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Abstract

Taking Kunming City as the key research object of air quality in Yunnan Province, multiple linear
regression was used to analyze the influencing factors and forecasting of its air quality. The results
show that the primary pollutants in Kunming are ozone and particulate matter, and the content of
ozone continues to rise, becoming an important factor affecting air quality. It is recommended to
promote industrial restructuring and implement emission reduction work. The air quality in
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Kunming fluctuates cyclically. The air quality will continue to rise in spring and winter, and con-
tinue to decline in summer and autumn, and it will produce extreme values when the seasons
change. In order to further improve air quality, corresponding measures need to be formulated
according to different seasons.
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1. 5|8

ST FAE A F AR S B R Y K S UG rRoRif, A ST L R B RS A B IRA K.
RAF 2 SR B RE & NS BE B (1 R 5 5 AR A, R NRSCH R AN A sl BB 25 1. IRk, #F
Fo— AN Hh X R A IR S B A 3 O PR B S Je B At T B, N = W R EE R R LA i S AT
JIE[1][2].

BEE VORI X 2T R R, 5 R Es i R AEEAR, A NBR N =B e Z5 5. R
A FE IR T ZEAM AR R YA IV kg gy, 61 DIV R SANLE) R 50 TR g e
TR E T3] [4]. A R S AR R N R, B S E BER I A, AR VPN
5 IR TR B P AN [ 1 X 723 <05 G B 73X, R0 P AR SR 7 AU B (R B2 5] [6] [7]. WA A&
Z AR, TR, ARG ESMEA T AEENEL. aEEERN “TIUR”
6], AERCHEREALE, RATGEPEHREE . Tk, ARSCE SN 2014~2020 4B TR
SIE R EIAT BT, NEmE S5 R Pa s AN W, DLRH BT 2 A &5 FR B R b
[FR R, A HARE S Bi5 BeBiia A A 5% .

2. REAT =R A= SHERELELES S

NTRATEALE T =07 BIAES KRG AR, ASCER 7 RTINS AR AT
T, kR T KATG R E (/) VE RN FEAR . L BT RS T5 He E ZE L T PMys. PMn
CO. SO+ NO, Fl O3, HHE U H 5 2R 5% W 0 A sk (19 B BH 77 25 <003 B S I R A ~F £ WL BN 1) 2014 4
1 H~2021 4E 12 A).

2.1. BT =RE=SHERENATHER

BTSSR ERE(AQNH 2014 £ 1 HEASMNAMEREG Y. RIGFAMFIXE, 5k X HpE
HIF I AR AR AL, HoA R LA HAE “+ =57 W, BTSSR REM S REAZ BRI,
KRN 16.6% 16.7%- 41.7%- 58.4%- 58.4%- 50%. M4l =25MiZn AEWAIEH, R 2~3
A 11~12 A2 SR EBAE s %8 A 0k R TR 8 1~3 HREZE, 4~6 HAEZE. 7~9 AR
KZEL 10~12 ANEZFELE 1), B ERGIR AT MATNFETT RN E, BFEMKFET T EM
WRAF . X H T RATFRENTHMET, E4FMEFESGETER. DN, BERRSMERN, T
FRERT B, SBUTEMAGT B, ERTFREER T URELZE.
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Figure 1. Monthly change trend of air quality index in Kunming
1. RIAMZESREHRHATHESE

22. REAF = HHEZESHEREERTN

MBS REMRE, B 2020 4, RS EEG PR EIHER 55.3%, AR
b L EIA F 18.4%, A L H A 11.4%, IR 5 HE A F)] 10.5% (WA 2). “+=F.” #H],
ERR BB R, AN ERFRRSGIES, RIKRE 22.9%;: ATRAERY . —E A6
SRR LU CREFRFEE T RS, RO PRI AN 19.6%. 43.5%H1 31.5%; HHRTRIAN — A & LL
FIARFRE, HE 2018 FIFUHA — 2 M T s,

HUEPT I, “ =407 Wi, BTSSR ES R AR, RN L EZE BT, AT R
RS R RS R, b T 50%; AT NSRRI R ARRL N YR B e,
i EE T 10%. AR P AT G EA B AT, AR R B S a2 .

