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Abstract  

Air pollution is one of the main problems to be solved in the sustainable development of China's 
economy, its main pollution components include PM2.5, PM10, SO2, NO2, CO and O3, the pollution 
component governance is an effective means of atmospheric environmental management. Based on the 
monitor data of six main pollutant concentrations in Zhengzhou from 2015 to 2018, this paper analyzes 
the correlation characteristics between their concentrations by using correlation analysis, the multiple 
correlation characteristics of the one pollutant concentration with the other five pollutant concentrations 
by using multiple correlation analysis, the independent linear interpretation ratio between the six pollutant 
concentrations by using partial correlation analysis, at last, a pollutant independent emission index is 
defined to describe the independent emission level of one pollutant, then utilize the index to study the 
distribution characteristics of six main pollution concentrations in the study period in Zhengzhou. The 
results show that there is a significant correlation between the six pollutant concentrations. PM2.5, O3 
and PM10 are the primary pollutants in Zhengzhou, the PM2.5 concentration is controlled by PM10 
concentration and CO concentration, similarly, the PM10 concentration is controlled by PM2.5 
concentration. In the polluted weather, O3 has the highest level of independent emissions. The main task 
of Zhengzhou in pollutant composition governance is to control the emission of PM2.5 and O3. 

Keywords: Air quality; Pollutant concentration; Correlation analysis; Multiple correlation analysis; 

Partial correlation analysis; Pollutant independent emission index. 

 
1. Introduction 
With the continuous development of China's economy, the advancement of urbanization and 

industrialization, the consumption of energy and natural resources have been continuing to increase. A 

large amount of harmful substances discharged into the atmosphere have been causing 

many serious ecological problems, especially atmospheric problem in many urbanized regions. Air 

pollution seriously has been affecting people's physical and mental health, and largely inhibiting the 

healthy development of the regional economy[1-5]. 

The statistical results show that atmospheric pollutants, mainly include Total Suspended Particulate 

Matter, Sulfur Dioxide (SO2), Nitrogen Oxide (NOx), Volatile Organic Compounds (VOCs), 

Photochemical Oxide, Greenhouse[6,7]. In order to analyze and forecast the short-term air quality status 

and development trend in a region, the Ministry of Environmental Protection of China formulated 

"Environmental Air Quality Standards" (GB3095-2012) and "Technical Regulations for Environmental 

Air Quality Index " (hereafter this text will be abbreviated as Technical Regulations) (HJ633-2012) in 

2012, Which, based on the impact degree of atmospheric pollutants as PM2.5, PM10, SO2, NO2, CO and 

O3 on human health, ecology and environment, equivalently divides their concentrations into 7 levels, 

and simplifying them into a single conceptual index value, that is, Air Quality Index(AQI) to classify the 

air pollution level and the short-time air quality status. 

http://www.scitecresearch.com/journals
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In recent years, based on the air quality index, many researchers have analyzed the variation 

characteristics of air quality in some typical regions at different scales, studied change patterns of air 

quality by natural environment element impacts, and the temporal and spatial distribution characteristics 

of air quality, have achieved many valuable results[1-9]. 

The Technical Regulations firstly calculates the Individual Air Quality Indices(IAQI) of the 6 main 

pollutants based on the equivalent divided pollutant concentration, then uses their maximum as the value 

of air quality index, takes the corresponding pollutant as the primary pollutant. Although the single 

maximum value could reflect the real-time air quality in a region to a certain extent, largely ignores the 

impact of other pollutants on air quality. For this reason, many scholars have tried to find a mathematical 

indicator that could comprehensively describe the air quality status and its development trend, by using 

neural network model[10,11], spatial econometric model[12,13], regression analysis model[14-15], 

principal component analysis model, the time series model, the analytic hierarchy model and the optimal 

hybrid model describe and predict[16-19], have obtained many valuable scientific research results. 

This paper uses the correlation analysis method to define a pollutant independent emission index, to 

study the emission level of air pollutants in a region, in order to provide a scientific reference for 

controlling air pollution from the source. Firstly, introduce the AQI calculation model, secondly, based 

on the monitor data of 6 pollutant concentrations in Zhengzhou from 2015 to 2018, analyzes the 

correlation characteristics between the 6 pollutant concentrations, and then defines a pollutant 

independent emission index by eliminating the correlation between the pollutant concentrations, at last, 

utilizes this index to study the distribution characteristics of the 6 pollution concentrations in the study 

period in Zhengzhou. 

