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Abstract

The current global economic landscape is showing a trend of
globalization, multipolarity, and regionalization, which also brings more
uncertain risks and challenges to China's economic development.
Economic resilience is just a way to help China resist, recover and adapt to
uncertain risks and challenges. It is also an important driving force for
Chinese path to modernization and plays an important role in promoting
global economic recovery. How to improve economic resilience has
become a research hotspot for scholars at home and abroad.

The resilience of China's economy is still a matter of concern. Today,
with trade protectionism and a significant slowdown in global economic
growth, high-quality economic development cannot be achieved without
strong economic resilience support. Therefore, in order to explore the
current development status, operating mechanism, and improvement path
of China's economic resilience, this article takes the economic resilience of
31 provinces, cities, and autonomous regions in China from 2008 to 2021
as the research object. Firstly, a causal model is constructed based on Van
den's law. Under the counterfactual framework, the dynamic spatial panel
model SEM-RE is used to measure and analyze China's economic
resilience, and the dynamic evolution, regional differences, and feature
classification of China's economic resilience are analyzed; Then, from the

perspectives of causal feedback mechanism and system stability
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mechanism, the economic resilience system in China is viewed as a
network structure, and the operational mechanism of the economic
resilience network system in China is analyzed. In terms of causal feedback
mechanism, the DPSIR framework is constructed, and the PLS-SEM
model is used to conduct causal testing on the economic resilience network
system in China. On the basis of the test, the ENA model is used to evaluate
the overall stability and effectiveness of the economic resilience system
Analyze the utilization rate and redundancy rate, and finally use methods
such as Lasso ELM and Lasso PSO ELM to dynamically simulate the path
of China's economic resilience improvement. Obtain a series of research
conclusions and recommendations.

(1) In terms of measuring economic resilience, overall, China's
economic resilience has shown a steady and positive trend of increasing
year by year. Specifically, the economic resilience of various provinces and
cities in China has shown characteristics of rapid growth and significant
regional differences. During the research period, the economic resilience
level of the eastern coastal regions in China was better than that of the
inland and western regions, while the economic resilience level of the
southern regions was better than that of the northern regions. In 2021, the
economic resilience level of all 31 provinces and cities in China was greater
than 1, indicating that China's actual output was higher than the

counterfactual output, and the economic resilience level was good.
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In terms of economic resilience analysis, from the perspective of
dynamic evolution, the peak of China's economic resilience kernel density
curve shows a downward trend, indicating that the difference in China's
economic resilience development level is further increasing; From the
moving trend of the nuclear density curve, it can be seen that the economic
resilience nuclear density curve is moving to the right, indicating that the
level of economic resilience is increasing year by year; From the
perspective of regional differences, the decrease in the overall Gini
coefficient indicates that the regional differences in China's economic
resilience have been improving year by year. The size of the differences
within China's economic resilience group 1s as follows: Eastern
region>Western region>Central region>Northeast region; From the
perspective of feature classification, Jenks natural breakpoint method is
used to divide the economic resilience of China's provinces and cities into
different categories. The first category includes 23 provinces and cities
such as Gansu and Xizang; The second category includes five provinces
and cities: Shandong, Guangdong, Fujian, Zhejiang, and Tianjin; The third
category includes three provinces and cities: Jiangsu, Beijing, and
Shanghai.

(2) In terms of analyzing the mechanism of the economic resilience
network system, from the perspective of causal feedback mechanism, the

PLS-SEM model is used to test the causal relationships of various elements
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in China's economic resilience framework. Under the DPSIR framework,
the causal relationships of each element are all at a significant level a =
By testing at 0.01, it can be seen from the specific values thatthe R — D
response layer has the greatest positive effect on the driving layer, while
the D — P driving layer has the greatest negative effect on the pressure
layer. This is manifested as the greater the driving force of the economic
system, the greater the pressure it faces. In terms of system stability
operation mechanism, the advantage degree of China's economic resilience
system A=6.239>redundancy R=5.013, indicating that China's economic
system utilization is greater than redundancy; From the perspective of
sustainable development, the utilization rate and redundancy rate of the
economic system should not be too high. The optimal utilization rate A/C
value of the system is 0.4455, while the utilization rate A/C of China's
economic resilience system is slightly higher than this value at 0.554.

(3) This article combines resilience theory with machine learning
theory to simulate the improvement path of China's economic resilience
and explore the best path to enhance China's economic resilience.
Compared to Lasso ELM, the improved Lasso PSO-ELM model based on
particle swarm optimization algorithm has improved the consistency
between the results of dynamic simulation of China's economic resilience
and the actual values, and the evaluation indicators of dynamic simulation

are better. Based on the Lasso PSO-ELM model constructed above,
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scenario assumptions and dynamic simulations were conducted on the
economic resilience of various provinces and cities in China in 2022. The
results showed that under the high economic resilience scenario
assumption, the simulated values of economic resilience in various

provinces and cities in China were the highest.

Keywords: Economic resilience; Counterfactual framework; Stability

analysis; Boost path simulation
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1.1 fREREWRENX

1.1.1 R E=

FEREIREGFIAEHBERZA, BRAFRESHRZ B ATTHERT, KIAs
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HORZ RS 5 HESh = U R R B4, FES AP AT RS i, EZGHRIA R
FF7ADE R E OB AS S, RILE T RGRIVIREX M B RIZE G, H 2008 F4
R Ehl, fBEIPRH G BEEFESEERRM AL DAEFEAN G, RELH
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R, R TR 2 B XU o il 5 S L PR 52 T A e

FH b, ARG NER. BN AR, i bE. Wiingit. ND4ai
BT, SABERZEMEAEN . IR, AR —AE R g 82
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1.12 fAREN

H 2021 Lok, FEGTREHNGRIED B TFR 2 it 2 3 L E
SOBTIERE, B A T E 50 T RE K ) BT R T Bosl 2 4 5 b [ 22 5 Ik . WF T
CAZEGF ML E 5B AL AT, S R SRS e R e Bl e B < AL ot 0 S 4
THEEARRIL, AR THERGIER RTINS R G, HEET RGN RERE, K
BEASHIF FAE B 5 B S 07 AR B A =

ASCHRE X ZAE T IR SLA T IER FEOUR, RS IERT e, ¥ sk
BB MAT AW FOANE . HETAE T TR T L5 oEnt i EEE R LGPt 5 A
I, SRy T L B PR L GRS R B e b, AR SCUL— BN AL, BB ITE R
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GRRVENL A o X EEHEFEIL AR R T R E 2 FroIPEw SO R AR, IR N BB 22 5F
WESEAL 7 2 4L IALA -

1.2.1 IS &R AESE

1 (resilience)iX — Mt S B VIR TS KRG 7T, B Holling 25 A (1973) B K2 H,
F LA IR 22 Ge /e BB b o J5 (0 OB o K TR e T A A 2R 056 oo i o7 1 7 K R
PR TR RAETADRE L& KL T RSHCRUN, REWIRIUX SR J 4 Re i A
WRASMIRE S Mikase MEMRHE RGEZ B0 B ) J5 s S FEPIRAS 1 BE 71 BEE T
FENREN, EAEFRAESZBF 5 Perrings(2001) W |32 (AT RFSETEAL A R, X9
VEREAT T B HE S, sIAHN RGN S A 168 /T - Perrings(2006)i3E— 4
J& T EIMERE S, A FAIR D R G I AR 45 LA R I R

FRAE R MR e S G BT X, (R AR MRS L 22 B B 1) — A B 2 s
4r. 7E Han'Y %5 N(2015)3& HH T —Fh&r & e S, K MU AR e MR LA DG B2 3R
PfhE, MIMERMHIER T REMRAIKERE ST X T RE T FR B
AR FHIRAE T H R A AEES, BEEMCIER IR E, WM 2N TaFr%. &8
PR ERETTM, HE AT IS — RIS, ST RZ R EH 2
J&7FE (MARTINR etal, 2012; DINHHetal, 2016). X5 WM& AR, @5 K45
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(Alberti M etal, 2004; Edward Hill etal, 2012; Wink R etal, 2014). HAl, KZH*#
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Gk S, A8 Y 2 L e 54 o A T IS 2 e i 2, SR P DX B AL 5 2 AT B WA e 482 30
JE R BTN, FE I X A e B A 25 S LR i [R5 w2 £925(2022) MU 2012—2019
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WS, MR, T L e BT A4,

