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Abstract. It has been known that rapid urbanization has caused the 
raising urban warming phenomenon, which had been named ad Urban 
Heat Island Effect (UHI). By static analysis and dynamic analysis 
based on RS and GIS method, this paper revealed the relationship of 
UHI and land-use trends of Guangzhou between 2001 and 2009. To 
conclude, temperature distribution and land-use condition of Guang-
zhou had been plotted. Quantificationally, on static analysis, land-use 
has a close positive correlation relationship with urban temperature, 
from the aspects of land-use types and the intensive degree of utilize. 
Meanwhile, on dynamic analysis, this research proved that unbalanced 
extreme temperature distribution had been intensified, which means 
UHI had been exacerbated in relativity level. 
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1. Introduction  

In 20th century, urbanization had huge impacts on human society (Berry, 

1981). With booming of population and economy, cities assemble ever-

increasing social resources. Meanwhile conversely, series of negative ef-

fects, which had been known as ‘City Disease” (UPADIFU, 2012), had been 

exposed extensively, including Urban Heat Island Effect (UHI). 

1.1. URBAN HEAT ISLAND EFFECT (UHI) 

Since 1960s, when urban area in a city expanded largely with high density 

development, UHI started to trouble those people who lived there. It is often 
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referred to the phenomenon that urban and suburban temperatures are hotter 

than nearby rural areas (Zhang and Wang, 2010). 

In Figure 1, it shows the temperature difference between urban area and 

rural area (USEPA, 2013). For example, in relative meteorological record of 

Shanghai city (Xu et al, 2011), the temperature difference between urban ar-

ea and rural area can even reach to 6°C.  

It is worth mentioning that UHI Effect is highly related with climate con-

ditions in different seasons. For example, in Beijing, UHI effect strongly in 

winter, particularly from October to March (Song et al, 2003).  

Generally, UHI impacts in 2 main aspects. Firstly, aside from the effect 

on temperature, UHI can produce secondary effects on local meteorology, 

including the altering of local wind patterns, the development of clouds and 

fog, the humidity, and the rates of precipitation (ABR, 2007). It also can 

cause various microscopic meteorological disasters, such as rainstorms and 

thunderstorms. In Spain, rainfall rates of cities are increased between 48% 

and 116% due to UHI (Fuchs, 2005). Secondly, many health issues on urban 

residents had been caused by UHI, particularly by secondary induced heat 

and rainfall. Within the United States alone, an average of 1,000 people died 

each year due to extreme urban heat (Changnon, 1996).  

UHI is caused by excessive human activities on urban areas. Basically, 

there are 5 main reasons that can cause UHI (Yip 2011): 

 Heat radiating from human activities, vehicles, etc.   

 Heat absorbing by thermal properties of surface materials. 

 Heat gathering by lack of evapotranspiration due to vegetation reducing. 

 Heat transforming from polluted atmosphere. 

 Heat distributing through urban canyon effect. 

     

Figure 1 & 2. Temperature Comparison (USEPA, 2013) & Location of Guangzhou. 

http://en.wikipedia.org/wiki/Cloud
http://en.wikipedia.org/wiki/Fog
http://en.wikipedia.org/wiki/Humidity
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1.2. RESEARCH REGION - GUANGZHOU 

Guangzhou is the capital of Guangdong Province and the regional centre in 

the Pearl River Delta (PRD) of South China. Thus, relevant research on ur-

ban condition of Guangzhou is significant and irradiative, including this re-

search on UHI. Figure 2 mapped the location of Guangzhou City and Central 

District, and Table 1 listed Basic information of Guangzhou. 

In The General Land Use Planning of Guangzhou (2010-2020) published 

by Guangzhou Government, it is divided into 1 core urban district (Central 

Districts) and 5 functional sub-districts, named as East Sub-district, 

Conghua, Zengcheng, Huadu and Nansha. In Figure 3 and Figure 4, the de-

tail social and corresponding development conditions of these 6 districts had 

been listed contrastively. For example, Central District is the main urban ar-

ea with 75% of total population living and working in 25% of total boundary 

areas. Thus Central District is a high-density urban living area. 

Table 1. Basic information of Guangzhou. 

Coordinates 23°08′N 113°16′E 

Area: 7,434 km2 (Urban: 3,843 km2  )  

Population (2010):  12,700,800 (Urban: 11,070,654) 

Density: 1,708/km2  

Climate Type Ocean subtropical monsoon climate 

Extreme Temperature 0 °C to 39.1 °C  

Annual Mean Temperature 22.6 °C 

  

Figure 3 & 4. Urban Spatial Structure Plan & Urban Functional Structure Plan. 
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2. Methodology 

2.1 RESEARCH FRAMEWORK 

Our research processes mainly include five parts, data collection, data pre-

process, data process, result analysis and conclusion (Figure 5). Firstly, by 

data collection and data pre-process, we obtain the maps of Guangzhou in 

2001 and 2009. Secondly, data process contains two sections, land use clas-

sification and temperature information extraction.  

