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Abstract

In recent years, with the improvement of people’s living standards, the pursuit of a better life has
shifted from “whether it exists” to “whether it is of high quality”. In the process of coordinating mate-
rial and spiritual civilization, air quality has become a major concern among researchers. Considering
the complexity of influencing factors and the instability of traditional single-model predictions, this
study takes Qingdao as the research object and analyzes and predicts the Air Quality Index (AQI)
based on model averaging methods. The main contributions are as follows: (1) First, Python-based
web crawling techniques are employed to collect AQI data and atmospheric pollutant concentrations
(PM2.5, PM10, CO, NOz, and 03) in Qingdao from 2018 to 2023. The raw data are standardized and
subjected to descriptive statistical analysis to explore the overall air quality conditions, as well as
the interannual trends and seasonal characteristics. (2) Based on correlation analysis of variables,
multiple regression models are constructed. Representative sub-models are selected using the Akaike
Information Criterion (AIC). Furthermore, four model averaging approaches, including smoothed
AIC (S-AIC), smoothed BIC (S-BIC), Mallows Model Averaging (MMA), and Jackknife Model Averaging
(JMA), are introduced. Different weighting strategies are applied to combine multiple regression
models. The predictive performance is evaluated using real data with metrics such as mean abso-
lute error (MAE) and mean squared error (MSE). And compare it with traditional machine learning
models to verify the effectiveness of the method proposed in this study. The results show that, in
recent years, with the implementation of a series of green policies and the promotion of ecological
civilization, the air quality in Qingdao has shown an overall improving trend. In terms of predictive
performance, S-AIC and S-BIC exhibit higher accuracy and stability in short-term forecasting, while
MMA and JMA demonstrate better stability and adaptability in long-term forecasting. Overall, model
averaging methods effectively reduce the uncertainty associated with single-model predictions. The
findings of this study provide a scientific basis for urban environmental management and air pollu-
tion control in the future.
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ST, AR Tl S e AN AR R RS FE RIS . Rk, AR RO T UM SRR
ANV E N TAENE . MERSFRARABIR RS, 2 5E 0 W 3 AR 77 72 AR A A B fl
SEHE, MARGLR I I VA B TR T A, R E T TEAMFBRAWER, NEAER. e
T 2 AT E AR A TR R AR AN L

4 FH SR A s 2 SRR R Ao 2 SIS Y4B EL(AP), 2012 4E FRER G ME, BHAS SR ERNT
(AQN B XS 172 5 G 2 (API) . AQI 5 I R KA ()75 5 Gda B (AP A B R KX 7. AQI 73 2%
T S (R UE T S 23 SR BB R UE(GB3095-2012), & 53EH 115 4473 54 SO2. NO2. PM10.
PM2.5. Os. CO: Tfii API 43 itH 22 RIbRfE /2 & MR BE 2 S0 S AR HE(GB3095-1996), 1T (1975 4L
4% SO2. NO2 1 PM10 =151, H. AQI KM /- HBRHIbR#ESE ™. Kk AQI %8 AP Il 175 e fabs 58
%, HIPai REIE W AR L AQI S HARSCFRFRE B F R B

MR TSR ESTTMF R RRIRE, HEHTTAREEME RN Z AN, KMo TS5
THLES 2 )T R IR SE AR S S ST AN, B DL SR — AR R SR ) 23 Ao A O A T T
X B AR AR AT 18 (R0 TR 7ok, AT R BRI B 8 2 — RIEAT W 7T,
[ B AT HAS BB 2 A AR 28 vh — 5 L & IR PRS2SR TERIE R 1 AR AP AEIR Z M E M. T3 4b,
TERA R BN FE R, A A A 2 RS A B AEAE Il R, RO PRI TR (A B o TR b 2% 3 s 55k
I A TR 2 G B A RSP 35 P 1 2 AR Ik L i)

1.2. EASMRZIIR

RS 1) A YR T 20 tH40 60 4E4X, Bates F1 Granger 15 3 il JC i (6 TR0 25 25 A2 Sk VE g 5 £ T
i, ROR VAT . JEER, WAL A R B R T R, e L A
R3S, H ORI 1

76 5L UL B RS 4 1 7 R AR e, Min & Zellner, A S T DUk RSP 35 598, B A 0 B AR
ST R BB R SR (S B AN IR, ARG A S DU VAT e T, T
ARSI (S IR, W SR N E AT I AL A [5]. BEEETC AR N, W 70 &A1 000 DL S 70
SPISE S BRI AR AE VR 2R, B A, A IE R S0 B0 M R 0 AR TR Y 4 SR R, LR, DL
RSP 35 BEOR LA & T4 RE AR A b, (ER I SE R B AR A R A B — E R R R 2 . XA
FRAF R, E NN E T T R A 4 S A A I .