NE RS R = A5 e X NG & TR, NEEE T — R EFKKAEGFE K
ZIHE, R XS IHAR SR T — AN GO SRR R K S P K] A7
TEH—FIRPERE R, 7Bl S0 7= Mk (R F A AE 0.45 247, B LB & e H 57 3)
HEFE RGP Z MAFAE R R OC R, 55 30 AR P SR AR 57 2 3 AE — 52 YT P9 B3 ¥ 55 3l R 5
FOAHTE M) 57 SH AR EO AR, % D N B A T O IR B e bn i i, R 20H 1
LGV FR B BT IONE, BARFEARARRE, (ERH 0 SR A Rz i, J
TN TR R RO R, ) Mgk [ 28 G Il i R SR A

AREE . EBEON B TR, Martin S5 KRR OB, AR LB R
it 27 A R Pe R P 2 A E R R ORR (2015), B et @R 57 8 A e 7
H 2 B R RS, i ok 57 7 22 1) L5 B S B 55 )y A e S 7 TR AR A e, 56 [l
JIREHON H AL B -

InYi =By + BN X+t + 775 + 8 (3.1)

19



NI KA A A 1S SFSHER T IR E LB IR EE . WL o4 53T AR

Hoy AT ANMBIX St ST B A P2 R, X, NN S CERI A, w AR,
N BTN, &, AREATLIR ZE T, R4 NS e R B 55 sl AR = 3R 5 72 2 TR AR AR 2
MM, Tk, EWNIMEE KA OZ BRSNS F NGRS, KEGERBIX GDP.
b B BE R 7 I B (X 22 BF 1 IR 5 B 5 A% O e bR (2022), 43X B~ 557380
HEPEER

BT 3.1 XHARFEH . 5 E R AR A, AR E A
SEUERE, N R T M B S s AR P R A () H RN, B DRI AR ) A AV S TN N [
R I A A AR O . BeAh, A&y, BB A 08, B3 St 2= AR
AR, B KSR IS TR BV 5 R, 15 380 ] 248 5 40 1 I = 20 285 2 1) T AR iR
ZRR (SEM) 5@ A AL (SAR), W (3.2) . (3.3) AFn:

Iny, =B, + B Inx, +¢, £y =AD W& + 0y, (3.2)
i=1
Iny, =5, + B Iny, ,+ 5, Inx, +pZWij Iny; +& (3.3)
i=1

Horbrwy 2 AR, A yah A e R Z A ) S 8l R EL  p shA (e

s Ja Y R 2 e e R AL RS 5 B (3. X8, EMEPIMzh AR
Ja, RAARRRREIUE T AT — R A% .

3.1.2 ERE&R KL

3 (3.2). (3.3) BARRSRNAREEFSES, AfsEANET X, UK
AP R E RN E R AR B, AR HILIX. GDP YN RAR &, XG0
TIRESERR, BT RETER LS NSRS S, Rl N E SR A &
£ S S SRR SR T 2 i AR FE 2 PR PRI B 4 R (R Mg i iR 22, PRI, AR SO
BT AL, BB R Y, ™ i, WREACE X N A 3, LA R A
AT AL, AR E RO e A

WRE (3.2) A (3.3) APt EMHR, FERFLHEIT, BoE b X AL XK
3], Wik N A KR e [ Ml N A SR R, A P e T B el 3 4 3 HE I 253t
DR ML N B, AR IR AR5 3 DX S FE 5™ oK, BAARHESRL NS s
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[Xea] = @+8)%, (3.4)
R [, |28 ANt LR SRR T, s M LR 4 BT AR K 3R, x,
R TAMBIX RS BRARL KT
BB R H KT [x, ] BRI ESEEA (32) AR (33) R, BHHKX
RS AT [y, | A SR S K 5 U7 KT, AL R X

[yit]
HorRes, AFE I MHLX E t FLTFWINE, % Res, > 1 ISR Z M X 2 B WA T4

Res,

[E P2 T S WIVEE . RGN b 5 XA, 5 Res, <1IIZRWIZIH X 245 )
MK AR T 4 P KPS

3.1.3 ERBRE R

3.1.3.1 ZE B XIS

FERCFSAEZLT, SRl a) S B0 3 B 2 GroPE AT IS AT, 70 iee
A XA A S AR ONE T De s, ASSCR M & RS 23R 8on A 2008—2021 4
M XA MBS () SR SRR L AT R 9, B 2 AR B BUEVE B -1,1], 23R BIME R
T 0 IR IX A S E S I (R IR A DG, EROR R A Sy s 3 23R e/ T
0 IR WYt X A 7 VB 2 B A (] AR 0%, (BN R B 22 5 PR DN By s 52 2248309 0 I
RUYUAAAEZR B, XA SMER2P &S RREYLITE . 525G 3 3t X A7
B AR IR 3.1 Fr.

3.1 2008-2021 FREMX A BEHERHE 21

P ) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Moran's I 0.187 0199 0202 0201 0200 0201 0203 0205 0209 0206 0211 0.210 0.21 0.213

p i 0020 0022 0021 002 002 0021 0021 002 0018 0019 0018 0018 0018 0017

RAER 3.1 IS RER, EMXA SME 2R E IR BT AN o IE, HAE
2 BEVEACT o =0.05I d i fr ey, 2R WY X A S R B R IR AR G,
RrUE 1R X A 7 e AR A TR B AN AT SR 1 0 B
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3.1.3.2 BHASEE ] E R RS #Y1E EY

A E T RS A Sh SRR, s &ZRIHERGEZEEE (SEM) 531
23 [A) AR 43 A AR (SAR), W1 B8 (3.2). R (3.3) Fin, EAARRIRY ik Bk 55t
TR, 25 1A iR ZE AR TR 55 25 )i e A R R A B A — Ml LM RS 36 SR 58, LM 656 1)
FRE AN 23[R ZE AR A 55 23[R JE A A LM R E0 St it & 00 B & & N AR AL, 5 3% LM
Gt T E KA Y, MEHATRER LM A IGSAT R E, 37 & LM RIS T =48
AN, NPT Y@L, B, B AIC. BIC 5 R* il {E AR S % . 3
A PCORZER (SEM) 532523 (AR 2= (Al A4 (SAR) LM Giit-& p A
%32 e

R32 FBERERERIEFER

TR LM 34 & p E AIC BIC R2
SEM 0.000 -149.9816 -129.6164 0.7254
SAR 0.245 -1451.427 -1435.432 0.9933

HH# 3.2 AlAL, BARIERIAYE) AIC, BIC{H S R* b, I EHIA (SAR) EHEEAR,
{HAE LM Zik 360 Font 2 (B AH 6 R AU 30 b, 28 (e 5 A8 (SAR) IR ASE T, AIC,
BIC {5 R2 {Ei R AT Ae R B AR AE I BRI AT (R 224588 (SEMD Aar3 573
i, HR2>0.7, Hitt, 7ERCRUGEE TGRS R Z A (SEMD.

3.1.4.3 EE MR SFEH SRR

FERA 5E T AR N Sh A5 7 (A R ZE A Y L il B AA B BERYIN, D f CR AT 7 B HE SR A A AT
S, ZU6 e N (FE) FBENLRLNY. (RE) B R 3k 47 A% HOAR 56 o ] 52 0 B A
RN BE LR8N R 1) 32 B2 AR BAE EAT RN AL FE 5 VA SR ZE TS AR
A SRIBeE b o BAARORUL, [ e RN AR ARYB E RN AR SE [, FF AN S0 R I AR AT
ARAL, RIS SO VR IR ZE IS il REAL B 2 TR AETE A AOA DR . AR B, BEATL ORISR DU 8¢
BN VRN, HARZEDUS RAZ R A R

N T E AN AR A B Y A3, H ] Hausman K30 K375 . Hausman 1556 (1
FIUR B 1R 22 00045 A R AR B 2 [ AN AE AR OGN, RIMBT A e B BB AL RN AR R O T 5
G, R 3.3 fi€7r 1 Hausman f 30 45 R, DY AR SCUHE ] 5 RN 2 BE BN 32 {1
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TR
% 3.3 Hausman R BET
Hausman 1556 KHgitE P H
A 1.71 0.426

H13% 3.3 Al K1, Hausman f245 K75 Geit &Y 1.71, p{EN 0.426, fE45 7€ WETEK
T a=0.05 I, $AZIEARBL, NI EE LN AR o