PR R B S YR AT RE, <=7 Wi, EBWRRESEMM 2015 4 110 pg/m’ %
2020 41 126 pg/m® (WL 3). MBI, B RAS BRI, “+=57 mil, EW
2SR AR EON I B AR E IS, 78 Y R T2 SR R SO = A T R . RTINS
KLV E M 2015 4E 56 pg/m® BGKZ 2017 4E 1 58 pug/m®, SRJE N 2020 41 42 pg/m® (WK 3). i
ki, EMTRANBRAY) S EE N FREES, P NREER 5.24%, HILATH, “T=1" #
6], BB N RORL RIS ¥6 6 BTG, PIEJGEEBUR T, SR B oot . NIRRT UE H, =45k
BT M R S, M 2015 4EE 2018 SFEP RS RIIRE & BIRFF ETHES, RIGHRIFT
Befa . ORI, =7 WA, RTINS R BTR T T ABTR R, FREEN T,
B2 b SR BN GIBURL ) ) 25

3. B ESREFWERSH
3.1. ZRiEmEVESH

LR WT 2014 4F 1 H % 2021 4F 12 H BRI Foxt 5, A AT 58 L% 1), FIF R 3
PSR A R KT, B 4 REGHEIIARRLZARMIL KR AEPATEL, &
HEBZHHEMAFRBERNMERRER, NTH P THRSZBEZEBRER, HREMEN:
Y =By + Bix + Boxy + Boxy + Buxy + Pixs + fyxg + &0 FH BUONEIRAEELL B, B WA REL

DOI: 10.12677/sa.2022.114100 969 il 5N H


https://doi.org/10.12677/sa.2022.114100

R, B A5

120

100
80
60
40
20

0

2015 2016 2017 2018 2019 2020

15 R BE 5 L%

=8O, =NO, =PM, =CO =0, =PM

2.5

Figure 2. Changes in air quality structure in Kunming during the 13th Five-Year Plan period
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Figure 3. Changes of air substance concentrations in Kunming during the 13th Five-Year Plan period
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Table 1. Variable definition of influencing factors
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Figure 4. Correlation matrix scatter plot

Bl 4. HHXEEHRE

3.2. s/ ZEREVIHEITESH

P S/ T B AT AR K 2 8, AR 2 AT DLE H, BT AL AT e R 5L R = 0.8866 , 1 I1E(1
AR R =0.8761, FAAK 84.67, MHAMIABORENSS, HEMTLLEHFRLE x,. x, NEFH, XK
B AR AN A R ) AT BRAEAE ™ E Y 2 B LA

Z L M R TR AR B I AE R ARG, AR B AR AL S S5 ORI, T RSk
THIN H I A 2 o ARAEAE SR RBOK T 0.7, HIE SR AAFEIL LM FIH R A & BRI R
FEREIEAT 7307, 15 x, B x,. x T xg 3 o, A g Z TRIRIAR 26 228007300 0.9352827.0.71206187.0.74103625
A x, A x, 2 BN TN IR ORI, YRR, TWTRESAAE BB KR, HHH
Kl 4 FTLAE Y, P Z AR AE IEAH G A8 8 g N ZALA, BT HRE 2 b R ORL ) — 1 20 i At 80 0
BAMY LA AP AR R, A E IR E B SR 20 2 S R Rk P i i, JR HL
M1 4 FTLAE H, P 2 IR O0 RN IEAH G
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Table 2. Simulate the output of the regression equation

2. WU EEAERMEER

Variable Estimate Std. Error t-value Pr (>t])

C 14.05747 5.08231 2.766 0.007381
X1 0.44238 0.15504 2.853 0.005798
X2 0.33645 0.09170 3.669 0.000493
X3 —0.38935 0.16303 —2.388 0.019846
X4 0.1378 0.13132 1.050 0.297591
X5 —2.44699 3.57997 —0.684 0.496706
X6 0.17148 0.02944 5.825 1.93e—07

Residual standard error: 3.593 on 65 degrees of freedom; Multiple R-squared: 0.8866, Adjusted R-squared: 0.8761;
F-statistic: 84.67 on 6 and 65 DF, p-value: <2.2e—16.

