city, the wheat are harvested around the 15th June and then the land cover green 

vegetation turns into bare land. In autumn, some crops, for examples maize, are planted and begin to 

increase which brings out an increased proportion of green vegetation areas compared with summer. 

That's the reason why there are less green-vegetation areas in summer than in autumn. During winter 

period, the air temperature is lower and leaves fall, except for some winter crops in rural areas. Therefore, 

in this season, bare land occupies majority of the surrounding rural areas. As spring is coming, more 

healthy green vegetation appears around Xi'an city.  

5.2. Quantification for the spatial patterns of land surface temperature in four seasons 

From the results of the quantified spatial patterns of land surface temperature in the built-up areas for the 

four seasons in section 4.2.2., it is showed that in summer, autumn and winter, from city centre to buffer 3, 

the land surface temperatures gradually increase and then descend in buffer 4 and 5. This is because from 

city centre to a certain distance (buffer 3), the built-up is the dominant land cover with less green 

vegetation areas in urban areas, leading to a higher land surface temperature than rural areas.  

From the results of the quantified spatial patterns of land surface temperature in each buffer zone for the 

four seasons in section 4.2.3., it is the similar increasing land surface temperature to that in built-up areas. 

High density of built-up contributes most in these buffers. With the further distance from city centre, the 

land cover contains more proportion of green vegetation and bare land areas while built- up areas decrease 

and getting more disperse. Therefore in buffer 4, the land surface temperature descends in summer and 

autumn. In buffer 5, the reason why the land surface temperature stays higher is that although the area of 

green vegetation increase, the area of bare land also goes up. According to literature, one research in the 

middle part of Jilin Province, China, found that the land surface temperature of bare land is higher than 

that of built-up areas (Guanglei et al., 2009). The same result is also found in the dynamism of land use 

changes on land surface temperature in Kenya(Mumina & Mundia, 2014). The reason why the higher 

temperature appears in bare land is that, in daytime, the bare land surface gets noticeably hotter as they 

absorb heat. Its high insolation,  low heat capacity, and lack of evaporative cooling cause the higher land 

surface temperature in bare land (Mumina & Mundia, 2014). Besides, the colour of bare land is dark with 

the lower reflectivity and therefore, the ability of absorbing heat energy for bare land is higher than built-

up surface materials and the temperature increases more quickly. During night, bare land releases heat and 

cool down. However, due to the high concentrated density in urban areas, it is more hard to carry on 

ventilation and abstracting heat, therefore the surface temperature of built-up areas is higher in night (Yan 

et al., 2011). In this research, the Landsat satellite passes the study area is around 11:00 am, which is 

coincident with the situation of daytime and the built-up surfaces have not reach the highest temperature 

in the day . Therefore, the land surface temperature of bare land is higher than that of other land cover 

types.  

In the spatial patterns of land surface temperature in winter and spring, the land surface temperatures 

appear increasing trend from the city centre to rural areas. The reason is also about the endothermic 

character of bare land in daytime .  
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5.3. The relationship between green-vegetated areas and urban heat island 

In the analysis of relation between green vegetation and land surface temperature in built-up areas, it is 

found that in summer, in rural areas, the vegetation has negative effect on the nearby built-up land surface 

temperature. This is because the proportion of green vegetation is higher in rural areas, which can 

contribute more to cool down the land surface temperature in far built-up areas. Beyond the higher 

density built-up areas, the land is more flat with a great stretch of green vegetation which can ameliorate 

the built-up microclimate through sunlight interception, shading and  control of wind velocity, thereby 

decreasing the land surface temperature (Arc.N.I.OBI, 2014). Also, vegetation increases the moisture in 

the air, absorbs radiation from sun and cools the surrounding environment and thereby eliminate the 

urban heat island effects (Arc.N.I.OBI, 2014). Besides, the result is been concluded in the research for the 

impact of vegetation growth on the land surface temperature distribution in urban that there is strong 

negative relationship between land surface temperature of built-up areas and NDVI and also the green 

vegetation helps to reduce the land surface temperature in an area ( Buyadi et al., 2014). It is also found 

that there is no relationship appears to describe the effects of green vegetation on land surface 

temperature in built-up areas. In urban areas, high density of built-up areas with poor ventilation may be a 

factor to influence the cooling effect of green vegetation, which may counteract a negative relation 

between vegetation and land surface temperature in built-up area.   