25 18 38 DL BT 28 P YA A7 A X A ] L, AR ASE RSP 1 B AR B T F U BE 22 1 OG- Buckland S5 7E AIC
5 BIC #E RSB AE M O FERE_E3R T P38 AIC (S-AIC) 5 T BIC (S-BIC), @i s AL IR T A [ (1)
B, HEAS 2R & Mg [6]. S-AIC 5 S-BIC T 5, & Huirh &) 21777 Hansen $2 i
T Mallows #4777 (MMA), B4k Mallows v ISk i BER ER 41 4 &M S 80 B/ — 3l fil
T, X —HENR T RCE M R R AL, RITE T S 2 R — AN RS R S [7]. [RIEE, Hansen
£ 2008 44 MMA 7528 10 8] 7 1 85cdis gk — B BHIE 7% 7 VA R PE ARG 2t . Zhang #11 Zou HiF
BT MMA {2t s i, RIS E R 7 — @ S AR, MMA Al i 008 2R AN 2R i ik 45
M T2 A PO E DB B AL S S5 A 1) 3 R B R SR [8] . (H MMA J5 i 7E L FH B 244 5 [F) 7 22
PIRT I A A AR IR BN, MR, 55 K+ 1 MER R LB 5 55 k MR b [ BTG iR
i, Bl MMA J7 15 AR T AR 78 5 AR, 1K 7 SERR B R AN ISR 1 s 25T MMA J53: 16/, Hansen
Al Racine $2H T Jackknife #84F 15 7575 (IMA), HATUNE —38 XIE. fE3CFES, fEFHUEW T HER
i Z WS OU R UR B Wt et JE BX M7 THRE SRR ERAIYEH, HEIES ISR T BEL
BEA, FE0E— 2 FIBRFA[9]. KT MMA J5ikAN IMA J5idokin, —FH it T2 5msoh —aefbit, R
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TZFAT, MMA J5ERNIMA TR L2550, (BAER T Z AT, IMA J5EBA E /N XU,
XA KAHERN TR 38 JriE i F 0

2. HIEEmAE
2.1. BUEIRE Kb

AU 5 T AR R BT KRR 0 LRSS, FH Python JTE S M R 3 TG & 17 2018
fER 2023 AFA SRS LA S TS S FE bR BSOS, R BRI RUR A (PM2.5), AT IR N R4
(PM10), 5 MLHR(SO2), —HEME(NOy), —% LBR(CO), R (Os). Hr, #2018 FE 5 2022 FH kI
I RINGREE, B 2023 23S i R AR R 43 A IAREE , X5 43 S R BE AT I B, A2 B AR Ui L 1) I
SRR SR RN &AM RGEAT YIS, PRI AR v AR R A 2 B e NI 2545 31 AR B U7 3
TRIE, RS L SHE AT X EE

Table 1. Example of raw data
= 1. RIAsERA

H 3 AQI PM2.5 PM10 SO2 NO2 Co O3
2018-01-01 107 73 145 16 47 1.15 56
2018-01-02 78 43 103 14 49 1.01 39
2018-01-03 54 21 58 14 33 0.6 41
2018-01-04 54 28 61 13 39 0.69 34
2018-01-05 62 37 70 15 42 0.79 37
2018-01-06 111 82 132 31 72 1.37 25
2018-01-07 79 56 98 17 64 1.09 25
2018-01-08 122 74 145 14 40 1.01 39
2018-01-09 69 18 85 14 32 0.67 46
2018-01-10 57 13 65 12 24 0.44 51

XEF L TR BV R AT M AR AR, BRAT E O BAR AR R (5 2):

Table 2. Description of pollutant indicators

= 2. SR ETHEIR A

s X ¥
PM2.5 AR mg/m®
PM10 AT R ) ng/mé

SO: A pg/mé

NO2 ZEMA ug/m3

co — Ak mg/m?
O3 RE ug/m3

(ESCBR MR T, 1 TSR IR S 25, [ A S B OB o 5 1 2 B
FUBE, 0T SBR BB, — AR B At TR M AT AR AL, 4 AR BB 2 — L B A X
108 o PR 2 T K 2

