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Abstract

This paper analyzes the main pollutants in Qingdao and the spatial distribution of the pollutants
in Qingdao in 2020 by studying the air quality index and air quality related indicators. Firstly, the
air quality of Qingdao from 2016 to 2020 was analyzed through descriptive statistics, and then the
regression analysis was used to make further judgment. After comprehensive analysis, the main
air pollutant categories in Qingdao in five years were obtained. Then, cluster analysis and va-
riance analysis are used to analyze the spatial distribution of main pollutants. The final conclusion
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of this paper is that the air quality of Qingdao in 2018 is the best in the past five years. The main
pollutant is PMz; and the serious period of air pollution throughout the year is winter. The areas
with heavy air pollution in Qingdao are Huangdao District, Shibei District and Chengyang District.
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BEE N Bk, IR NSRRI BT S K, CRMEasR KRR RAE TN
PR AR, NS AR AR R s SR T BV 1) i R LR B Sy o 2 ST B O 1) RS2 B A S
TR E I RAE

ST A1 BA TR M AE IR AT RS NG S SR AR 22 SR AE[2)FH Mann-Kendall
TSR I 7 BT T T 7 51 50 P m S BE AR A 3A AR 2015~2019 4 FAFHATA) AR AL X 4% X 48k i) 25 <0
JREFEH LN S P BRI (PM, 5. PMyg)s SO,. CO. NO, W I FREHH, HEMERINRR Y
TR 2 A 2 B Y i 2 A 2k B S R IR PR 0 AT, DO AR DR 28 B B T A R EETS I Lh PM, 5
O B AR o JAAE RS [4)FRH 22 S05 B S er REE RPN TR AR, DA IR T =0 Gy T A
e, 3 AR5 S RPN T3 . Grange M1 David [5]45 S 6] 52 41 9 B S A 40E AT DL
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2258 Gitbert 3 H 10— Fl AT 578, FERFFRIG . B 250 70 S o 20U A L V2 IS [8]. 2Rt
FIRES V2 N T 2 Fh s, SRR LA BRI E R R G R TTE9], EREITHE b i) —Fh4 s
B, CBBAE R A, B REARE R SR N —3, AR IR BRI ZE ]
Hh, RGERIGFRBNTE AR TIE. RGEFEM O BRRHE S S 2 s, WREE
R B AR S, BRI AT R KGR B POy BRGUE B9 4 s SRR B T A R R KR
BEZ[10].

BT ERER, WA T VRS 5RE, WEE ST EES5 Y, W rTER T
ST GG AR A 4 BB R U . AR SR AT B 451 AT R T 5 TR ASTS PR IR R AR,
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2.1. ZtEEYT
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b By=p Bo=p—p, (i=1,r=1) o WREEMTUHEBE H gy =gy ==, B
Hy:f==f, = 0FR%. mTHEAKEIE Y, 52 S Y A BT AL HRB T IR,
4L B 2 TR A
SS; ()= 223, =7) -85, (V) = XX (5 - 7)88: (V) = X X (3, -7.)
Forbt 5, OACT 1 R ROREAIIE. 57 2 A (A R B b =, OB T
W 22V 7 R A«
SS, =SS, (Y),SS, =SS, (Y). 3)

2.3. BESTH

R Hr(cluster analysis) & FR 230 P 10 —FP 2 L5V, B EEE AR N E2A . BAA B
FE B G R oy AR — 38, ANFESEZ M AEGBRKZERN .. BT Z N T 2R, R Llaa
EIRRRTTER ARG R ETTE1].
2.4. Spearman FXHH %

Spearman FEAH K& RETHH A =) s .
6 Ul 2

T :1_—)Z(XJ_YJ)

n(n2 —1)=
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BAA s n—— WA AR X, —— A N RS e 5 Y, —— R TS AR (B 4%
THFHEF HIFF 5 o £ Spearman FRAH KRBT eh, WIRAGE] 7, ZERHME N T260F n N B0 FE, AN
P RAGEAABA GRS, RZWMBESGTE L &, KT 0 WO 8 B A BT, &
ZNEA Y.
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3.1. ¥iEiHAA
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MR AR s A M A S H K 8 /NI 1 PR AR (9 SRR P S (B i 2 H K /NI 2 5L
SHIREE .