3.2 KFHMEME

FERE LAY SEM-RE J5, M IRIE 4 TS M AT IS5 07, AL
2008 4FABRERAEHA VI AT, HFITR IR 2008—2021 4F, BUSELHT 4tk R fid
VRIS b B R ) sl A SOHUR U T 4 48 T et 5 B (3.4 R 15 (3.5)
X, WEHIRE 314, . EIGIK 2008—2021 FELVIINE, BARTIBH N iHE
34 k. WEBE S EE TR R, Sk 53K 2 4 % B35 IE M %,
(f,=2.634, p=0.000), HME T FLE A TRIE MBI, 2 WA RACKT 0 (4

=0.173, p=0.000), B [X 7= H 5 5l A7 75 5 25 (8] H RGOS, PN SRAR A Rk =i =X (3.6)

FIT7 o
£ 3.4 BESEMITHE
A Constant Inx A R2
fhiTHE S 23 2.634* 0.931"** 0.173"* 0.725

e e gyl R il 3 MK 1% 5% R hs

ij

Iny, =2.634+0.931In X, +&, & =0.173) W&, + oy (3.6)
i=1

BACKE, AP RIOEFEIEN . Ri@rifis. L2008 FaRERGHLA
PINEL # 2008—2010 4 5E Oy rP i ik 5K BB, 2011—2016 A5 I3 =0k
P B, 2017 43 B 4 H i B R R IR, 2017—2021 4R N2 5 i B R R B
H W B E ST W 3.2 FroR b A S Y E B B, B E ST AR R AR,
PHAEPIMEACF-IEAE A 1 DR wh i SWE BB, BT R ARGV,
BRELFIERE T 2EmERE; B 2017 FRERLERELRE, E4F5HRE
KIEMECT, REZFPMEE—SRER R, Hrih 20202021 FREZFPIMER K
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N 18.8%. WHFUIANRE LTI KRR 16.7%, HITSFETFGHL. RE A
PAFEFERBEE T, BRI T RESFIEER, S5 IBMRKR S, 2008—
2021 3R E A8 T 2B EUE LB 5%

BARRE, RESEHAFIE SO EI, X 725 KR TR n, &E
FRER USRI X 2 BF W KT T Py Bk S DU X, 7 X S5 A T AL X, &
FRMATEEE T N BT U LA R, SR A R
M 2B WirE . WILASNREA G, 2021 R E 31 BHATFPEKFERT
1, REARELFR™ Hm T RIS H, ZUUHEKT RIF, &8 T A& R 2HE
IR @ S, (AHX N ZERER, 5 RIIRES, XG5 K R
RKRTE, 2008—2021 FFREZFFPIHEIE AR 3.1 Fios.

)
1.8
1.6
1.4
1.2
1- — RS R B
05 e barnd RN
sl " GRARESENE
0.4 -

0.2

B 3.1 RESFIENEEITLE

3.3 EiFEISEFHES

N B IRFUBE L G UIVE R R L, B3R [ LBk A e O TRAL RS AL, A2
FE 2 G OIEN S AR A L, X R E A TG IE AT 2 sl AR . X E RS 7
Fo Horr, BB FET IO E SR ATV R AL, X 7 S A A T
] 25 X IR FrIME 22 57 KRR, RFAIE 73 I8 2 BEARE — ARV IER B [ - T e BF ey
NAFRZG, B EET 202K A E Xt PR ) B R FUAS RIS 22 BRIk A 3R 7T it

/
2.
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3.3.1 IR

AR M AT B 0 TR RIREL PN R EARE, P EERE
LGB a5 R FBEFIE « A SR AL BEAG 117 106 30 [ & 5r 30 1 8h 75 AR 4y
NEFEAT 43 M, FHA P 32 SN 20 5 1 il 2 %6 3 [ 28 B 0 ) i R b AT nI AL R BN, A 1
it I T 0 TR GG BE A A AT AR % (1993), AN FERIEFE AR AE L& 30 E & 5 )1
PRI AT, FIHEAES RO HOGIE 13 B i AT AU T, SR 34 B,
& T 3R 5 9 4 A7 5h A AT 40 -

VA LR o A I BERLAE 8 X, X, Xaon X, AR s B (X) KA LR,
o BB A A B, () k0 W05 oR R0 B R B A T, BB R 4 A R B

F.(y) s am= 3.7 jis:
Fn(y):_i'(xiﬁy) (3.7)

o N OWREA R, ARFREUE RN 31, 1(2) RtERSL, 2 HEMR RN, BUEHN
08k 1, 4z NENRIERE (2) B 1, 242 AR, IR (2) BUER 0, &
A (3.8) FiR:

f(x):[ﬁ(x+hy-a(x-hﬂ/2h

1 1
=—x=xY I(x=h< X, <x+h)
2h N =
X—X.
I -1< t<1
_izn: ( h j (3.8)
hN < 2

b (x) NRESFIER R, N REARRE, X, AL E A A L,
14 [E 31 4 W0, x AR EAHIERBATHIE, h NG, RS
BEGRBH, K (o) WHEE —BONIABLE SO P A, 6 X R 15 IE I AF
GUPE, AFAERAERECK (o) H LS. B [ K2 (X)dk Shoo, BOERMCE 2RISR, SO e =
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itz VIMAZAR %S . EASCH, dedi s i el BORASG VAR A B B 22 B I e

2

. e o 1 X
‘/\ 5 ;m\“\‘ i: III’ E;ﬂ\: ? N _H‘\\ = — —_— °
(30 R Eh SRR, w55 K (x) @exp[ 5 j

FIH Python B fF4: i F0 E %48 T & VT WIMEAZ % RE A 2R ], S et 2008—2021
FREZFIVES BB ES, 2015 F)5, FEZTH &K B A i &R JER
B, WOk EL 2008 4L 2015 5 2021 4F, WEAFUINERISIESAA, FHm BT 7T X A 1
T 2008 5 2021 R4 NUR B AZ A B 2R, A 2008 4. 2015 4£5 2021 FFRES
Gr M i 3.2 B

BARKE, 2008, 2015 5 2021 4F, FRELFTPINERLE B &k i 20T FE s,
PRy, RO UL HE S, TR E Bk VR I R AR B R B Mk 1 SR AR AR Rk
b, B E ARG R R EFRE— DI WZEE LRI RE, 2008-
2015 FEIRERZFE ML A3, 20152021 45, ZEEMLE—Srtks), KNS
PR IR R m s MEE MR A i TE A RE, IESTIIEL % L 2120 2
PG R KRS, SOnmEEa, Hb 2021 £HERNK, REBEELFHIRE,
JE 28 G 0 2 [A) Z2 BB K A3 BE 2ROk E S 2008, 2015 5 2021 4%
ATy B A, VRN EORRE , R IRE LTI 2 AR A I SR, TR
H LTI IR 4 R AT, RPLTIINERA — et X 2 R B E—EEHE N .

1.4 1 20084
20154
1.2 [ 20214
1.0
>
0.8
[%2]
c
()
0 0.6
0.4
0.2
0.0
0 1 2 3 4 5
Pz sl

& 3.2 2008 £, 2015 4E5 2021 ERELHYEZZEE LS
EHL 2008 5 2021 LW EAZ % 2k, W 3.3 Fiw, AR ERZ % EAG T
K TR B2 AN & A AT AT AAL, 2548 s AR I 70 A AN
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TR T R, R X e R 2 e I b B 3.3 W, BEFhA 2008
FREZ G IUE, PR 2021 FEREZSFPIERIUE, BIRSER RS %5,
PR ERIR N B R, 2008 AEFRE A FHHIMERUE RBESE P LE 0.5 24, iEH] 2021
T, BUEETTE 1.5 Lh, HEWPERE m BRI AR 9 25 i 2,
KW 2008 5 2021 FAFHINERE B A B R IEA S, B 2008 FE28 5B R K
HiIX 22 2021 FEE G AT 5«

0.0 0.5 1.0 1.5 2.0 2.5
20084

& 3.3 2008 £5 2021 ENBEXLZE R E

332 WXRERDH

FRAE R E [ 5, IR B AR I R 4 R BABIX L DMK . X S5 AL
HOIX, ASCHBEY Dagum 58 RECH TOER 25 UM X 2 57 32 ROk, 5K
HEOHORI G B 2 $UHT L, Dagum 55 J8 7507 A0 380 [ B T RE AR A LI A 1) 1 - B o
M. E R SO IR E OSBRI 2 RN N S AL S LN R AL %R
T LIRS B I AR AR, 35K L 26 DA 4 o TR R4 (e R A o
BRTIRINE R, AV R SR T R RR N AR, B
G=G,+Gy,+G, . G, LFRIMEAFIEE MK NN ZEFIIRTHR, Gy, =G,y +G AL
R X 2 BB TR, Gy, AT KR 2 Ris I TTR, G, A7 X I A o
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n;y; Iny ZoR5 j A X

