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ABSTRACT

Quantitative investing is essentially modeling financial data to predict
the returns of financial products such as stocks or futures. Quantitative
investment based on machine learning still faces many challenges, and
increased competition in the market has reduced the efficiency of certain
strategies. Nonetheless, technological advances and improved access to data,
especially the rapid development of artificial intelligence in the last two years,
still leave the field with great potential. Applying machine learning to
quantitative investment not only provides new research ideas and modeling
methods for investment, but also helps investors to predict stock prices more
accurately, thus reducing investment risks and increasing returns.

This paper focuses on how to select stocks with high expected returns
and low risk through machine learning modeling. The research process is as
follows: (1) Download the daily frequency data of CSI 300 constituent stocks,
screen the stocks and construct a series of anomalous factors, and preprocess
the anomalous factors to make them meet the input requirements of the
machine learning model. (2) Construct the machine learning model network
model, in order to make fuller use of the sample data, we divide the sample
into 80% of the training set and 20% of the test set for model training by
rolling. (3) Immediately after that, we evaluate and compare all six machine
learning models such as gradient boosting tree and support vector machine
with Ols model, and find that the evaluation index of feedforward neural
network is better than the other six models. (4) Model optimization, then we
further discuss the impact of the first fully-connected layer, activation
function, second fully-connected layer, output layer, and optimizer on the
prediction results of feed-forward neural networks and optimize the model
accordingly with respect to row tuning parameters. (5) Establishing
investment strategies According to the feed-forward neural network prediction
results to build specific investment strategies, and analyze the return of
investment strategies. The performance is excellent, with annualized returns
of 70.62% and 76.67% for long and short strategies, respectively. (6) In order



to further explore the effectiveness of the feed-forward neural network model,
the CSI 300 stock selection strategy based on the feed-forward neural network
model is constructed, and the performance of the strategy and the
effectiveness of the model are evaluated through the indicators of the total
return, Sharpe ratio, and annualized return.

The results show that the effectiveness of machine learning models in
quantitative investment 1s better than traditional analytical methods,
especially feed-forward neural networks. The adaptability and learning
capabilities of these models are key to their ability to keep pace with market
changes and consistently provide investment insights. The study concludes
that machine learning models show greater potential and advantage in
quantitative investing, identifying complex market trends and investment
opportunities that cannot be covered by traditional methods. Investors are able
to manage risks and capture investment opportunities more effectively,
thereby potentially improving investment returns. The use of machine
learning techniques for investment analysis is an effective means of

enhancing the quality of investment decisions and profit potential.

Key Words: Quantitative investment strategy; Machine learning methods;

Pricing factors; Individual stock characteristics
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2 2003 FFITHENT A, RI=FFHREMBITHCRRLF, REENTSHEENE
ROSLARRAR AR, 3X KK s T B s R RE R o AT L, sy 7 =R
RABON, B MIXIHELE 2013 SR SSERT TR L W], M 1995 4E 5] 2011 4F, EAN A i
W =R R AR R DD CAPM AR, I S0 L B0 A A0 5 RIUABE S 7 1401,

VU PS5 F0 LR R HE R 2 S, T P A R 7 il T R E I SE AT, AR
MR TR —8EE R, W E W RE A RZ RS, 2% BRFEENI
T 2016 FFEAE =AM T a8 N H B o BB AP AN v
T B AT BT R . IR AR 2016 SERIET TR I, BT CMA.,
AT RMW. AHEFE 5 HML. UK 7 SMB I & 2 P4 5 73 UK T 1
IX 2 DR A DR A R R AR 0 B S T = DR R, DT A A5 4% B AN A B T R
MIPREIL, BT DL Rl A5 28 R Ao FH T 3R IR 25 17 37 (11421

g LI, =R ARAE CAPM BLBYHESE T 5] N T SMB ¥ K7 #1 HML i
BT, DO 7R e e el B N WML 38 7, T 7R SO A %% F T
CMA.