ARSCHARAUE T 8 USRS R AT R G, AUEARAAN pg/m’ (CO U LA me/m®). Hor
BEH AQI Hdi A 235 QW BRI 9 =4 H AWM i 24 /N S vH S s E a2k, 7o B o0m
RICAFGEvHT5 95 BRI HARESE ARSI . A ST T F B8k 1 s PR B 72 p s Bl /b i R A
FRIAB I D> WK U BR R RAB R A 2T 30, BOSME R R 415 21 1806 247 KR -

3.2. RO

3.2.1. BESTRMTHES IR

KRBT R 2016 4E~2020 4E75 8 T 2R RAIF L, KRBT BT 2016~2020 4E54E AQI {8 & F %
TG YR B, IR 1. ATLEH, 5 4RE ST AQI 8 K &4 £ Bi5 YWk FE /I 4E 1
EISTE 2018 FFILFIAR, —EFREE LT HAAH 2018 4Ff BT EEM: 2020 X355
YIRS K AQIH I T 2016 4E, Al —EFEEIAA 2020 £75 B2 AR 5 (BT A Bk, TeER =
K SO, IR JE B ILIEF PRI S, 2018 )5 FREMERSZE: AQI fH. NO,. O3-8hy PM;n PM,5s
MR E SR RO E, BARE — R TS, HRH FRaA A SO, MIRE RS HE.
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Figure 1. Change trend of AQI and major air pollutant concentrations in Qingdao from 2016 to 2020
B 1.2016~2020 FE BT AQI REBRZFSISRIMMRELWHEHE
HE—25 00T 2016~2020 75 B 2 TR K ARG, SRS BN 5 0, Gt R AR AE 7 =09 .
MR SR IE AT B 117 6 ZRIREEPFAT I I FEAR 1) Spearman FRAHIC BB F 42 1 .

Table 1. Calculated Spearman Rank correlation coefficients for six monitoring indicators

1. WWES 6 XUTMIEHFREY Spearman FAHEX REER

=g AQI NO, 0O;-8h PM;, PM, 5 CO SO,
Ty -0.3 -0.3 -0.3 —-0.7 -0.7 -0.7 -1

AT E BTTIE 5 4K 6 2548451 Spearman FAHISC RELUNE 1| fior, RILAEH, SO, M =-1,
[r,|>7 (0.9); AQI. NO,. O5-8h {17, =—0.3, |r|<y (0.9): CO. PMon PMysHir, =—0.7, || <y (0.9).
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R EI DL R 4518 2016~2020 ££55 8y 72U SO, IR 2 B2 T i@ 2 NO,. 05-8h FIRIEA T
PEEaSs, EIFALRE; CO. PM g PMys MIIREA R RS FMEALE, HHTEEHSMET NO,. 05-8h
ME, REEM: B4, MAQLAEKE, 5HREBHEUNRARIEABAIFALE.

25 bRk, 3@id TH5 Spearman FRAH SC R B AN T BT 2016~2020 4 5 FER AR AL E it
TR RIS RS AT RRYE A IS I 4518 RBUM IR, ATEASRIBLR 458 2016~2020 4F[A)F
By U A R AORIRE s 2 SO, FIRIE 2B B2 T &% Bk SO, LM Tuff 3 %
I RS G IR A B R B, HiZ SO,

3.22. B EETRMSH

DR A 28 SR TR L5 75 295 G (R BRI A A 5%, MO TR Eviews S04 2 22 Jo 26 1 a1 U A5
B, HMTE T AW — 25 S5 SR B AR TE RERE I Y H S SR, SR, WA A% 449
NEBEGRY) . AR AQI HZm A H 2SR E R F4h, HTWF RS Co MR SH ALK
SRIIRRAIAE, H AQL ZTCHALIN, MU I 2 Je M Rl AR AY (13 A% bt A i A AT A AL
WhEE, AT RN AT T BRI RS NENE AR, AQI HIENHE &, KR/
e JFFRR 22 TR PRI AY, S Hh 4 R R 2:

Table 2. Multiple linear regression results under least squares

=2 RNZERTZTLMEEALR

Variable Coefficient Std. Error t-Statistic Prob.
C —4.75E—09 0.007878 —6.03E-07 1.0000
PM,y 0.415423 0.019781 21.00160 0.0000
PM, 5 0.445338 0.026041 17.10143 0.0000
SO, —0.075324 0.010772 —6.992737 0.0000
NO, —0.016023 0.013153 —1.218201 0.2233
CO 0.155178 0.023431 6.622656 0.0000
O, 0.338091 0.008276 40.85060 0.0000
R-squared 0.888297 Mean dependent var —9.97E-08
Adjusted R-squared 0.887924 S.D. dependent var 1.000000
S.E. of regression 0.334778 Akaike info criterion 0.653168
Sum squared resid 201.6248 Schwarz criterion 0.674481
Log likelihood —582.8104 Hannan-Quinn criter. 0.661034
F-statistic 2384.357 Durbin-Watson stat 1.120094
Prob (F-statistic) 0.000000

2 A LUE W F Sk 2 ME N 2384.357, P /N T 0.05, BTl AR @RS, B ARG
MEL AN RN t fI SRR, NO, M t BT EAEHN-1.218, P{EKT 0.05, MZHTEARE.
JEIR* 21 0.888, KT 0.7, AT LA NAEAIPLA OR LUAC AT o B R ORAG IO AR AL 2 35 15 A AL 1) 554
Bt HARHWREME S BREM IR, WisE I, HAEL EREH, NATRSHE
TR R EE N BRI ARBUAN & UG EEEN, NERHRE EILg .

2 E LR PRSI0 45 U R, AL HREE 7 2K R AL VIF VR I bRiE . % 3 W LLE H, HAR R PMy s
) VIF (KT 10, AT AAfE 2 EILLRPMEN . BT DLZAR AL T Bk T it — D 1 se AL H Y Ik 22 EE L2k ik o
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Table 3. Results of multicollinearity test

3. ZEHEMREER

Variable Coefficient Variance Uncentered VIF Centered VIF
C 6.21E-05 1.000000 NA
PMy, 0.000391 6.301448 6.301448
PM, s 0.000678 10.92140 10.92140
SO, 0.000116 1.868684 1.868684
NO, 0.000173 2.786391 2.786391
CO 0.000549 8.842256 8.842256
O; 6.85E-05 1.103148 1.103148
A [ BB D [ A B VA R R A R, R B 2 Rk, RS IR AR, VYR APAE

VIF KT 10 fEAR R, AL S RE B AT s bR IL 2kt o MHBRME— /N8 82 2 NI i @, &t b
M HIRTTLAE H PM,ys () VIF 80k, ATLAHIER PM,s. SRTM, AR#E PM,s A PM,, [958 XFRATTAT &I, PM,,
A5 PM, s H PM, o HHEIT 70% 4 PM, s, #UHCACIIBRAS & PM, o, FRIRALE (Rl AR A,

Table 4. Regression model after reducing variables

F 4. BOTERFEHEYIRE

Variable Coefficient Std. Error t-Statistic Prob.
C 5.39E-08 0.008788 6.13E-06 1.0000
PM, 5 0.818610 0.021232 38.55573 0.0000
05 0.368693 0.009088 40.56706 0.0000
NO, 0.082787 0.013703 6.041668 0.0000
SO, —0.049559 0.011938 —4.151274 0.0000
CO 0.070929 0.025753 2.754168 0.0059
R-squared 0.860910 Mean dependent var —9.97E-08
Adjusted R-squared 0.860523 S.D. dependent var 1.000000
S.E. of regression 0.373466 Akaike info criterion 0.871335
Sum squared resid 251.0578 Schwarz criterion 0.889604
Log likelihood —780.8157 Hannan-Quinn criter. 0.878078
F-statistic 2228.249 Durbin-Watson stat 1.129242
Prob (F-statistic) 0.000000
WRIEZ 4 ATLLE MAALEN 1 F RS, BAMEEAN DB EREE T ek, MR ERK

%ﬁm%ﬁy”ﬁ

SR, RITAARER VIF /08T
PP RXPRZTEATRLG,  FIWR Z 00
B2 BRER T TR T DGR, BRE IR R AR Y, ERMIES G, /G

LR PEAS LA B -

BHAESH, WREHA]