DXIRAT 2 h > DX 5

FRHBIX . PEARHLIX . PRI X 5 2R AL X

i, DEH 2008 H£—2021 I E L FFIME X RN & XI5 E] Dagum # 8 2%, H o fE

gL 3.5 s

28



NI KA A A 1S SFSHER T IR E LB IR EE . WL o4 53T AR

®35 BAUASHEMIHE

= IEEY TIERE (%)

O APVIERRECHFIER RECRERIEE R AL TR AL TR B TR

- G-w G-nb # G-t Gw Gb # Gt
2008 0.309 0.065 0.214 0.030 20.985%  69.456% 9.558%
2009 0.300 0.063 0.208 0.029 21.064%  69.235% 9.701%
2010 0.292 0.062 0.201 0.029 21.254%  68.656%  10.090%
2011 0.279 0.058 0.199 0.023 20.662%  71.183% 8.156%
2012 0.243 0.050 0.169 0.023 20.682%  69.666% 9.652%
2013 0.235 0.049 0.162 0.024 20.853%  68.732%  10.415%
2014 0.232 0.049 0.157 0.026 20.983%  67.751% 11.266%
2015 0.225 0.047 0.152 0.026 20.741%  67.597%  11.663%
2016 0.224 0.047 0.151 0.026 20910%  67.372%  11.718%
2017 0.220 0.047 0.147 0.027 21.178%  66.601%  12.221%
2018 0.216 0.046 0.144 0.026 21310%  66.615%  12.075%
2019 0.212 0.045 0.142 0.025 21.368%  66.753% 11.879%
2020 0.205 0.044 0.137 0.024 21.389%  66.892% 11.719%
2021 0.207 0.042 0.144 0.021 20.146%  69.733%  10.122%

HEE 3.5 ATA, BAOKE, REZFHIMEERRBEIZEBA S, H 2008
1 0.309 TREDY 2021 4F 1) 0.207, ST JE FREUH) I 2 W E 22 G DL I X 22 7
YEREmLF, BAKRE, RIEKREZFHIM: Dagum 58 REUM LR, AREE R
H-H N HE e REEL % LR E R AL, RIFRIE 205 B 1 X 25 S5 P ) = SRR g 2 ]

S, HUONHWNESR, RENMXZEXES, AR5 REEK, RUHRES X
ZUFPINEZE SRR LB S R 2 5, BURERBIX . it JEdhX . AL
MO X TRI R 22 S IR R R 22 S oo R B 22 5, FRE ST IE X 22 v Tk e an ] 3.4
Iz
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09.5% 69.2% 68.7% O5.7% 68.7% 67.8% 67.6% 67.4% 66.6% 66.6% 66.8% 66.9% 68.7%
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g o
# 40 gb
=2 - - gt
HEL
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20 4 ® & * . - . - T . & > & ~—
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—
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MENZSEBRS, HE—ParRE LT N 7 5B, FRIE &1 X 5L e R
HN o E 3.5 Fros, BB 3.5 A, FRIEZGIIEAE A 2 5 K/ 28 5 X > 75
o DX > X >R A X, HAR R BRI 7 B A AR AL HBIX P 5 BA |, 2008—2021
B, AREIHLIX ., PHEHL X S i X 2 A B B R R RO T R SS, RALHIX 2
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0

& 3.5 REZFIEEAEE R0 HE

3.2.3 SREFHED R

H T B FE e G bt DX ) S 3t XA 22 RO, VB PER L DR ) B R TEAN R
FONGTHMERISRTT #5428, A7 06 BARE — RIVRF LR B 58 i 2 5r I o0 A R
AR Jenks HARWT fi7%, K3 E B A HIVE D NARIIZRIA], Jenks B AN A
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e MRYEBUE G vt o A R 7 AN p R Geit 7 ik, il B AR W ik 2 A
HAMRZEF R, MHNER N, Bz K057k, Gels E Rt R bR B E 2
DHMEREAT 7398, Jenks H AR RV 70 28 Ja R EH L 5F IR 2K I 3.6 R .

B8, AU, SIS oo =HG:
[1.862,2.642)

WER, &R, B2, L, KBSEm Ty

HR. A, . B2 oo

55t
[0.556,1.198)

& 3.6 Jenks H AW rik KA
MG B AAWT A0, B RESE RGNS =2, WSRO E TN 1,198,
SV 1.862, F—FNETFEIMAL T X [8][0.556,1.198) % Hilt . Pk SeMl. =%
23 AT B RANRTFHIMEALTIXA1[1.198,1.862) & il %R [ &R fEE. WiT. Kk
58T; BN TFIIEN T IXAI[1.862,2.642) 5T dbal. Lg% 3 A,
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4 ZF MM B ER ST o4

Nt B B 2 GE RN LR AT 204, 258 = F X e Br Rt AT I 2 5 73 A Y
Bl b, AFEN EZS R E LT INEM S SIS T HLHRIREAT o i, T aBF RSN
AR, KBTI RGN IR G/, Ba MRS TR EE BT
KRR, HEADSRGRREERR B NI Hik, ASCARGN RIS
R GURE RPN T TN 3 22 5 W X 2% 25 A e AT ILR o M EAT 0 M, 2RI E R S A
R TH, EEEE R AR S LA R, FEXE— R AR R T R S
% RGURRENEIHT T, AR SASHLHIME B S i R S Atk b, xSRI
AGRENMETURR . FIARBAT M, IR BSR4 S A€ M pr 2 4 2 1 B
TPt . A

4.1 ERRIRHLF 047

4.1.1 B R IRHLEI 534 B B&

BTG IIEM 4% KRG H & 0 R KRR IR, AT E IO R B R RIGLE], 4
S M EREZ MY R4 DPSIR £24!, DPSIR HEALE —Fpld T F R E R4 A
GRS AR BN, G S G R SE i S0, BT R E 5 (2023). 4
AR (2021). #1432 (2021) 26473k, DPSIR B R4 5 N L4~ 43 B : Driving
(3KZ /7)< Pressure (JE77). State CIRZS). Impact (520H) Fl Response (M), HEZE
s 120 RGNS SR IR TR T), RSO AT M 4% R 48 DPSIR 7Y
AN LR IR R SR e R AT B, R A PLS-SEM MR 55 R SR 26 R ATAG 46, T3
WEZ MM RGN R KR, WYERFEFPIMERG R T SR ASF IRt
PEARH B ARERIER, BRI 4.1 Fros.
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= DPSIREERRESIE = DPSIR ST RIS

om | = | @ T o

B 4.1 F R B 2047 B

4.1.2 354 M 4% DPSIR #EEE

LU RO TR ER RS, LU RGBT AR50 5 18 52 AR HACHTRR: B
N7, BERKEEEIRT, REANTRRE . 7E DPSIR AL FH 45 Driving (JK
5171). Pressure (JE /7). State CIRZAS). Impact (540 Al Response (MR ) 2 |4
WHEZFIIEIERR R, RRBCA T E AR INE T RGN A5 LR R R R,
DPSIR HESE T #-2H i 4 2 AR THA R R, BRSNS AT RGiE1T
[ R B o

DPSIR A5 R & J5UU) 7 T, 225 W0k A e o B R R T, Wit 2 eIk DPSIR A
R, AMESL R T Gl Habn ik R R EEA G, B 4G IRE LT R SEbR, 4
HLFIIEIRE . B, BRI NRIE, S5t RN
DX TR RS RS o B ARSI S Tk e s R, Ui REZ S N iR KRB, 14
B 58 (1R S 5 088 5 v O R T B S R IR 4 G IR S T & 5 R R ) EL AR,
K REAH DR IBURT SUA- 5 23 WA kG 3R [E 28 5 4074 DPSIR LY,

DPSIR #RAEEFRIEI T TH, MEFsT 5 DPSIR A iRM 4G, H%O0h
bR R, G EIRPRIEEUIRIEME . ATHOME . RIS FN . BX50 2T (Driving) J7TH ,
FRbR LI T R TR A TR R MK 7 TR 2, Al A B G K AR A
JE 77 )2 i (Pressure) Fa bR B T, F BRI R4 57 R JE s sk i s i e g, sk 26
B H A RAS 2 T (State) 7 T, EERIEH TR R RIMAPRE, A
ARIAEG T RGE, BN TAERAET RS, fabs EEEIUR TN D% K SHESS
TR JEAR bR s B 2 1 (Impact), 252 T [ MR 5 & J SR 101 22 520, st Pk 45 44
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JE AT S RN ST T WE S 2 1T (Response), 5 Sz I BURT ) %) 28 5 % R R i 5 1
TIFAH 0 — RPVBCRBATE), WM E W BECH  INRE T R R BT e Lk 4
IR fE LRI b, B CHE IR R R, ARIE TR AR BB
BEXIE S AT ECIE SR, 5 280 5 IR 2 5FIPE R 48 DPSIR EAIILT 21 TidEhR, Wk 4.1
FR, SRR S RIR SN S F 4 (hESHES) 5 8B THRIMES, BHn
(] 5 22 BE A I R 1) — 350 2008—2021 4.

