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ABSTRACT: 
 

Due to urbanization, urban areas are shrinking green spaces and increasing concrete, asphalt pavement. So urban climates are 
different from non-urban areas. In addition, long-term macroscopic studies of urban climate change are becoming more important as 
global urbanization affects global warming. To do this, it is necessary to analyze the effect of urbanization on the temporal change in 
urban temperature with the same temperature data and standards for urban areas around the world. 

In this study, time series analysis was performed with the maximum, minimum, mean and standard values of surface temperature 
during the from 1980 to 2010 and analyzed the effect of urbanization through linear regression analysis with variables (population, 
night light, NDVI, urban area). 

As a result, the minimum value of the surface temperature of the urban area reflects an increase by a rate of 0.28K decade-1 over 
the past 31 years, the maximum value reflects an increase by a rate of 0.372K decade-1, the mean value reflects an increase by a rate 
of 0.208 decade-1, and the standard deviation reflects a decrease by rate of 0.023K decade-1. And the change of surface temperature 
in urban areas is affected by urbanization related to land cover such as decrease of greenery and increase of pavement area, but 
socioeconomic variables are less influential than NDVI in this study. 

This study are expected to provide an approach to future research and policy-planning for urban temperature change and 
urbanization impacts. 
 
 

*  Corresponding author 
 

1. INTRODUCTION 

Due to urbanization, urban areas are shrinking green spaces, 
increasing concrete, asphalt pavement and buildings. As a result, 
urban climates are different from non-urban areas, and many 
studies have been carried out to identify climate change due to 
urbanization, causing problems such as changes in precipitation, 
elevation of surface temperature, and urban heat island 
phenomenon (Douglas, 1981; Oke, 1982; Karl et al., 1988; 
Stoll and Brazel, 1992; Clinton and Gong, 2013).  

 
Studies related to urban climate have been mostly based on 

microscopic studies to identify and analyze the causes of ground 
surface temperature depending on features such as land cover 
and building density in cities. However, as some research 
results have been published stating that global urbanization 
affects global warming together with greenhouse gases, the 
importance of macroscopic urban climate studies is increasing 
(Karl et al., 1988; Jones et al., 1990; Pielke, 2005; Yang et al., 
2011; Clinton and Gong, 2013). However, the existing 
macroscopic urban climate change researches are based on the 
characteristics of different regions and cities due to the 
difficulty of quantitative and comparative analysis applying the 
same data and standards to the urban regions of the world. 
Instead, they have consisted of case studies focusing on the 
national and regional areas, where it is easier to acquire 
observational data rather than data for temperature changes 
(Karl et al., 1988; Jones et al., 1990; Hua et al., 2008; yang et 
al., 2011).  

 
Karl et al. (1988) classified urbanization by population and 

analyzed the minimum temperature, the mean temperature, and 
the temperature range with monthly temperature data from 
1,219 stations of the Historical Climatology Network (HCN) 
from 1901 to 1984. As a result, it was found that as the degree 
of urbanization increases, the minimum and average 
temperatures increase while the temperature range tends to 
decrease, most visible in summer and autumn respectively. 
Jones et al. (1990) conducted an inverse-distance weighting 
spatial interpolation technique using the regional temperature 
data for each region in Western Soviet Union, Eastern Australia, 
and Eastern China, but found that there was no significant effect 
except the Eastern China region. However, it can be concluded 
that there is no accurate comparative analysis on the three 
regions due to the irregularities in factors such as the 
temperature data used in each region, the timing of analysis, and 
the number of grids for deriving the average temperature. The 
results of this study also showed the necessity of analyzing the 
effect of urbanization on unified temperature data and timing 
throughout the world. In a study of Hua et al (2008) in China, 
cities were selected and categorized by population, and 282 
meteorological stations were used to estimate the difference in 
atmospheric temperature between cities. Time series analysis 
was performed for maximum, minimum, average, and 
temperature ranges. As a result of the analysis, large cities 
showed a tendency to increase by about 0.05 ℃ every 10 years 

and 0.03 ℃ in medium and small cities from 1980 when the 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3, 2018 
ISPRS TC III Mid-term Symposium “Developments, Technologies and Applications in Remote Sensing”, 7–10 May, Beijing, China

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLII-3-757-2018 | © Authors 2018. CC BY 4.0 License.

