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Abstract

Adapting daily meteorological data provided by China International Exchange Station, and using
principal component analysis of meteorological index for dimension reduction comprehensive,
the regression analysis model between PM2.5 and comprehensive index is established, by making
use of Eviews time series modeling of the comprehensive principal component, finally puts for-
ward opinions and suggestions aim at the regression analysis results of using artificial rainfall to
ease haze.

Keywords

Meteorological Index, Principal Component Analysis, Time Series Modeling, PM2.5, Haze

1. Introduction

Significant pollutant, obviously in the appropriate conditions, the implementation of artificial rainfall can effec-
tively ease the haze. The rain of artificial rainfall scours the solid formation of haze like aerosol ion etc., and
then the haze is eased. Relevant personnel are also advised to make the artificial rainfall to ease haze to become
normalized, confirmed as institutions, to implement the fund and staff [1]. However, the implementation of ar-
tificial rainfall also requires harsh weather conditions, because of this, the opportunity implementation of artifi-
cial rainfall is limited, implementing the artificial rainfall to ease the haze blindly would not be effectively, but
also causes the waste of money and resources. The study shows that when the pollution sources are relatively
stable, the meteorological conditions are important factors to affecting the PM2.5, which can reduce the PM2.5
concentration, meanwhile when the meteorological condition is not conducive to the diffusion and the deposi-
tion of particles will lead to an increase in PM2.5 concentration [2] [3]. Therefore, it is urgent to find out the re-
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lationship between PM2.5 and the meteorological conditions to get the best time to implement artificial rainfall.
In this paper, we aim at the diversification characteristics of the PM2.5, study the relationship between PM2.5
and meteorological conditions, and the suggestions are put forward according to the research results.

2. Data Whence

The data of PM2.5 concentration of Wuhan in 2014 was come from Wuhan Environmental Monitoring Center
[4], the daily meteorological data of Wuhan in 2014 was come from China Meteorological data sharing service
system, including 20 - 20 precipitation, large evaporation and maximum wind speed, the direction of maximum
wind speed, the average air pressure, average wind speed, average temperature, average vapor pressure, average
relative humidity, sunshine hours, small evaporation etc. [5].

3. Data Analysis
3.1. Principal Component Analysis of Meteorological Indices

In order to make the analysis question be more comprehensive [6], we selected a large number of meteorologi-
calindices, but not every index is effective, even there is high correlation between some indices, which added the
complexity of the question analysis and work intensity. Principal component analysis can transform the original
multiple variables into a small number of linear composite index, which plays a role in reducing the dimension.
Through the dimensionality reduction the variables which are related to each other was assembled, in order to
reduce the number of variables to be analyzed, and reduce the difficulty of the analysis. Using principal compo-
nent analysis, according to the intrinsic link between the data, it can be divided into several main components,
the main components of different components are mutually orthogonal variables, each principal component is
not related to each other, these principal components can provide a complete characterization of the whole index
system (see Table 1).

First use PM2.5 and many indices of regression analysis, see Table 2. Then screened seven indicators (20 - 20
precipitation, large evaporation, average pressure, average wind speed, average temperature, average vapor
pressure, average relative humidity), to principal component analysis. Before the principal component analysis,
the data were tested by KMO and Bartlett. The test of data was mainly used to test the validity and reliability of
the data, to realize whether the data can be analyzed by principal component analysis.

From the test results, the KMO test coefficient is 0.669, the significance level is less than 0.05, so the data can
be considered as the main component analysis.

Table 1. Kaiser-Meyer-OlKkin test and Bartlett test.

Sample sufficient Kaiser-Meyer-Olkin Metric 0.669
Approximate chi square 1771.072
Bartlett Spherical degree test df 21
Sig. 0.000

Table 2. Component matrix of principal component analysis.

1 2 3
20 - 20 precipitation (0.1 mm) 0.002 0.744 0.350
Large evaporation —0.632 0.579 —-0.279
Average pressure (0.1 hundred Pa) -0.927 —-0.105 —-0.081
Average wind speed (0.1 m/s) -0.238 0.005 0.917
Average temperature (0.1°C) —0.983 0.010 —0.001
Average vapor pressure 0.960 0.181 —-0.023
Average relative humidity (Percentage) 0.115 -0.879 0.113




W.]. Liang et al.

According to the experimental results, the first three principal components explained 85.499% of the total
variation of the original variables, so that the PM2.5 related meteorological index can be well reflected by the
first three principal components. Using the component matrix coefficient, the simple linear combination of the
original variables is constructed, and the linear expressions of the three synthetic indexes are as follows

X =-0.983z, +0.96z, —0.9272, — 0.632z, @h)]
Y =-0.879z, +0.744z, )
z2=0.917z, 3)

The average pressure, average temperature, average vapor pressure reflect the overall situation of atmospheric
pressure and temperature, and 20 - 20 rainfall, large evaporating capacity, average relative humidity reflect the
overall situation of the vapor in the air, and the last Principal component reflects the average wind speed.

3.2. Time Series of Principal Components

After obtaining the comprehensive index of the above structure, first the data of each comprehensive index is
standardized, and then the time series analysis and modeling of the comprehensive index are carried out. Test
each synthetic index of the time series for stationary and pure randomness. The test results are divided into dif-
ferent types according to the results of the test, further take different analysis methods.