R 4.1 2R S DPSIR A

_ o S b
Hirz HEN = fabs = o
AN GDP (Ji7t)
WHRALFE A A
IR ] 58 BE P B TG R
W
X A 2 S AR S
TF IS HA /A BN
A A RMERER E CTRL/ D)
J BAH P i 4R 4L
W B Sk -
A RX A7 T +
AN¥IHAERKE (VD
PN SPNRE S NTTE AN G i SUND)
W ANAEE (NP AR
5=k
5] Ji& R A SN
S P TR Y DR (F-9E00)
ORI SIS H
HEEAE RN AR IO
M) J9; HE SCH /B
Tolbisguia B e ik 5t (J370)
NAHAER (%)

+ + + + +

i)

Z MR G
DPSIR #574 K&

+ + + + |+ o+ |+

413 ERXFRK

H1 ¥ DPSIR Ry 1 PR R S R ALSUE B A FE Ui A, 72 DPSIR HEZEH:
ELTF IR R R L, BAF RAMN PN REME, S mR a2t H
FERIRK R (2009), RIEHESH A TOER MR -LAFRELLH AR, K] PLS-SEM X %4>
BRARDRIR R R AT AR S, AR AR R N e L, &GP R RIS
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RRERATTRGLT1; f,,, BFRGNIEAE—DRHMEs /290RE; f,,, &R
GUREBXTATF RGUIE RGN §, 5, LTF R GUIE BRI W EAS BUR 81T 2 — 2R 5
fo,» BUREITECRN N IXE AR s 5, BURERTTBGR M RO 28 5 2 405 F1F s
M fsq» BURFHBT BRI RIN 225 R GUIREEM . DPSIR HEZE R & Ao s R Rk R

4.2 FiRs.

Kl 4.2 DPSIR ERTFENLRMBMERRKR

4.1.4 FIR X RZKIE

FEXF IR E 2 5T DPSIR B R JOC R B i) 3Eal b, 7% DPSIR HEZE &N &
PR OC RIEATRER, AR F i/ — IRiE S5 M 7 R A (PLS-SEMD X 4R H & i )1k
DPSIR HEZL &0 Z AT IR L R 656 . HHT PLS-SEM AU LL T4t CB-SEM X AEA
BRAN, BT ARG R, MR MES SRR VONERA S, et
AT RA G A ) DR SR G R AR

PLS-SEM W% DA BT 7> 8 . HERMERE, fHx F R E SRR
(R Rk HUOR G MR, IRAIRR TR 2 MM AR S . £S5
(R FErf, PLS-SEM MLAE I RGP IR, 58— P2 ilid 2 UGs My =, it 5 g
ARG THE, RS IR IRSL A 58 0 W2 18 A ks /N — ik A7 2 ]
WA, ANTTTAS H S5 A R AN SR ) S R il B, BE I 4 T AR AT AR B 2 AR &R

WAk N E, METEFEG KA, SASEm AR, LR ETER
7‘:’1
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X ={X1: Xigs oo Xin 1 =1,2,3,...,8 (4.1
TR ERE, BRBSBRREZEALEHE KR, HEPREE S
—IBAR R AR RHER, LI IR (7 AR W] AR Y
X, = A,& +6, (4.2)
LRI () 7 R ) Ry
&=2.,58 e (4.3)
Horpr & ONpREAL G VAR B, A4, AR T8, B VBRI REL 6, 5 & NEENLIRZE T,

WS TN AR A e, BMEA 0 BRI .
KH PLS-SEM AU IR [H A FF I PEHELE & n R R R KRIFATRL, Kihss Rk

4.1 flrm. W3& 4.1 AT UE HH, DPSIR HEZL T &N Ju 3 R R R I R E KT o = 0.01
IR, PTRET 5 SR B % R GRS E M i . MERIZ RECTLAE M, 1,
fos T B RBONIE, f,, T4 fo, T R REON L, NAKIUER/NKEE, f,,:R—>D
M) S 2 T 6o 3K ) J2 18T I e A FH K, BBURT DA 22 BF I R G T e N, 2 B
DRI RGUR IR, T f,, :D—P BRKE R HED ) E AR A RS, T R

KER - Fabr A FabR, RINE T RAYRBNECKIS, 57 2R 48 Fr i i i) & ik ok
R 4.2 YRS DPSIR FLAY

BRAR R AR R E K p 8 e
f,,:-D—P -0.638™ 0.000 &
f,, P—S -0.544™" 0.000 &
fy4:S—I 0.535™" 0.000 &
f,s:I-R 0.589"** 0.000 2
fs, :R—D 0.668™ 0.000 &
fy, R—P -0.222" 0.000 &
fo 3 :R—>S -0.082"" 0.034 2

e ol S ) RO B K 1% 5% A5
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4.2 RGRREM ST

4.2.1 RGREM SRR

TEFRE 2 Gr M 0 2% 2 G R S I B o i 25k b, i — Dt RIE S5 R 4
R i€ PEHEAT 408 o AR SCIEHUAEZS 2% 73 BT AR AL (ENA REAY ) 0 3R £ BRI R Ge g e 1t
BEAT 53 HT, Ulanowicz T 1980 32 HAER ML /i (ENAD, JG 8k K eiiz H T4
B BUFFENL (20200, 2 PLS-SEM EA4%} DPSIR %76 % [ K 26 R TR 56
JG, AL ST (ENA) X IREZ G EIPERE TS, ENA SRS IRIE 25
REMA—ANMEE, FEBLREZLT RGEHAT RS RRBRE ST (TST). TR
(R,Redundancy) FIHZE T (A/C). 353 HT(A,Overhead), FHFI 5 Hr F1TT
RN RFRGET RGEIE N e AR ERR ), M RFM HIKERED) .
HWHEFR TR A X PR

TST = Zn:T , (4.4)
A= nizlzn:T” log, (T TST} (4.5)
i=1 j=0
R_—ZZTU Iog{ J (4.6)
i=1l j=1

C in+1 T21n+2
:_|:§T0j Ing( i ]Z in+1 Iog(.l.lTanrlj_'_;Terz Iog[TTanrz j:l (47)
Horfr, n oy ENA BRI EE 4T 8, n+ DR, T RIER jREM, £
H1 ] PLS-SEM #EAY rhigg A2 RHUCE, T, 5T, 7200081 R 53 AL j FiRER .

ik RGBS R 5 TS, BRGSO N TR, RS
RS R SRR, ST RS a5 0 k2R, B,
2 T,TST
N ( Dk ]
=2 ol (4.8)

ZT lo Ty
— g TST
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T2

T.log| —

Z,: i g[TiTj]
¢= T
T log|

xroa] g

(4.9)

4.2.2 RGREMESER I

7E DPSIR HEZE T AN TG R ZIA) BRI 50 3 S A% 2R 05 85 A 56 ) B Ailf L=, K DPSIR
HEZL X LR AN IR 5 ENA M RUHSE &, ENA BALGIRESF RGMN—1E
H M, K DPSIR HEZL & TG RIRAE RBMFE N ENA BB ExE (2021), XFREZHF
PIMER 2% R G HEAT RS TUAR T (R,Redundancy) TURFESHT (¢ ,Overhead). 34 &

4 HT(A,Ascendency). FIHER M (A/C). &, HAFIH M A TCR ST HREIRE
Tr RGBSR R B R E RS T, AN RS B E RE 7. R (4.4)—0(4.9)
FIFH R BAEXTEIE 2008-2021 L5747 ENA 2087, MBS RNk 4.3 Frx.