 
757

mailto:KOREA%20-leedake@kroea.ac.kr
mailto:KOREA%20-leedake@kroea.ac.kr


rapid development of China started. In the study of east China 
of Yang et al. (2011), nighttime light images were used to 
classify the degree of urban development, and monthly mean 
surface air temperature data of 463 meteorological stations were 
used to estimate the temperature from 1981 to 2007 time series 
change. As a result of the analysis, it was found that the 
temperature increases every decade as the degree of urban 
development increases. The temperature difference between 
urban and non - urban areas appears to be best in summer. 

  
Based on the existing research results, it can be concluded 

that most of the study areas were the countries and regions 
where the meteorological data were well constructed, and there 
were differences in the urbanization standards and the analysis 
periods for each study. In addition, there were incompleteness 
and non-uniformity of time series analysis due to different 
meteorological data. Therefore, it seems insufficient to confirm 
the trend of urban temperature and the effect of urbanization in 
the world. While there may be differences in the form of 
urbanization by country depending on policy and environment, 
the overall tendency of population growth and land cover 
change is similar. Therefore, it is necessary to identify trends in 
the time series of temperature changes in urban areas around the 
world with the same data and standards and analyze the effect of 
urbanization on them. 

 
Therefore, the purpose of this study is to confirm the change 

of temperature in urban area around the world using the same 
temperature data and to confirm the effect of urbanization on it. 
Based on the results of previous research that the increase in 
surface temperature due to urbanization is the largest in summer, 
time series analysis was performed with the maximum, 
minimum, mean and standard values of surface temperature 
during the summer from 1980 to 2010. In addition, the effect of 
urbanization was examined through linear regression analysis 
with variables related to urbanization (population, night light, 
NDVI, urban area). 
 

2. MATERIALS AND ANALYSIS METHOD 

2.1 Materials 

In this study, MCD12C1, a land cover image provided by 
Moderate Resolution Imaging Spectroradiometer (MODIS) was 
used for the extraction of corresponding point data in the urban 
area between 71 and -51 degrees latitude. The MCD12C1 is an 
image that provides global land cover through modeling using 
MODIS Terra and Aqua sensor data at 0.05 ° (~ 5600 m) 
resolution (Friedl et al., 2002). 

 
For the surface temperature extraction, the Global Land Data 

Assimilation System Version 2 (GLDAS-2, Noah model) 
provided by National Aeronautics and Space Administration 
(NASA) was used. GLDAS-2 is a spatial image of global 
surface information at 1.0 ° and 0.25 ° resolution between 1948 
and 2010 using satellite image, ground observation data, and 
NOAH Land surface model (Rodell et al., 2004). 

 
Nighttime light imagery was obtained from Defense 

Meteorological Satellite Program Operational Linescan 
System(DMSP-OLS) from National Oceanic And Atmospheric 
Administration(NOAA). Nighttime light is used as an index of 
development intensity many studies (Elvidge et al., 2009; Small 
et al., 2005). The DMSP/OLS image shows lights from cities, 
towns, and other sites with persistent lighting and has digital 
number values ranging from 0 to 63. Areas with zero cloud-free 

observations are represented by the value 255 (Yang et al., 
2011). 

 
Population data were constructed using Gridded Population 

of the World, Version 4 (GPWv4) provided by NASA 
Socioeconomic Data and Applications Centers (SEDAC). 
GPWv4 is a gridded data product of globally-integrated national 
population data from the 2010 round of Population and 
Housing Censuses. The gridded data sets are constructed from 
national or subnational input administrative units. GPWv4 is 
gridded with an output resolution of 30 arc-seconds at equator 
(CIESIN, 2016). 

 
MOD13 products, which are provided by MODIS, were used 

to confirm the degree of greening of urban areas. MOD13 
products provide consistent spatial and temporal time series 
comparisons of global vegetation conditions. In this paper, a 
new model of the clustering model (CMG) (Didan et al., 2015) 
was proposed. Using this image, the Normalized Difference 
Vegetation Index (NDVI) of each urban area was extracted. 
NDVI is unitless in [-0.2, 1.0] with higher values indicating 
higher greenness (Clinton and Gong, 2013). 
 
2.2 Analysis Method 

In this study, the time series change of the surface 
temperature of the summer (June, July, and August) of the 
global urban area from 1980 to 2010 was analyzed. Based on 
the assumption that the global urbanization level is the highest 
in 2010, a linear regression analysis was conducted using 
temperature and urbanization related variables to examine the 
effect of urbanization on urban surface temperature. 