2.5 CHKIRTF

SRk SR T R B RIS R e R . BB DN F ST HRTE %
WUBEI R « M Bachelier ¢ T B AL EB A 1) I TAE, F| Markowitz (¥ 351877 2
HAEBM, URFEFEAZZEMER (CAPM) FAERM AL, XHkER T
AT W] T A BRI i Oy — A Bk Hom E Ge it IR ah i Atk . simif 1
AR BIR B E, U Fama 1 French ) =R 7, XA H T HE
PR R ARG B A T i B AL, EATT AR B Al FHALES S ST BOR AT I SR T
Yoy M BOH 7R, BFEAIR TR Z 708, misg 5 MEEAE 5 g .

WK T B B A B T 4, (HREE S BRI A, EREE
HET WS T B ER R . XSRS EEIE o, Wi e A SR
PRV A [E AT I, AE A iy, RSP IR ] DU ROt R I i 5
TR Z 5+ o

FealEARE S, a7 I EENRE PR HH RS K. XEEEHILES
S SV EONEHAT IO PO . R R A A EE AR AR R . IR STV T AR S S
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THEAY, SRA T g A T A AN BT Sk

AR S, IXEECHRE S R AR B RN (AR, IR B A R B R 1
PLE A IR BEAE BOR AW AT il i A A4, FE AR R IZX A L
HREEHID AR JE

B AL SR 2, B T SR i 8 SR 2R A 38 AN R AT T SO
Ry I HL AT DOE I 2818 SCR] BLAITE L 38 A PR 5o FU B i F AR K Dk«

2.6 tHRIEILFNtEEY
2.6.1 BT BT S L AR LAt

TEAL G B R r A U, AT 2 AT AN AR T 3 B 2 R 32 B vk . RS
Gys F— 7ML, WA PARE BEARSRANE S &R MO HIRRL, DR SR
R XFOTEL G TIHENRECERAR, H TGS, DR = 201
F AR T . X T AR G, B S T EIR T T XU AN
MNEE, TR T — R T E R AT R B . BRI RS BRI R, RER
BT, TS ERAHR E RNE, DASEILE B A A A

A RPN — P RN ENE, B TE U R T PR A S S AL 2
W MR A A, WRES o B, BERmpiirlaids, bl
FRTT 51K B SR &5 4R T TRIR N TR TT A 3hAS, BRITS M I S ARk
Wi Z PR, A m S E AT &S, AT R — A R 68 S I A0 A 1) de 1
B G, EmEARETESNENER . B0, WIRERN. SirER. &
AL Ty B B B IR iR R &S CTG, 2012).

2.6.1.1 ARIZF AL

M« R4ER (Harry Markowitz) B IRFRH T A RGL T KGR LR 5 5%
A RATIR IS, FmMb. SR dr=, M T 8 fE i U 5 0eE B
I DR OSSR A 1 P I s R A R A A R, HG
SR BRI T SRR R B A KRS . R R T S R S A, AR
TR HEAGWAROLT, FHEGREEN T RMZ, ERRRMREAEG. %
BRI AT PR R R H AN, I B DU B

(1) FHEH RSP R B R A A n, AR AKT T, #aikt
T A e R A B LA o BCE EAR R A U RS KT R, 38 3 A 2 ok 3 AU A
NG

11
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(2) BRPESR B RO 2 e — DRI eR A e 52 BT 2 A5 22 1) XU
G NTTR S 2 SINEATE
(3) AR GTE AR BRI, 2 FREE R, (ERG bR 2

1 o
ZIAR ) H AR A AT
mind?(r,) = Y w,w; cov(r;, ;) ~a(2-1)

E(ry) = X wr; ni (2-2)

Hrr, ry NHEWES s DM SRR RS s wy, wON B L RIS
TEH AP IRE: 82(r,) WA AW 177 22 LA AR KR cov(ry, ) T PR
PRI % il FR A, FRRRI A AR R A S G R0L T, M TA
RoAFt Er IR A S BA AR R a2 5 X, HE RE IS AH [F] KUK AP T 1 s
Weas. BEEMEANEEANSTEAROLR FIEFAENHRTHE, WM AMHEHS
A R TR R

2.6.1.2 22 M2t

1976 5=, Wi %5 « D' (Stephen Ross) #2iH T H L MEFEM L (Arbitrage
Pricing Theory, &#K APT), JF H N ARE B ikt 55 L FERE T (RE RS
WD A, SHRAGPEMHA (CAPM) ML, APT H/MKHET BB, I
HE & TISERER 1. APT AN, B2 Mg 28 2 R AT &= 2, X
BEPR 2 AT DL IS — R AR 7ok IR o 18I 0 B8 R 1 AT AR SR A, ] DATHER
HAFF A BN A . FHXTT CAPM, APT H— /ML AR B R E R BT 5% % & #RHIE
IR T AR R0 AT TS il — B, IR AT 538 AT LURRAE H R T AT R BT ok