In winter and spring, the positive relationship between green vegetation and land surface temperature 

occur in the comparison between rural areas and urban areas. Compared the proportion of green 

vegetation in urban areas, the proportion of vegetation is higher in rural areas. However, in these two 

seasons, the overall proportion of green-vegetated areas are lower compared with other that in summer 

and autumn.  Besides, in these two seasons, bare land occupy the main land cover and it may influence the 

cooling effects of green-vegetation and  result in a positive relationship between green vegetation and land 

surface temperature in built-up areas. 

In the analysis of relationship between spatial patterns of green vegetation and land surface temperatures 

for all land cover types together, there is no relationship between green vegetation and urban heat island in 

summer. This is may be due to the wheat is harvest around 15th June, however, the summer Landsat 8 

image used in this study is 25th June, which cannot show the real negative relationship between green 

vegetation and urban heat island in summer. In summer, winter and spring, there are positive relationship 

between green vegetation and urban heat island. This is  maybe also the influence from the bare land with 

highest land surface temperature. In rural areas, the land cover mainly consists green vegetation and bare 

land winter and spring , thus influence the land surface temperature in rural areas.  

In summary, in the analysis between green vegetation and land surface temperature in built-up areas, and 

the whole urban heat islands, it is found that the green vegetation has negative on cooling the surrounding 

temperature, however, the urban heat island not only is related to green vegetation, but also a combination 

results from the other land covers. 

Besides, it is also found out that land surface temperature is sensitive to the moisture content in the 

atmosphere as well as vegetation cover (Mumina & Mundia, 2014). That is because more vegetation cover 

brings more evaporation in the air close to land surface which influence the moisture content. Therefore 

the evaporation cooling of vegetation is one efficient way of passive cooling for built-ups and urban 

spaces in hot regions (Robitu et al., 2006). 
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6. CONCLUSIONS AND RECOMMENDATIONS 

6.1. General conclusion 

This research has been undertaken to estimate land surface temperature and to investigate the relationship 

between spatial pattern of green vegetation in four seasons and urban heat islands through land surface 

temperature. This section gives a synthesis about the results of this study with the verification of 

hypotheses. The specific conclusions drawn from this study can be summarized as follows: 

What are the seasonal distribution patterns of the green-vegetated areas in and around Xi'an City? 

In all seasons the area of green vegetation increases with increasing distance from the city centre. 

Comparing the four seasons, in autumn, the area of green vegetation in each buffer zone is largest, 

followed by in summer, whereas in winter, the area is smallest. The areas of bare land is generally 

increasing from city centre to rural areas, especially in winter, the total area is largest of all four seasons, in 

all buffer zones. 

What is the seasonal pattern of the land surface temperature in and around Xi'an City? 

In summer, the land surface temperature is highest of all four seasons and in winter, the land surface 

temperature is lowest. The land surface temperature in autumn is nearly the same as in spring. Higher land 

surface temperature happens in bare land, followed by built-up and green vegetation and water occupy 

lower land surface temperatures. This is because in daytime, the colour of bare land is dark with the lower 

reflectivity, the ability of absorbing heat energy is higher than built-up surface materials and the 

temperature increases more quickly. Therefore, the land surface temperature of bare land is higher than 

that of other land cover types.  

Does the seasonal patterns of green-vegetated areas in and around the city areas have a 

significant effect on urban heat island? 

In summer, the effect of green vegetations on the land surface temperature in built-up areas is negative.  

In winter and spring, although the proportion of green vegetation is higher in rural areas than in urban 

areas, the overall proportion of green vegetation is relatively lower while the proportion of bare land is 

higher which may has influence on the spatial patterns of land surface temperature in built-up areas. 

The relationship between the spatial patterns of green vegetation and land surface temperature is not clear 

in summer because the date of data used is after the harvest of crops. In other three season, the 

relationship is influenced by the large proportion of bare land with higher land surface temperatures.  

6.2. Recommendations 

(1) From this research, it is obtained that green vegetation has effects on minimizing urban heat islands 

and bare land is one factor to increase the total trend of land surface temperature in rural areas. 