2. The definition of air quality index  

Air Quality Index (AQI) is the maximum of the six Individual Air Quality Indices (IAQI), and takes the 

corresponding pollutant as the primary pollutant. 

The calculation steps are as follows: 

(1) According to the equivalent impact degrees of the six air pollutants as PM2.5, PM10, SO2, NO2, CO and O3 on 

human health, ecology and environment, dividing the pollutant daily average concentrations of PM2.5, PM10, SO2, 

NO2, CO, and 8-hour moving average concentration of    O3 (
3

/g m ) into 7 levels as Table 1. 

 (2) Calculates Individual Air Quality Index
 
(IAQI) of pollutant P using  

( )
H i L o

p P L o L o

H i L o

IA Q I IA Q I
IA Q I C B P IA Q I

B P B P


  


 ,                                                    (1) 

where
 p

C is the concentration of pollutant P ,
H i

B P and 
L o

B P  respectively are the extremes high-value and low-

value 
p

C belongs to, 
H i

IA Q I and 
L o

IA Q I  respectively are the individual air quality indices of 
H i

B P and 
L o

B P (see 

Table 1). The 
p

IA Q I of pollutant P
 
describes the influence degree of pollutant P on the short-term air quality 

status and its change trends[3-8]. 

Table 1. Individual Air Quality Index and corresponding pollutant concentration extreme value 

IAQI Pollutant Concentration Interval 

PM2.5 PM10 SO2 NO2 CO O3 

0 0 0 0 0 0 0 

50 35 50 50 40 2 100 

100 75 150 150 80 4 160 

150 115 250 470 180 14 210 

200 150 350 800 280 24 265 

300 250 420 1600 565 36 800 

400 350 500 2100 750 48 1000 

500 500 600 2620 940 60 1200 
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(3) Calculates AQI using 

2 2 3
2 .5 1 0

m ax { , , , , , }
P M P M S O N O C O O

A Q I IA Q I IA Q I IA Q I IA Q I IA Q I IA Q I                                (2) 

and takes the corresponding pollutant as the primary pollutant. 

3. The correlation analysis of pollutant concentration  

3.1 Correlation analysis 

The correlation coefficient is a statistical indicator used to describe the relationship between two variables. Assume 
( , )

i i
x y

 
1, 2, 3i n  are the observation values of random variable ( , )X Y , the correlation coefficient of X and Y  

is defined as 

1

( ( )(y )) / ( ) ( )

n

X Y i i

i

r x x y D X D Y



   ,                                                         (3) 

where x and y , ( )D X and ( )D Y are respectively their means and variances. 

X Y
r belongs to [ 1,1] , usually, the statistic 

2
( 2 ) / (1 ) ( 2 )t r n r t n    ( n is number of observations) is used as 

the test function of significant level. Under the significant level of 0.05, the greater | |r means the stronger 

correlation between X and Y , | | 1r   means  X and Y is linearly dependent, and 0r   means X and Y is  mutual 

independent[20-24]. 

In order to study the correlation between the 6 pollutant concentrations, taking Zhengzhou as an example, use 

Formula (3) calculate the correlation coefficient between them in the study period. The results are shown in Table 2. 

Table 2. The correlation coefficients of the pollutant concentrations (Zhengzhou,2015-2018) 

 
PM2.5 PM10 SO2 NO2 CO O3 

PM2.5 1.000 0.883 0.517 0.637 0.839 -0.366 

PM10 0.883 1.000 0.621 0.708 0.748 -0.249 

SO2 0.517 0.621 1.000 0.599 0.554 -0.374 

NO2 0.637 0.708 0.599 1.000 0.601 -0.339 

CO 0.839 0.748 0.554 0.601 1.000 -0.423 

O3 -0.366 -0.249 -0.374 -0.339 -0.423 1.000 

Under the significant level of (both sides) 0.000, there are significant correlations between the 6 pollutant 

concentrations. The positive correlations appear between the 5 pollutant concentrations as PM2.5, PM10, SO2, NO2 

and CO, their correlation coefficients are all greater than 0.500, indicating that the increase of one of the 5 pollutant 

concentrations in the region might lead to the increase of the other 4 pollutant concentrations, controlling the 

emission of one pollutant would reduce the air pollution by the remaining 4 pollutants. The negative correlations 

appear between O3 and PM2.5, PM10, SO2, NO2, CO, showing the increases of the concentration of PM2.5, PM10, 

SO2, NO2, CO might cause the decrease of the O3 concentration, vice versa.    