RO T T 00 P ST b e 2 RSO, VS0 I A5 505 1 P AT AR AL AL, 5 PR )
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E[-1, 1208 EEER Bk A an T

Xt=21 (1)

AT RREIR RS, ] RIS S, X R AT I SUREAME, o R I BRI, 4
R S AE .

i KR/ ME TR B IR BIAE[O, LIRIIX TR Py, HL v ot A i B B 72 1, S/ MERT B2 0,
HARAKWF

i X] —min(X‘)

J_ma\x(xi)—min(xi) @

FEA DB TEH, FRATTGE A i idons Bl BhAT FUAL R, RS e e o 152570 A1 1) e v e i dls b AL
SLI

2.2. BiEfmA Gt

FEIX — 855, AR AL FRLS (75 5 17 25 SO B AT SR VR Ge vt 7 br, DLER B Bt p A
TREALESS . K aiE AQI LLE B A MBI EAR b, 5 ST 2 U R A Z 1 1 22 57 LS A SR AR 1
J&R o AEIX—HR BB LA, XTI RIS AR A4, B 3 HE S AINENES, 6 HE8 H
WENEZT, 9 AR 11 HNENKT, 12 HRIKE 2 JJINERNLT, HAFTENBALT e IR HE
TRMA T,

N T BT BN M A5 Y 2018 4R 2022 S EARBALIE L, 7SS G ERAE X H (2 ] AR
PreklEl, T CO KPR E/NT 1, SHARTMGRYIEZER R, JoEMF A brhh Z) i &, &
Ut CO HAEEEAR L Al zn ], a0 R I 1 B
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Figure 1. Trends in annual mean concentrations of pollutants
E 1 SRMENETRE

MBI HIETT UL Y, 35 8 iSRS Ry =M RECE BT A2 T &%, 5 Os ££ 2018 4 % 2023
FRFESMERI ETHES, FEEETRREER, AKES), R T A @ iEm, H s
KERRANDAE AN EY), YA IS T R A2 RN, A Ogo IR, A
FRTLAE 2], PM2.5 Lk PM10 USRI IZE ST BEESS, AR BRI A Os Y7
AFRAE TREURADEIEAME, B O3 IRFEEE FIH B E K 2 —. EUGE BTSSRI TInsExt Os fif
B, s> Os AT AR IHERG oo TAL A SSE R, Pe s il <5 .
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Figure 2. Trends in annual mean AQI

Bl 2. AQI e EF AT (L E

ST AQI FEBUEYIE ALK T LAE H (] 2), 2018 4% 2023 FF 2 8], AQI faHusih BN M4t
B, WK, HFHWEARRASENSE. B4 2019 40K 2021 £ HPUEE K LT, o
REAE R B T BUR TR B B AR DGR 1 T HAT JT A, S 805 bR A B0 0] 58 b T8 B Uik
IEFRA, ST R A A I AT TR A A AR I A S O R R B, Rtk
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Figure 3. Seasonal variation of AQI
3. AQIEHETIMETLE

B AQI Fa#Z= T R B v LAE (14 3), AQI F5%k5 PM2.5. PM10 LK SO, HIZARALFIAARL, 4
Z AQI Te ¥, “FIIMELE 80 LA b, HIRANBRFMKE, EFERIK, FHMEHLE S0 L. HBLXFhEE
B ER FEA LT LA Bk, EEERAERRATRE S, A8 s RnEEY 8, 5o,
HEBKEZ, FTLOGESSP 50, BRI . T4 ZRBR T R, R HAEIL T HhIX,
PRI AR ERE 77 0 P BOR RTT S HESG thah, ZFERIEMIEE, —h X S TR R A be, 3
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INZESIE Yy X LR 2R S50 T LRI R 7 A
3. AZEER

T P35) 72 R 2 R T S IR A e 8 1) — AN SR T P AR B i, LR AT DA AR . (R
AN AR, SRR B — AN R 1=2,2,, N, ARS8 7 vt AN B ) T &5 SR = 2E
—AREW, i=12,-,N o ESEERFI5 B R TE N =Wy + Wy, +-+Wy gy o FIIE, X
TR TR UL, B AE TR w, (1%