2.6.1.3 H T HMBH

20 tH2g 70 4%, Eugene Fama 2t [ T4 R A I PEAIFR#E . ARl vTiT
A SRR S T s I S SRR B B A OG, DRIURRH T =R AT 55
AR CPERASFERE M. AT T, M CEm s R T BrA s
BHER, BFBNMMSRASESE, R ARG Ema8iis T, g
CEAT R T CATRER, SR BaSE. AR, AN, 2
A S AN A A T 5515 B4, BRI AT /0 ok 2k B AE R . (R38R A T )
T, M C& R BT A ATFRCRATFE R, BT 5 2 548 N 3 B
AR R . L b, WA ERZRERR, RUTHEZRARWN, A
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IS AT RE S A R . TGk A B R FIR 2, FEAnsREUE B A RA v B
FEEEE NS, B E LR KEF S ERAFERERS], 2 B0
WEWNT IR ARG ABATRISS Jm] Ly K a4 o
2.6.2 LAk IA] A

AR — P EARR ST, HT@EILAAE (WELE) MR E
(M AR E) 2 A ZeME R & AR IERIE (—NEAE) MZ ot
H (AR, LUERE ISR KRR A o 55 A2 1 N i e
%, AT INET BB B S A . AR B AR B AR = A A AE AR 1 K
A, Ho e EBUR, FREERRIE NN RS S ERE N, HETRE s AR E
R ZABEAT TN A R L B o GRAERNALE 2 BB 00 T AT REE 2 i) J, (H A
TS, O P RS 5 ) S R 2 At v o = e S At 4 A A 780

W38 fe /) 37k (Ordinary Least Squares, OLS). IXs&—FRfEG 24T V2 M
MR, HTAELERNAR R bl i R S8 il f /D — ik i) 3 brd oMM
RZED (R SEFR U EE SRR TIME 2 (A 22 5D BI~FI5 e 72— A2tk R,
PAMBRR — AR (B ERARE) TN — s 2R (R
AN A RT3 fe /D SRR R B XA —H S8 Gl Lo &I
I RED, (EEAUNME A SEFRUINE 2 Al SR 2 (RIPITA R ZERE 7D &
/N, NI 5 TX Ee SR B A Al T AE o i f /) ek i) 32 B0 m 2 F T B f B
W, JF HARW R R R AR (AR ZTR MV R At ESrESE) W,
AR Bt R R W A o R, B LRI AN LS, OLS flfi it A] REAN 2 &
RERE FI{S . BLAh, OLS AW AE AR H BUK, FIRt o T 57 % (A RIAF LB ™ A2 ik
SPERAE T

Lasso [#] 4 (Least Absolute Shrinkage and Selection Operator) J&—Fh & ¥E [7] ) 1)
R, el gl L1 IENAERBEAT RRAEIE BB A (Y T4k . L1 1R A B QB o i
e E A T A MR, B R 2 R E . XA 4S Lasso [
AN e AL PRI H05 18], LR H ST REE£F, R AE AR B AR 2 HAH HLOGIEG
RS (FlndE S E b i D B E . fEEASUR, Lasso i LA BY
36 HH OO TN B AR AR S e K D HORRAE DT fT A A 5 o Tt 0 ] R A2k
SR, MAAE — AR AR &R, Lasso Al Ag HERFR L — /M E, 20 HAhAR
B, XAREs SEUREREE BRI,

