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Abstract

Air quality index (AQI) is a dimensionless index which describes air condition quantitatively. It
can be used to evaluate the quality of atmospheric environment as well as control contamination.
In this paper, to investigate the influence of atmospheric pollution indexes on AQ], three cities of
China, namely, Beijing, Changsha and Haikou, are chosen for your consideration. Six kinds of at-
mospheric pollution index contains PM2.5 of daily date are used as observation. On the one hand,
partial correlation analysis is employed for each index of the three cities respectively to deter-
mine the main pollutants affecting AQI It shows the main factors affecting the air quality in Beijing,
Changsha and Haikou are PM10, PM2.5, NO; and O3z; PM10, PM2.5, NO; and CO; PM10, PM2.5 and
S0, respectively. Moreover, the most significant correlation between the six indicators and AQI is
PM2.5 for both Beijing and Changsha, but that is PM10 for Haikou. On the other hand, we also use
stepwise regression method to access the primary factors affecting the AQI, which is consistent
with the conclusion obtained from partial correlation analysis. In addition, we obtain the AQI op-
timal linear regression prediction model through partial correlation analysis and stepwise re-
gression analysis. Besides, by the model tests, we find the proposed models for the three cities are
workable, which can be used to forecast short-term AQI. Finally, some suggestions are provided
for improving the air quality according to the results.
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FERERB(AQNR EBHRTSAERAKTENEE, THT RN KSHERBRAREFGY. £
XUAER K. B OAQIKPM2.5% 651 KA 15 Yttt H W BIE AN AN R, —HH, A=A
TSN EREAT WA, ERRPEMIERZ[RENEEFKEZPM10. PM2.5. NO.M03; ¥
MKW ES RENEERFEPM10.PM2.5.NOFCO; M D ZFSREN X EREZELPM10.PM2.5
S0z, b3 KIPXTAQIEMIH KKIZPM2.5, TN# OHKPM105AQINHXR KRB AEE. H—HH,
N Z S E A2 T M BRI TAQIN R B E N ESIT IR, SR EMMERSITHISERAEY
Ho Behh, BIRARERSITFIZ S EES5HT, IREBAQIKIRNEMER HRMAEE, HEKIEHREE.
BRI R R ST 52 R 2 TAQIMEMATI . B4t s RIR H — xR, AZE
SEREBERER.
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1. 518

BEEFRE VI ER R, TR AR K, KGR H M E, ROV EER S —,
KRS EMBEANER RGNS @R BHIC[L]. X T 2575 Je i8R 1] 23 WA £ FE kAT 1
Fe[2]-[13]. Bilt, EHREEEE 2R AL 7 2 SR & S S R AT T Gt o, KRB E SUR &
P RIREE 2, MmN 7 2 U 2 1 25 A PM10, LI SO,, 23U &2 =11 s BN ™
H . Jassim S [3]iHid EPA TR0 AR B 2 0T B S W IR i L VS e, IR SR B R R g
N T HEVEH, 190 PM2.5 B AR — 2L TR T 38 = 14518 . Jarauta-Bragulat 25 [4]3 8| = S 2185
(AQN 5 —ey5 JLWI 5%, i Leys el Mot & Bk B —Fh A THE, 28— IR W B 6 s 1S H
B RERIAM)J7%. Gocheva-llieva %5 [5] M FH K73 1 Box-Jenkins J7 246 25 R A E 3 235 444
(R 55 DA S AT B SR FA% B SR, RIS IRI R 21 0 A 0 ARIMA J59%%,  J 3 00 23 25035 e Foxf —
WX EFRBEE . T IEAREE[6]% 2001-2006 4F 4 M 2= S5 & AR AR AT T et ara, i TR S
FEAPREH N 2S5 R A DT R . BRI E, SR AR (8] B R IR G R T TIREE L WA, R
JEv KGE. BEILEEXS SO, NO,, PM10, PM2.5 [AHIGHE, FLAML LB S R IAEE NS Yk FE 2 ml o
Lu 1 Fang [O1fFH = AMARIS A (ESXNE AR BAT/R A0 R V B3L5040) 7 PM2.5. PM10 il
IR Z )RR, TR PM {5 XU 2 8] 1R A A DG O8 R T FHREAN S R UFRIR . RZE[10]0H5 Gtk
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17T RSB HT,  RIVR R AR RORLS IR A 5 B E W, HERARHESN, REH R
T Y E T (1 X PR SRR A e RV T RO A5 G SR R . AR/ [11]32 FH 2 A A BT i
(PCA)FDI P 22 17 KASHT ()2 AU I e bR b 2 M5 4e s PM25 [AHRHE, 45 REW]: PM10 &5
PM2.5 FeAH G, (A, I 22 B 50T 43 B A BTG 22 T A 250 A 4 3L R4 A Kumar A S5 [12]5@ 53 BL PCA
SRR A 22 I 245 TR B FE A L AQI 1 H 38540, 45 S 7R PCA #1228 I 268 AR T 8 10X 28 T