£ 4.3 RE 2008-2021 FLEFFHE ENA 4R

=L H AMI A C R R/C A/C Robustness
WEAE 2.799 1.552 6.239 11.252 5.013 0.4455 0.554 0.326

H ENA B3R & s FR AR BUE 7T, FRE 25 9IE RGUHAE H o 2.799, J{H I i
TR L TEHINE RGN 2 R BB R/, JLIUE AR, TR G AN € 1 Bk ok
ZWRGMAESTURITH, REZFPINERFEMEFHREN AMI N 1.552, R#HE
A=6.239>T04 R=5.013, RYRELHF RGN HRKT IR, HPRHBE A 5TUR R ZM
NEERR C, Bl A+R=C; ZUFRGHMHESTURFSITITIH, AT HFEER e M K
G, A@FRGHAMHESTIREFHARE &, AL RGEMNHELSN, EREFRR
WTHESS, FEEFIERGREMEMEIC, UREVTURBL SN, LR RSK
ORI BE JIFEAR, (45 RGPIIERS E MK
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0.8
+H 0.6
i - - o EFRFEREMNAE
B g . . .

0.4 e N HTEEF FET AR

0.2 \

\
/ ~
0
0 0.2 0.4 0.6 0.8 1

35 R ZEa/C

Kl 43 REZFFRGHAREGHMERRE
HEZT RGH R 52 0K R WE 4.3 Fi7R, Ulanowicz #H, RGuH R
2 A/CAHA 04596, 4 T UEEUK T HER S E RAEWERIE (2009), FKEZ
DRI RGIRI % A/C=0.554 B KT IME, BATEYIMER S EA, (ABIVETTE R 85230
A, HPRELFIINERGITIARE R/IC=0.4455, TUARBH/NTRIA R, WR S
FRE, FREZTHE A 5 R o 75 s 1 IR F 28 AR = AR 2 G 1 7K
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5 REZFMERI B RERSERI

Bt DAL SRR I N D ETA I RS, BB AR 31T, AW
WEAFEREMRCRGEE, B8 E NI m B % m BRI . LB S TS 2
SRR ARTRYEE I S RS S, EARKERER T, SR EZ5
PIVE ST AR EAT AN, N E 5 R G o e 55 4 v R RE D SR A HE . FHEZh A
EE AR LTt RS

5.1 FhESERIUE B

G M AR I S, % TR bR 5 W 518 (B A7 R 58 M RRBOR R, AR ST AR 2 H L
e A R R AR Y, A S SCHESE RN, 1) DPSIR BAUN HH TR LI 204, &
EOMEI S AE 5 DPSIR #7448 bR JoHf 8 BB R, BRI BUNLER % =) 0%, X 3RIE
2B PIVEIR TSR AT Sh A, 2008—2021 4EIRE 2 F#I 1M %% £ 55 DPSIR %15
BARRELE S VRN, TR E GRS o i, 4 O A R 80%IE RIIZRFEA, 20%
TERMNAFEAS, X RE ST EHFATEIN T, &5, EEEA EXTRE 2022 F4h
PRI AR TR, R BAFPHERERR, FHERT, EARA
(¥ 2022 F&IiEbR, MHECT 2021 4, HIERTEARIEKE ST FIERT TR, BN
2008—2021 i m /K R —REGFFUMEKERE T, EIERT, AR
(¥ 2022 FHETiFEAR, BT 2021 4, HIERfEAEKESWAERN TEFR, 195
2021 FEAHEE: TR IRETF RN &, B RT, EVBEAHEAL 2022 4%
LiAEbR, AHECT 2021 45, HIEFMARFRE KRS AR T2, 909 2008—2021 4F
AR o BARBIAFEER T, RESEHREFTINER 2022 FISHELME, RIEA
IR B 5, R TE R E AP 0 R T 12

5.2 EhiSHRM T %

2o BT PIVE SR T B AR Bl AU S VA 1 I G MR L R 1 5 B, UL VA
eI & AL 5 B2 R E AR B SIS SRR . TR AR
NETFHNE S8 DPSIR HESE T 248 b5, S FabnlAl il REAFAEA RME S B AR IE R R, 17
SERFIEAF AT RME AU, SRR I ZRA R 2%, A SCR LASSO [al A% g N AF
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MEFEAT FEAE AL T . BRI AR SRR BE TR T BRI IAL S, A I E = X 05k
BP ML R4 SCRFIA BN NSOR s, HIEEE A, DIy it s sh &
TURIAR 2, R AU Gt o 21 J7 iRz Ak B A X Mg P R e (L B Ak SE 47 1) ELML (AR PR
FAND B, BT ELM R FEERERE SMAuEE (b) 5ERBUEW)N B A
Bk, EINZRERE P T RE 2 FECONZRIL L, 2 MRS PR, R PSO (KL 1
BB X ELM #HATHAG, F4K ELM BB E S5, 4 e AU 5L
LASSO-PSO-ELM,

5.2.1 LASSO [g])3

H TR NI & VR [ A AE AR DG, RRAE N AT BEARE R ME B R M, 38U
NGRS A BT HTUR, TX B YRR IEAT4E ], ASCRHA Lasso [Hl%]
T NFFAE HEAT T F 4E Ab 28, Lasso [A1J9/2 B Robert Tibshirani 7£ 1996 415 X2 H
ff), 4sFK°A Least Absolute Shrinkage and Selection Operator (#z /NSS4 AR B 1)
Lasso [F] VA5 2 75 it e i 4R 500 i) Ry R L HE s R R R, e AV BB 1% o O e TU AR
TRbR, I RRIE I H 4 2407 Rk o i S5 TR R L PR R O TR P A 310 e
PR — AN RE RS, AT SR B R BT ROE 4 . AT S, Lasso [FIJF 3
TERIH L1 JEEAR B PSR ARHR [E] AR S B A ST AR 8. M R S e F e b 1) R AU
A5 B TS, X LARFRE N E AR R A R, WSS T R B AR R L . LA, Lasso
[0 Y5 B30 7 Kb B A 1) 22 B L2 i) R R B €, RS B M A s A I 1)
LKA

fE Lasso A, ¥ X AR, Y ANRAE, 7En REEHLIEE - 13 2R UE L R0
MHHER (x,y), FHo X nAT p FIRIFERE, Y An*LIFIAERE, X BIEE T ASWIIE

X, = (X X Xigee Xy )+ NI Z LI Y = (Y, Yy, Yao¥s)| » Lasso BRI
B (5.1) Fia:

yi:ﬁ0+2ﬁjxij+gi (5.1
Forh, AR N2 HHIME DPSIR 4655, FASE N TIE RS HAFTINEEME, & JEhL
WA, X =y . Mgy =0, EEARR (52):

Y=pX+e (5.2)
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LAY, A (5.2) I bE— RS, AR rRE R (5.3) Fos:

argmin(ﬂlﬁl_ﬁn)||Y—ﬂX||2,s.tZ%£s (5.3)
Hr, =y WUATEEN[0,1] 5 tATAFIZSHL, Lasso [ A% ¢ 1fH, >k

PR B R AR A R 2, AW R4 A B E MR R, BEENE.
522 WFRHALILESL (PSO)

i TEARALELVE (Particle Swarm Optimization, PSO) J& — Mk T REAAPME I BEN LIS
RE . R 2 TR0 RE 2 G R AT sh AU, AR fAESHAE
B T 5 U PSR AMERIE DL, 110 PSO RefE % B — B B SRk AT Ou4k, X4 B
ER LA R . PSO I X S o 08 AT N HEAT AL, B S 0 S e e i R
REASRLT- 0 N [ PRI AE g, P R () B 5 3 R R BRI B &, AE PSO CHE
TR BIEIWIIEI B, oA RERENLRL TR I I A . XL 125 [ 7E 1]
R (A O AR R IR AR TT 22, IR DS BN T AT P R B I S AL A MR AE . 7]
I, LR 5 BRI AT AR ALS B, IF I 4 s R IR AR R — A,
R EEANRL T B 1) 24 Fi 4 e S A A

BNk, KB A — N U B2 R B 5 A AT MA NG, DL AL
ZNA R AR, KRS IEEMPT AR E . ERRIIERERES, K01 A
SR EATRE AL E, DA A SO R R NIRRT AR R TT 58 MR A
1B ER BRSP4 JRy e U A BB, L4508 FH RE e 1 B8 o kT B B s
B E AR E

i LEFTRE AR B AT RIRN X = (X X X )| 0 TETEAE AV = (Vy Vi,V )| > SRJG T BT
AR HPENE, UFRBIBR RS e, FRIE A (5.4). (5.5) REH ZHFR KAz
B AEE

