Open Science Index, Mathematical and Computational Sciences Vol:10, No:8, 2016 publications.waset.org/10005440.pdf

World Academy of Science, Engineering and Technology
International Journal of Mathematical and Computational Sciences
Vol:10, No:8, 2016

Study on Optimal Control Strategy of PM2.5 in
Wuhan, China

Qiuling Xie, Shanliang Zhu, Zongdi Sun

Abstract—In this paper, we analyzed the correlation relationship
among PM2.5 from other five Air Quality Indices (AQIs) based on the
grey relational degree, and built a multivariate nonlinear regression
equation model of PM2.5 and the five monitoring indexes. For the
optimal control problem of PM2.5, we took the partial large Cauchy
distribution of membership equation as satisfaction function. We
established a nonlinear programming model with the goal of
maximum performance to price ratio. And the optimal control scheme
is given.
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1. INTRODUCTION

OR the problem of air quality monitoring, forecasting and

control, many countries and local governments have
formulated the corresponding policies, regulations and
management measures. In 2012, China Environmental
Protection Department revised and implemented the "ambient
air quality standards", and the new standards will get full
implementation in 2016. The new standard takes AQI as air
quality monitoring index instead of Air Pollution Index (API)
which contains six basic monitoring indices, that are SO, NO,,

PM10, PM25, O, and CO [1]. The publication and

implementation of new monitoring standards will play an
important role in the monitoring of air quality and improving
the living environment.

In the new standard, for the first time the PM2.5
concentrations are taken as indicators of air quality monitoring.
As we know, PM2.5 is the main factor of producing haze, and it
will cause great harm to human health. Therefore, PM2.5 has
attracted more and more people's attention [1]-[3], and
gradually become a hot issue of scientific research [4]-[8]. In
this paper, the PM2.5 and other five monitoring indicators were
analyzed quantitatively, and the multiple regression model was
established. Then considering the pollution reduction feasible
planning of PM2.5, the regional multiple objective
optimization model is established under certain assumptions,
and the optimal comprehensive PM2.5 control scheme of in the
next five years is given.
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II.  CORRELATION FACTOR ANALYSIS OF PM2.5
The data of this paper come from the real time monitoring
data of Wuhan City, China [9]. First of all, the data were
analyzed and sorted out. By drawing PM2.5 and other five
monitoring indicators of the scatter plot, we found that PM2.5
and the other five indicators have a strong correlation.

A. Correlation Analysis of Monitoring Index Based on Grey
Correlation Degree

According to the grey incidence theory [10], we built the six
factors, namely, PM2.5, sulfur dioxide, nitrogen dioxide,
respirable particulate matter, carbon monoxide, ozone of the
original data matrix x, :(xi D), %; (2),...,xi(k)) , in which
x,(k) means the original data of the i(i =1,2,---,6) factor in
the k(k =1,2,---,238) day.

Seeking the initial image matrix X; :

Xivz[xia) x(2) %k

X; (1)’ X, (1) > X (1)j=(xi(l), X; (2),"',Xi(k)) (1)

Seeking the differencing sequence A, (K):

Ay (k) =[x (k) = %, (K)| 2)

Calculation of correlation coefficient & (k) and grey

correlation degree A, (K):

min rnkin A, (K)+ @ max max A, (K)
|

£ = ®

A, (K)+ @ max max Ay (k)

Among them, ¢ is the significant difference used to
increase the difference of correlation coefficient, ¢ e (0,1),
generally ¢ =0.5. Then get the grey correlation degree is:

o= 3 L =12,0,239 )
1 k=1

MATLAB software calculation shows that the grey
correlation degree of each other from small to large are as in
Table I. According to the analysis of the table, we can know the
correlation among carbon, particulate matter from PM2.5 are
more than 0.9, that means carbon, monoxide and particulate
matter from PM2.5 has a strong correlation; Nitrogen dioxide,
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sulfur dioxide, the correlation among these two factors from
PM2.5 were more than 0.8, this means they have strong
correlation; However, the correlation between ozone and
PM2.5 is only 0.6809, which shows that ozone has a weak
correlation with PM2.5.