 
The land cover image of MCD12C1 2010 was used to extract 

the location point of the urban area between latitude 71 degrees 
and -55 degrees. The MCD12C1 image divides the land cover 
of water, grasslands, croplands, etc. into 17 classification types, 
identifies urban and built-up area using ArcGIS 10.4 tools and 
extracts the location points of urban area. 

 
The surface temperature in summer is defined as the mean 

value of surface temperature in June, July, and August of each 
year with reference to Yang et al., (2011). From the 1980s to 
the year 2010, the summer surface temperature was calculated 
for each year, and the summer surface temperature of each 
urban area was derived using the extracted location points of 
urban areas. The maximum, minimum, average, and the 
standard deviation were calculated and analyzed by time series 
to confirm the tendency of the surface temperature change in the 
urban area. The SPSS 24 program was used for descriptive 
statistics, and the outlier points extracted out of the image range 
were excluded from the analysis. 
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Figure 1. Urban surface temperature and urban area location 
point 

 
In order to construct the variables, the urban area was 

constructed by calculating the area (in square kilometers) of 
each urban and built-up area using the MCD12C1 land cover 
image. In order to construct the NDVI variables, the mean value 
of MOD13C2 images (June, July, and August in 2010) was 
calculated. The nighttime light and population data are 
constructed on a yearly basis. The parameters for the linear 
regression analysis were extracted using the urban area location 
points and the outlier points extracted outside the image value 
range were excluded before analysis. 

 
Linear regression analysis generally assumes a linear 

relationship between dependent variables and independent 
variables. However, the dependent variable of this study, the 
surface temperature, does not have a perfectly linear 
relationship with the independent variables - nighttime light, 
NDVI, population, and urban area. The relationship is rather 
nonlinear with a horizontal effect. In order to make the 
relationship between the dependent and independent variables 
linear in this study, the Pearson correlation between the value of 
the original form, the square root form or the log form and the 
surface temperature of each variable was conducted with 
reference to the study of Lee et al. (2007). Based on the 
correlation coefficients and significance probabilities extracted 
from the correlation analysis, the most suitable form was 
selected for linear regression analysis of each variable. 

 
Linear regression analysis was performed using the selected 

variables and the effect of each variable on the surface 
temperature of the urban area was confirmed. 
 

Variable Description(unit) Source 

Surface 
temperature 

Average of June, 
July, August Surface 
Skin temperature(K) 

National Aeronautics and Space 
Administration(NASA) 

Greenness 

Average of June, 
July, August Normalized 
Difference Vegetation Index(unit 

less) 

Moderate Resolution Imaging 
Spectroradiometer(MODIS) 

Urban area 
urban and built up area size 

where each urban area location 
point is extracted(㎢) 

Moderate Resolution Imaging 
Spectroradiometer(MODIS) 

Nighttime 
light 

average of 2010 visible band 
digital number of cloud-free light 

detections multiplied by the 
percent frequency of light 

detection(unit less) 

National Oceanic And 
Atmospheric 

Administration(NOAA) 

Population globally-integrated national 
population data(number) 

NASA Socioeconomic Data 
and Applications Centers 

 
Table 1. Variables for Linear regression analysis 

 
3. RESULTS 

3.1 Urban area Surface temperature Trend 

A total of 5,775 points were extracted from the latitude 
between 71 and -55 urban area points of the MCD12C1 land 
cover image. The extracted points were used to draw the values 
of surface temperature of the urban area in summer, and the 
outlier was removed. As a result, 5,379 urban area points for 
each year were used for descriptive statistical analysis. 

 
The minimum, maximum, average, and standard deviation for 

each year were calculated by descriptive statistical analysis 
using 5,379 urban point surface temperature data and analyzed 
by time series. As a result of the time-series analysis, the 
minimum value of the surface temperature of the urban area 
reflects an increase by a rate of 0.28K decade-1 over 31 years, 
the maximum value reflects an increase by a rate of 0.372K 
decade-1, the mean value reflects an increase by a rate of 0.208 
decade-1, and The standard deviation reflects a decrease by rate 
of 0.023K decade-1. 