13
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WA (Ridge regression), tHFRN Tikhonov IEMIfL, J&—F T i Bk
PEEHE BB, e ol FH T 2 Tl A b W B g ol . BEE 51N L2 1
T SR it e b 2 1 [ U ) — 88 1] . Ridge [B1VA 9 L2 1E WAL £ 78 51 R B0 KD,
AR B AT BB A/, EAR 2R E . XA T RRE SR,
AR A R, RN ORI R B . fEE AL, Ridge [H1VH4A B T-# 22
TR AR, R AE AL BV K OR B TR AR S A S8 ) e b AR T . SR1, Ridge
[ FF A AT RAE LSS, PTRES IR BE — L8 AN FH B RRIE

s R 2% ( Elastic Net) s& —Fh454 1 Lasso [B]J3F1 Ridge [5] A0 55 1 28 14 [B] )
Jiige B RN LT A L2 1R MAEOR B & B Fh 7k A8 % o Elastic Net i 7l i
T 4b B B AT 22 51 3L 20 1 Bl P00 A B R FE AR SR IS O . EEIXEE LT,
Lasso R BETCVAA A TAE, 1 Ridge MANREHEATRFIEIL$E . Elastic Net i i 1 % 7 i
RN 18] )P4, P DAOR SR AR B A i 12 I 4 e A Y AR 1 . AE R AL AT, X
P75 A B T4 BR A S AT R R It Y, Rl S AE TGS B2 () < R B AR )
{H&, % Elastic Net {140 Z 8] Re LU IR B — IE AL BE N B 2% .

2.6.3 Bl S PR

PLAS 5 22 N TRBEH — MZ0 4 3, BAETHRE L EE W i i 73 A7 Rl A BEOK 24
ek “527, AMRERS IR AIEE H R G R, IR FrE it e 2 W L R
O PSRBT . XA SRR A =M B s], o R E R A
e R A R HE SRR S ST R N A H 2 IR R R SR &Ry AR ST, R B
ARPRC AR, DARREBIR AL, DU, B R BIREE (R &
W SR EERO LRSS, @R T HAT NS R (hE). Hld7>]
I FHAER Tz, W T AEHEANE SRR 3 H RE S AR, BRIT 2 AR T3 5
L2 BESERINGEE, WPSER . SCRERENL (SVMD . B i 25 1 8
DU S . AR B B, AFREE I — . ERAFIESR I, X BTh L&
FO)EOCHEE, REVEFIEEE RIS, HEmimmineE 2Pk, 65
J B AN AR AR AL RZ AL RE T ARk S i USRI R AU S B R . B R
RIS, HLES 7 IR & AMAT I N H IEE GRS R, X R R AL S & 5 7= A2 1R
IR o

2.6.3.1 X HFmEH (SVM)

CFFRENL (SVMD) & —Fsm KN E 7w 50k, &R T RMEEES, R
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A AL B i 4E R o FAZ ORI AE T TR 2000 1) i) B K R) B s 5, 14 g AsE 2
Pz RE ST . FIFAZECTS, SVM A DL Rt AL BE AR S vl 43 (B 4R, e 3w 4
FIASEELr K. EA MR, A OB R (SCRF&ED Y, AT
DRI R, AR R . SVM BLADN SHUE R BUR, A% R B Bkl A1 1E )AL
SRS PR REH B o,  HAT B Rl R R i 55« VB AE KRR iE 4R LIl
ZRFENS, SVM BRI i) 20 R AN B PR M) 2 S T A, an A fE B
F RN AN SO RS o FEIR L = SJIRAT ZHT,  SVM S b AT 8 B 2Rl i)
R E R RAZ

2.6.3.2 g A

R IR B FFA R — N B AR 2 S R, ERARES G 2 LA
B SRIL [F] 78 B SIAE 55 IO AR AR o AR SCR I BR SR TH B (GBDT) 51k
BRARFE LA (XG Boost) #lJ&@ T-HE R 2: ST AL,

FEEEHE M (Gradient Boosting Tree) & —NA HINLES = HIE, BEREEH
Hin AL BRI R R PSR ) R, I HLRE AT A A R S B ) BN AL BRAT 55

BOESRTI R Rz O AR . R 2 850284 (RIRSERD) HEm— o 3as.
A TN e S AR ZE HEAT ISR, mT DARS) L SR AR B A TR RN . R Rk
A, AT RS SE DRSS R SRRSO T T o S BT AU Bl T B 22
X ZEME, ARSI Kds.