TABLE1
GREY RELATIONAL DEGREE RANKING OF MONITORING INDEXES
Sort 1 2 3 4 5
Index CcO PM10 NO, SO, O;
Correlation degree 0.9770 0.9724 0.8810 0.8600 0.6809
TABLE II
CORRELATION COEFFICIENT AMONG MONITORING INDICATORS
CcO NO, O3 SO, PM10 PM2.5
CO 1 0.6245  -0.383 0.6570 0.5859 0.8216
NO2 0.6245 1 -0.064 0.8051 0.7274 0.7323
03 -0.383  -0.064 1 -0.1815 -0.0685 -0.3548
SO2 0.6570 0.8051 -0.181 1 0.6778 0.7241
PM10 0.5859 0.7274 -0.0685 0.6778 1 0.7787
PM2.5 0.8216 0.7323 -0.3548 0.7241 0.7787 1

In Table 11, data are correlation coefficients between PM2.5
and other five monitoring indexes. We can see that PM2.5 is
negatively correlated with O;, and the other four items are
positively correlated. PM2.5 and CO are highly correlated, and
with NO,, SO,, PM10 are strongly correlated.

B. Mutlivariate Linear Regression Model between PM2.5
and Five Other Indicators

Step 1: The Establishment of Multiple Linear Regression
Model

For the quantitative analysis of the correlation between
PM2.5 and the other five indicators, this paper establishes a
multiple regression function. The model of multiple linear
regression analysis is:

)

y:ﬁ0+ﬂlxl+'“+ﬂmxm+g
£ ~N(0,0%)

y means PM2.5 concentrations, X,X,,...,X,(M=12,...,5)

respectively indicating five AQI index: the sultur dioxide,
nitrogen dioxide, respirable particulate matter, carbon
monoxide and ozone, f=(f, f,,....[3,) are the regression

coefficients.
Now there existing n(n =238) independent observation data,

and by (3), we can get:

{yi :ﬂ0+ﬂlxil+'“+ﬂmxim+gi (6)

& ~N(0,0%), i=1,-,238

Therefore, we can know:
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Loxy o X W .
. . Y < (7)

ns y239

Chose an estimated value £ from £, which minimized the

square sum of the random error, that is:
min &' = min(Y = X B)" (Y = X ) (8)

Bring [ into the model, we can get the estimated equation
of the model:

Y=X"4

Step 2: Model Solution

Using MATLAB software to calculate the data, get the
coefficient of multiple regression equation and its confidence
interval, as shown in Table III.

TABLE II1
THE COEFFICIENTS OF REGRESSION EQUATIONS AND THEIR CONFIDENCE
INTERVALS

The coefficients of
Regression equations

By
B 0.177

Numerical value Confidence intervals

-33.025 [-47.032,-19.006]

[-0.225,0.579]

B, 0.444 [0.140,0.748]
B 0.878 [0.697,1.058]
B, 2.208 [1.789,2.627]
Bs -0.332 [-0.462,-0.202]

From Table III, we can see that PM2.5 with sulfur dioxide,
nitrogen dioxide, respirable particulate matter, carbon
monoxide and ozone have close relation. Among them, carbon
monoxide and ozone has the closest relationship, only ozone
and PM2.5 has negative correlation, the other indexes with
PM2.5 have positive correlation.

Step 3: Test for Regression Models
Whether there is a linear relationship between the
concentration of PM2.5 and the five AQI indices as shown in
the regression model is to be tested. By calculating we can get
the complex correlation R =0.9149>0.8 and the probability
P =0.000<0.05 . This shows

regression model is more reliable.

that the multivariate

III. PM2.5 OPTIMAL CONTROL MODEL

In this section, we consider the control strategy of PM2.5. In
the next five years, we will implement comprehensive
management and special treatment planning, and gradually
achieve the goal of governance. This paper will address the
following issues:

(1) Assume the average annual concentrations of PM2.5 in the
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region was estimated to be 280 (’ug / m3 ), requirements Variable, we can establish the function equation:

within the next five years gradually reduce PM2.5 annual
average concentration, and ultimately achieve statistical S=aY, +@,Y, + 0y, + Y, + a5Y; (10)

index of average concentration of 35 (g /m’). Please

. . Total capital investment model is:
give a reasonable treatment plan, namely given the annual P

year-end annual average governance indicators. P P

(2) According to the estimates, for cost of comprehensive f= Z Yy, + 0.0052 y’ an
control, when reduce a PM2.5 concentration unit, needs to i=l i=l
invest a unit cost ($million), management of special input

costs is 0.005 times the square of the PM2.5 concentrations Define cost performance:

reduced ($million). Design effective special treatment .

plan, not only to achieve the scheduled PM2.5 emission Zwi Y,
reduction plan, but also make the funds more reasonable, to E— S_ S .
glel\(/iegleotpplz:1 Ilt.otal funding of five years and year by year f ;yi +0_005; y?