SR, FRBIFUR 2 AR e 2 U0 B 1R AR B AR BOC RIBHTIEIT, BT R B
BRI XM AT A S AR B A AR, WA BB EXT A . AT, REN
FiE A &2 (R M BAERAE — e R B LT BEFE 5 AR R ST P AR BRI DG R T, 22 7P A0 o ) 4 B A 5
FEEORES, AR HARIXHAZ EAR S W NIERCRITRER, E R RS B 54— LA B e AT 3 [
VERIIE R, DR a7 50 R A O R B B L IE S IR A8 B[R] R AR AR DGR FE . RS e — N2 3%
HI . BRMARGNE, EMAZEEMELT, —MERNRUAA WS e EREN, &
VG YRR B B mA e, EARR M, RS AQI ML SCHE B & 52 B A FR bRz . T A
SCHI AR /BT AQI IISZ I R R BT B L. U RPN 5 Z R 2R AR GO BRI, fAH /BT e
Pl HAD R SRR E AT, REAT BRI P AR 2 (AR B SEAH CRR B [14] . R, 7R SRR A
H, FIRARA S AT IR FEIRIEAN 2, EAERST S — 0 XA TR 9T . B0, 3555 [15]F) F AR 5% 2 Hr 6
& PM2.5.PM10 5 NO,.SO, [f)2% %, 45 REWIVLIRE I — X PM2.5 FZUF H 1) SO, [/ - Rl 72,
[i5] 5 5 GLUR R A1 DT R ECOR s PM10 B8 2 Y5 [ [ 52 V5 G i AE RS 375 el o AR5 (161X NO,y O3 P Fh
FRIEPE R ST YW, 1RG5 H — MM 0075 e AR A R I 6l b, J0E— 20 R FWAE DS 0 773, IESE T NO;,
Fe Al O I EE BRI RYS YL o

MEETE T AQI 5 HN RN DA 3 (1) L SEAR OGRE FE I , Dy L S S S Rl A Pl A 2R 2 5y — A BB LA .
SR, FIAZA AR B AE, FRE T A 1 B AR RS 3R, A REx T A
BRI ZESE o R AR B A B MmN AR, BB RIAS T — ARG ITTREE N
%, ZNEEE I RTERER EIRVEL A, RIE T 55 BT 0 AT A AR R A 4R [14]

BEAh, BUA BISCHR K 22 LA S05 G (AP ARdE, BFFE RIS Je i, FE# 2012 4E[E KR
MBI T SR E M ERRE, 500K PM2.5. NO, 54l gh A\ 2125 S S8 vamk, B 58 AQI kiR
B LA S A B (1) S Btk , TN AQI BRI 23 S S 0 U i) — AN [ 17] [18] T BL B4,
AR S R A G 23 BT 5 3280 [EUA SR 7T AQI 55 85 25 S35 Y8 b (1 5 M 175 150 St FL gk 47 3 3 00

