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Abstract

Environmental pollution has always been a very important issue in China, especially the air pollu-
tion. The concentration of air pollutants is closely related to people’s life and health. Haze is a
common weather phenomenon in autumn and winter, it is composed of fog and haze, but there is a
big difference between them. When air humidity is greater than 90%, it is called fog, while haze is
less than 80%, whereas haze is between the two [1]. Based on the data of environmental pollution
in recent ten years in Beijing, this paper uses R language to conduct principal component analysis
and to establish the time series model. Utilizing the model, we predict environmental pollution,
which provides a basis to improve the environmental quality of Beijing and the living environment
of residents.
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PRI e — EURTRATIE R EALM I, AHFFURI R BEHIE ST 2000 4EF] 2016 4EFREETS Jerh 1)
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1) ARIMA #8: [5 [Al A ROATE 3 P B R 2 4, (R AR 1 - ik A B ML R (4 E [ 53 30
PR ARMA, ARIMA RS2 U 2 22702 555 ARMA SRR & . ATON:

#(B)V'x, =0(B)¢,

E(g)=0,Var(e)=0.,E(ce,)=0,5#1
E(x&)=0,Vs<t
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4. BHEIFFEBIRYE N
4.1. TR

4.1.1. IBiHR

TR AT B R MR A 1933 SRR SR i, BRI T B4R A, ERRRME R R
RIS, B 2 A FEAR L A A BR AT E LA B FRRR I 7578 — OB S5 A0 A S5 & Fa A B L 3 )
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N AR, PUEEEFE, HonHEA AR R E, RIS SRk, 5
RO AR A U BT A, AR T 2000~2016 465 T AT RN SSURLA4FE H 3B (2250 /5 77 K)

TR B (Z T ALK AR H (=TS L
(SO HEE ().

4.1.2. ERTHEE
1) B2
>data <-read.csv("D:/##.csv", header = T)
header = T FR# “Hdli.csv” RIS AT B BB N4
2) Bl AT E R o Hri 2
>wm<-princomp(data, cor = T)
cor= 7} AT T ) 82 FIAH R R EGHAT R 70T
3) Ll TR o b Bl i %
>plot(wm,col=c(6,3,4,2,5))-
4) W& LR T ARG DL 4 -
> summary(wm),
5) 1FBSAEA T B 1 dh
>wm.p<-predict(wm)o

>Wm.po

4.1.3. &8

grffs WnlEl 1 BEEDULA AT = R AL R A S R

wm

Variance
2
|

HEBCRE (). AR

Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6

Figure 1. Principal component analysis diagram

1. ERSHRE

Importance of components:

Comp. 1 Comp. 2 Comp. 3 Comp. 4

Comp. 5 Comp. 6

Standard deviation: 1.9807457 1.0566439 0.8743314 0.3607709 0.233176086 0.10567950
Proportion of Veriance: 0.6538923 0.1860827 0.1274092 0.0216926 0.009061848 0.00186136
Cumulative Proportion: 0.6538923 0.8399750 0.9673842 0.9890768 0.998138640 1.00000000

DOI: 10.12677/5a.2019.82043 383

Giit 5 5


https://doi.org/10.12677/sa.2019.82043

KA 5F

Kot 1

#datal

ST T T A E RO DA R T K2 96.74% 115 8., MU TR =N 1 B s T 45 R an
Bl 1, WG L ORI A T 2R UK OGP RN BORE Y HE R . AR . ARG L AL
AR, WUR IEATA T TR = A E AT

Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5 Comp. 6

[1,] —2.7953416 —1.16328476 —0.12304718  0.48961783  0.081394015  0.062931751

[2,] —2.5273039 —0.99002661  0.05938776  0.22366115  —0.133201839  —0.172394829

[3,] —2.6246204 —0.64544256 0.31112562 —0.41546889  —0.054262780 —0.194344682

[4,] -—1.6855676 —0.11444957 0.40414686 —0.21427260 0.614177705  0.017951433

[5,] —1.7602461 —0.04729268  0.54513472  —0.20127834  0.229222346  0.193717402

[6,] —2.1042612 257406976 —2.60981821 —0.04030502 —0.023750385  —0.002204976

[7,] —1.3946710 0.46523942  0.88082550  —0.12451069 —0.553301903  0.125304156

[8,] —0.7878452  0.53850719  0.83761127  —0.35217839  —0.210918495  0.003035614

[9,] 1.0432882  0.92514125 0.67460190  0.90536454  —0.055716866  —0.060173333

[0,] 0.9956386 091366751  0.71035946  0.42563586  0.043621086  0.003578885

[1,] 0.9298532 1.01674034 0.83153373 —0.06776926  0.115433893  0.0622964761

[2,] 1.3898481 —1.31289155 —0.80332081 0.15572978  0.012241809  —0.073888310

[3,] 1.7927033  —1.11349757  —0.79249979  0.28958029  —0.007822765  0.031522806

[4,] 1.7747024 —0.95682552  —0.65642048  —0.22527198  0.096963665  0.054875834

[5,] 1.7432168 —0.79753184 —0.43874719 —0.49801314 —0.232194972  —0.004268684

[6,] 25979048 —0.53845549  —0.44880075 —0.01881647 —0.085711670  0.128834370

[7,] 3.4127015 1.24633266 0.61792759 —0.33170465 0.163827155 —0.176773912

Hidfi 2

#data2

b FESESRAER, BAIPTA S RINEEE 2, W4 BRI A s, #CLR e sl g kT AR
33 AT, P A R I 3 B AR AL T SR

5. ET ARIMA RE5t B 1589 3 B 43 BUR T HU0

AR R FAER L 5T 2000 423 2016 FEFREET5 B B & 073 B B B & ARIMA B,
FEEATH 3 H o

5.1. REHZ

S =tid: ot

1) AR

ARIMA #5550 A 1 it BT $ 2 250808 7 9 B2 P Aa ke 7 41, add b 3 e 0 = Loy A 9
AT LR A FERA 4T, — BORATEXT R LGB IEAT /00T, R 3 B 43 3045 3 i it (R
R TR = A FE R CEMRRE 90%2 1S B BT LARRAT R 8 = A R AT o A e e, RIEKE ) iR N5k
Y, R, R EUX = R SR AT O SO RI AT o BRAT TR I = 2RI [ ) I I B T ok
FIWTAL 5T 2000 4E 3 2016 FEIX =AFHIN TR, HAW L PRk, FEFRH “diff” K0T E0F
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AL RCFRT A, R 2255 IR ELRI A ARIMA(p, d, g)BEZ HR I 4 d

2) Fppa

1) I 72 4

> plot(x,y,type,main,sub,xlab,ylab,xlim,ylim...)

X, y: gAY, WTLREEE, Wl blUE— o AR5 type: L2, 5 main= “” . &
PR, sub: EIFRAE; xlab= “7 . FAABFREHR; ylab= “” : HABFRELFR; xlim=c(): BALFRIXE]; ylim
=c(): HPAIRIX A

2) HaF R R 2

>diff(x,lag=,differences=)

x: i B I AT A 4 lag: 2P EL  differences: 5022 53 MM 4.

3) &R

3t Wl 2 WTEAE 2000 42 2016 4 B A6 5 TR LTS G rb (i nT RN RSORE ) I T G I 1) 5104
—E BT, HEE AR B SE R AME PR _E NS, ST AR LI (] 5 A1) AR . T 2000
R 2016 FERIAL TS e i T AAER, TR E TR BN (A A, s S S M P AR
0 BN RB, AT LLE X AN 8] 3 4 2~ AR R o R T R RN SRORE A7) P TR B F F T J 41) i AR~ A
PAVTT XN WA AT 25 . RG] 3 AT LB RIS 25y, JEORAEFAR 1 AT RN ORI BT % R B 1]
FUAR RS, T PRI 18] FP 471 o

5.2. SipEHERIE

5.2.1. EiHIR
ESERE E BT RS AL BENLEAS 56, BIAR PG 36 6 42 H U N AR B A A

JFMB&: Hy:p(l)=p(2)=-- =p(m)=0;Ym=1
] P T
& o E ﬂ_’_,/"P—_
i
I Z(I)OO 20|05 20|10 2(;15
Time

[
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Figure 2. Sequence chart

E 2. BEE
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Figure 3. First-order difference diagram of PM10
& 3. ATIRABR—M Z 5 E

EPRR H,  BAFAEREAp (k) £0Vm 21,k <m

TEREARERNETE, BATHSHEQ,,, 0, = n(n+2)ZZ:Iink/H\:EF’, n NFTIMEINEL, mh
EERISIA

UG Q KT 4, (m) ALEL BCEW p HAT o B, WL -o MEGEKTIEEERE, I
H A NS BRROL, BHZTHNAE S T o B0, He2 5B, ANNIZT N AR .