In view of the double restriction of the emission reduction
and the fund’s investment, in this paper, we use the quantitative ~ So the governance strategy is transformed into the nonlinear
processing. From the practical significance of the problem, programming model:
there is reason to believe that in five years, the sooner and the

more complete the part of the emission reduction targets max E

evaluated, the better. For example, before the completion of the

first two years is better than third years to complete, that is, the s {O <Yt Ya Y Y, Y <245 (12)
evaluation is high. This kind of evaluation has certain Y, > 0,i=1,---,5

fuzziness, and the different evaluation form a fuzzy set, assume

the mark set is: {Excellent, Very good, Good, Ordinary, In the model,

Medium, Bad, Very bad}, and the corresponding set is {7, 6, 5,

4, 3,2, 1}. According to the actual situation, taking the partial ,=0.94,0,=0.88,0, = 0.8, ®, = 0.65,0, =0.35.

large Cauchy membership function:

» We solve the model (12) to obtain the maximum value
¢ (x) B [1 +a(x —ﬂ)ﬁ} ,J1<x<4 ©) E =0.6374. When E takes the maximum value, we get

alnx+b,  4<x<7 S =207.7041, f =325.8489 .

a, 3,a,b are parameters in this function. This paper provides  Then we can obtain the optimal control scheme.

the followings: The appraisal is "excellent", the membership

degree is 1, namely, f (7) =1; The evaluation is "ordinary", the PM2.S OPTII\E?I‘B(I;?;XROL SCHEME
membership degree is 0.8, namely, f (4)=0.8. The evaluation Year Reduction ~ Comprehensive  Special ")
of PM2.5 management fee treatment cost

is "bad", the membership degree is 0.01, namely, f (1)=0.01. The first year  80.4680 80.4680 32.3755 112.8435

After calculation we can get The second year  71.0551 71.0551 25.2241 96.2792
’ The third year 58.5046 58.5046 17.1139 102.6185

@ =24944,5=0.8413,2a=0.3574,b=0.3046 . The . o year 349724 34.9724 6.1153 41.0877

quantitative values {Excellent, Very good, Good, Ordinary, The fifth year 0 0 0 0

Medium, Bad, Very bad} of emission reduction at different summary 245.0001 245.0001 80.8288 325.8489

times are 0.94, 0.88, 0.8, 0.65, 0.35, 0.01. In this paper, the first

year of emission reduction as "good", second year as "ordinary", From Table IV, we can see that the annual concentration

fourth year as "medium", fifth year as "bad". Given the time value decreases are inconsistent. In the first year, the
weight of emission reduction, that is, the first year of emission  ¢oncentration reduces of about 80 #g/m’, and it would

reduction weight is @, = , the second year of emission .
£ ® =09 Y reduce of about 71 uxg/m’ in the second year. The total

reduction weight is @, =0.88 , the third year of emission investment cost of up to 245 million yuan for five years. Special

reduction is @, = 0.8, the fourth year of emission reduction is  projects of investment are decreasing. This environmental

o, =0.65, the fifth year of emission reduction is @, =0.35. By ~ governance programs can meet the needs of urgency and
feasibility, and also enables the environmental management

taking the annual emission reduction Y; as the independent  department to see the results while reducing funding pressures.

variable, the governing excellent degree S as the dependent The program can improve people's degree of satisfaction.
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IV SUMMARY AND SUGGESTION

In this paper, firstly we quantitatively analyze the correlation
relationship among PM2.5 from SO, , NO,, PM10, O, and

CO, and build a multivariate nonlinear regression equation
model of PM2.5 and the five monitoring indexes. Based on
statistical data, we get the relationship between PM2.5 and
other five monitoring indexes. Then considering the pollution
reduction feasible planning of PM2.5, the regional multiple
objective optimization model is established under certain
assumptions, and the optimal comprehensive PM2.5 control
scheme of in the next five years is given.

Because the formation mechanism and process of PM2.5 is
more complex [1], [11], this paper only gives five main
monitoring indexes that affect PM2.5. Although it can be more
obvious that the five factors contribute to the main effect of
PM2.5, we need to further explore the impact factors of PM2.5.
So we will be able to get more accurate decomposition results
of the impact factors of PM2.5.
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