Vit =wv} +cl*rand () *(R' - x; )+c2*rand () *( P — Xy ) (5.4)

X=X vt (5.5)

{15 2, KR IR A g S R B AL UL Sk, Mgt &R R
SRR, MRHSMEEENEXX, W (5-6) Pir:
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R e (5.6)

vt Omax b5 Crin 43 IR () KA S RME, T R TRER AL 55 K
B

5.2.3 RERZEIH (ELM)

BEB2ESTHL (ELMD J&—FhHLE822 5] %, METHHMZem s (FNND (5L it
7. S2hF b, ELM ATBLBELN FNN (R kpat, 1l Lt FNN RILR
PRI . S B RHETE T, LR SR AR R BN Bk B
[y, I FLEERE A2 ST R b A . 15 A, ELM 95 B T 1 Bty YRR 12 5]
ST 5 HOA 2 T 2 G e R TR SRR L R (SVMD ARLEE, e SEi0 B B
STRHY ELM 762 ST HUE RNZ ALAE 7 LRI B H0M0 98 . 9] ELM 761Gt Rk i
05 S SR, 3 L7 A BEEA R I LA S SRS L RS 7 . ELM B LE Gt A il 5
NGRS B R L M SR, RO T URREL R, XRIRREL IS A B/ ELM
RERSHEAT B B R A2 ST, ITTHE B4R Tt T L AR ATIEE . o T RRIR 22 ST L
B S] . BRI TSI S, AR EUR AN 2 S SR T SR
(2023),

Wi NAMIARER ()] . M ARG, ELM B ik -

i=1,2..n

N
Zﬂjle(a),.*ximj)
j=1

N
L Glw. *x +b;
;ﬂ‘z (7% +b;) =t,i=12,..,n (5.7)

N

Zﬂ;nG(wj*Xi +bj)

j=1

ARSCHE TN GONFRE 2 G I, 5 DPSIR B i & It b (8] H AT g AR e VR ALE
Rl 3G R 2= SIWUT T N RS B, b IMEAR S KA B B 12 I RCR
IR AR PR 2 ST L9 3R 22 G 1k sl A AR UL B — B, T - — M R T =, 7]
PR DMFRFIRA B, TR M 2T ] DU R A JEFE X, far 28 m A
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PRZETON B R YRR P S E LT, BRI G (x) KRR A (5-8) Fir

7N

L

> B9 (wyxx; +b )=y, j=12,..,N (5-8)

i=1

Ay, AR RISEER R, b oS i NERBE R TR, wy A E A TT
)M EIT S REUZ R | ML TTHIEERE, K g, ABSIIZ R § AT

54 R K DA TR A,

5.2.4 Lasso [EV3-RFEEAE-RRE M (Lasso-PSO-ELM)

KRR R =7 ST L0 B [ e BF PRt AT S AL A AR o, e AR R S ST LA e 0%
BRE 5 c E S ERBUER RARENLE, EUIZkrd i+l fe s S 202l %,
BE I 6 5 LI 58 BRI, S SR P ] B ¥ BE AT LI AT AR A 2 B AR A AR PR 2 ST WLEAT L
W, = FBUEAAE € WA EAERE EW RIURER A, K PSO GIAMRBR I HLE
e, FIH PSO Sk A R g I B AR, T3 PR 22 ST WL e S O AUE AN 22 7T
fH, D HFEERER = S HLAIHER P o

HARRJRAEM N E56, RA Lasso B0 NRFIEZEAT FEAEALFE, ST REZ 5]
P DPSIR # A K 22 G WIPE I 5545 73 BEAT R AL I 25, REATE FE M TA] 2008—2021 £F 70%%K
FEANERFEAR, 30% N IREA ;. Hk, IRYEARFEBOE PSO MAHRS L, MABUE
MBS R BREAE AR EEIRL T, FFAWBIsA, 23k B E A RE G 2 5 38
FEAEIN A5 1 3EAR B, IRYERL T RE SRS 2 LS H i ARRBR =2 ST LAY, >R Lasso-
PSO-ELM X 3R [H 28 5 WIPE SR TH AR BEAT B0, ShaS e 2R dn ] 5.1 s
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T T T T T T T T T T T P PP S ST EEETI RS R "B
1
! Bl 4 SRR i
: e/////\\\\\\s |
1 1
1 1
L | v DPSIR Kb SIS i
: | | :
1 1
1 1
! H:T Lasso [F)A1 :
i A :
1
L J;L _________________________ L
e
1 1
1
i G IR A !
: | i
: 0 1 :
i Lasso-ELM ZhZ 30 Lasso-PSO-ELM ZhZ& 4 :
1 | | 1
: 2 E
1
: RRS 5T 5o !
1
| TR :
: .
1 1
! / I
1 1
i E AT R B As kLl — AT R B EE K F 3254l E
: :
1 1

5.3 RABBRUS 54

5.3.1 $FEi%E#E

B 51 BhAEHESE

WEHEREF IR FEEE

=N

woor &

M

VE AR T S N1 21 T HFF I ME DPSIR 4845, BT 3040 RFAE (8] A BEAFAEAH S 1
5I0RME, 380 7T INSGARKE RS, AR Lasso [l 3R E 255914 DPSIR FHIE#E
ITFE4EAL TR, 1F Lasso [lHE 24k alpha {E4 0.1 BF, SHRFER) Lasso [9] )= 2 %0 an &

5.2 Fioso
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NEUEES -4

Lass:

(I) 1I é é zlt é 6 7 8 éﬁéﬁjé 11 12 13 14 15 16 17 18 19 20
B 52 BARMER Lasso [H)5 R %0 E
ASCKH Python 3.8 BN _id SAR TSI Gm FE S $E 78, XF S AR AEHEAT B4 i ik
B AHHEAE N ARFE A GDP (J570) AN 2 (J3N) &5 10 T4,
n#E 5.1 s

£ 5.1 Lasso [ERMELEFERER

A HFAE

DI AN¥JGDP (Jiit)

D2 WAL L (T
D3 ] 5 BE P B TG AR
D5 X AR = B AR

S2 N HAEBRHKRE (NFD
S4 W NOEE (NPT AR
11 = hnfE

) Ji R AT SRR

3 S8 P TR Y DS (F-9E00)
R4 Tolbys Guia B s sk % (Jion)

5.3.2 Lasso-ELM Zh7S4EH

A Lasso-ELM H— AR JE 22 Frp) PSR TH AR, FL PR g A\ Dy i
22T IME DPSIR A2 Gt B4 Ja (1 2538 bs, it v B e Br oI eI SLAEL, Foger)= 12
X ELM BRI LR A ERORIR N, S 2 1N e REUsT e . HE X
Lasso-ELM OGS4, WEBABUEN 0 B 1 (8], FANmZJEHETE 0 F1 1 2 (8], If
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BB RS RN Sigmoid RS RIREMETTHBE, REREMAZSREE
FEEAUE. THHERE ZEHHEHEE, R H Python 3.8 #4153 Lasso-ELM L&A,
KEZT PR RSB R, B RWE 5.3 s

LASSO-ELM
HxE

S

K 5.3 Lasso-ELM & EZ 535 &

M Lasso-ELM 7N Je [ 2 Gr L SR TH s AR B I aT LA HY . IE 2 5F 01k sh S
PRAE S S ERE R, o8 iastutistE S 5 HsEm s, E0Hsa
R A, R W] ELM-ELM BEARUAAE — g (1R R VE, 5 2R AR B AR PR 2 ST L
FRAERHZE T RE (b)) SHEERACE (w) WEURBENLYE, 2 5 & ot 3 2 5F e ah &
BRI GG, Rk, ASCRER AR RS B E 2 Gr WV EAT 2h 140, ELM
A TR 0ot 3 R 22 G D 1 sl A AU R B AN R A 3% 5.2 s

%52 ELM REZFIIHSARBIPN T

P FE b MSE MAPE RMSE MAE
HfE 0.1300 0.7155 0.8679 0.2834

3 5.2 BUERI 51, Lasso-ELM | [E & 5 PIMEsh SR8 b BRI, Hp
MSE HUHE N 0.1300, MAPE BUE A 0.7155, RMSE BUE A 0.8679, MAE HUE A 0.2834,
B IR PR VE I bR R Ak N ik, At — DR E RS EE, R PSO fiAb B Xt

Lasso-ELM #4704k .
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5.3.3 Lasso-PSO-ELM Zh7S#EH#L