3.2 Multiple correlation analysis 

There are significant correlations between the 6 pollutant concentrations, the change of one pollutant concentration 

would cause the changes of other 5 pollutant concentrations, in order to quantitatively analyze the degree of linear 

influence between them, the multiple correlation coefficient is introduced. 

Suppose the concentration of pollutant i could be linear interpreted by the concentrations of other 5 pollutants  

0 1 1 6 6
( )

i k k i
x x x x k i            .                                                  (4) 

Using the least squares calculate the value ˆ
j

 of 
j

 , the regression value of 
i

x  could be represented as  

0 1 1 6 6
ˆ ˆ ˆ ˆˆ ( )

i k k
x x x x k j          . 

                                                   
(5) 

The total variance of i  pollutant concentration is  

2 2 2

1 1 1

1 1 1
ˆ( ) ( )

n n n

i i i i i i i i
SST x x x x SSR SSD

n n n
         ,                 

    
(6)
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where 
i

S S R is the linear interpretation part in the total variance of i  pollutant concentration by the other 5 pollutant 

concentrations, and 
i

S S D is part of its own interpretation. 

The multiple correlation coefficient of i is defined as the arithmetic square root of the ratio of the linear 

interpretation part to the total variance 

/
i i i

M r S S R S S T ,                                                                    (7) 

then 

2
/

i i
M r SSR SST

                                                                       
 (8)

 

is the ratio of the linear interpretation part in the total variance.
 

i
M r belongs to [0 ,1] , usually, the statistic ( 6 ) / 5 (5 6 )

i i i
F n SSR SSE F ,n    ( n is number of observations) is 

used as the test function of significant level. Under the significant level of 0.05, the larger 
i

M r
 
means the more 

closely the concentration of the pollutant i  is linear correlation with the concentration of the other 5 pollutants.
 

1
i

M r   means the concentration of the pollutant i  is linearly dependent with the concentration of the other 5 

pollutants, and 0
i

M r   means they are linearly independent[20-24]. 

Taking Zhengzhou as an example, use Formula (4-8) calculate 
i

M r , 
2

1 0 0
i

M r  , 
i

S S R , 
i

S S D and 
i

F  in the study 

period. The results are shown in Table 3. 

Under the significant level of 0.000, 
0 .005

(5,12 1 0 ) 12 .140F F  shows that one pollutant concentration is 

significant correlation with the other 5 pollutant concentrations. The linear interpretation degrees of PM2.5, PM10, 

SO2, NO2 and CO by the other 5 pollutants are all more than 50%, especially PM2.5 and PM10, the degrees reach 

up to 80%. The concentration change of O3 , interpreted by the other 5 pollutants, is the minimum about 30%. 

Table 3. The multiple correlation analysis of the pollutant concentrations (Zhengzhou,2015-2018) 

  PM2.5 PM10 SO2 NO2 CO O3  

i
M r  0.931 0.922 0.711 0.746 0.857 0.536 

2
1 0 0

i
M r   86.587 84.855 50.557 55.703 73.462 28.755 

i
S S R  3492711.497  5720348.768 195577.666 271718.056 301.465 1182117.838 

i
S S D  541027.858 1016053.442 191268.567 216081.362 108.906 2928866.359 

i
F  1562.278  1362.452 247.452 304.310 669.886 97.673 

3.3 Partial correlation analysis 

The multiple correlation coefficient reflects the dependent degree of the concentration of one pollutant with the 

concentrations of the other 5 pollutants as a whole. In order to quantify the degree of independent linear correlation 

between the concentrations of the two pollutants, analyze true relationship between two pollutants, it is necessary to 

eliminate the impact of the concentrations of the other 4 pollutants, In other words, under the condition of 

controlling the concentration of other 4 pollutants, to analyze the linear correlation of the concentrations between 

two pollutants, that is, partial correlation coefficient. 