El

REIES)

PRI R* N 0.86, KT 0.7, MUBAUINSTERE U LiLar . ARG 5 HIMTR G AFEL &
10, 3k

PRI E . ARE
PR E o
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Table 5. Multiple collinearity test results after removing variables

=5 ERTERZEHEMRNER

Variable Coefficient Variance Uncentered VIF Centered VIF
C 7.72E-05 1.000000 NA
PM, 5 0.000451 5.833811 5.833811
(0N 8.26E—05 1.068953 1.068953
NO, 0.000188 2.429886 2.429886
SO, 0.000143 1.844446 1.844446
CO 0.000663 8.583081 8.583081
8
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Figure 2. Error chart
E 2. REE

B, RPBORHEATRE T MR IIG R T Z AR TG . 4RI 6, WTLLE M P AN T 0.05, FrRUEL
JEARBE, IR TT 20, AP ERTT 2B, BT BT HE— P IE . B IERRRE 7,

Table 6. Heteroscedasticity test results
=6 RAERBER

Heteroskedasticity Test: White

F-statistic 10.71216 Prob. F (20, 1785) 0.0000
Obs*R-squared 193.5348 Prob. Chi-Square (20) 0.0000
Scaled explained SS 3989.166 Prob. Chi-Square (20) 0.0000

REMAUEZIEJ5 SR ATULE 1, TR R AT LOE « i, HAALE F A, SRS
Bf. &6 mRILAAZE PM,s M REHEGL T 0.818, KT 0 Hig AR B REUR KL E, #rl Lk
NEAAZES PMys 0T AQI HARM MR A, I HHWR DS, AQI MK, =5yl H., —
EREERT LA PM, s 72 T 25 ) .
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Table 7. Model heteroscedasticity correction results

=7 RERHERBESR

Variable Coefficient Std. Error t-Statistic Prob.

C 0.000282 0.000222 1.268840 0.204662
CO 0.071973 0.001326 54277637 0.000000
NO, 0.083084 0.000632 131.436029 0.000000
PM,; 5 0.817941 0.001666 490.861031 0.000000
SO, —0.049558 0.000355 —139.516537 0.000000
0O; 0.369095 0.000291 1270.012330 0.000000
R-squared 0.999661 Mean dependent var 0.000229
Adjusted R-squared 0.999660 S.D. dependent var 1.082747
S.E. of regression 0.045037 Akaike info criterion —3.359353
Sum squared resid 3.650979 Schwarz criterion —3.341084
Log likelihood 3039.495548 Hannan-Quinn criter. —3.352610
F-statistic 1062237.174192 Durbin-Watson stat 1.263452
Prob (F-statistic) 0.000000 Weighted mean dep. —0.046793

3.2.3. FEESSRYTESH

Zeid b BT FUAT ARE, TSRS B T R A IS RO PMy s, AE BT PMys /£
K T AR IR 23 231, I B i R — A X35 G s ™ B o AT T T B 2020 SEAAE T BT LA
I B UL BHE T2 Ja 153 B B AR H PM, s WREZBLK AQI A » A ST -BAN ML st R BEAT 70 #7332«
7 e P I = P N 1ty b N ) P TN | 3 L TN I [ o R e R s i p U
RErh, AR 4 M A4 B AR B B — MT B A A 5 Bk B2, Bl T2 007 X8 Tk X,
HABGRKIB TR S U AT O 2 AR A T i L X 2 QR L .

AP B i -BAS W 11 2020 4F4E H T34 PMs R EZ I BURHCR 0T, HERF &S AR KRN
v T A, IEBIEEE BELER H . 2 RIGHUBEINE 8 PR,

Table 8. System clustering results

8. RERAL

e~ i RLAA TR

CHEN R DX 3 5 X 3l
Eme S HTABDXE A DY 77 DXk A 31 DX A
H=K BRI DX 3 A5

EAUES 23 DX

PN L NGy A DU S i BB 2 ()2 A A R 22 57, AN SR 75 22 70 7 ikt AT
BB R Dy R R e AT T M, BRI IR T AR T E IO BOE s HOE S X K
BEAT T IRNERG S o bt R8BS0 A R A, HOHAR SR (K2 5 SR A6 I T 1o AR R ATBLE Y, Levene
Giit ey 1.508, WEMN 0211, RFEMKRT 0.05, BIELEMEE, WNEEE T 275K, 707 %5
#re
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Table 9. Information table of analysis of variance results