HI T Lasso-ELM AN AR R 2 S ML E B E . f & o BHE R I - B ATRE
PLVE, S T R BR A ST WIS B, o B e G v sh S AT ot s Ta], A2 f—
Lasso-EIM FRURALL R HEA L, A H] PSO XS AR IR~ SIHLEEATILAL, AR A % 9,
B SO TR SRAME S, 25 G SR e R s s DAk S A R I A ) A8,
8, X Lasso-ELM fESEAUE . #h4e o BIE I BEHLPEE HUEEAT AL, #£ PSO fRALSLIEH,
WEFANT =2, BEHMERKT w=0.4, RAEARECY 1000, HRYELZ N 10, 53]
RLF R S 2 2 () 4 1 5 B K R AU T2 1 5-4.
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4
ERTELEE

B 5.4 AT EERIA AR

P8 PSO FykmIi b4 BB IR, BARREUE N 0.811, HwEERERKECH 742, £
PEEEAE b, XA FR 2= A2 o RE 5 AR, 704, 54453 3] Lasso-PSO-ELM
T, REZFIEDSERGE R, B RNE 5.5 fix.
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—— LASSO-PSO-ELM
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B 5.5 Lasso-PSO-ELM #iE FRE LGSR A

H1 &l 5.5 ] IR R 2 ST LR DA R e R AR IR B BRI R &
T BRI B, PSO-ELM FEALH J 22 G WP sh S 45 R 5 J S EM &
JERR] T s ft e, QT UITERIE A5 TS KB 2, gadbh TR R e

A, PR SIWUAE A, fh oo BE B A R RENLEEL, /& PSO #ix
PL, $Eim AR B, PSO-ELM AU s il L Ji3ul iy B E S i W PP F b tn 3% 5-3 e

TNo
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P R b MSE MAPE RMSE MAE
Hyf 0.0864 0.8110 0.8748 0.2233
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K, A A — & BT AR AL 28], Hor MSE HUE 4 0.0864, MAPE HU{f 4 0.8110, RMSE
BUEDY 0.8748, MAE HUEN 0.2233, SWdabs I PFHIBRHEA /N BREF, Lasso-PSO-
ELM 41 &R e Bl s 38 17 5 MSE MAE PP FE bR &R LT Lasso-elm A7,

5.4 KSR ERUS

PNIRNR TR 2 FrIIVEA KRB IRTT #5422+ LR i) Lasso-PSO-ELM ##
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R 1 2008—2014 ERE XA THEFFHIHERUE

HIX 2008 2009 2010 4 2011 4 2012 4 2013 4£ 2014 4
Jbxt 1.4263 1.5006 1.7627 1.9121 2.0468 2.2021 2.3228
R 1.2926 1.2372 1.5122 1.7062 1.3326 1.3977 1.4224
Mk 0.4838 0.5134 0.6114 0.6524 0.7120 0.7527 0.7877
L 7 0.5429 0.5377 0.6759 0.7207 0.7672 0.7706 0.7696
S 0.6631 0.7406 0.8518 0.7926 0.8837 0.9675 1.0388
T 0.6708 0.7028 0.7591 0.8558 0.9168 0.9645 0.9701
K 0.4434 0.4928 0.5916 0.5838 0.6709 0.7449 0.8041
I 0.4648 0.4643 0.5434 0.5693 0.6685 0.6931 0.6922
i 1.8782 1.9923 2.2562 2.4647 2.2251 24011 2.5680
75 0.8398 0.9310 1.1448 1.3159 1.4405 1.5856 1.7248
Wit 0.8180 0.8692 1.0628 1.1817 1.2644 1.3649 1.4517
2 0.3299 0.3768 0.4616 0.5065 0.5615 0.6183 0.6662
Gt 0.6551 0.7324 0.8961 1.0214 1.1184 1.2356 1.3649
vl 0.3547 0.3849 0.4797 0.5895 0.6545 0.7349 0.8058
7R 0.6017 0.6544 0.7699 0.8503 0.9391 1.0389 1.1234
TR 0.3956 0.4235 0.5058 0.6537 0.7231 0.7927 0.8689
biB| 0.3999 0.4560 0.5752 0.7351 0.8303 0.9301 1.0333
i) 0.3650 0.4095 0.5110 0.5976 0.6668 0.7379 0.8079
" 7R 0.8802 0.9252 1.0694 1.1355 1.2134 1.3137 1.4111
i} 0.2856 0.3114 0.3793 0.4730 0.4746 0.5523 0.6000
g 0.3982 0.4265 0.5280 0.5845 0.6520 0.7131 0.7673
HER 0.4712 0.5232 0.6449 0.7730 0.8638 0.9600 1.0696
i 0.3425 0.3803 0.4737 0.5726 0.6544 0.7277 0.7930
BN 0.1858 0.2034 0.2424 0.2842 0.4483 0.5213 0.5882
Pyl 0.2849 0.3041 0.3624 0.4186 0.4800 0.5565 0.6092
7 0.2540 0.2745 0.3162 0.3671 0.4218 0.4841 0.5463
] 0.4274 0.4704 0.5905 0.7036 0.8162 0.9164 1.0031
HM 0.2540 0.2648 0.3201 0.4039 0.4579 0.5181 0.5638
i 0.3161 0.3286 0.4091 0.4707 0.5228 0.5831 0.6226
TE 0.3883 0.4391 0.5216 0.6012 0.6545 0.7209 0.7641
e 0.5629 0.5647 0.7207 0.6248 0.6975 0.7834 0.8558
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MR 2 2015—2021 FREXZE HEFHHEIE

Hh X 2015 4 2016 2017 4 2018 2019 4 2020 2021 4
Jbxt 2015 4 2016 4 2017 4 2018 4 2019 4 2020 4 2021 4E
R 2.4812 2.6466 2.9079 3.1091 3.3538 3.2860 3.8595
e 1.4096 1.4576 1.6047 1.7095 1.7901 1.7814 2.7434
v 0.8361 0.9133 1.0167 1.0816 1.1814 1.2176 1.4017
e 0.7780 0.7915 0.9651 1.0578 1.1386 1.2044 1.5929
Ly 1.1150 1.1954 1.3415 1.4404 1.5514 1.5789 2.0162
=L 0.9645 1.0309 1.1687 1.2557 1.3417 1.3514 1.5215
BT 0.8248 0.8750 0.9553 0.9889 1.0495 1.1099 1.2363
Lifg 0.7335 0.7972 0.8445 0.9042 0.9888 1.0368 1.2073
L5 2.3063 2.5723 2.8853 3.0921 3.2575 3.3125 3.7847
WL 1.8898 2.0448 2.3093 2.4578 2.5964 2.6751 3.1165
2 1.5698 1.6850 1.8839 2.0211 2.1352 2.1498 2.4535
gic]s 0.7003 0.7684 0.8811 0.9910 1.0727 1.0992 1.6578
N 1.4634 1.5925 1.8634 2.1082 2.3218 2.3844 2.7644
7R 0.8687 0.9563 1.0754 1.1975 1.3129 1.3704 1.6238
b 1.2327 1.3162 1.4513 1.5203 1.6295 1.6846 1.9697
biiple 0.9349 1.0166 1.1605 1.2786 1.3860 1.4036 1.5443
Vil 1.1101 1.2242 1.4001 1.5586 1.5971 1.6742 1.9409
J7R 0.8901 0.9773 1.1093 1.2027 1.3476 1.4172 1.7617
] 1.5136 1.6323 1.8232 1.9167 2.0441 2.0770 2.3593
biaa] 0.6512 0.7605 0.8606 0.9408 1.0202 1.0554 1.2248
HIK 0.8108 0.8777 0.9809 1.0309 1.1012 1.1391 1.3441
g 1.1653 1.2988 1.4670 1.5534 1.6961 1.7795 2.0229
BN 0.8329 0.9077 1.0587 1.1777 1.2678 1.3092 1.4776
Py ] 0.6615 0.7274 0.8942 0.9829 1.0717 1.1309 1.2522
7 R 0.6446 0.7141 0.8146 0.9133 1.0195 1.0727 1.2106
3] 0.6037 0.6618 0.7613 0.8519 0.9348 1.0237 1.1232
Hl 1.0277 1.0912 1.2537 1.3765 1.4834 1.4825 1.7549
i 0.5693 0.6009 0.6538 0.7131 0.7677 0.7864 0.9132
TH 0.6721 0.7462 0.8246 0.8983 0.9559 0.9676 1.2965
e 0.7996 0.8650 1.0160 1.0944 1.1664 1.2276 1.4458
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