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ABSTRACT

To study the characteristics of air quality and the relationship between air quality and weather factors, 
based on daily meteorological data from 2016 to 2019 in Beijing using information diffusion technology, 
the probability distribution of air quality index in different seasons and the development trend of air 
quality have been studied, and the relationship between weather factors and air quality discussed. 
The results show that: 1) According to the air quality, the order of the four seasons is summer, spring, 
autumn and winter. In summer, the frequency of moderate air pollution and above is about 2.54%, and 
the frequency of serious air pollution is about 0%. In winter, the frequency of moderate air pollution and 
above is 17.83%, and the frequency of serious air pollution is 2.93%. 2) The air quality of Beijing has 
been improving in recent years, which shows that with the strengthening of air pollution control efforts, 
certain results have been achieved. 3) Quantitative analysis of the relationship between winter air quality 
index and temperature and wind in Beijing shows that the degree of air pollution in winter increases 
with the increase of temperature and decreases with the increase of wind force. The frequency of mild 
air pollution and above is about 8.91% when the daily maximum temperature is below 0°C and 48.78% 
when the daily maximum temperature is above 9°C. The frequency of mild air pollution and above is 
about 45.17% when the daily maximum wind force is level 0, and 20.89% when the daily maximum 
wind force is level 3 and above. Examples show that the information diffusion technology can make 
full use of the location information of the sample points by transforming the traditional sample data 
points into fuzzy sets, and achieves good results in frequency statistics and trend fitting. The model 
established in this paper has the value of popularization and application.

INTRODUCTION

People all over the world have suffered or are suffering from 
the haze, including China, the United States, Germany, Japan 
and so on. Haze pollution has become an important threat to 
the global environment. Along with the rapid development 
of economy in China, air pollution problems arise and lead 
to frequent haze in different degrees, which not only affects 
people’s lives and health but also makes the environmental 
problems more and more serious in the future.

Air pollution and haze weather do great harm to human 
beings. Air pollution directly leads to a significant increase 
in the incidence of respiratory diseases, affecting physical 
and mental health. Haze pollution leads to reduced visibility, 
increased traffic accidents, affecting daily activities such as 
travel. Haze causes serious losses to agricultural production, 
aquaculture production and tourism development, and affects 
ecosystems.

In the autumn and winter of 2016, China’s air pollution 
became more serious. The haze pollution problem extend-
ed from some areas to all parts of the country, covering 25 
provinces. More than 100 large and medium-sized cities had 
haze weather of varying degrees, which not only affected 
the sea, land and air traffic conditions but also caused direct 
harm to people’s physical and mental health. As the capital 
of China, Beijing is the political, cultural and economic 
centre of the whole country. However, in recent years, haze 
weather has occurred frequently. It is necessary to analyse 
the characteristics of air quality in-depth, which can provide 
a decision-making basis for the prediction and prevention of 
haze pollution weather.

The London smog event in Britain and the Los Angeles 
photochemical smog event in the United States appeared 
earlier than the haze weather in China and were the first to 
suffer from haze pollution. The results show that sulphur 
oxides and dust produced by coal combustion in the process 
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of industrial development were the direct causes of London 
smog events, and the accumulation of air pollutants with 
time due to the existence of inversion layer was the indirect 
cause (Davis et al. 2002). Primary pollutants from motor 
vehicles and chemical plants and secondary pollutants from 
photochemistry caused photochemical smog in Los Angeles, 
USA (Hinton et al. 2006). Minguillon (2012) used a positive 
definite matrix to analyse the main components and forma-
tion factors of PM2.5 in Switzerland. Through a comparative 
study of PM10 in residential and industrial areas in Calcutta, 
India, Chalouolakou et al. (2003) found that soot and motor 
vehicle emissions had the greatest impact on haze pollution 
in the region. With the continuous occurrence of haze weather 
in China, many Chinese scholars have conducted in-depth 
studies on the weather characteristics during the occurrence 
of haze. Wang (2011) found that the sharp increase of PM2.5 
concentration in Beijing in 2008 was due to the slow movement 
of atmospheric clouds, which made the air unable to circu-
late rapidly, and the accumulation of atmospheric pollutants 
caused haze pollution. Wang (2002) studied the distribution 
and evolution of visibility in Beijing under haze pollution.  
Jiang et al.  (2017) studied the meteorological factors of haze 
weather with the worst visibility in Zhengzhou City. The re-
sults showed that the meteorological conditions during haze 
pollution were low-level wind, relatively stable atmospheric 
structure and low-level inversion layer. Qian et al. (2006) 
analysed the time distribution characteristics of fog and haze 
weather in Guangdong Province, and found that the visibility 
of fog and haze weather is different from seasonal variation. 