 

Figure 5. Research framework. 

2.2 DATA PROCESS 

2.2.1 Data source 

The data we use in the project are Pearl River Delta (PRD) images got from 

Landsat 5, TM (Table 2). Considering the features of Urban Heat Island 

(UHI) and the impacts of cloud cover, we select the similar time of Decem-

ber 30
th
 and January 2

nd
 in 2001 and 2009, to have comparative analysis.  

Table 2. Basic data information. 

Name Pearl River Delta 2001 Pearl River Delta 2009 

Sensor Landsat 5, TM 

Spatial 30 x 30 meters 

Temporal 30 December, 2001 2 January, 2009 

Spectral 

(micrometres) 

Band 1 = Blue (.45-.52)  Band 2 = Green (.52-.6) 

Band 3 = Red (.63-.69)  Band 4 = NIR (.76-.9) 

Band 5 = SWIR (1.55-1.75)  Band 6 = TIR (10.4-12.5) 

Band 7 = SWIR (2.08-2.35) 
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2.2.2 Land use classification 

Five kinds of land types have been defined: new urban land, old urban land, 

cultivated land, forest and water. We differentiate these land types according 

to their different features of surface and materials.  

ROI Tool is used to classify these land types, and by Support Vector Ma-

chine, we obtain the land use maps of Guangzhou in 2001 and 2009 (Figure 

7 and Figure 8). 

        

Figure 7 & 8. Temperature map in 2001 & Temperature map in 2009 

2.2.3 Temperature Information Extraction 

In this section, several indexes including Normalized Difference Vegetation 

Index (NDVI), Vegetation Fraction (FV), Surface Emissivity and Brightness 

Temperature (TB), should be calculated step by step to get the final tempera-

ture information (Figure 6). 
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Figure 6. Process of temperature information extraction. 

The equations are as below: 

FV = (NDVI - NDVIS) / (NDVIV - NDVIS)                                    (1) 

NDVIS means pure vegetation, NDVIV means pure soil 

εsurface = 0.9625+0.0614FV–0.0461FV
2
                                          (2) 

εbuilding = 0.9589+0.086FV–0.0671FV
2
                                          (3)               

εsurface means Natural Surface Emissivity, εbuilding means Urban 

Surface Emissivity 

B(TS) = [Lλ-LU-T*(1-ε)Ld]/T*ε                                                         (4)  

B(TS) means the radiance value of the object with the temperature of 

T, Lλ means Calibration value, Lu means upwards radiance, Ld 

means downwards radiance, and T means transmittance 

TS = K2 / ln(K1 / B(TS) + 1)                                                              (5) 

K1 = 607.66W/(m
2
srμm), K2=1260.56W/(m

2
srμm) 

After the calculation in ENVI, we acquire Guangzhou temperature maps 

in 2001 and 2009 (Figure 9 and Figure 10). These two temperature maps had 

been transformed from ENVI to ArcGIS, with the tool box of raster calcu-

late, the temperature change map from 2001 to 2009 is plotted (Figure 11). 

         

Figure 9 & 10. Temperature map in 2001 & Temperature map in 2009 
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Figure 11. Temperature change map from 2001 to 2009. 

3. Data Analysis 

3.1. STATIC ANALYSIS 

3.1.1 UHI effect and land-use conditions of Guangzhou in 2001 

From temperature classification map of Guangzhou on January, 2001(Figure 

9), the temperature distribution law can be found. The main temperature 

change region is from 8℃ to 18℃. the change trend can be recognized that it 

increased from Conghua and Zengcheng in north to Huadu and East Sub-

district in middle, reached the maximum in Central Districts, which is met-

ropolitan area of Guangzhou, and then decreased toward to Nansha in the 

south. 

Statistically, the average minimum, median and maximum temperature in 

January from 1960 to 1990 is 9.8℃, 13.3℃ and 18.3℃ (Hong Kong Observa-

tory, 2012). Figure 12 illustrates area percentage ratio of different tempera-

ture intervals, which is divided into <8℃, 8-11℃, 11-14℃, 14-18℃ and 

>18℃. Obviously, temperature of over 70% area distributes at 14-18℃. 