B ST I 2R A2 T AR AR 9 L B3R B0, R 2 20 ol SRS A
HESE . WAL — N URSER, R I e E A A EL BAR T A TH B HASE AL ) T A AN
B MMz, WikZE. IR —ROGERR TR Sk 72 . gl 2, <
e N N EOEPN R S 1 S e T NSk I B € PN SR I S T RS 2
HZ AT R AT 455, A3 3 — Bk ph A . X R 455 05 2UAT BL2
DA ERAE R, B PR, AR MR R IR,

B AR THR A0 R AE T8 P DAAL 38 v 4 B Hals AR 2 23, O HAERR b e 5
TR ARG G, FR, Edn] Dol B WAk b LS. AN, B
FETH AR BN RIS [RGB 7R 2 IS EAE N R % .

W BR A6 BE 42 7+ (Extreme Gradient Boosting, XGBoost) & — i i 2 TH 515,
BB X AR GBS R FE AR e, SEEE T S AR R R . XGBoost 1E
JRAERRE TR T FE R 2 A ol N T IR T, LSl L& . BOEf A 1L
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BRI FIE B AT IR, AFRRHIE T HAE . JRAT B AA A 55 . X ek
81453 XGBoost 7E VI 2 s B} 2 56 2 M S fp N Fh R IR 7 o HAA AR B . H3)
AEPRBRRAE . N EASXIGIUE IENAL AR G 5 BB AR TR AR B VY 0 55
R 5. XG Boost i 1 35 AR Il 25 P S RIS m AR Y I TN HERA R . . B 400K
R, e B AT U E S Il , PLHORAUE 2 2 A 2 57, i
Wz G, ERIING—BREROR T a5k 72 . B )m, BT TR IEM 5 2 AT Y
R BEATES G, IR R — D INHER AR . 8.2, XGBoost & — B A & ik
R f R TG PEINL A 22 21 5538, XGBoost VAR 2 B H TS R4, HE 74 ANIE
H B BER o

2.6.3. 3 REFIRA

EFREEAR P R RT3 N LA M &M N TR RN, B RNLES 0
B —ANEES I B 2006 4, REFIABHAIENmS, HFIFHEZR) 2R
A, I LS S SR N R Re ST R TR AT REE . BEAE I TA) 4R, TR R
7 BOR I R REE P B2 R, 7= AR BB IR B2 o ST R AE VR e b O ORI e BT 4t
PlLEs 7 I Rk

RS TR D AE T N ARG 2%, 3ot — MR 7 N S8 YR TS 2 >k 73 #r Ao 2]
BRI FAR . X BEMRAREE ) o FEATRESR U, RFE IR I T 5Lk
REJT, BEMJRAGE s SRR B I A BURFE , X R AR Gl o7 > T3 1R M LASE I
o ARG 2IH, FHER Tt X—dBREEE A SFEn . MRE % T+
ARAT LA E 2 B R RRE, I 7 S I BE 1 2 R 28 R IR G R AR 4 e AR
KA 2k B o IR FE S ) 1) 22 J2 Ba el /= &6 1) S A B 20 e 2 ) 31 B8 9 B2 0 Bl B RF
fiE, WIS 2 IRENE AR B AT, 2% H IR A TSR TR

(1) HBHMZEMZ (Convolutional Neural Networks, i # CNN) & IR B 2 >
HH ) — Bl SRR R SRR 2 P 2%, B S i FH T 20 Al o SR B . CNIN Gl A3 477 A
A AL R B B A0 R0t R ) EHR i, B gk, e Mg A,
AT E 2GR E, XUREEEIEREG (BROERZ) S
P 906 B AR R I, DASE B 2 =) Hodls 19 R SRR AR . BB S T4 E (pooling
layers) W T-FRACKRE BIRIZERE, AT I8/ T 5B F 3R IO Il R RRAIE

CNN ) IX Sep PS4 S AE 1 2 B F i AR I £, U I e 7R 240 3 v 4 2
P 0T R EE R A & EH BURHER IR I 6 . B E S HEE = b ZE 1
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B 24t SR KR b AR S HOE, 115 CNIN 72 KRS B B 4 L i is Bos
FHECHA R B 2 S SR TR, (RIS IS 7 S B KU . ek, CNNIE IR E 4
P RENS 5 2] B 2R I BB S, B IR SR B AR A e ), XA A B A R A B s
W EA RIFHZALRE T