There are also many studies on haze prediction. Jian et 
al. (2012) used the autoregressive integral moving average 
model to predict the PM10 concentration in heavy traffic 
areas of Hangzhou, China. Dong et al. (2009) proposed a 
hidden Markov model to predict high PM2.5 concentration 
in haze-polluted weather. Li (2017) predicted PM2.5 concen-
tration by multivariate statistical methods. Su et al. (2008) 
established a haze prediction model based on the Chi-square 
test and BP neural network. Mishra et al. (2015) combined 
with neural network and fuzzy logic regression to predict 
PM2.5 concentration in haze weather in India. 

For a long time, many scholars have done many studies 
on the causes, hazards and control of haze, and have achieved 
rich results. At present, there are many characteristic analy-
sis models of haze, such as regression, statistics and neural 
networks and so on. When there are contradictory samples 
or small samples in data processing, the effect of traditional 
methods is unsatisfactory.  Information diffusion technology 
is a data processing method rising in recent years. By trans-
forming data points into fuzzy sets, the location information 
of samples can be fully utilized, especially for data analysis 

under incomplete conditions of samples (Huang 2018, Chen 
2012). Regional air quality data are usually short in length 
and not abundant in quantity. The non-linear relationship re-
gression and stable probability distribution among factors can 
be well realized by using information diffusion technology.

Taking Beijing as a typical research area and air quality 
index as research index, this paper uses information dif-
fusion technology to analyse the evolution characteristics 
of air quality in different seasons in Beijing, calculates 
the probability distribution of haze occurrence in different 
seasons, and studies the evolution trend of air quality and 
air quality in recent years. To provide a scientific basis for 
prevention, early warning and control of local air pollution, 
the relationship between air pollution and temperature, wind 
force factors is discussed.

DATA AND METHODS

Survey of Research Area

Beijing is the capital of China, located in the northwest end 
of the North China Plain, adjacent to Tianjin in the east, 
surrounded by Hebei Province in the west, south and north. 
The total area of the city is about 16410 km2, of which the 
mountainous area accounts for about 60% and the plain area 
accounts for about 40%. Beijing has 16 districts under its 
jurisdiction, of which 6 are in the urban area, namely Dong-
cheng District, Xicheng District, Haidian District, Fengtai 
District, Chaoyang District and Shijingshan District. There 
are 10 suburban districts, including Yanqing District, Huairou 
District, Miyun District, Changping District, Shunyi District, 
Pinggu District, Mentougou District, Tongzhou District, 
Fangshan District and Daxing District (Fig. 1). The climate 
in Beijing is a typical warm temperate humid continental 
monsoon climate. The seasonal variation of precipitation is 
great. The precipitation is mostly concentrated in summer 
and the annual average precipitation is about 585 mm.

Beijing is the political, economic and cultural centre 
in China, which attracts worldwide attention. However, in 
recent years, haze weather has frequently appeared. In Jan-
uary 2013, Beijing experienced the most haze intrusion in 
59 years. It experienced four haze attacks for 25 days. The 
maximum PM2.5 index reached 755. According to the air 
pollution index published by relevant departments, the pollu-
tion situation has reached the “serious pollution” level. Since 
the beginning of winter in 2015, the haze has appeared fre-
quently, lasting for up to two weeks. In December, the “red” 
warning of fog was issued.  Haze has become a common 
weather condition in Beijing, causing huge adverse effects 
on the citizens. Although all parties have made great efforts 
to control the haze, no significant effect has been achieved.
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Data Sources

The assessment of air quality grade is based on the technical 
regulations of the Environmental Air Quality Index (AQI) 
(HJ633-2012) in China. Air pollution index is divided into 
six grades: 0-50, 51-100, 101-150, 151-200, 201-300 and 
more than 300. The bigger the index and the higher the level, 
the more serious the pollution is, and the more obvious the 
impact on human health is. 

When the air pollution index belongs to the interval (0, 
50], the air quality level is 1, and the air quality is excellent. 
There is no air pollution. All kinds of people can move 
normally.

When the air pollution index belongs to the interval (50, 
100], the air quality level is 2, and air quality is good. Air 
quality is acceptable, but some pollutants may have a weak 
impact on the health of a very small number of abnormally 
sensitive people. It is suggested that abnormally sensitive 
people should reduce outdoor activities.

When the air pollution index belongs to the interval (100, 
150], the air quality level is 3, and the air quality condition 
belongs to mild pollution. The symptoms of susceptible 
people are slightly aggravated, and the irritation symptoms 
are found in healthy people. It is suggested that children, 
the elderly people and patients with heart and respiratory 
diseases should reduce intensive outdoor exercise.