5.2.2. &Y

>Box.test(x,type=,lag=)

x: BEA, "JUUEHA MR, B0 LUE— ol (A7 514 type: I 4ttt 258 (type = “Box-Pierce” ,
i th R RIS ) O, SEIT ). X GETH R BRI S H 4

type= “Ljung-Box” , fith AMEA LN O,, Giit&): lag: R4,

5.2.3. &R
>Box.test (a.11,type = “Ljung-Box”, lag =9)
Box-Ljung test
Data: a.ll
X-squared = 10.749, df=9, p-value=0.2933
>Box.test (a.2,type = “Ljung-Box”, lag = 15)
Box-Ljung test
Data: a.2
X-squared = 25.247, df=15, p-value =0.04672
>Box.tes (a.3,type = “Ljung-Box”, lag = 15)
Box-Ljung test
Data: a3
X-squared = 6.6912, df=15, p-value =0.9657
Kot 3
#data3
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GI0T B AR RE P W IR .2 1 p fHR/DN T a=0.05, KR p HER KT a=0.05, A F a2 fE1-«a
B X AR R, U PSR AL LR, SR 9 AR AERENLEN, a.1.1. a3 FREI
SRR 51, TR a2 BT R (8] 7 512 P Ak e 0, R b BRATT R B a.2 7 e O e
A5 .

5.3. M
5.3.1. EBHENR

WRIEE 1 R “act” F “pact” ERELIHriX = 4L 18] 7 51 (0 8 A O< BRI B ARSI, E47 2B, 1
Wrix =N 51 ARIMA(p, d, )28 1) 3 NS4, b p NE VAL, d NZENMEL g NIgEF
I %

Table 1. Model determination
< 1. ERHE

A AR(p) MA(q) ARMA(p, q)

p(K) fi 2 e i)

. HE i i
53.2. &8¢

AT Al 4 Hr R E ARG T LG AR — B IR [ 2 fpndE 2 ), B R IR G, TR
AFRIIRE, NONTE 2 ftrfEZEZ MR 2, UL RGHEN, p=1, W& 4 w8 A B 45
HAE 2 b 2 2 0], BAREMECH, BAPRIRHE, GBNTE 2 fhsEZEZ IR Z, it
HiaRM, ¢=0, g LA, "TLUE HIX—BEF 5 R A ARIMA(L, 0, 0)fE%5,

Serise a.2

ACF
0

Lag

Partial ACF
0.4 0.0 04

Lag

Figure 4. Autocorrelation and partial autocorrelation graphs

E 4. BHEXFREEXE

5.4. ERESHET

5.4.1. BitHIR
BB AR AL IR 125, 48 A 2 ST AR R R AU M U JE R b A5 17325 0 AR IRUSRUE A g, BEAS
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KA A A M BUBER ORI . BRI, RENS BRI ARG Tl A2 1 755128 B Ao (B IR 15 5 B Ry
BOIE R KIS HE A AR A IRAL TR o Z0UAR Wi T AR (R 3 AT 454 o AR [RIFR B e dfr e, P 3 i
R EAR I ATE R ED, 8 TET A58, —BdBE P A IR Z T IES 70 A

5.4.2. BEFER

arima (x,order=,include.mean=,method=)

x: TR G T4 order: fREMAEL. Order=c(p, d, q), H p NARIEANE: ¢ N
W PRI EG d AEDNE. ZaBrfuamsE"y 4 28], EARRBEH d=0; include.mean: R 5E &
HEEHEI. 4R include. mean = T, A4 75 EAU A3 A0, X /e REGEABLE ; WK include.mean = F,
A RAE AT E G H I method: $RESEAGTTIT%, WHR method= “CSS-ML” , AIRES
Bt TE 7V SR A /N IR KRR THR & 77, X RFGEINEE: WK method = “ML” , I
LFE RS EAG T TR KSR T W method = “CSS” , A4 T8 ESEN T It & /N —