A SCE B E = AR E RS G, ol e Edb e, PRV, AR, L=
1) AQI J PM2.5 &5 6 Fiys JudB bndidi o FLith, R FH AR AH G /3 Mt 72 6 Py Je4Rhront AQI HISZMA 1 1L,
ik 2 A0 A 2 RS FR = AT AQI [BIA SRR, e Ja A BT PR R H SO I T 1 SR =
W
2. FESHIE
2.1. R

P A D& 23 AT XFRIFHA AT, REEA RCHhAs ) A AR o R e 2% 11 8 s A 728 22 [V 34 A D P i 553
& o AR RELHMERERT 1, RORWERCKBEY), WL MR 0, MM/ N14]. K
IEARAH DG RERE T B IR AQI 58 —Fh s 05 et br I FLSCAH OGAR B o Gl SR Y AQI 55 4% 5l [8] 2% ] 1)
TRAH R REGHATIE LR, BPRT DA 2152 AQI M EZR K. WIS RECT HI L9 T & 748 &
Xoo B X Fy HIRAHC RN
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_ ry,X1 — ry,x2 rxl,xz (1)

Doy, = \/(1_ ry%xz )(1— rXin)

A o T, PAIZTR Y M Xes y A X Jeoxq AT xp FRIAH IR 2R L

FERIANAZ R Xy, X I, AR X, Y Z A (AR 5C R ECh

— ryX1:Xz B r‘><1><3:><z r)’xs;xz (2)

rX1Y:X2:X3 -
\/ (1— E )(1— ryis;x)

e NPERIAR S X, X I, A8 % 5y MR REG 1, NIEHIACE X, I, 28 x 5y K
KERE, R,

MfEfAEA 3 A8 3 AN ERE, THEARE 2 A A RAH ¢ REUK IR (L) (2)2K .
2.2. fmiEX AR

MERZEMMHXRECRE 2 5, E7HEN LT BEWARE . BT MEERENAAE, AR
THETBERRW, WANAEERRARRZECONN 0, NEEUIHTE SRR XA m A, 2k
TR, — MR t A58 5L [20].

®)

At T RSO GARERAL, n ARG, KRR RN, I n—k—2. R 5 005,
5t >ty (n— K — 2) EHELUR R, ARG BB R,

2.3. ELZEVAS R

B [ AVE R TE AT HEVE AN 5 IR B b, AT XM PR 1 —Fh o i, B R AR A REA T .
B BEE—1N M9, BEA—MEERE, X OEANWEEIITEMIE, HSE5IAME
BT AR RER, HHHBR. 5IAN—NEEENEIATT RTS8, A
B EEAM—8, BB EHENAT F K, HBMLEEMAZEEANRE T, BEARENATR
M TT RGN bR 91k o IXFERETR AN T BT EE A SRR EREG,  ORAIE T 555 B 1 B3 748 2 e f [ A F
£[21].

2.4, BIRFKIE

AL . Kby O AQI A PM2.5, PM10. SO,. CO. NO,. Oz i EEH i kIF T4 5 i &
J73 S #4iE W 3k (https://www.agistudy.cn/historydata/daydata.php) . #EH 2013 4F 12 H~2016 4 11 A AQI 5
PM2.5. PM10. SO,. CO. NO,. O3 6 FhZ 15 4Pit) H B, RN #WcER 135 1095 R # 4 .
EFHMAHTH, AQI A&, 6 F K554t v E L E.
3. AQI 5 6 #i5iatnmmiE <o it

FIFH SPSS23.0 % AQI J¢ 6 Ty e AH 5 7 A, il Hofth 5 MR &, 1HE H AQI SR 4445
o 5 9 1) () DA 5% R 8. DAV T A, &5 e 1~6 i

7 7 7740, dEEK AQI 5 PM2.5. PM10. NO,. Os kA RECEM A, EIAbE AQI A3 %
15 9% PM10. PM2.5. NO, fil Og; Kb AQI 932 21y5 4L 5 PM10. PM2.5. NO, fil CO. T AQI
H)F BG4 9 PM10. PM2.5 Hil SO, HHUEFIE H, 33X =AMl 7 52 me 238 <008 & 1 K S5 J IR A E 22 7
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Table 1. Partial correlation between the AQI and PM2.5
= 1. AQl 5 PM2.5 R4