FEEAL S, CNN A LLH T B 3k I 338 1) <5 Rk st 18] 5 210 20 o i) 2 2R,
I e — TR T8 JEE N E A 5 SR AR e AT 5% o 4 78 KR 25040 A0 SIS Ak 24 ) 5 5K
CNN (0 bR b 2 e ) 0 vy 1 B2 o (0 FL RSO PRAB IR a6 . 40, NN AT RAAATI
WA s SR IOCBRAAE , IR VB AE AR BT RS, AT AT 5 A B B Ak 7 A
JEEAT . Rk, CNNEEWHOT TR BN, AMIBEW S T+ Hds A B
TS e 8% 72 v R ) PROMORS SRR SIS HEAIAT R #5058 S

(2) fEAMLEM L (Recurrent Neural Network, &K RNND & i & 25 S]AY
FR)— ol ARl i FH T AR BE e 51 B s A B PP 51 0 Ao RNIN PRI O R A2 DX 245 TP A7 A
RIS, TX MR 45 )% AT DS A B AN\ i, BRI B AT DAE SR — D ERERAS
F T A7t AN AL PR 7 51 A )45 B o IX {75 RNN E AL H 7 51 AH ¢ o) i R B 2, s
AR SCRAERG BRI PLAEEESE.

RNN HJ ¥ SO B Al e i 8] 2 20 8 s P a5 B . 2R — N, P2 ]
SRR 2 AT AN ET — I () 20 B RROROIR A BEAT T, I 50 RE S A2 e 21 1 AN [R) E6 7
fEBAE B . T H WA T, SRS (BEENRZE) (ERTA I (A
RN XA S EOL LAY GE A8 AL PR R B P A L I BRIk
b TR ZHE . RNNGEF] DU BEA FHC IR T8, mT U™ AR A R FE
i P IX 1S RNN BEfE N T &M SRR DS, an 2k sl e K/ fan it (43l 4
TG B S K EEAH DL RS R 5t CBIaniLEs 803D« 33800 e 51 38080 i Ak
PRI RAERE S BRI RS PE L I TR) 3 2 B0 FROVR N B AR AR A A ACAZ S5 R

B RNN G ZA0 A, (BB P g — kbl EgadiZd, mTr
KK, RZERRESHE R A HERZHNE R (BER LN ARAIER A, XL
PSR AE DL ST RS HAMRASE I o I DR 1k 3 30 RNIN 1)1 308 5 5 22 5K A A 1)
BRI 9 e AT ] b 20042 I e A B e 2 Bt IR PR 7 IRATTE SRR Ry . T R S b
RNN HE 9% b B OBV, (HAESEBR N A A, ARy RNN g5 R AE 5 1E 25 =) 3
LEARHR AR

(3) KEHHICIZME (Long Short-Term Memory, fijFR LSTM) & —Ffffiks
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BRI A M 4% (RNND, B 1300 A T b dE RNN 72 A0 3 e 210 405 3 3]
IR ) R . FEAE S RNN H1,  EH 60 B2V 2R B0 ) R, ABE 2Rl D A 4 A 2
STI IA] P A1) o B OO R o LSTM i 51 NARF K 1 45 44 B 70-LSTM 70 A fif 1k
XA F]

B LSTM St & =ANT40: AT BT X450 v
LSTM B oA G Fr i, SEREERE B, M Boh g AL s K PR B
NIRRT E BR8P0 RS BNz 7, B th 1] % il A BT
RS B HH 15 B

FERALUIE, LSTM B )i S P A 3 sy BRAR O T B, FH T~ 20 B A0 000 <5
RIS 1) PP B HH o A A eh P R B B L S R I R B S AR AR
XL E LSTM fEACALH Y . LSTM W] U SR SR i . B T 28 5 55 < b st (] 57 271
Hh R TR R e SRR 2, 5 B A 0 B DT E il 5 52 S S A XU 7 B 7 T A 4
SEINHERA I LS . A, LSTM £EALFH K 8 Jy se 2500 i iy s R, A L AE PR AR 4
MR IC A A, Bets s BBt 3R Ak o K B T S 4

(4) HERAFANZ ML (Dense Feedforward Neural Network), ik A £ JZ /8
H14% (Multilayer Perceptron, MLP ), & 4 & 2% 3] A3 i —Fh SR Ak 5™ 72 A FH 09 X 2%
Gikg. XA RS AR O RO HEIRE K, BFRAE. — DA FREE,
U= B ER2MMEA i, e uilid mMBGERKE BN —E%
BRI, MRAEAT R SR RS, RIS BAE—AJ7 H) B,