TEAUKRE T, FATHTR A RSB 35 75 30 R A HE DU A, 115 Bk ) pO R Bk 4% 77 1% S-AIC, S-
BIC, LARAIZAIY 2777k MMA FLIMA,  DURH A B B AR A I R

(1) FT1E B HEN AR BB 15

AIC 1 BIC JEAERALE R BN A, RS BB (M 28 B DA NS REE, —H ERE TR
AR

AIC=2k-2InL (3)

BIC=kInN-2InL (4)
o, NOUREAREE, LOABRIRIRIRREL, LBRoR, 2R A S . k AR th S AN 4L
ARG I SBR BN R, HOEREIEME, FARGINETN TR RS, 1
LSRR HUL P BRI [FI B, B ST IR 2 R T R/ o RS RY Ik 8 7 VR I R B RIE T =3 AR S AN A
AIC 55 BIC ffEER/N, FRIZAEBFT &5 Bk, HARE THAR v REfEE, AR .

FEMEEA b, DR EATA N R BGRAE AR 2 i i A oy, X AEE A R I S 8 i, 2 —
AR PRSI DA ), B H A A R EE I S BRI SRR A, $& T S-AIC #1 S-BIC 7%, H
BCE TR B AR RIE R

- exp(—xIC, /2)
“7 Y exp(-xIC, /2)

Kot XIC, RS kMRS AIC 3% BIC (. AIC 2 50Fi A WA AR R i, BELIE
exp(— g /2) I MBI K (ARAHELR . (5 I8 FI KA, AIC S K-L BEESISE DI feftit, Bk
exp (=g, /2) TT LA MBI K /b K-L BB B LK

(2) MMA

IR K M, JEE MR, y = X 0, +e = fiy, e, ool 6, T E KT BB

®)

SR G, = (XX ) Kigy o I, g0 BRI oy = X080 = X (X X)) XY -
SR 1w (e, )+ FEBRE B B T A

Hy ={we[0a] -3, w, =1 (6)
WO, e BB 2k 110
A(w) =3 Wt (k) @)
I 75 I 1K Mallows #EISREAT AL G B, AU IEFER Mallows A
C,(w)=we8éw+20°wW'¢ (8)
W, &=(8,-6) & =y~ fiy WBRKMRAUS TR EIE, ¢ = (4, ¢ ) 25F kM B SHIH

M
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JE I RN Mallows #E A3 21 A E 4 R
W, =argmin,_, C, (w) 9)

weH, ~n

(3) IMA
H Jackknife #E IR AR 2 in) @, 8 e B4R Jackknife 72 . 5 m AMbiTHE Y
i = (ulmy;“yK ) o g R 25 A WINME JS A3 B OBINE, IR R LLS O 4™ = B,y » Hansen
ESE P, MR, KR, BIP, =D, (R, —1)+1.
Mg kiE I p /M Jackknife HEISRBEATACE E$E, Jackknife #ENIA:
I (W) =wééw (10)

Heh, 6=(8,.8,), &,=y—a"» ia"=(D,(P,—1)+1)y, D, Joxifkk, EHIE I MXMITRA
(1-h7 )_1 , Ho M 2P I i TTER . BN g™ AR AT SRR Ty, FTRAA N € R X
BAEMIRZE 0 &, JF B A — 58 RAEFE ST iH 5 th R Oy Jackknife 7772 5 MMA Jri A2, X5
A E(e|%)=0-

it B /b Jackknife #E 15 2 FIALE U1 R -

W, =argmin,_, J, (W) (11)
K
HnZ{WZOSWkSl,ZWk:1} (12)
k-1

N T ORI SAS R A RE A DU T R AR S B T AR OGO 2R, AU I8 B S BT AT R AL Bt AT
FHRAEI T, ZehI AR A R R BOE R, RAREE Ranla 4 Fros:
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Figure 4. Correlation matrix of explanatory variables
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MR A A SR R T DA . AQI A /MR AR & 2 R A AE RO AR M . Bk, AQI 5
PM2.5. PM10. SO,. NO, EAJK CO 2ILIEFRNE, 5 O E AR SIFEE, S/MERRLRZ MHBAT
TEARSME, Ehhn PM2.5 F1 PM10 2 [ FIAR S R 50 0.82, (FAERRIEM M. S B & IR brit 47 A
F50 4, R R AT e tHI 2 B L2k, M &3 RBATERAR R TR 2. A TP
B E 2 B R BAE e 2 BN, TN TEE T E 7 Z KR 1Rk AT e 2RI, BAREE Rk 3 Fik:

Table 3. Variance Inflation Factor (VIF)
= 3. FEBKET

R AR B PM2.5 PM10 SO2 NO2 co Os
VIF 9.79 3.92 2.96 3.93 9.09 1.36

MEERKE, SRR REN T ZEKEFHE 10 VR, AT LYCHAEAE 2 8 L2814 1) 8
4. SSIES R
4.1. {RBEST

AR FEKs BT 1) 6 ANAR A a2 &, AR FRATT AT LA & AT SEAT 64 A4S, Bl 2 — A
NABEFHIIER Yy = By +e, BRIy =B+ B X, +&, VILEHE, &g — MDY,
s armeteE, HEXN: y=8+BX +BX, +BXs+ B, X, + B Xs + B X +&

7 18 BRI 5 4% B DA S SEBRm ST (R 2 B, AR FUAR S AIC A5 S EN, a1 5 Xk
6 N EACR MR, B2 SG AR RS AN, B SR R AR R, DR IEAT 5 SR A iR
SERE T . HARKR I ST DL R AR s R R IRk 4.
Table 4. Selected models and included variables
F4 RERBERBENTEER

g SRR AL
PM2.5 + PM10 + SO2 + NO2 + CO + O3

1

2 PM2.5 + PM10 + SO2 + NO2 + O3
3 PM2.5 + PM10 + NO2 + O3

4 PM2.5 + PM10 + Os

5 PM2.5 + PM10

6 PM10

X R R BARR M RO, JRA T D —aRE N TS, SRR Sl T HE
PLJ 6 DMANFEFIBLEY . % S-AIC T S-BIC J7¥2:k i, FRATE I T A MR AL AIC A1 BIC {H, #Fifisk
BEMET P ERAAE ;s T MMA F1IMA T35, Bl 7 i /ME Mallows #E I DL & Jackknife #E15
FIRARACE, PR35 77 5 BAR R R 4134 5 P :

Table 5. Model weights from model averaging approach

5. REFHFEZBRENE

(i) Ws-aic Wssic Wnma Wima
1 0.122 0.001 0 0.1655
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2 0.323 0.036 0 0.1349
3 0.555 0.963 0.05 0.1377
4 0 0 0.614 0.1829
5 0 0 0 0.1829
6 0 0 0.336 0.1962

A T B 25 RIATAT LLE Y, BT B AR B S B CE 2R 0L, B e R =
AR, HAp A 3 B R AR, TR S AMEERCE N 05 i T MMA J7ik, B R B R 7R AR Y
3. 4 LAY 6, IR 4 BT b ERK, Ol 0.6; IMA J7VERTTEABRYRE AL, AR
0.15~0.20 Z [f].

BT 5 MR, dE— B A FER AP 7 R R o Fe L], RATAT LRI, & 730 T AN )
LAY (AN FE 72 S 32 B TR Y A 2 FE R E AR FE AU 7 AN R . T4 B HE N S-AIC AT S-BIC 5%
(AR TSR T AIC AT BIC IR, P DA 58— B 7 A5 S 0B 0 A T Al A A i), FLRT et 7
A EE 2 T K T WSR3 T3 I U R R R 3 T vk B A ) I R B AR A i i . ML, R
B — 28 SUIHIE R IMA 77275 T Ik R w1 B b fe /M TN % 22, DRI AEA 43 e b 1T e 2 B8 41l .
TRl ¥4 47 (A ASL L 3 T ¥ T IR R TN 45 SR A, T SR A AN IR TN AR TR (A R PR AR AL B ) o —
TR AFLE R 2, NPT TR A )7z A RE 77 2T fe/ME Mallows #ERIT MMA J7EE— 58
PR b7 R0 RS FE AN R, BRI A AR S-AIC I S-BIC J7ikid T4, WAV IMA J7i%
T8, AN A AR AL P4 75 v S B S R A A

4.2. FRMEEREEHE:

FIF IR 58 37 AR AR DA R BT SR A FOA R, 6 AR R T 5 T 22 S = A 0 B4 T TR . B AR A,
TS 5T 2023 4 1 H 1 HAE 2023 4F 1 A 10 Hi5 JeWnil BEE s, VUM SR 135 J5 v 10 P A8 DA Je LS
45 AR (6 6):