P A B AQI PM2.5
AR 1.000 0.564
AQI BEMEE) 0.000
PM10 & SO, & CO i 0 1088
&NO & O AR 0.564 1.000
PM2.5 BEMEGUR) 0.000
i 1088 0
Table 2. Partial correlation between the AQI and PM10
2 2. AQI 5 PM10 1B <14t
PR AQI PM10
PSS 1.000 0.636
AQI BEEE) 0.000
S0, & CO & NO, H H A 0 1088
& 03 & PM2.5 HE 0.636 1.000
PM10 BEMEE) 0.000
H 1088 0
Table 3. Partial correlation between the AQI and SO,
# 3. AQI 5 SO, fmE %M
Pt A AQl S0,
i:PS k3 1.000 -0.098
AQI BEME) 0.001
CO & NO, & O, F H 0 1088
& PM2.5 & PM10 PR ~0.098 1.000
S02 BEMEE) 0.001
H 1088 0
Table 4. Partial correlation between the AQI and CO
4. AQI 5 CO fRHExM
R AQI co
PN 1.000 0.054
AQI BEMEUE) 0.074
NO, & O; & PM2.5 FIEE 0 1088
& PM10 & SO, Fe e 0.054 1.000
co BEMGUR) 0.074
i 1088 0
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Table 5. Partial correlation between the AQI and NO,
5. AQI 5 NO, fR#E*= M

s i A AQI NO,
A A 1.000 0.004
AQI BEEUR) . 0.906
05 & PM2.5 & PM10 5 0 1088
&S0, & CO HARAE 0.004 1.000
NO2 BEMCUR) 0.906
H 1088 0
Table 6. Partial correlation between the AQI and O,
6. AQl 5 Oy fmtEx M
A AQI 03
AH A 1.000 -0.014
AQI WEER) . 0.644
PM2.5 & PM10 & SO, 1 H 0 1088
& CO & NO;, FHSTE -0.014 1.000
0s B (UR) 0.644
H 1088 0

Table 7. Results of the partial correlation analysis for the AQI and six factors in the three cities

F#7. ZMBHAQIS6MARSISEMNRIEX DGR EER

Hu X 5 H PM2.5 PM10 NO, SO, co Os
P Rk 2 5L 0.887 0.533 -0.177 -0.004 -0.04 0.107
e BEMEp H 0.000 0.000 0.000 0.884 0.182 0.000
Each i 1EAHK 1EAHK BURH G ENTE ENTE 1EAHR
fRiH 56 R4 0.967 0.156 0.061 0.043 -0.109 0.049
Kb REMEpE 0.000 0.000 0.043 0.158 0.000 0.103
4t NS NS NS e UGBS NTE
AR % 7 5 0.564 0.636 0.004 -0.098 0.054 -0.014
pa3m BEVEp A 0.000 0.000 0.906 0.001 0.074 0.644
it TERE NS EPS N ES LIPS e e

JE5t. KIDH) PM2.5 %) AQI I A K, X2y PM2.5 Kift b, & & KERAR. A HFWI AR
HR R A B N TR L AR BT, PRI A RREAT R SO B A SR S K. T ¥ PMIO X AQI 1
SRR, SCHR[22038 108 1 T KOO MR IS AT R NT . B PMI0 1) E BEESOANLAl 4 B4
WA BHUKRES, REESHEOTEIES. s ERAE IS FRG K. KB EEIX
SERIRAIATLRITENR, KI5 Y A s fa B L5, T LR S AR [21], His g
ISR EAE) R AT FR LA P REA ) T PAY o X



4. AQl 5 6 # XS 5£MNZR L E TN

AT Z A [B] 43 AT 3% = AN T 40 ST AQI TSN 5 R o ZE ArfaT Bk ik ok AQI A ik 3 SR )
ARSI b, g0 AR T AT EEE A IRVERIE AL, SR T e, RIUE T BRJE T AR1
EVEREE 5S4y REITE RN