Assume 
i

x  and 
j

x respectively are the concentrations of pollutants i and j , the concentration of pollutant i could 

be linear expression by the other 4 pollutant concentrations(except for j )  

0 1 1 6 6
( , )

i k k i
x x x x k i j             .                                        (9) 

Due to the change of the independent variable, the linear interpretation part of Formula (9)
 

2

( 0 6 ; , )i k k i j
M r

  
is different 

with that of Formula (4), this difference 

2

2 2

( 0 6 ; ) ( 0 6 ; , )
( , )

i k k i i k k i jM r
D i j M r M r

     
                                                    (10) 

is the proportion of the pollutant j independent linear interpretation to the concentration of the pollutant i . 

The partial correlation coefficient of i and j is defined as   

2 2 2 2

( 0 6 ; ) ( 0 6 ; , ) ( 0 6 ; , )
( ) / (1 )

i j i k k i i k k i j i k k i j
P r M r M r M r

        
                                   (11)
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i j
P r belongs to [ 1,1] , usually, the statistic 2

( ( 6 ) ) / 1 ( 6 )
ij ij

t P r n P r t n     ( n is number of observations) is 

used as the test function of significant level. Under the significant level of 0.05, the larger | |
i j

P r
 
means the larger 

impact degree of the pollutant j concentration on the pollutant i concentration [20-24].   

Taking Zhengzhou as an example, use Formula (4), (9), (10) and (11) calculate 
i j

P r and 
2 ( , )

M r
D i j  in the study 

period. The results are shown in Table 4 and Table 5 . 

Under the significant level of 0.000, there is significant partial correlation between two   pollutant concentrations in 

the 6 main pollutants. The independent linear interpretation ratio is proportional to the partial correlation coefficient 

between them, but the independent linear interpretation ratio of
 

j to i
 
is different with that of i to j . 

The partial correlation coefficients between PM2.5and PM10, PM2.5and CO is greater than 0.500, but with the rest 

of 3 pollutants, the coefficients is negative value. For PM10, the positive correlation pollutants respectively are 

PM2.5, SO2, NO2 and O3 with correlation degree from strong to weak, its partial correlation coefficient with CO is 

negative value. For SO2, the positive correlation pollutants respectively are PM10, NO2 and CO with correlation 

degree from strong to weak, its partial correlation coefficients with O3 and PM2.5 are negative value.  

Table 4. The partial correlation analysis of the pollutant concentrations (Zhengzhou,2015-2018) 

2

i j
P r  PM2.5 PM10 SO2 NO2 CO O3 

PM2.5 1.000 0.706 -0.260 -0.030 0.544 -0.213 

PM10 
 

1.000 0.362 0.315 -0.053 0.315 

SO2 
  

1.000 0.217 0.189 -0.248 

NO2 
   

1.000 0.063 -0.145 

CO 
    

1.000 -0.152 

O3 
     

1.000 

Table 5. The independent linear interpretation part between the pollutant concentrations (Zhengzhou,2015-2018) 

2 ( , )
M r

D i j  PM2.5 PM10 SO2 NO2 CO O3 

PM2.5 0.000 13.349 0.974 0.012 5.638 0.638 

PM10 15.011 0.000 2.275 1.658 0.042 1.662 

SO2 3.591 7.459 0.000 2.434 1.826 3.233 

NO2 0.040 4.868 2.181 0.000 0.175 0.945 

CO 11.155 0.075 0.980 0.105 0.000 0.625 

O3 3.390 7.850 4.660 1.520 1.677 0.000 

The pollutant i concentration 
i

C contains two parts, one part is 
R i

C the linear interpretation part by the other 5 

pollutant concentrations, the other is 
D i

C the part of its own interpretation   

2
1

i R i D i i D i
C C C M r C     .                                                               (12) 

The linear interpretation part by only j (called the independent linear interpretation ratio of i  by j ) could 

be represented as 

2

2

2

( , )

( , )

( , )

M r

R i j i

M rj i

D i j
C M r

D i j


 


 .                                                       (13) 

The linear interpretation part by all the 5 pollutants could be represented as 

2

2

2

2
( , )