 
Karl and Jones (1989) studied the US during the 1901-84 

period and concluded that the urbanization in the American 
annual mean Surface Air Temperature (SAT) series is + 0.1 ° C 
to + 0.4 ° C, which is almost equivalent to the overall climate 
warming trend (+ 0.16 ° C) in the same time period. In the study 
of Zhou et al. (2004), which measured temperature changes in 
China using surface data, it was concluded that the rate of 
temperature warming brought about by urbanization in 
southeast China was 0.05 ℃  decade-1. Compared to the 
previous studies, the results of this study show that the increase 
in degree of the minimum, the maximum, and the average 
temperature in overall urban areas are higher. In addition, Karl 
et al. (1988) showed that in the US from 1901 to 1984, the 
maximum temperature change due to urbanization tended to 
decrease, while the present study showed an increasing trend. In 
addition, the standard deviation of temperature in urban areas 
due to urbanization tends to decrease, suggesting that the global 
urbanization reduces the temperature variation in urban areas 
around the world. 

 
The results of this analysis show that compared with the 

tendency of existing urbanization which was mainly made up of 
developed countries such as the US and Europe, the higher 
temperature increase tendency is made due to the globalization 
of urbanization including the urbanization of the Asian 
countries centering on the Chinese revolution around 1980 and 
the urbanization of the African countries including the countries 
with more population than the existing developed countries 
(Song, 2014). 
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The results of the descriptive analysis are summarized in 
Table 2. The time series analysis results for minimum, 
maximum, average and standard deviation are summarized in 
Fig.2, Fig.3 and Fig.4. 
 
Year Min(K) Max(K) Mean(K) SD(K) N 

1980 272.786  312.043  294.915  6.124  5,379 

1981 273.628  312.105  295.175  6.051  5,379 

1982 271.334  311.709  295.216  5.794  5,379 

1983 273.771  312.101  295.509  5.976  5,379 

1984 271.402  311.971  294.973  6.190  5,379 

1985 274.095  311.849  294.969  6.047  5,379 

1986 273.513  312.428  295.205  5.963  5,379 

1987 272.997  312.705  295.184  6.213  5,379 

1988 273.771  313.301  295.453  6.083  5,379 

1989 273.739  312.608  295.253  5.843  5,379 

1990 273.641  312.184  295.331  6.030  5,379 

1991 272.631  311.679  295.402  5.899  5,379 

1992 272.749  312.003  295.170  5.776  5,379 

1993 273.749  312.583  294.970  6.090  5,379 

1994 273.030  312.280  295.709  5.878  5,379 

1995 271.620  312.818  295.742  5.888  5,379 

1996 274.233  312.767  295.122  6.088  5,379 

1997 273.079  312.615  295.447  5.830  5,379 

1998 275.320  313.729  295.703  6.130  5,379 

1999 273.697  313.112  295.642  5.924  5,379 

2000 272.696  313.099  295.442  6.129  5,379 

2001 273.232  312.740  295.668  5.887  5,379 

2002 272.720  313.112  295.769  5.944  5,379 

2003 274.280  313.222  295.876  5.789  5,379 

2004 274.443  312.219  295.268  5.881  5,379 

2005 273.204  313.083  295.693  5.970  5,379 

2006 273.843  313.775  295.978  5.848  5,379 

2007 273.822  313.409  295.758  6.166  5,379 

2008 273.359  312.574  295.686  5.914  5,379 

2009 273.821  312.967  295.609  6.093  5,379 

2010 273.263 312.270 295.163 5.981 5,379 

 

Table 2. Descriptive statistics results of summer surface 
temperature anomalies in latitude  [71,-51] urban areas during 

1980-2010.  
 

 
 

Figure 2. Time series of the minimum summer surface 
temperature anomalies in latitude [71,-51] urban areas during 

1980-2010.   
 

 
 

Figure 3. Time series of the maximum summer surface 
temperature anomalies in latitude [71,-51] urban areas during 

1980-2010. 
 

 
 

Figure 4. Time series of the average summer surface 
temperature anomalies in latitude [71,-51] urban areas during 

1980-2010. 
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Figure 5. Time series of the standard deviation of summer 
surface temperature anomalies in latitude [71,-51] urban areas 

during 1980-2010. 
 
3.2 Linear regression analysis  

The Pearson correlation analysis was used to select the most 
suitable form for each variable. As the highest correlation 
coefficient, the correlation coefficient of nighttime light was 
found to be 0.183, and the correlation coefficient of root form 
NDVI was -0.311. The log form population has a correlation 
coefficient of 0.185 and the log form urban area has a 
correlation coefficient of 0.165. Each type of variable was used 
for linear regression analysis. The correlation analysis results 
are summarized in Table 3. 
 