3.2.1. Stationary Test

There are two kinds of methods for the stationary test, the graph test method and the structural test statistic. The
method of graph test has some subjectivity, so this paper uses the method of constructing test statistics, and uses
the Eviews unit root test to test the stability of the sequence. From Table 3 we can see that the significance level
of the first comprehensive index unit root test is less than 0.05, so we can determine it as a stationary sequence.
In the same way, the first order difference sequence of second and third index is stable.

3.2.2. Pure Randomness Test [7]
Pure randomness test is mainly to test whether the sequence is white noise, if the sequence is white noise se-
quence, then it is pure random, has no research value, only the non pure random time sequence can be further
studied with ARMA model to fit and forecast. Using Eviews to calculate the values of the three sequences of Q,
see Table 4.

Q statistic is used in large sample cases, the P values of the three sequences are less than 0.05, so it is consi-
dered that these sequences belong to the non white noise series, which has the analysis value and can be further
used for model selection.

3.2.3. Model Establishment and Diagnosis
Using Eviews to get the graph of first order difference of the three comprehensive index of partial autocorrela-
tion, according to its characteristics, select the model parameters. Multiple parameters of the model, and use the

Table 3. First comprehensive index T statistics test for first order differential.

t-statistic Prob.
Augmented Dickey-Fuller test statistic
-12.388 0.0000
Test critical values: 1% level —3.452
5% level -2.871
10% level —2.572
Table 4. P value of time series Q statistic of three synthetic indexes.
Sequence X y z
P value of Q statistic 0.000 0.000 0.000
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ACI information value as the evaluation criteria, and finally get the ARMA model of the three comprehensive
indicators are as follows:

DX, =0.86DX, , —0.34DX, , +d¢, —0.76ds, , 4)
DY, =0.01+0.22DY, , +de, —1.03d¢, , ®)
Z,=27,,+&-083¢, (6)

Use the “static” method to estimate the second comprehensive index of first order differential, the solid line in
the figure represents the predictive value of Dy, two dotted lines provides 2 times the standard deviation of the
confidence interval. It can be seen from the picture, the “Static” method has a big fluctuation of the forecast
value. At the same time, the variance ratio of the model has good simulation of the actual series of fluctuations,
Theil unequal coefficient is 0.488, the covariance ratio is 0.488, which indicates that the model has a good pre-
diction. The other two are similar to the situation of the general index.

3.3. Regression Analysis of PM2.5 and Meteorological Index

Regression analysis is to study the causal relationship between the number of two or more variables, based on
the correlation analysis, based on the correlation between the number of two or more variables to determine a
suitable mathematical model, so that to use one or a number of variables to describe and predict the other or a
number of variables.

The principal component analysis was used to obtain three comprehensive indices, and the time series model of
the three indexes was carried out, and the regression analysis was carried out using these three indices and PM2.5
concentration index. The significance level of the F statistic of variance analysis of regression analysis is less than
0.01. So, it can be considered that the regression equation can be fitted by the 99% confidence level. And

k =-0.391zx—0.217zy — 0.0982z (7

k represents the PM2.5 concentration index, zx,zy,zz are the first two and three comprehensive index of the
standard after the standardization. According to the results of principal component analysis and regression anal-
ysis, the positive and negative correlation between the variables is summarized as Figure 1 and Table 5:
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Figure 1. Second comprehensive index of first order differential sequence prediction.

Table 5. The positive and negative linear correlation between the index variables.

Index Rainfall  Evaporating capacity Air pressure  Wind speed Temperature Vapor pressure Relate humidity ~ PM2.5
X - - + -
Y _ _ _ _
z + -
PM2.5 - - + - + - +

Note: The symbol indicates the linear correlation between the two variables, + means positive correlation, — means negative correlation.
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4. Results Analysis and Suggestions

Principal component and regression analysis showed that under the same conditions, the greater the rainfall, the
lower the PM2.5 concentration, which indicated that wet deposition can effectively reduce the particulate matter
in the atmosphere, and when the wind speed increased, the concentration of PM2.5 increased, but when the rela-
tive humidity increased, the concentration of PM2.5 increased. Generally speaking, pollutants can spread in two
main weather conditions—precipitation and wind, continuous heavy rainfall can scour atmospheric haze par-
ticles, so once the rain is over air quality will change for the better. In addition, heavy precipitation is often ac-
companied by strong winds which are conducive to the diffusion and dilution of pollutants. But if rainfall dura-
tion time is short, the rainfall is too small, it is very difficult to achieve the effect of purifying air, this is because
in the short weak rainfall conditions, the air haze can’t be scour, and the relative humidity in the air will also in-
crease, moist air adds the particulate matter suspended in the air with a layer of water film coat, which is more
likely to cause accumulation of pollutants and increase the concentration of PM2.5 [8].

The results also show that the higher the evaporation rate is, the higher the concentration of PM2.5, because
of the large amount of evaporation, the particulate matter forms because of air cooling and condensation, and
thus the concentration of PM2.5 is higher.

In summary, although the rainfall can rely on the wet deposition to reduce the PM2.5, but when the rainfall is
small, the wind speed is relatively low and the humidity is relatively large, it can’t reduce the concentration of
PM2.5 effectively, and may even be due to the evaporation of a large number of ground water, aerosol is diffi-
cult to spread and leads to an increase in PM2.5 concentration. So the artificial rainfall relief work should be
considered implementing when the wind speed is relatively large and relatively humidity is low.
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