When the air pollution index belongs to the interval (150, 
200], the air quality level is 4, and the air quality condition 
belongs to moderate pollution. The haze will further aggra-
vate the symptoms of susceptible people and may affect the 

heart and respiratory system of healthy people. It is suggested 
that patients with diseases should avoid high-intensity out-
door exercise and that the general population should reduce 
outdoor exercise.

When the air pollution index belongs to the interval (200, 
300], the air quality level is 5, and the air quality condition 
belongs to heavy pollution. The symptoms of patients with 
heart disease and pulmonary disease are significantly ag-
gravated, exercise tolerance is reduced, and symptoms are 
common in healthy people. It is suggested that children, the 
elderly and patients with heart disease and pulmonary disease 
should stay indoors, stop outdoor exercise, and the general 
population should reduce outdoor exercise.

When the air pollution index is more than 300, the air 
quality level is 6, and the air quality is seriously polluted. 
It is suggested that children, the elderly and patients should 
stay indoors to avoid physical exhaustion and the general 
population should avoid outdoor activities.

ANALYSIS MODEL OF AIR QUALITY 
CHARACTERISTICS BASED ON INFORMATION 
DIFFUSION TECHNOLOGY

Air Quality Index Frequency Distribution Based on 
Information Diffusion

Information diffusion is a new way to study function approx-
imation by using the method of fuzzy sets. The advantage of 
this method is that its estimation accuracy is higher than that 
of the traditional histogram. In particular, when the overall 
hypothesis of a given sample is not guaranteed to be correct 
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and the sample size is small, this new method is very useful 
to avoid the artificial destruction of the data structure and 
make full use of the information carried by each knowledge 
sample point.

Suppose that the discourse domain is U. A single ob-
served sample point can diffuse the information it carries 
to all the points in the universe according to the following 
formula:
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Where, p(uj) is the exceeding probability of uj. 
According to the air quality index data in spring (March to May), summer (June to August), 
autumn (September to November) and winter (December to January of the following year), the 
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Where, hx and hy are information diffusion coefficients of input and output samples respectively, 
calculated according to equation (2). 
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The nonlinear regression relationship between air quality index and time is established by the 
information diffusion approximate reasoning method to describe the changing trend of air 
condition. 
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Analysis of Air Quality Index Distribution in Different Seasons 
 
According to the daily air quality data in different seasons, the air quality distribution in each 
season is analysed by information diffusion technology. The probability distribution of air quality 
grades in each season is shown in Table 1 and Figs. 2-6. 
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  Where, hx and hy are information diffusion coefficients 
of input and output samples respectively, calculated 
according to equation (2).

Table 1:  Probability distribution of air quality in each season.

Index interval Winter Spring Summer Autumn

(0, 50] 0.3933 0.1882 0.2752 0.3669

(50, 100] 0.2952 0.4135 0.5184 0.3171

(100, 150] 0.1332 0.2333 0.1811 0.1901

(150,200] 0.0757 0.0999 0.0254 0.0637

(200, 300] 0.0733 0.0470 0.0000 0.0586

(300, 500] 0.0293 0.0181 0.0000 0.0037
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 (2) According to the fuzzy set Ai and Bi transformed from 
the sample point (xi, yi), the fuzzy relations Ri can be 
obtained, which is calculated by the following formula:

 

7 
 

Uu
h
xuuA
x

i
xi i








 
 ,

2
)(exp)(: 2

2


                                 … (8) 

Vv
h
yvvB
y

i
yi i












 
 ,

2
)(exp)(: 2

2


                                 … (9) 

Where, hx and hy are information diffusion coefficients of input and output samples respectively, 
calculated according to equation (2). 
(2) According to the fuzzy set Ai and Bi transformed from the sample point (xi, yi), the fuzzy 
relations Ri can be obtained, which is calculated by the following formula: 

( , ) ( ) ( )
i i iR A Bu v u v                                                   … (10) 

(3) For input data x0, the estimated value of output y0 is deduced. Converting x0 to a fuzzy set 
according to the following equation: 

0

0 0

0

1 | | / , | |
( )

0, | |
j j

x j
j

x u d x u d
u

x u d


     

≤
                   … (11) 

Where, d=|u1u2| . 
(4) According to the fuzzy relation Ri and the transformed fuzzy set from x0, fuzzy reasoning is 
carried out as follows: 

0 0
( ) ( , )

iy x R
u

u u v   
                                                   … (12) 

Let v satisfy the following function relation: 

0 0
( ) max{ ( )}y yv V
v v 


                                                        … (13) 

v is called an estimated value of y0, and the membership of v is taken as the weight wi. 
(5) According to the above method, l estimated values of y0 and corresponding weights are 
obtained for each group of samples. The final y0 estimate is calculated by weighted average: 

0
1 1

ˆ
l l

i i i
i i

y w y w
 

   
    
   
 

                                                 … (14) 
The nonlinear regression relationship between air quality index and time is established by the 
information diffusion approximate reasoning method to describe the changing trend of air 
condition. 
 