Variables 
Correlation 

coefficient (r) 
N 

nighttime light 0.183** 5368 

log10 

(nighttime light) 
0.120** 5359 

Root 

(nighttime light) 
0.165** 5368 

NDVI -0.310** 5368 

log10(NDVI) -0.308** 5366 

Root(NDVI) -0.311** 5366 

population 0.152** 5368 

log10(population) 0.185** 5350 

Root(population) 0.166** 5368 

urban area 0.074** 5368 

log10(urban area) 0.165** 5368 

Root(urban area) 0.122** 5368 

**p<0.01 

 

Table 3. Pearson correlation analysis results of each variable. 
The highest correlation index for each variable is outlined. 

 
The linear regression analysis using the selected variables 

showed that the p-value was less than 0.01. The p-value for 
each variable was 0.036 for nighttime light, and NDVI, 
population, and urban area were less than 0.01. Therefore, it can 
be concluded that there is a significant effect on temperature. 

 
NDVI was the most influential variable for the surface 

temperature of urban area based on the standardized coefficient 
(Beta). In this study, the NDVI is a variable related to the urban 
land cover, which is analyzed as a significant influence in the 
study of the urban temperature change (Lee et al., 2017; 
Tayyebi et al., 2018). Among the variables other than NDVI, 
the most influential variable was population. In the case of 
population, it is used as an indicator of degree of urbanization 
in existing research and policy making (Karl et al., 1988; 
Clinton and Gong, 2013; Song, 2014). As a socioeconomic 
indicator rather than a land cover variable, the population is 
considered to be an appropriate variable for analysis of urban 
temperature change and prediction. In the case of nighttime 
light and urban area, the urban area has a higher influence. 
However, compared to the NDVI and the population, the two 
variables have relatively little influence on urban temperature. 
The results of the linear regression analysis are summarized in 
Table 4. 
 

 
nighttime 

light 
NDVI population 

urban 
area 

B 0.12 -14.831 1.092 0.889 

Std. 

Error 
0.006 0.684 0.101 0.218 

Std B 0.030 -0.293 0.151 0.056 

T 2.095 -21.679 10.763 4.085 

P-value 0.036 p < 0.01 p < 0.01 p < 0.01 

aR=0.366, R2=0.134, Adjusted R2=0.133W, F=206.065, P<0.01 

 
Table 4. Linear regression analysis result between urban area 
surface temperature and nighttime light, NDVI, population, 

urban area in summer 2010 
 

4. CONCLUSION AND DISCUSSION 

In this study, the time-series analysis of the surface 
temperature of summer months of June, July, and August from 
1980 to 2010 were analyzed for latitude between 71 and 55 
urban areas, and the effect of urbanization on urban surface 
temperature was examined by linear regression analysis using 
urban surface temperature and urbanization variables in 2010. 
As a result of the time-series analysis, the minimum value of the 
surface temperature of the urban area reflects an increase by a 
rate of 0.28K decade-1 over the past 31 years, the maximum 
value reflects an increase by a rate of 0.372K decade-1, the mean 
value reflects an increase by a rate of 0.208 decade-1, and The 
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standard deviation reflects a decrease by rate of 0.023K decade-

1.  
The results indicate that compared with the tendency of 

existing urbanization which was mainly made up of developed 
countries such as the US and Europe, the higher temperature 
increase tendency is caused due to the globalization of 
urbanization including the urbanization of the Asian countries 
centering on the Chinese revolution around 1980 and the 
urbanization of the African countries including the countries 
with more population than the existing developed countries. 
Linear regression analysis result showed that NDVI, which is 
directly related to the land cover, has the greatest effect on 
urban surface temperature. In the cases of non-land cover 
variables, the population was the most influential while the 
urban area and nighttime light had a relatively small impact. 
Therefore, the change of surface temperature in urban areas 
around the world is affected by urbanization related to land 
cover such as decrease of greenery and increase of pavement 
area, but socioeconomic variables are less influential in urban 
area surface temperature change and prediction analysis. 

 
It is significant that this study used the uniform temperature 

data and criteria to analyze the changes in surface temperature 
for urban areas around the world and to confirm the effect of 
urbanization. However, since the materials of this study are 
constructed through modeling, there are limitations in the 
analysis caused by differences in the measurement data, model 
program, standard, and spatial scale used during modeling 
process. There are also limitations in not analyzing more urban 
temperature trends and not using more urbanization related 
variables. In the future, it will be possible to predict and 
investigate the temperature change in the urban area more 
accurately by examining the change trend using the higher 
resolution image and analyzing the cause considering more 
urbanization related variables. 
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