Fefiti v
54.3. R
Call:
arima (x = a.2,order = ¢ (1,0,0), method = “ML”)
Coefficients:
arl intercept
0.4176 0.0032
s.e. 0.2293 0.3854
sigma”2 estimated as 0.9285: log likelihood = —23.59, aic=51.17
Hidfs 4
#data4

GrHT: AR AT AE R A 4 AT LIS B0, x, =0.0032x,_, +&,;07 =0.9258
5.5. AR SHL

5.5.1. HiRHIH

NSRRI BN, SEAS TR R, I AKRZEROZEAG AR, BRI ZE T 5N R
ML R FHRMEAAE FRARAEZ R . 2, WREZEFIINAEARES T8, W EwERET
H AR TR A A S BRI, BRI SBAAEG A, T B R R ARS AT S . I, Bk
ZE IS IR T8 PR 30 A T 22 0 B ) 1 e R o e TR B 1 2 2 A 6 gt R W SR R 22 e S RO PR o i SRk 22 7
FIRIE Bl seti ik s, HikahVa A 7, EREINELEHAE, MR, RIHE Y EMBEHL
PE, IS5 ZE T HURERT Be N NS 7 41 (HURBON AT SEMIRE IR IE A2 1.2 5 NI E MRS

JﬁEﬁﬁHO:p(l)sz): ------ p(m)zO,Vle

HPRR H, - BDFAERE A p (k) = 0Vm > L,k <m

BT EQ,, KT 0, (m) 3008, BER p AT a b, WEL1-a WEFEKFELE R, 6
BN R B RL, RNZP AR A A B, 52 5, UCRZT FI8 S 75

BT EREEENHERE, ALC M UPA — AN G AR 25 R LA n 5 7 T % %%«

1) MR BREE IR/ o AR bR B A i B AR B A0 1) SR T

2) BRI CRASHUN AN E BRI SHOR L, (GTHIMERE SR, RO, AR, (T IAS BE 2
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55.2. HFER
[F] 1.2.2 FIECAR — SR KR,

553. R

Box-Ljung test

data: a.2. fix $ residual

X-squared = 12.885, df=15, p-value=0.6112

Hifi 5

#data5

Irbre WIS REFE I 5 AT RIER a2 BZEH) p [HR KT a=0.05, a2 FREE1-o KBRS XA
ARG, BRI AR e A I 2B BEALEY, SO e 51y i REALEY

Series: a.2
ARIMA(1, 0, 2) with non-zero mean
Coefficients:

arl mal ma2 mean

0.2515  0.1538  0.1539  0.0075

se. 07936 0.7996 03340  0.3908

sigma”?2 estimated as 1.197: log likelihood = —23.49

AIC =56.97, AlCc=62.43, BIC=61.14

Kl 6

#data6

S3M: I BL BRI E 6 "I AT ARIMA(L, 0, 2)f) AIC 1852 56.97 Tit-T-FA 15 I i) ARIMA(L,
0, 0)BEAY[H) AIC B2 51.17, WJLLE H ARIMA(L, 0, O)F S 4F — 28,

5.6. T

5.6.1. IEipHIA

I 8] PP 51 23 B () e 2 B K 2 — =2 T PP S AR A4 . R, il iiill, st 2 M9 BAE 5 ad 22 g il
BUFFIIFEARBUE, X AR BEAB ZI P A REAT A5, BAT, 12 B0 07 12408 A2 2 1 00 i 2R 48
JETT R, FRATB A 5 2 73 0] LA B — AP AR T FIk i, e FH B0 Tl 777 25 /2 e 1tk o /N 7 Z2 Tl
5.6.2. {E&Y

forecast(object, h=, level=)

object: UAMEEXMH4; h: FUMMIEG level: BAFXEMEEKT. AR CHIE, —BREH
BNes L BAZAKCE 514 0% 95% i WUZ B 135 X 1]
5.6.3. &R

SrAT: AREEF AN 5 A4S 2017 AEE] 2021 ARSI G b i) AR TOAE . 4l 6 BT BUE
2017 22 2021 AN T 2016 FEAb 5T T ISR TG oA B 1) N B A IR A ks .«

6. RERGEM
6.1. e

S AR R AERR [4)F DB I G AR R R R 2 MR, (HRREEe R RE
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T RAR AR R ORHER E S, RN BN E FE B R R TR S R AT A, IR T 82>
Brigi> 7RSS BRI ()7 51 JA T CLIIE b ST BTG G i A 2 2 iR

Point Forecast Lo 80 Hi 80 Lo 95 Hi 95.