R EIEN EE S Y8 PM2.5. PM10. SO, CO. NO,. O;, AQI & EHHIE. il
iz SPSS23.0 Lt it HiAt Xt AQI 55 Lk 6 Fhy5 Gt AT 0 [MlIH, BU5I N B A& (8 E KT o, =0.05,
SR AR MK oy = 0.1, W E 45 A% 8 Fis.

th# 8 74, B RIS T8 R 3, Bl PM10, PM2.5, SO,. 1 PM2.5. PM10. SO, %} AQI
HEERZMIENTTE, HR 3 NMELEX AQI AR EW Sk B PM25. PM10. SO, % AQI
Mm%, RE5EE L, RANERS MM R . Hvg RE R =0.970, BWHAEZSHLE
RO [R1 U= 77 F2 AR R A B AQI BE A AR B AR ) 1 97%.

FH#e 9 n%, BB RIS, HE AQI Mt £ ekt R 5 FE A«

y =8.849 +0.507PM10 + 0.572PM2.5 - 0.202S0, (4)

P =0.000 < 0.05, iHI7E /K9 0.05 AU HL T [HH REGE t K148, PM10, PM2.5, SO, %t AQI
(RIZ LRI Y) 2.

(7% 10 A&, F =11706.377, p=0.000 < 0.05, BiWITEE AT 0.05 ftuL a7 i F A
B, LRMERVARCRERE, BB REALFEAG R AT H T D AQI TR . F R 7 224
R R R AR & AQI M HAZ BT B L B, b5t AQI AL 149 PM2.5. PM10. NO, fll O3,
7 LVE IS A WK V)

Table 8. Summary of model

* 8. HAME
A R RJT EJER T PRAEAE SRR 22
1 0.976° 0.952 0.952 4.4118
2 0.985" 0.970 0.969 3.5246
3 0.985° 0.970 0.970 3.5061

vE: a FARE: (&), PM10; b. FiMASE: (&), PM10, PM2.5; c. TilllAE&: (% &), PM10, PM25, SO,

Table 9. Regress coefficient

9. EFARKER

- *Tﬂﬁ%%iﬂi . PRAEAL TR AL Gt o
B FrifEiR 2 Beta

(&) 3.533 0.286 12.366 0.000

! PM10 0.930 0.006 0.976 147.569 0.000
() 8.363 0.300 27.924 0.000

2 PM10 0.502 0.018 0.527 28.040 0.000
PM2.5 0551 0.022 0.468 24.910 0.000

(H &) 8.849 0.328 26.969 0.000

PM10 0.507 0.018 0.532 28.377 0.000

3 PM2.5 0.572 0.023 0.486 25.093 0.000
S02 -0.202 0.057 -0.030 -3.536 0.000

e FEAE: AQL BRI RECNAREE, 7oidnd NF BRI, W RS EAR M R
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Table 10. Analysis of variance

#* 10. HESWH
LAY Rl H i 2] F4iita BEN
mYE| 423,857.104 1 423,857.104 21,776.660 0.000°
1 B 21,273.961 1093 19.464
it 445,131.065 1094
=19 431,565.681 2 215,782.841 17,370.306 0.000°
2 B2 13,565.383 1092 12.423
it 445,131,065 1094
EVE] 431,719.404 3 143,906.468 11,706.377 0.000"
3 7 13,411.661 1091 12.293
it 445,131,065 1094

W oa BEARE: AQL b, TUIAERE: (W), PM10; c. TillIEE: (¥=), PM10, PM25; d. FilllAE&E: (&), PM10, PM25, SO..

y =21.698+0.931PM2.5 + 0.239PM10 - 0.218NO, +0.0270, (5)

Kb AQI [ T4 8 PM2.5. PM10. CO Ml NO,, il % ekt i fEN
y =12.710 +1.160PM2.5 + 0.05PM10 — 4.224CO + 0.055NO, (6)
AN [ENA T FEAR K p fE ARy 0.000 < 0.05, LM FIARCR B, AMA L, 0 Rt
ROBG . LRA =AM AR DS AT, D T U iR A T AR S A G R R T AR R & .
5 {RERL
5.1. EYVIEBIFEE ST

