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ABSTRACT: 

China's economy has experienced rapid development in the past few decades, and economic development has also brought serious 

pollution problems, which has attracted wide attention of scholars at home and abroad. Based on the data of global PM2.5 remote 

sensing products and China's economic development from 1998 to 2016, the temporal and spatial variations of PM2.5 concentration in 

China from 1998 to 2016 were analyzed, and the response of PM2.5 concentration in China to economic development was studied. 

The results showed that the average annual PM2.5 concentration in 1998-2016 showed the spatial distribution characteristics of high 

in the East and low in the west; during 1998-2016, PM2.5 increased significantly in most regions, but decreased significantly in Inner 

Mongolia, Shaanxi, Ningxia and Gansu, while PM2.5 did not change significantly in some parts of the central region; during 

1998-2007, PM2.5 concentration in most regions of China experienced rapid economic development. The concentration of PM2.5 in a 

few areas such as Inner Mongolia decreased significantly, while that in Yunnan, Sichuan and Inner Mongolia did not change 

significantly. During the 10 years of economic slowdown in China (2008-2016), the downward trend of PM2.5 concentration in China 

was expanding. The concentration of PM2.5 in the central and southern regions decreased or did not change significantly, except in 

the northwest and a few northeast regions. The change of PM2.5 concentration responds obviously to economic development, but the 

response of different regional economic development to the change of PM2.5 concentration is different. 

 

                                                             
* Corresponding author 

1. INTRODUCTION 

 

In recent years, the problem of air pollution caused by 

China's rapid economic development has attracted extensive 

attention from all walks of life. In particular, fine particulate 

matter PM2.5 has great influence on atmospheric visibility and 

air quality (Lin et al, 2016), and high concentration PM2.5 is 

also the main cause of smog (Liu et al, 2014;Huang et 

al,2014;Zhao et al,2013). In addition, it poses a great threat to 

human health (Wang et al,2012;Han et al,2014;Zhang et 

al,2014). Since the aerodynamic diameter is less than 2.5µm, 

PM2.5 can stay in the air for a long time and adhere to harmful 

substances. Prolonged exposure to PM2.5 will lead to human 

health problems and even increase human mortality (Bell et 

al,2007;Pope et al,2002;Chen et al,2013). In 2013, the 

International Cancer Research Institute has listed PM2.5 as a 

human carcinogen (Yang et al,2015;Chun et al,2010). 

Therefore, a better and clearer understanding of the temporal 

and spatial changes of PM2.5 is the basis for studying the impact 

of air pollution and is also helpful to take effective measures 

against air pollution (Bin et al, 2019). 

Currently, there are mainly two ways to obtain PM2.5 

concentration data: ground monitoring and remote sensing 

inversion. Traditional ground monitoring methods include air 

sample analysis and automatic monitoring by station 

instruments. This method can obtain high-precision local PM2.5 

pollution data, but due to the limitation of its coverage, there is 

no way to reflect the PM2.5 pollution situation in the whole 

region (Wang, 2016). However, remote sensing inversion has 

just made up for this defect. The most widely used method is to 

use satellite remote sensing atmospheric aerosol optical 

thickness (AOD) data to retrieve the PM2.5 concentration on the 

ground (Zhang et al, 2005). At present, the commonly used 

inversion methods include: dark pixel method, structural 

function method and Gao Fancha surface method (Li et al, 

2012). Dark pixel method is used to retrieve aerosol optical 

thickness over dense vegetation. For example, Pennina et al. 

used dark pixel method to retrieve aerosol optical thickness 
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(Peng et al, 2008). The structural function method uses dry and 

clean aerosol information as the background, and obtains the 

aerosol optical thickness on the pollution day from the change 

of the projection function. For example, Zhu Lin and the like 

use the structural function method to retrieve the pixel interval 

setting in the aerosol optical thickness (Zhu et al, 2016). The 

Gao Fancha surface method is used to retrieve the aerosol 

optical thickness of two regions with relatively close spatial 

positions and stable atmospheric optical characteristics. For 

example, Sun Lin used Gao Fancha surface method to retrieve 

the aerosol particle spectrum (Sun, 2006). 

Since satellite remote sensing inversion can retrieve the 

distribution characteristics of PM2.5 concentration in the whole 

region, based on the global annual average PM2.5 remote 

sensing product data and China's economic development data 

from 1998 to 2016, this study uses trend analysis and 

significance test methods to study the temporal and spatial 

variation characteristics of PM2.5 concentration in China and 

preliminarily discusses its response to economic development. 

 

2. MATERIALS AND METHODS 

 

2.1 Survey of Research Area 

 

China is located in the east of Asia and the west coast of 

the Pacific Ocean. The territory is vast and the total area is 

about 9.6 million square kilometers. China's terrain is high in 

the West and low in the east, with a stepped distribution. 