2017 0.52240061-0.7124858 1.757287 -1.366195 2.410996.
2018 0.22005723-1.1181994 1.558314 -1.826630 2.266744.
2019 0.09378637 -1.2616933 1.449266 -1.979241 2.166814.
2020 0.04105054 -1.3174108 1.399512 -2.036537 2.118638.
2021 0.01902592 -1.3399549 1.378003 -2.059356 2.097408.

Figure 5. Prediction of sulfur dioxide

& 5. ZSHBRIIHUNIE

T
o
. _]
o]
o x
T T T T T
2000 2005 2010 2015 2020
Time

Figure 6. Forecast chart for sulphur dioxide

6. —EHHBITUNE

6.2. Bt

X BT GRS A IEA U, ZRE VR s AN, B A E N TR R
AR R A O NE B s, R S A s AR SS9 I8 F 3 5o 3 M i AN RE kS B R 4 1) B 44
MR HHE BATE AR R 5 SR LT BE S A BTN, & BRI %

7. B4

FE 2T A S TS R AT T ISR AL, B SR Ul A5 e izl ) ok ek, (2
FEATIRA T AN A, S BATROREARL W] LURIE — S A TRAE P BET5 e b A7 BB L, FRATTRE s 285
B AR AR R ] B A A B G RT E EAGO = AN 1) B R R HER AR
2) At EB I REHA N AR 3) BRABMR P i A R, BRATTR IO eI R
I, eI A, I BB BOR M AR, RN A 8 B mia k) S5 is Redilk.
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E&WE

LT BARRE LG B H %1 (201602188); A2 A3 H (XA201812026276).

SE

(1]
(2]

(3]
(4]

g e, N ] B S T PM2.5 #EAT TIINEAR[T]. BHEE P 5T, 2017(36): 88-89.

ERRE, KW, #Bifz. BT ERD RN TR KRS BT RC RIS TR,
2018, 143(23): 182-183+245.

V5. NABEFF A s PM2.5 IR EETIT]. 4A4L THH9E, 2017(10): 62-64.
RAENE. 52T 3 pisr 43 AT Laplace A8 4t X FoRIH [D]: (W25 600 3C]. 220 22010 K 4%, 2018.
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> data <-read.csv("D:/%{#5.csv", header = T)

> data

>wm<-princomp(data, cor = T)

>wm

>plot(wm,col=c(6,3,4,2,5))

>summary(wm, loadings = T)
>wm.p<-predict(wm)

>wm.p

>wm.p<-data.frame(wm.p)

>a<-wm.p$Comp.1

>b<-wm.p$Comp.2

>c<-wm.p$Comp.3

>a.1<-ts(a,start=2000)

>a.2<-ts(b,start=2000)

>a.3<-ts(c,start=2000)

>par(mfrow=c(3,1))

>plot(a.1,col=2)

>plot(a.2,col=4)

>plot(a.3,col=6)

>a.11<-diff(a.1)

>plot(a.11,c0l=2)
>Box.test(a.11,type="Ljung-Box",lag=9)
>Box.test(a.2,type="Ljung-Box",lag=15)
>Box.test(a.3,type="Ljung-Box",lag=15)
>par(mfrow=c(2,1))

>acf(a.2,lag=15)

>pacf(a.2,lag=15)

> a.2.fix<-arima(a.2,order=c(1,0,0),method="ML")
> a2 fix

> a.2.fix$aic

>Box.test(a.2.fix$residual type="Ljung-Box",lag=15)
>install.packages("forecast")

> library("forecast")

> a.2.fix2<-Arima(a.2,order=c(1,0,2),method="ML")
> a.2.fix2
>Box.test(a.2.fix2$residual,type="Ljung-Box" ,lag=15)

>a.2.fore<-forecast(a.2.fix,h=5)
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> a.2.fore

> plot(a.2,xlim=c(2000,2022),main=""F5ll ")
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