Therefore, in future urban planning or urban construction in Xi'an city, it is better to replace bare 

land by green vegetation or evergreen trees to cooling down temperature and also plan more green 

spaces in urban areas to cool down the temperature and minimize the urban heat islands effect. 

(2) In order to further researches on seasonal urban heat islands in Xi'an city, it is better to carry on field 

work to get more specific land cover types and more accurate spatial distribution of land surface 

temperature in four seasons. Besides, in this study, the satellite image in summer is on 25th June. In 

order to depict more typical summer land cover situation, choosing one clear satellite image dated 

before reaping wheat and getting more green vegetation in summer. 
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APPENDIX 1 

In the Split-Window (SW) algorithm, one kind of parameters is brightness temperature for band 10 and 

band 11. Figure 16, 17, 18 and 19 show the Brightness temperature maps for two bands 10 and 11 in four 

images.  

The brightness temperatures within two bands are not the same, and among four seasons are different. 

For the bands 10 and 11, because of the difference between reflectance rescaling coefficients, thermal 

constants and absorbed wavelength, derived results differ kindly and the value for band 10 is a litter bit 

higher than band 11. Among the brightness temperature of band 10 four seasons, the mean value are 

311.268, 297.691, 278.923 and 293.957 (Kelvin) corresponding to summer, autumn, winter and spring 

respectively. These results is parallel to the natural phenomenon that spring is hot and winter is cold. 

 

Figure 24: Brightness temperature maps for bands 10 (left) and 11 (right) in the image of summer (in Kelvin). 
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Figure 25: Brightness temperature maps for bands 10 (left) and 11 (right) in the image of autumn (in Kelvin). 

 
Figure 26:  Brightness temperature maps for bands 10 (left) and 11 (right) in the image of winter (in Kelvin) 
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Figure 27: Brightness temperature maps for bands 10 (left) and 11 (right) in the image of spring (in Kelvin). 
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APPENDIX 2                                             

One another input of Split-Window (SW) algorithm is land surface emissivity. The calculation of land 

surface emissivity is very important and due to the complicated heterogeneity in study area, the estimation 

of land surface emissivity is necessary to perform at pixel scale. Figure 20 shows the land surface 

emissivity of band 10 for four images. 

 

 

(a) (b) 

(c) (d) 
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Figure 28: Land surface emissivity of band 10 for four images: (a) summer; (b) autumn; (c) winter; (d) spring. 

Firstly, differences among these four images appear owing to NDVI value, fractional vegetation cover and 

land cover classification results. Seasonally, the NDVI value changes very widely which influence the 

fractional vegetation cover simultaneously. These results also imply the relationship between green 

vegetation and the distribution of land surface emissivity and land surface temperature.  

Secondly, there are a few differences between the land surface emissivity of band 10 and band 11 and 

these differences are no more than 0.01. The cause of the dissimilarity is the emissivity (εi) of each land 

cover type for these two bands (showed in Table 9). Just because the distinguishes of two values, it 

minimize the error to estimate land surface temperature and make the result more accurate. 

In addition to the overall difference among four images, there are also differences among land cover types. 

Table 18 presents the land surface emissivity values for each land cover.  

Table 29: Land surface emissivity of bands 10 and 11 for each land cover type. 

Image 
Land cover 

type 
NDVI value 

Land surface 

emissivity 

(band 10) 

Land surface 

emissivity 

(band 11) 

June 25, 2013 

(Summer) 

Water -0.197 0.997 0.993 

Built-up 0.204 0.969 0.978 

Vegetation 0.577 0.976 0.983 

Others 0.185 0.970 0.979 

September 29, 2013 

(Autumn) 

Water -0.085 0.997 0.993 

Built-up 0.086 0.966 0.976 

Vegetation 0.275 0.973 0.982 

Others 0.126 0.967 0.977 

January 3, 2014 

(Winter) 

Water -0.202 0.997 0.993 

Built-up 0.042 0.965 0.975 

Vegetation 0.315 0.978 0.985 

Others 0.130 0.969 0.979 

March 24, 2014 

(Spring) 

Water -0.159 0.997 0.993 

Built-up 0.076 0.965 0.975 

Vegetation 0.323 0.975 0.982 

Others 0.110 0.968 0.978 

 

 

 

 

 