In the other hand, the land use conditions of Guangzhou in 2001 (Table 

3). Construction land, including new and old urban area, only cover 14.7% 

of total city area. And meanwhile over half part is occupied by forest. Sec-

ondly, 27.8% of total city area identified as cultivated land. 

Comparing the TB distribution with the land cover classification map in 

2001, we can find the consistency of TB distribution and land cover. The 

high temperature section was concentrated in urban area and consistent with 
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the city silhouette in the detailed maps. The temperature was obviously 

higher than surrounding areas. The low temperature sections mainly distrib-

uted in high vegetation overcast area in the north and along the water area. 

TB is proportional to the urban scale and has the negative correlation with 

NDVI. 

3.1.2 UHI effect and land-use conditions of Guangzhou in 2009 

In Figure 10, the temperature classification map of Guangzhou on January, 

2009 had been plotted. It has the same change region and trend as in 2001. 

Similarly with 2001, area percentage ratio of different temperature intervals 

of 2009 can be seen in Figure 12. 14-18℃ region still appears in over 50% 

area. Extreme temperature distribution (<8℃ and  >18℃) began to increase.  

Table 3 also lists land use conditions in 2009, new urban land had been 

expanded to 23.8%, which is 3 times of old urban land. Meanwhile, cultivate 

land had been decreased sharply.  

Table 3. Land cover condition of Guangzhou. 

Year 2001 2009 
Change Ratio 

Land cover type Area 2001 Area 2009 

Old urban land 482,087,700.00 6.70% 1,453,683,600.0  6.70% 0.00% 

New urban land 572,139,900.00 8.00% 1,707,766,200.0  
23.80

% 
15.80% 

Cultivated land 1,989,455,400.00 27.80% 723,490,200.0  
10.10

% 
-17.70% 

Forest 3,723,451,200.00 52.00% 2,875,102,200.0  
40.10

% 
-11.90% 

Water 393,874,200.00 5.50% 400,971,600.0  5.60% 0.10% 

  7,161,008,400.00   7,161,013,800.00     

3.2. DYNAMIC ANALYSIS 

3.2.1 Land-use change in Guangzhou 2001-2009 

From the land cover change chart (Figure 13), we can find that Guangzhou is 

booming in urbanization, city scale and urban population density rises sharp-

ly. The Urban Land in 2001(including old and new construction land) is 

14.7% in total. But it expanded to 30.5% in 2009. Thus, the urban area 

growth rate is 199.9%. Guangzhou encountered quite a significant urban 

sprawl during these years. The urban land has almost two times increased. 
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The old urban area was mainly concentrated in the centre part. The new ur-

ban areas developed northwards to Huadu and southwards to Nansha, while 

the forest was still mainly distributed in Conghua Subdistrict. 

Meanwhile, the cultivated land and forest existing around urban land is 

rapidly replaced due to urbanization. During the process, in order to meet the 

increasing needs for construction lands, the cultivated land and forest have 

decreased separately by 17.70% and 11.90% from 2001 to 2009. 

      

Figure 12 & 13. Temperature classification 2001-2009 & Land covers change 2001-2009 

3.2.2 Temperature change in Guangzhou 2001-2009 

As seen in Figure 12, the overall trend is still the surface brightness tempera-

ture decreased from the metropolitan area to the periphery. The warming 

trend is most obviously in Nansha and Huadu (Figure 9 and Figure 10).  

3.2.3 Relationship between land-use and temperature change 

According to dynamic analysis hereinbefore, particularly in Figure 12 and 

13, it had been proved that with the decreasing of forest and cultivate land 

(from 79.8% to 50.2%) and the increasing of urban land (from 14.7% to 

30.5%), the urban brightness temperature difference increase obviously from 

2001 to 2009. Unbalanced extreme temperature distribution had been inten-

sified, which means UHI had been exacerbated in relativity level. With the 

expansion of urban areas, the scope of heat island is gradually expanding. 

The general outline of localised warming part and added urban land were 

similar. 

4. Conclusion 

Using RS and GIS, by comparing the TB distribution and land cover in 2001 

and 2009, it indicates that TB is proportional to the urban scale and has posi-

tive correlation with NDVI. With the expansion of urban areas, the scope of 

UHI is gradually expanding. The consequent eco-environmental problems, 
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such as landscape fragmentation, environmental pollution, have negative ef-

fects on UHI.  

However, there still are some limitations should be taken seriously. First-

ly, the insufficiency of data, cloud cover can influenced accuracy. Secondly, 

in data pre-processing, atmosphere correction is ignored. The research indi-

cates that the precision will be improved if NDVI is adopted, which is 

counted through the image of atmosphere correction.  
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