33. AIEZEEZEIERFE

) eV eI R AR SRR Bt A AR SRR AL stepQOARMREURIL IR R, HR¥E 4 3 WTRAE
BB BB AS B xg , BRI AT P REL R = 0.8858 , BIEMI AT IRAREL R® =0.8771, FAH N 1023, X
AR Xy x50 xpn x x MIERB R RS HORA PR mk SRR, R KBIRTTRERN:
y=12.08489+0.4165x, +0.31673x, —0.40197x, +0.16800x, +0.18125x, »

M EREER T ULE Y, S0 U B B R HT N R > w RN > ARy >
—H AR > B, BT, SRR EEEEIG S, B IR AL Guis e O BB AR TS A,
X R R R b AR P R Eh 22 8 R SR RSN R, Tl AV IR ARSI R A L, LK
MW . RS,

Table 3. Backward regression results

F 3. EEEEEAER

Variable Estimate Std. Error t-value Pr (>t])
C 12.08489 4.16655 2.900 0.005057
X1 0.41650 0.14974 2.781 0.007046
X2 0.31673 0.08670 3.653 0.000514
X3 —0.40197 0.16133 —2.492 0.015235
X4 0.16800 0.12321 1.364 0.177342
X6 0.18125 0.02563 7.072 1.2e-09

Residual standard error: 3.578 on 66 degrees of freedom; Multiple R-squared: 0.8858, Adjusted R-squared: 0.8771;
F-statistic: 102.3 on 5 and 66 DF, p-value: <2.2e—16.

34. REEMRE

N T REBR ST BB REFOGTHER, 72X T R 7 200 s 2 f ALk
ZNHUSE, RFERB T 20, MR SR Z. B S WTLE N, SRERM R4 IZHETL
IF, RZETA YRR, JF HARZEREE x AR .
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¥ 2014~2019 4F BT 25 Ui S A E T EViews #4F, FIH White #6303 — 25 Sk #f i AL 5 471E
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Figure 5. Standardized residual scatter plot

B 5. fENRERRE

3.5. IniEm D ZFEHR RS E

RPN “ 1/abs(el)*x1 7, BHEXAIHEAT White 56, #5575 38 SCRARIURI R 3045 R LI
R )RR, BRI TR R R = 0.388648 o TR E KT S%IIEDL T,
Zoos (21)=32.67>n-R* =27.99, W WHINEMBARBAT RS, SRR 2. ML 4 WTLEH, @&
PR G Ve N B AT sy =12.8225+0.397951x, +0.325390x, —0.441111x; +0.166147x, +0.180135x, -
RSN S, MRS R B SHOR A T2, aRER A FTET).

Table 4. Adjusted White regression results
% 4. VBEEH White @YILR

Variable Estimate Std. Error t-value Pr (>t])
C 12.82225 0.860958 14.89300 0.0000
X1 0.397951 0.049129 8.100042 0.0000
X2 0.325390 0.028611 11.37297 0.0000
X3 —0.441111 0.042522 —10.37367 0.0000
X4 0.166147 0.018166 9.145813 0.0000
X6 0.180135 0.006046 29.79430 0.0000

Multiple R-squared: 0.991415, Adjusted R-squared: 0.990764; F-statistic: 1524.311 on 5 and 66 DF, p-value: < 2.2e—16.
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4. REATS+MAMEX SIFERBELTM S

EFE 2014~2021 FEIEX BT RS R EEAT 200, HIE 6 A, BTSSR EE
2014~2021 F BRI R TGS, A—BHATESEIPIRE . 2021 F=R BRSO, I 2L
A, CTUUR” VB, SR RIIEAE TR, SRR B, R ORI, T R A
AR B W T, B2 IFIA T M. eAh, M 2021 4E 10 AIFE, SAFREIT TS, R AwE
W, ELE 2021 4E 12 A4EE.

MIE 6 ATLAE H, BB T S ST AR ECE A IR SR K A I, B4 2~4 AR 9~10 A Al B RFLk
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Figure 6. Air quality index forecast change trend
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5. R REW

X BT 2014~2021 AR EAE I 0, A3 BT 2 S G R e SR TR B
ANHRURL,  FT R BTN AR BT i6 23 S5 R PR LOuAT it . JUHRAE 2 S Ha 2 R B 3h (1 s
DUT . AR AR R RIBE i, BTN RE S AR M. R, SRR
L

R BRI R REAN SR B R R A R AT B . eI iR
JE R 25 AR T R S SR A o AR R Xk BEYR B S s AR A R R R, &
T HEBE R A S A A DIV EHE AR, [, SEe g S MR AR RS, REL
Hutig T SRR R,

TR AR 0 . BRI B EORIR T Tk A TR @EHE
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=R ARFFIEAFE . BT TE R = 5t R T Es, FabissEih, =imdhd, 2
LR LA - R B L TR KRR . A A BRI RTS ReBIT A T Tt A L, R EEMRAE AR 9 1 8 o
i, JCHAEEEAT, ISR TR RN AR, DRI RIBERR . JT BB a5 SNRTS S i 2
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Table S1. White test results
MiF= 1. White #2182 R