Mountainous and plateau areas are vast. The distance between 

the East and the west is about 5000 kilometers, and the 

coastline of the mainland is more than 18,000 kilometers long. 

The combination of temperature and precipitation is varied, 

forming a variety of climates. A total of 34 provincial 

administrative units, including 23 provinces, 5 autonomous 

regions, 4 municipalities directly under the Central 

Government and 2 Special Administrative Regions. 

 

2.2 Data Sources 

 

2.2.1 PM2.5 remote sensing product data 

The remote sensing data used in this paper come from the 

Social Economic Data and Application Center (SEDAC), the 

annual global PM2.5 grid (AOD) and gwr from modis, misr and 

seafis from 1998 to 2016, including the annual concentration 

(g/m3) of ground fine particles (PM2.5), and dust and sea salt are 

removed. The data set combines AOD retrieval from several 

satellite instruments, including NASA Moderate Resolution 

Imaging Spectroradiometer (MODIS), Multi-Angle Imaging 

Spectroradiometer (MISR) and Sea Vision Wide Field Sensor 

(SEAFS). Each file contains floating point values that estimate 

the concentration of PM2.5. The grid resolution of the grid is 

0.01 degrees, covering the global land surface, from 70 degrees 

north latitude to 55 degrees south latitude. The individual files 

in the following table are compressed GeoTIFF files, with sizes 

of about 90 to 100 MB. 

2.2.2 China's Economic Development Data 

China's Economic and Social Development Statistics 

Database (CNKI) contains 708 kinds of authoritative statistical 

data that have been published and distributed since the 

founding of the People's Republic of China. Among them, there 

are more than 150 kinds of statistical yearbooks that are still 

continuously published, covering various fields such as 

national economic accounting, investment in fixed assets, 

population and human resources, and is the largest aggregate 

database of official statistical data in China. This paper uses the 

data of China's GDP and GDP growth rate from 1998 to 2016 

in this database. 

 

2.3 Research Methods 

 

In this study, the downloaded aerosol optical thickness 

product data are preprocessed in ARCGIS software. Firstly, the 

PM2.5 concentration data in China are cropped according to the 

boundary vector frame of the study area. Then, the average 

concentration data map from 1998 to 2016 is synthesized and 

the raster data map of the subsequent linear regression and 

significance analysis is derived. The spatial distribution 

characteristics of PM2.5 concentration changes from 1998 to 

2016 in China were realized by MATLAB programming. the 

method used was linear regression, and the change trend was 

analyzed by significance test (P<0.05). The PM2.5 concentration 

data of each grid point from 1998 to 2016 are simulated as a 

linear function, and the concentration fluctuation of the 

corresponding grid point is obtained through the positive and 

negative values of the slope. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Spatial Distribution Characteristics of PM2.5 in China 
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In order to comprehensively reflect the spatial distribution 

characteristics of PM2.5 concentration in China, the data of 

PM2.5 concentration from 1998 to 2016 were averaged (Figure 

1), and the spatial distribution data of PM2.5 concentration in 

China were obtained. The results show that the average 

concentration of PM2.5 in China from 1998 to 2016 shows the 

spatial distribution characteristics of high concentration in the 

middle and east, low concentration in the west, low 

concentration in the north and slightly high concentration in the 

south. The highest and lowest concentrations of PM2.5 were 

91.9737µg/m3 and 1.5263µg/m3, respectively, distributed in 

Hebei and Qinghai provinces. The concentration of PM2.5 in 

economically developed areas is significantly higher than that 

in areas with lower economic development, especially in 

economically developed Jiangsu, Shandong, Henan and Hebei 

provinces, which is significantly higher than that in other areas, 

indicating that its economic development has a certain impact 

on the concentration change of PM2.5, but it does not exclude 

the climatic and topographic reasons, as well as the energy 

consumption during heating period and the pollution caused by 

coal combustion. However, the low concentration of PM2.5 in 

Qinghai Province and Tibet Autonomous Region may be 

mainly due to the relatively backward economy and the 

continued low GDP data.

 

 
Figure 1. Average Concentration Map of PM2.5 in China from 1998 to 2016 

3.2 Temporal and Spatial Variation Characteristics of PM2.5 

in China 

 

Using MATLAB software to program, the concentration 

data of PM2.5 from 1998 to 2016 were analyzed by linear 

regression fitting, and the slope values obtained were written 

back into the matrix of each point. As shown in Figure 2, the 

concentration of PM2.5 in China generally shows a trend of 

decreasing in the west and increasing in the east. The place 

with the highest slope was in Hebei Province, with a value of 

2.99965, while the place with the lowest slope was in Shanxi 

Province, with a value of -1.41544. 