( , )

i

R i i M rj i

M rj i

M r
C M r D i j

D i j




  
                                           

(14) 
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Table 6. The independent linear interpretation ratio between the pollutant concentrations (Zhengzhou,2015-2018) 

 
PM2.5 PM10 SO2 NO2 CO O3 

PM2.5 13.413 56.079 4.091 3 0.050 23.685 2.680 

PM10 61.689 15.145 9.349 6.8137 0.173 6.830 

SO2 9.791 20.337 49.443 6.6367 4.979 8.815 

NO2 0.271 33.032 14.800 44.297 1.187 6.412 

CO 63.328 0.426 5.564 0.5960 26.538 3.548 

O3_8h 5.104 11.820 7.017 2.289 2.5259 71.245 

Taking Zhengzhou as an example, use Formula (13) calculate the independent linear interpretation ratio in the study 

period. The results are shown in Table 6 . 

The independent linear interpretation ratios of PM2.5 by PM10 and CO are greater than that of its own 

interpretation part. The independent linear interpretation ratios of PM10 and CO by PM2.5 are greater than that of 

its own interpretation part.. These pollutants are their upstream pollutants, their concentrations are controlled with 

the upstream pollutant concentrations, but there is a certain difference in the degree of control, the impact of PM2.5 

on PM10 and PM2.5 on CO are significantly higher than that of the latter. The governance of their concentration 

must control the upstream pollutant concentration and its own pollutant concentration. 

4 Pollutant independent emission index 

4.1 Pollutant independent emission index 

AQI describes the overall air quality status in a region, and classifies the air pollution level. In order to analyze the 

total pollution sources, study the emission levels of pollutants, and control the air pollution from the source, an 

index needs to be defined to describe the independent emission level of pollutant. 

The basic idea of the definition of a Pollutant independent emission index is: For the concentration of a single 

pollutant is made of the linear interpretation part by the other 5 pollutant concentrations and the part of its own 

interpretation, it do not represent its emission level, its true emission level should be the part of its own 

interpretation. In the same reason, the Individual Air Quality Index (IAQI) also contains 2 part, as the linear 

interpretation part by the other 5 pollutant concentrations and the part of its own interpretation. 

The Individual Pollutant Independent Emission Index (IPIEI)of pollutant i is defined as 

2
(1 )

i i i
IP IE I IA Q I M r   .                                                

              
(15)

 

The pollutant independent emission index (PIEI) is defined as 

 
2 2 3

2 .5 1 0
m ax { , , , , , }

P M P M S O N O C O O
P IE I IP IE I IP IE I IP IE I IP IE I IP IE I IP IE I ,   

                          
(16) 

the corresponding pollutant called the primary independent emission pollutant. 

4.2 Pollutant independent emission classification 

In order to classify and forecast the independent emission levels, first calculate the maximum value of pollutant 

independent emission indices in the region from historical statistics, refer to the Grading Standard Proportion in the 

Technical Regulations, classify the pollutant emission degree into 6 levels as good, moderate, lightly emitted, 

moderately emitted, heavily emitted and severely emitted. 

4.3 Pollutant independent emission analysis in Zhengzhou  

Carrying out  the correlation analysis, the partial correlation analysis and the multiple correlation analysis on the 

monitor data of the 6 pollutant concentrations in Zhengzhou from 2015 to 2018, calculating 
i j

r ,
i

M r , 
2

i j
P r and 

2 ( , )
M r

D i j , the results are showed in Table
 
2-6. Based the Formula 15, the independent emission index of the 6 

pollutants are  

2 2 2 2

3 3

2 .5 2 .5 1 0 1 0
0 .1 3 4 0 .1 5 1

0 .4 9 4 0 .4 4 3

0 .2 6 5 0 .

= =

=

2= = 1

=

7

S O S O N O N O

C O C O O O

IP IE I IA Q I IP IE I IA Q I

IP IE I IA Q I IP IE I IA Q I

IP IE I IA Q I IP IE I IA Q I

                                             
(17) 
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Use Formula (17) calculate the individual independent emission indices and the pollutant independent emission 

indices. The maximum pollutant independent emission index is 386, then the minimum values of the 7 levels 

respectively are 0, 39, 77, 116, 154, and 232. 