Variable Estimate Std. Error t-value Pr (>t])

C 27.04466 175.9025 0.153748 0.8784

X172 —0.110573 0.199299 —0.554810 0.5814
X1*¥X2 0.289404 0.215308 1.344139 0.1849
X1*¥X3 —0.338914 0.301625 —1.123628 0.2664
X1*X4 —0.232366 0.232549 —0.999213 0.3224

X1*X6 —0.044353 0.039873 —1.112343 0.2712

X1 6.776101 7.249776 0.934663 0.3544

X272 —0.062041 0.074980 —0.827436 0.4118

X2*¥X3 —0.068328 0.223471 —0.305757 0.7610

X2*¥X4 0.138883 0.187077 0.742384 0.4613
X2*X6 —0.012555 0.029427 —0.426653 0.6714

X2 —4.001684 5.751358 —0.695781 0.4897

X372 0.086175 0.265767 0.324250 0.7471

X3*X4 0.371117 0.349468 1.061948 0.2933

X3*X6 0.044668 0.072411 0.616876 0.5401

X3 —4.729345 12.04327 —0.392696 0.6962

X4r2 —0.143504 0.116760 —1.229052 0.2247

X4*X6 —0.027806 0.044096 —0.630572 0.5311

X4 4.784077 8.236844 0.580814 0.5639

X672 0.023550 0.007464 3.155170 0.0027

X6 —1.455804 2.161876 —0.673399 0.5037
R-squared 0.632185 Mean dependent var 11.73660
Adjusted R-squared 0.487944 S.D. dependent var 22.22738
S.E. of regression 15.90548 Akaike info criterion 8.609698
Sum squared resid 12902.20 Schwarz criterion 9.273725
Log likelihood —288.9491 Hannan-Quinn criter. 8.874049
F-statistic 4.382839 Durbin-Watson stat 2.419165

Prob (F-statistic) 0.000010
Table S2. Weighted least squares adjusted white test results
PiER 2. PR/ ZIRVAE I HY white HIELER

Variable Estimate Std. Error t-value Pr (>[t])

C 0.587542 0.062978 9.329386 0.0000
X1M2*¥WGTA2 0.054024 0.033835 1.596676 0.1166
X1*¥X2*WGT"2 —0.071383 0.034349 —2.078160 0.0428
X1*¥X3*WGT"2 0.053695 0.027579 1.946919 0.0572
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Continued
X1*¥X4*WGT"2 0.041006 0.026167 1.567110 0.1234
X1*¥X6*WGT"2 —0.007149 0.006180 —1.156815 0.2528
X1*WGT"2 —0.605869 1.074304 —0.563964 0.5753
X2"2*¥*WGTA2 0.023984 0.009906 2.421245 0.0191
X2¥X3*WGT"2 —0.021224 0.019723 —1.076128 0.2870
X2¥X4*WGT"2 —0.027118 0.022346 -1.213571 0.2306
X2¥X6*WGT"2 0.003000 0.003723 0.805850 0.4241
X2*¥*WGT"2 0.281665 0.727778 0.387020 0.7004
X3"2*¥*WGT2 —0.028712 0.026035 —1.102822 0.2754
X3*¥X4*WGT"2 —0.001905 0.039959 —0.047677 0.9622
X3*X6*WGT"2 —0.001783 0.004228 —0.421783 0.6750
X3*WGT"2 0.868533 1.301637 0.667262 0.5077
X4"2*¥WGT2 0.009955 0.014598 0.681920 0.4984
X4*¥X6*WGT"2 0.004948 0.003697 1.338402 0.1868
X4*WGT"2 —0.669746 1.103309 —0.607034 0.5466
X6"2*¥*WGT2 —2.88E-05 0.000710 —0.040598 0.9678
X6*¥*WGT"2 —0.070195 0.120809 —0.581040 0.5638
WGT"2 5.840271 15.81518 0.369283 0.7135
R-squared 0.388648 Mean dependent var 0.581352
Adjusted R-squared 0.131880 S.D. dependent var 0.429371
S.E. of regression 0.400057 Akaike info criterion 1.252050
Sum squared resid 8.002295 Schwarz criterion 1.947698
Log likelihood —23.07381 Hannan-Quinn criter. 1.528990
F-statistic 1.513616 Durbin-Watson stat 1.451958
Prob (F-statistic) 0.115545
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