 

Figure 2. Slope Map of PM2.5 Concentration in China from 

1998 to 2016 

According to the slope value and through MATLAB, the 

concentration data of PM2.5 from 1998 to 2016 are subjected to 

one-dimensional linear regression analysis and significance 

analysis. the pixel points with slope greater than 0 (i.e. a>0) 

and significance level less than 0.05 (i.e. p<0.05) are marked as 

1 and marked with green. The pixel points with slope less than 
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0 (i.e. a<0) and significance level less than 0.05 (i.e. p<0.05) 

are marked with red. Pixel points with significance level 

greater than 0.05 (i.e., p>=0.05) and pixel points with slope 

equal to 0 (i.e., a=0) and significance level less than 0.05 (i.e., 

p<0.05) are marked with yellow (Figure 3). 

From 1998 to 2016, PM2.5 increased significantly in most 

areas of China, with only some areas such as northwestern 

Inner Mongolia, northern and southern Gansu, northern 

Shaanxi and southern Ningxia Hui Autonomous Region 

showing significant decreases, while PM2.5 did not change 

significantly in some areas of southwest, northwest, north and 

east China and Taiwan. 

PM2.5 in a city is not only related to economy, but also 

positively related to population size, temperature, quantity of 

air pollutants and emissions from nearby cities, and negatively 

related to precipitation and wind speed (Han et al, 2016). The 

increasing concentration of PM2.5 in North China and Northeast 

China may be related to climate factors such as less 

precipitation and frequent occurrence of dust weather in most 

areas of North China. However, the southwest region has a lot 

of rainfall and relatively dense vegetation, so the change is not 

significant. The significant increase in PM2.5 concentration in 

eastern, southern and central China may be due to the rapid 

development of local economy. In areas with serious PM2.5 

problems, heavy industry is often the mainstay of their 

economy and an important source of local government revenue 

(Cheng et al, 2013). 

 

Figure 3. Spatial Variation Map of PM2.5 Concentration in 

China from 1998 to 2016 

 

3.3 China's PM2.5 Response to Economic Development 

 

The results of Figure 2 and Figure 3 show that the 

spatio-temporal change characteristics of PM2.5 concentration 

have obvious response to economic development, but the 

response of economic development in different regions to the 

change of PM2.5 concentration has certain differences. The 

statistical results of China's GDP growth rate from 1998 to 

2016 show that China's GDP growth rate rose rapidly from 

1998 to 2007, but after 2007, China's GDP growth rate declined 

obviously, and 2007 was obviously a turning point of China's 

GDP growth rate. The annual average concentration of PM2.5 in 

China (Figure 5) has a good correlation with China's economic 

growth rate (Figure 4). The fastest change rate of China's GDP 

occurred in 2007, and the average concentration of PM2.5 in 

that year was also the highest. In order to better analyze the 

response of China's PM2.5 to economic development, the 

research period is divided into two sections, namely 1998-2007 

(Figure 6) and 2008-2016 (Figure 7). 
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Figure 4. China's GDP Growth Rate 1998-2016 
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Figure 5. PM 2.5 Year Average Concentration Chart 

As shown in Figure 6, during the period of 1998-2007 

when China's economy was developing rapidly, the 

concentration of PM2.5 increased significantly in most areas, 

while the concentration of PM2.5 decreased significantly in only 

a small part of Inner Mongolia Autonomous Region, Gansu, 

Xinjiang Uygur Autonomous Region and Tibet Autonomous 

Region, while there was no significant change in some areas 

such as Yunnan, Sichuan, Heilongjiang, Jilin, Xinjiang Uygur 

Autonomous Region, Tibet Autonomous Region and Inner 

Mongolia Autonomous Region. Among them, pollution in 

central, southern and eastern China is more serious, indicating 

that the rapid economic development has had a certain impact 

on PM2.5. 
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According to the line chart of China's GDP growth rate 

from 1998 to 2016, there was a turning point in 2007. From 

1998 to 2007, China's GDP value increased rapidly and the 

GDP growth rate rose by leaps and bounds. The rapid economic 

growth has led to the deterioration of the environment. A large 

number of trees have been cut down. Sewage emissions have 

led to an increase in the greenhouse effect and the 

concentration of PM2.5 has continuously increased (Büntgen et 

al, 2019). The rapid growth of extensive economic in Hebei 

region is accompanied by huge energy consumption, exhaust 

emissions caused by the sharp increase in car ownership, and 

the inflow of air pollutants in surrounding areas such as 

Shandong Province and Shanxi Province, etc. All these 

combined factors have significantly increased the concentration 

of PM2.5 in Beijing-Tianjin-Hebei region (Luo et al, 2018). The 

concentration of PM2.5 in China's heavy industry base and the 

three northeast provinces, which are the main grain producing 

areas, is also increasing due to the industrial structure of heavy 

industry with high input, high energy consumption and high 

pollution. Eastern and southern China have experienced PM2.5 

pollution problem while their economy is growing rapidly and 

urbanization is accelerating. PM2.5 mainly comes from 

automobile exhaust emission and biomass combustion (Hua et 

al, 2015). In addition, the impact of climate on PM2.5 pollution 

cannot be ignored. Coastal areas are affected by subtropical 

monsoon climate, and the transmission and interaction of air 

pollutants between regions often occur (Xiao et al, 2017). For 

example, the sustained and stable climate conditions in parts of 

southwest China have kept the PM2.5 concentration in a 

relatively stable state. 