ANALYSIS OF AIR QUALITY CHARACTERISTICS IN BEIJING 
 
Analysis of Air Quality Index Distribution in Different Seasons 
 
According to the daily air quality data in different seasons, the air quality distribution in each 
season is analysed by information diffusion technology. The probability distribution of air quality 
grades in each season is shown in Table 1 and Figs. 2-6. 
 
Table 1:  Probability distribution of air quality in each season. 

Index 
interval Winter Spring Summer Autumn 

(0, 50] 0.3933 0.1882 0.2752 0.3669 
(50, 100] 0.2952 0.4135 0.5184 0.3171 

(100, 150] 0.1332 0.2333 0.1811 0.1901 
(150,200] 0.0757 0.0999 0.0254 0.0637 

 …(10)

 (3) For input data x0, the estimated value of output y0 is 
deduced. Converting x0 to a fuzzy set according to the 
following equation:

 

7 
 

Uu
h
xuuA
x

i
xi i








 
 ,

2
)(exp)(: 2

2


                                 … (8) 

Vv
h
yvvB
y

i
yi i












 
 ,

2
)(exp)(: 2

2


                                 … (9) 

Where, hx and hy are information diffusion coefficients of input and output samples respectively, 
calculated according to equation (2). 
(2) According to the fuzzy set Ai and Bi transformed from the sample point (xi, yi), the fuzzy 
relations Ri can be obtained, which is calculated by the following formula: 

( , ) ( ) ( )
i i iR A Bu v u v                                                   … (10) 

(3) For input data x0, the estimated value of output y0 is deduced. Converting x0 to a fuzzy set 
according to the following equation: 

0

0 0

0

1 | | / , | |
( )

0, | |
j j

x j
j

x u d x u d
u

x u d


     

≤
                   … (11) 

Where, d=|u1u2| . 
(4) According to the fuzzy relation Ri and the transformed fuzzy set from x0, fuzzy reasoning is 
carried out as follows: 

0 0
( ) ( , )

iy x R
u

u u v   
                                                   … (12) 

Let v satisfy the following function relation: 

0 0
( ) max{ ( )}y yv V
v v 


                                                        … (13) 

v is called an estimated value of y0, and the membership of v is taken as the weight wi. 
(5) According to the above method, l estimated values of y0 and corresponding weights are 
obtained for each group of samples. The final y0 estimate is calculated by weighted average: 

0
1 1

ˆ
l l

i i i
i i

y w y w
 

   
    
   
 

                                                 … (14) 
The nonlinear regression relationship between air quality index and time is established by the 
information diffusion approximate reasoning method to describe the changing trend of air 
condition. 
 
ANALYSIS OF AIR QUALITY CHARACTERISTICS IN BEIJING 
 
Analysis of Air Quality Index Distribution in Different Seasons 
 
According to the daily air quality data in different seasons, the air quality distribution in each 
season is analysed by information diffusion technology. The probability distribution of air quality 
grades in each season is shown in Table 1 and Figs. 2-6. 
 
Table 1:  Probability distribution of air quality in each season. 

Index 
interval Winter Spring Summer Autumn 

(0, 50] 0.3933 0.1882 0.2752 0.3669 
(50, 100] 0.2952 0.4135 0.5184 0.3171 

(100, 150] 0.1332 0.2333 0.1811 0.1901 
(150,200] 0.0757 0.0999 0.0254 0.0637 

 …(11)

Where, d=|u1-u2| .
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  The nonlinear regression relationship between air 
quality index and time is established by the information 
diffusion approximate reasoning method to describe the 
changing trend of air condition.

ANALYSIS OF AIR QUALITY CHARACTERISTICS 
IN BEIJING

Analysis of Air Quality Index Distribution in Different 
Seasons

According to the daily air quality data in different seasons, 
the air quality distribution in each season is analysed by 
information diffusion technology. The probability distribu-
tion of air quality grades in each season is shown in Table 
1 and Figs. 2-6.

According to the calculation results, the air quality is the 
best in summer and the worst in winter.  The air quality index 
in summer is less than 200, and there is no heavy pollution 
or serious pollution. The frequency of moderate pollution is 
about 2.54% in summer. In winter, the frequency of serious 
pollution is 2.93%, and the frequency of moderate air pol-
lution and above is 17.83%.