®9. AESMERERR

P57 F df ¥175 F BEM
#H 2 [d] 10124.660 3 3374.887 3.509 0.015
AN 2248961.622 2338 961.917
St 2259086.281 2341

39 R ZESNFTR RIS R, v LA Z201 P EN 0.015, /NF 0.05, #fEEEM N 0.05
BIKFET, N R IUE R 2 RAAAERZFZER, RIS S0 40 G i 280 2 18] 2/ P4 2 1A AF
EREZESR, HAERZERHNFARE, HMoliT 2 HE IR, AR/ EZFEEITHER, 4558
W 10,

Table 10. Multiple comparison results based on LSD method
F10. £T LSD FAETHZ EHRER

(D) type ) type THEA-T) PRSI B TRRAE RRME
2 473627 1.52429 0.002 1.7472 7.7254

1 3 121723 1.92810 0.528 -2.5637 4.9982
4 0.06817 2.11326 0.974 -4.0759 42122

1 —4.73627" 1.52429 0.002 —7.7254 -1.7472

2 3 -3.51904 2.04505 0.085 ~7.5294 0.4913
4 ~4.66810° 2.22048 0.036 -9.0224 -0.3138

1 -1.21723 1.92810 0.528 —4.9982 2.5637

3 2 3.51904 2.04505 0.085 -0.4913 7.5294
4 ~1.14905 2.51488 0.648 -6.0807 3.7826

1 —0.06817 2.11326 0.974 -4.2122 4.0759

4 2 466810 222048 0.036 0.3138 9.0224
3 1.14905 2.51488 0.648 -3.7826 6.0807

TRTZMEIE T 95% % MR

FUATE 2 A — 00 5 HeR =N SR Z IV EBEAT P T LA 25 5R ARG R P im o v LUAS B 4518
£ 0.05 35 PE/KP R 38 3SR — 30 58 IO DU 2 A7 R i 22 5, 5 =20 S AL
R T R

WRIEE o TULESR], g4l M. D7 Xulim . S8 IXuhnls 58— 42050 X ol AT
DXt ARIEZE 10 AT UATE H B8 2 = ol i QR i TR B VS eI LU AR e, — e R A NiZ =
A X3 PM, s WP ARN B, Vo RO, SR A A 558 AR R 2R, HoA TR X uk
s~ LD DX e DA 20 Xt e i M B e R P A T PO = 558 R R, SN
Y DX e T M S TRl e [R) RE ™ E

4. g

2016~2020 3 B E TURERL, 2 UREAKCTE T IR TR RIS 3T,
A SO, MR EEES: 5 4F N Bk, FREEBENEZE; HRILET G RIRE LA LI EES, |
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BHEIFAPLE . XZI RTINSO, IR M RFEHERS T 5 T BURIL 8K K I HESh IS W g
VRS AT 730 5 4 2018 FA TR, 0f B R BEAT 70 A u Bk 1 KRB IG 254 LAAE, 2018
FERFL VA IPYIE], B0 1L DX A5 F B 24 4 2 U R s 2 2+ AR .

HRL 2016~2020 75 8y T /NS M I 2S5 B H B EE LUK B AQL A HEAT AT AAL 704, 43320
TEER: EEBRIGRYIN AQI HAF IR T IR AIZEIRHE, SOyv NOyw CO. BUHIYI(PM, 0. PM,5)
HF 2R a5 AQUEAR LS, AATH s, HFRIR; O W H TR AL S
AT R R, BRI E K T AR R A

ASCEEFEARNE ST BT 73 W 775 R AT 3 2016~2020 75 I 1 8 5 25 G Ok A)
(PMio~ PMys)o X &5 T 32 295 e BN BOR ) BEAT 25 8 b, &IN5 X B, IRBH X, 35 5
DX P S 00 9 L 0 SRR A ™ L, R X 0 L DXt R DA R R Xl i BT M U R 5 AR AN B
— RE R SR ANT XIS RS AR L

&E ik
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