 

Figure 6. Spatial Variation Map of PM2.5 Concentration in 

China from 1998 to 2007 

During the 10 years of China's economic slowdown 

(2008-2016) (Figure 7), the downward trend of PM2.5 

concentration in China has been continuously expanding. 

Although there is no obvious change in most areas, PM2.5 

concentration in parts of southwest, central, east and south 

China has decreased significantly, while PM2.5 concentration in 

only a small part of northeast, northwest and southwest regions 

has increased significantly. According to the line chart of 

China's GDP growth rate from 1998 to 2016, the GDP value 

began to rise slowly after 2008, and the rate of change of 

China's GDP growth also began to slow down, while the 

concentration of PM2.5 began to decline during this period, 

indicating that the economic slowdown eased the influence of 

the earlier rapid economic development on the concentration of 

PM2.5. 

The concentration of PM2.5 has changed since 2008. With 

the slowing down of the development of the top ten 

high-energy consuming industries, the green development 

strategy has been advancing steadily, and the energy 

conservation and consumption reduction effects have been 

obvious. The concentration of PM2.5 in China has been 

continuously decreasing (Energy, 2019). Many places in our 

country (such as Beijing, Shanxi, etc.) have restricted the use of 

single and double numbers of motor vehicles since the 

Olympics, and have also effectively controlled a large amount 

of vehicle exhaust emissions (Fan et al, 2015). At the same time, 

the natural environment has a negative correlation effect on 

PM2.5, and precipitation is also one of the reasons for the 

reduction of PM2.5 concentration. Influenced by precipitation 

and typhoons, PM2.5 concentrations in parts of southwest, south, 

central and east China dropped sharply (Dong et al, 2016). In 

addition, after 2008, people began to realize the importance of 

protecting the environment. At the same time of economic 

development, the environment is also one of the wealth that 

cannot be ignored. After experiencing serious and continuous 

haze events in many regions of our country, the state Council 

issued the "air pollution prevention and control action plan" 

and adopted continuous air pollution measures, the PM2.5 

concentration began to slowly slow down (Xinhua News 

Agency, 2013). Air pollution in most parts of China has 

improved and PM2.5 concentration has dropped significantly, 

which indicates that measures related to environmental 

protection have been successful 

. 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3/W10, 2020 
International Conference on Geomatics in the Big Data Era (ICGBD), 15–17 November 2019, Guilin, Guangxi, China

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLII-3-W10-49-2020 | © Authors 2020. CC BY 4.0 License.

 
53



 
Figure 7. Spatial Variation Map of PM2.5 Concentration in 

China from 2008 to 2016 
 

4. CONCLUSION 

 

Based on the global average annual PM2.5 remote sensing 

product data from 1998 to 2016 and the data of China's 

economic development, this paper analyzes the spatio-temporal 

changes of PM2.5 in China and its response to economic 

development. The results show that: 

The average concentration of PM2.5 in China shows the 

spatial distribution characteristics of high in the middle and east, 

low in the west, low in the north and slightly high in the south, 

with the highest average value of 91.9737µm/m3 in Hebei 

Province and the lowest average value of 1.5263µm/m3；in 

Qinghai Province. From 1998 to 2016, PM2.5 increased 

significantly in most areas of China, with only some areas such 

as northwestern Inner Mongolia, northern and southern Gansu, 

northern Shaanxi and southern Ningxia Hui Autonomous 

Region showing significant decreases, while there was no 

significant change in PM2.5 in southwest, northwest, northern 

and eastern China and Taiwan. During the period of 1998-2007 

when the economy was developing rapidly, China's GDP 

increased by leaps and bounds and the growth rate kept rising, 

which led to the continuous rise of PM2.5 concentration. 

However, the environmental impacts caused by different 

economic development in different regions also have certain 

differences. During the period of 2008-2016 when the economy 

is slowing down, the downward trend of PM2.5 concentration in 

China is continuously expanding. Although there is no obvious 

change in most areas, PM2.5 concentration in parts of southwest, 

central, east and south China is significantly reduced, while 

PM2.5 concentration in only a small part of northeast, northwest 

and southwest regions is significantly increased. The slowing 

down of the economic development rate indicates that people 

have realized the impact of rapid economic development on the 

environment and the importance of environmental protection. 

At the same time, the government's measures to curb PM2.5 

have also played a good role in environmental governance. 
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