Analysis of Change Trend of Air Quality in Winter

Air quality is the worst in winter. The trend of winter air 
quality in Beijing was studied by information diffusion 
technology. After fitting the daily air quality data in winter, 
the trend of air quality was obtained.

After processing the original data by information diffu-
sion technology, it can better reflect the changing trend of air 
quality. From the overall trend, the air quality index shows 
a decreasing trend, that is to say, air quality has improved 
to a certain extent.

Correlation Analysis Between Air Quality Index and 
Meteorological Factors

Based on the winter air quality data in Beijing, the relation-
ship between air quality index and daily maximum tempera-
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ture and daily maximum wind power was analysed by using 
information diffusion technology.  Because of the uncertainty 
of the correlation, this paper studies the correlation through 
probability analysis. Firstly, meteorological factors are 
graded. The daily maximum temperature is divided into 1~4 
grades according to the distribution range of the measured 
data, and the daily maximum wind force is divided into 0~5 
grades according to the relevant meteorological classification 
standards. The higher the grade value of meteorological fac-
tors is, the greater the corresponding value is. Then, the prob-
ability distribution of air quality corresponding to different 
meteorological factor levels is calculated, and the uncertainty 
relationship between air quality and meteorological factors 
is analysed from the perspective of probability. According to 
the calculation, the distribution of winter air quality index in 
Beijing at different temperature levels is shown in Table 2:

As can be seen from the data in the table above, the higher 
the winter temperature is, the worse the air quality is.  When 
the air temperature belongs to grade 1 (0°C or below), the 
distribution of the air quality index is mainly excellent and 
good. No heavy pollution or serious pollution has occurred. 
The frequency of mild air pollution or above is about 8.91%. 

When the air temperature belongs to grade 4 (9°C or above), 
the frequency of mild air pollution or above is 48.78%, and 
heavy pollution and serious pollution occur more frequently, 
reaching 11%.

The distribution of winter air quality index in Beijing at 
different wind force levels is shown in Fig. 7:

As can be seen from the data in Fig. 7 that the higher 
the winter wind force is, the better the air quality is. The 
frequency of mild air pollution and above is about 45.17% 
when the daily maximum wind force is level 0, and 20.89% 
when the daily maximum wind force is level 3 and above.

CONCLUSIONS

Information diffusion technology was applied to the study 
of air quality characteristics. The example shows that the 
information diffusion technology can make full use of the 
position information of the data by fuzzing the sample data 
and obtaining a good result of probability calculation and 
regression analysis. Based on the analysis of air quality 
in Beijing by information diffusion model, the following 
characteristics are found: The probability of air pollution is 
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Table 2:  Probability distribution of air quality in different daily maximum temperature levels.

Air quality level Temperature level 1 Temperature level 2 Temperature level 3 Temperature level 4

(0, 50] 0.6656 0.4188 0.2879 0.2350

(50, 100] 0.2453 0.3476 0.2853 0.2770

(100, 50] 0.0324 0.1086 0.1578 0.2752

(150,200] 0.0562 0.0410 0.1037 0.1035

(200, 00] 0.0005 0.0596 0.1135 0.0930

(300, 00] 0.0000 0.0244 0.0518 0.0161
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the highest in winter. In recent years, air quality has been 
improving to some extent. The air quality of Beijing in 
winter has a certain relationship with meteorological factors 
such as air temperature and wind force. The higher the air 
temperature is, the smaller the wind force is, the greater the 
probability of air pollution.
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maximum temperature is divided into 1~4 grades according to the distribution range of the 
measured data, and the daily maximum wind force is divided into 0~5 grades according to the 
relevant meteorological classification standards. The higher the grade value of meteorological 
factors is, the greater the corresponding value is. Then, the probability distribution of air quality 
corresponding to different meteorological factor levels is calculated, and the uncertainty 
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As can be seen from the data in the table above, the higher the winter temperature is, the worse 
the air quality is.  When the air temperature belongs to grade 1 (0°C or below), the distribution of 
the air quality index is mainly excellent and good. No heavy pollution or serious pollution has 
occurred. The frequency of mild air pollution or above is about 8.91%. When the air temperature 
belongs to grade 4 (9°C or above), the frequency of mild air pollution or above is 48.78%, and 
heavy pollution and serious pollution occur more frequently, reaching 11%. 
The distribution of winter air quality index in Beijing at different wind force levels is shown in 
Fig. 7: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Probability distribution of air quality under different wind force levels. 
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