Table 6. 10-day forecast values based on model averaging
= 6. ETHREBFHA 10 XFUNME

W% S-AlC S-BIC MMA IMA HHA
2023-01-01 139.47054 139.58177 131.68798 135.02377 143
2023-01-02 86.08309 86.13120 85.10730 86.15320 87
2023-01-03 86.40351 86.60269 85.90462 86.63505 85
2023-01-04 136.58732 136.65731 129.29718 132.60657 142
2023-01-05 161.98488 161.87981 152.47799 156.73028 170
2023-01-06 162.38777 162.41969 155.48093 158.32361 153
2023-01-07 106.22274 106.37835 110.37137 109.14403 101
2023-01-08 124.05622 123.99813 121.27023 122.51599 120
2023-01-09 90.61069 90.61788 88.51418 89.76253 87
2023-01-10 37.23318 37.25998 39.45732 39.16200 39
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Table 7. Absolute errors of predictions from model averaging

F 7. BRI FETNR SR E

L S-AlC S-BIC MMA IMA wALTT %
2023-01-01 3.52946 3.41823 11.31202 7.97623 S-BIC
2023-01-02 0.91691 0.8688 1.8927 0.8468 IMA
2023-01-03 1.40351 1.60269 0.90462 1.63505 MMA
2023-01-04 5.41268 5.34269 12.70282 9.39343 S-BIC
2023-01-05 8.01512 8.12019 17.52201 13.26972 S-AIC
2023-01-06 9.38777 9.41969 2.48093 5.32361 MMA
2023-01-07 5.22274 5.37835 9.37137 8.14403 S-AIC
2023-01-08 4.05622 3.99813 1.27023 2.51599 MMA
2023-01-09 3.61069 3.61788 1.51418 2.76253 MMA
2023-01-10 1.76682 1.74002 0.45732 0.162 IMA

P 4.332192 4.350667 5.94282 5.202939
RALH 0.2 0.2 0.4 0.2

T R R R DA [ LS 8 vt S ST AR AR AQIL TR 45 B 5 B S E 2 [R] R4 X R
2, DN HT T ARG S nT LAAS 3R A O ik U TN f 4 22 I AR, A e DA 1 TN 45
AT DL W A5 3 T TGS F8E A e ) v, BV R TV, N b ik e PR B o DL TR 45 3 %4
TR

AR AT LLE , WS TRt i 2 FIEKE, S-AIC Ml S-BIC JjiERIRLF, ~FIZdntinz
XF 4.33 5 4.35, Mk, MMA FiERBUEZ, TAXHRZE R 5.94. MR RKAEKE, MMA
TR e, 153 40%, 7E 10 JAF A BSR4 ks HkA2g S-AIC, S-BIC. IMA J5i%,
RREI N 20%. 456 FHAFHRZERMBRNEKE, S-AIC fl S-BIC TikRIMEAM, WERREL, W
DKE FEAC T X PR S R TE B E R, AR ZEA K. HT S-AIC #1 S-BIC J7i%
JEIEETT R, PRAEJTE, FEXF TUNRE SRS s o] DU BT 0 772 2 MMA J7 381 IMA JF
i, EE TN R AR S, R AR MMA J7i, EERATMEGE Rl LA 1, MMA J5iEF1 IMA
JiFAE KA AR B .

DT B UL MU 45 DU oA R ST 34) 5 1 1 TN 45 SR 4 DA R BRI Dk I O, K 3R 10 H T Y 4
SR ZELHI AT B, ERWTFRIR.

5 Frow, DOFRREY S 2 7 v B 40 1% 22 AR AL, b TR TR0 SR A5, 7R e A L ) P A
RSP 4a vHR ZE 8N, BEKIAT G, MMA 1 IMA J5ERI45 1R 28T S-AIC A S-BIC 5
%o
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Figure 5. Line chart of absolute errors from model averaging method
[ 5. BB FIY AN IR ET % E

N1 BRI R IRAE SR B I AR B RCR, BATTH S TR N 45 R T iR % . ONAE
SEBRR A, BATIHFEAS BE BRI X R 22 (RN R ik 1A 55, T A 2 0 iR 22 K AR s
AN, AT RER AR WA AR SR R PT REUN, P DABRAT R B ST R R P L. — R
BT R ZEERN, BATI A T b/, TS5 Ry, BRS R . BT R Z TS A R
1% 8 JIR:

Table 8. Mean Squared Error (MSE) of model averaging methods
8. MBI AN GIRE

S-AlIC S-BIC MMA JMA

MSE 47.30368 47.4457 40.25261 41.6656

TGS SRR, DUREE RSP S8 VE R DR ZE AR, MIEZ T, MMA J5 i35 75 1% 7 i
/N, N 4025, FHLUCH IMA J5ik, 3 MSE R 41.67. T MMA fil IMA J7i2%, S-AIC Al S-BIC J5i% T
MGE R IR ZEROR, BIRT 47.3, TGS Bpkshthss, mAMRE.