Due to the comprehensive consideration of the correlation between the 6 pollutant concentrations, there is a certain 

difference in describing the air status between AQI and PIEI. Table 7 is AQI and PIEI description comparison table, 

there are 44.00% of the days, the two indexes describe the same result, the remaining 56.00% of the air pollution 

levels determined by AQI is lower the Pollutant independent emission levels determined by PIEI. 

Table 8 is the primary independent emission pollutants and primary pollutant transfer matrix, the primary pollutants 

are mainly PM2.5 (37.00%), O3 (29.11%), PM10 (24.92%) and NO2 (8.88%). CO is only one day, SO2 has never 

been a primary pollutant. The primary independent emission pollutants are mainly O3 (53.95%), CO (22.68%) and 

NO2 (22.04%), PM10 is only 4 days, and PM2.5 has never been primary independent emission pollutant.  

Among the days with PM2.5 as the primary pollutant, about 62.7% days CO is the primary independent 

emission pollutant, followed by 24.44% of O3 and 12.44% of NO2. When the O3 is the primary pollutant, 

it also is the primary independent emission pollutant. Among the days with PM10 as the primary 

pollutant, about 55.45% days O3 is the primary independent emission pollutant, followed by 42.24% of 

NO2. Among the days with NO2 as the primary pollutant, about 77.78% days the primary independent 

emission pollutant is itself, followed by 22.22% of NO2. 

Table 7. The AQI and PIEI description transform matrix (Zhengzhou, 2015-2018) 

 

Good Moderate Lightly 

Polluted 

Moderately 

Polluted 

Heavily 

Polluted 

Severely 

Polluted 

Total 

Good 7 
     

7 

Moderate 20 201 
    

221 

Lightly 

Emitted  
314 154 

   
468 

Moderately 

Emitted  
14 231 64 

  
309 

Heavily 

Emitted   
21 73 82 

 
176 

Severely 

Emitted     
8 27 35 

Total 27 529 406 137 90 27 1216 

Table 8. The primary independent emission pollutant and the primary pollutant transform matrix (Zhengzhou,2015-2018) 

 
PM2.5 PM10 SO2 NO2 CO O3 

PM2.5 
      

PM10 2 2 
    

SO2 
      

NO2 56 128 
 

84 
  

CO 282 5 
  

1 
 

O3 110 168 
 

24 
 

354 

5 Conclusions and discussion 

Based on the monitor data of 6 main pollutant concentrations in Zhengzhou from 2015 to 2018, this paper analyzes 

the correlation characteristics between them by using correlation analysis. The results show that: There are 

significant correlations between the 5 main pollutant concentrations, as PM2.5, PM10, SO2, NO2 and CO, which are 

significant negative correlation with the main pollutant concentration of O3. The linear interpretation ratio of the 

pollutant O3 concentration by other 5 pollutant concentrations is lowest about 28.76%, this ratios of PM2.5, PM10, 

SO2, NO2 and CO by other 5 pollutant concentration are more than 50%. There is significant partial correlation 

between two pollutant concentrations, the independent linear interpretation ratio is asymmetric. The independent 

linear interpretation ratio of PM2.5 by PM10 and CO are greater than its own interpretation part, this feature also 

appears in CO by PM2.5 and PM10 by PM2.5.  
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The pollutant independent emission index describes the independent emission level of the pollutant, by eliminating 

the interaction of the pollutant concentrations. In Zhengzhou, the primary independent emission pollutants mainly 

are O3, CO, NO2 and PM2.5. When PM2.5 is the primary pollutant, CO and O3 are the primary independent 

emission pollutants, O3 and NO2 are the primary independent emission pollutants in the days with PM10 as the 

primary pollutant. As NO2 is the primary pollutant, it is also the primary independent emission pollutant. 

Air pollution is one of the main problems to be solved in the sustainable development of China's economy, the 

governance of pollution components is an effective means of atmospheric environmental management. PM2.5, O3 

and PM10 are the primary pollutants in Zhengzhou, the concentration of PM2.5 is controlled by PM10 and CO, 

similarly, the concentration of PM10 is controlled by PM2.5. In the polluted weather, O3 has the highest level of 

independent emission. The main task of Zhengzhou in pollutant composition governance is to control the emission 

of PM2.5 and O3. 
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