T RIS B L B = AR T B AR AT R, FRATE RS AR AR R, R AR AR R 22
(RRMSE) SR B ARE 2, (7). FIFHR(4)~6)K Bl et A 1095 k(2013 4 12 f~2016 4F
11 A)AQI MTAE, #4315 AQI S ks, Wil 1 fras. MEIHATLIEH: =AM AQI IZR%
11 B S 5 T Ve e RACRR AL 0.97 DAL, BEARLRILA L B e iy, L TRINE R AR o0 A5 7E 31 SR A B
BRI IR ZE I /INT 12%, FORE R s, o LA VD A 2O e f

RRMSE = \/%i(e ~Q)°/Q x100% @

X BONTUNME, Q NHSHUE, n AHEANEL.
5.2. FMRENRE 4R

N T S A VAR A TN AR, R FH SRAS A =A™ [ S 50000 77 R ek =AM T i) 2016 48 12 J1#5 AQI 2
T, F S SSBERIF AL, WilEl 2 Fron. 8 T e BRI, HOUES BUE A R
AEE 2 F. WEFRATEUE 1, B Boash, AERURIE O A SR IR Z2 AT AE 109 LAY, TyD (1T
DARXHRZELE 5% LA, BEHI BB [EIAT7 FE A P ARCR B, HARXIRZEBOT AR, BahBUh . RWIASIR
H A fe PR P [l 51 5 R F T T R8T AQI A& T FE Y o
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Figure 1. The predictive results of AQI for (a) Beijing; (b) Changsha and (c) Haikou in December, 2013 to November, 2016.
The solid lines denote the true value, beside them are the model evaluations
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Figure 2. The predicative results of AQI for (a) Beijing; (b) Changsha and (c) Haikou in December, 2016. The main plot is
true values and predicative values. Insect is relative error
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6. R EEIN

ARSI, BATRIALE . Kb, O =N s = SR & 0 KI5 IR E R . ST
AP AN T, PM2.5 55 AQI HIFEMR e K s T 1K) PML0 X AQI [ §ZMA i K. X 1 B 25 Uit &
G E B ERE, THEIRS, Wilisd, BKERA, EFKREAZE. = MR R EES
W# S PM2.5 A PM10, H5 AQI IR REY], FEFEHI K55 b, B 4iiuhiyis Gt N E 2L,
FEH I AT 7 AR RE A T AQI BUATHATION, 1RZEH/N, FAIAEE,

N PR ECEI TS SR, SR AT L i

1) TEASCHIBEFLH, =N S SR BRI PR ZE R, RIS R A K S0s e i
FAFE, fEFEHIRATT Y b, AEIRT A BT RROZA BT 2 R AN, AR R H G T R AUR
2HLF.

2) AR REVRTHFESE MY, BT R AR TS YR HEBUR IS TAE, AR HEE A GER 5
Heils S TRET0E f B RbrdE; SRR T & BE B TR AR s, s s E M A EE, sk
TE PRI K A AR

3) AL LA/ . W E TMWATI M ANEFR, IR KR RS RS BT RS, #E ™
MR EPET A S, SRIA 2 RES /> fE U5 5 SR FNTS e HE . SRR B I RF SR 3E KA 78 43 ok (1) B 1,
IR 52 KR Z R G -

4) EHRFHKR, KAORBHGEAFZE TH, RESOHAT; 0B ihkgeg, igh
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5) MRS ARAL AL, BRI A ERAC B 2 R o PR RS AER A B A, R sl Tl
B HX I FH

6) 5 G IX S AR R S T A U A MR [23] [24], BT Ris ReR i L 6
TE RS NESIE IR
E&mHE

3 IR B AR E 4T H (15Y BA204) R B A Nl K 2k 22 A RHEI T H (XCX16005) % Bl
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