N TR FUAR DI TE i MR A R, FRAT TR B A b 25 2% 2] 7 IR B LR MRS YR AT 285 SRS B
BENLARAMR T VEAE R — P B (R R 2] T i, BRI SRR R 2 (R AR R &R, ESAR
MR A Z N, B, ERKFTH, BRI B, A BT IR AR SO
& th RIS 2R ST 35 7 3 1) T s 1 AR 81k o

TERENLAR MR A B FE A, O T AR LU B AP R — B, R FH S A 1 14 7 1 A [ i N
g, RNEEENFORSIS e NRARE, HRBUHE E B8RSRy 772, R, 50 EAH [F] B L7
IETLa

WA BEALARMAERL, ST BV SR s A B ST 45 B, 2 U IUE 5 RNME e Lo 281, Bk
(& 6):
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Figure 6. Prediction results of random forest model
6. BEMARMAEBITUNZE R

HARRER VRN FR AR S R W E

Table 9. Prediction metrics of random forest model
< 9. MEHLARMAER FUMIEER

BRI AN FE bR Hd
MSE 41.68
MAE 3.01

RAE 9 VPO FEARai R, WEARSIRRTE, AW I b TR 1) 2 R R 1 25 75 I AR ATL AR A
RO LEAE 277 R Z2 07 TR BUARAL,  Horh MMA J75A0 T BENLARAR D735, 5 B2~ 287 d A T 2 Uk
IR AR R AR E

5. FHILFRE
5.1. W&

FEFET CA RN T B i 2 [ E it R R Al b, ABFEEE T Python @Ik, #RHX 1 B
2018 £E £ 2023 E U HAE, FFRX e A bl da ol 34T 5 B R AL P-4

BT AT FURTAE A R DU RO P 2 7 ik DL R B A B TN 465 SRR A, BRATTAT LA HE PR 46k LAy
MR 705, G- FRA R ENRIFE KA, S-AIC H S-BIC JHERIEM, WEXCRELF, W
RS FERG R, T IX PR TVE 23 TE B 2NN, Frel BB ZA K. K2 MMA J775A1 IMA
Jivk, TAEAERIIION R EAAFER S, KRR MMA T, BRI ES R LA B, MMA J5i
IMA T AR R IT o A ERAE 1

LR EPTE, WX IRE . HRAIE T iR ZE UK TN ZE AR E . MMA JHEAEAR R e B A
BORMIES, XHRZRUN, IR RK, ¥0rwzERD, HAKMIN S B AR miaett, LRI
Uf 7535 -
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L3815 AR 22 R Wi TR I HE AR BE AR TN R AR e 1, 3t — 2D b DU MR R P 24 D R L 5 AN 25 35
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B, AR EEE KRR T, BT RAUGIRMIC R K, BARAAE V2 O RAE, RIS R
PRI AL BT ARG SRR AE MR, (H2 BRI BR SR E W e R BUS B BR. FEARMZE. SUit IR
E, PIEAE RS Mt Fe i, Oy 1 ORIERT FUE R HER L DLRORS AL, A S 24 1) 8 AR5 VR A B sk
RAE,  LEREA (E AN AL A B, Bha R IR R FH e

W FEARURB RS RE T, RS BRI RCR DL A R EE R, T AIC HEIUERL T 6
MR, FERBE ARG RN, fFEEME. ERSENTRERET, Rz A ml R
M, e R A — Bk, AR

Ja, FEZRTHIWT T, BRSPS R A R, e AR R R AN E TEAT AR
BRI ERE R AR, AR AN E DR R i, BRSPS s o AR B G, S EURR
SFEIE R AERE TR BIEANIE . I HBER B F 2507 3K T 2 e etk [l B, A7 AE R
ABARGF S RGO, BRI IE R DI AR W 5 S AR AT 5N AR S HR R UL R [
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