HERAT B A P 2 AR MR BOE R, B RO S AN AU B s i AR LR
PER R o IR BT oK H50A0 O 28 AN R A% b 2 ] A R 2P i) i, 3B fe 5 o) 2R IR 2k
PR 2 R RBRTRZ BB T A 45 3K 0 28 B 4% 272 ) H0HE () J2 URACRRAGE , DT 76 B %
JE R SRR A . BEAE S EE N, N2 BEAE MR a6 A\ P e BCSE N4 A
ARIHFAE .

BRI L Mg kg e, HAHAmAKDIRE, XEEBFTHEZE
SRR ER T Z S8 XESH (BRENEARZE) 115 W25 BA & R R
PERE N, eSS T & A [F SR Y i B 4 AT 55 o AESEBR N F b, AR RE € 1]
RS, ATCLA BN 2 R 280 MR (R MMETTiED.

SR, AR R BAR  I  HAFAE — ook fl . R EEN R ENES KAETUE
R e AE S BRI ZR B FE A BR G BT o eah, BRI 28 1 Il Zrid 72
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i AR ERESEORE, W BN RS BRI a o liESs, R
WZRIFE A] BEARMG R AR ANFERS o IE4, WIZRIXHFE ) 2838 B 75 2R R B AT 5
e/

AT 2 W2 ARV 2 SURARAT T2 N, B ARG 1RSI BR
EEAHE ., SRS, XN, W2 AN SRR T SR R, T
BEATA R TN B 28 RVE AR SERFEES5 £, BB a7 5 Bt Ab B, o
S AT 22 0 2 1] e AN 0 oA B L [T AR B 22 IR TR (s AR 42 o) 4% B AT A Ao
ML) HRG (B —BERER, eVRE —FIEE A ER TR 2Rk
Yo, RGN R D A5 A AR . RO T M LR AR AL P R
IRETT, BN TIRBESA SINT VRIS R ) E A A
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FETFHL 2% 5 SRR T 1 L A T = Ak #5005 SR
£ 3E FTAE

3.1 MIERIEREEAS
3.1.1 B dE gk A

FIGE T 5 S BOEE T-0P 0 300 FR B 80 i i . 48T ST R E RN S5 Hm]
BT IR T PR XURSE , SX R SR N 7E P HEBR AV BRI e i 22 s [RI38, W T & RbAT
b B S — Re AR AR T S R S AT AR, SO BT R T DR 4k, B REE
BT A AN TE ETRIAERT e 2K IPO I s BT H BN RS B B8N, B AR TR
W o

AT 5 BT FH B BT R A6 HHE 35035 B [RIFR DI iFinD 4 Mo iR %% . i iz g,
ASREUBE S0 s A8 G Bt , WHAE S, B &8 PN i TR
AR AR B AR G BRI, BN EEE . sAh, RN i 4t Bl
AFVRATHI SR S, BIEERAER.
3.1.2 T S

AR 2011-01-01 2 2022-12-31 I [B] B T8 300 117 377 1 BRI B0 9 DA S B2
a5 A . 2020-09-01 2 2022-12-31 B[R] B (B 4m 7 ol ik, A s A0 A% 18 0
W& AT (1IN 234 o REEE I BV IR 300 FRBONFEAR 8], ARHEHIEAT o> 28, 43 ik
WTETRed. FEMEL, FEWR. EEEAR, BA T, @ERS S0
133 HEE.

B 20234 6 H 21 H, ¥R 300 F 85 300 RIEE, Hor AHT -+ R
U 3-1 Fros:

6.00% —>-74%

5.00%

4.00%
3.12%

2.66%

3.00%
2.16%
1.75%
% 1.51% o,
1.28% 1.21% 1.14% 1.09%
1.00% I I I I I I
0.00%
BN & T P T IR RAT TR SEMMEE HOIE ST KL B2

B 3-1 PE 300 +TARERZ
FKAER R iR
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3.2 &% [FFix Y

BEARTH PR (e BORBR AR g 57 5 BTl A WV 25 4 B BAR OG, BT AR
FHARIE T A MM 5 . WS RER —K Eli o n FRIEHHE B85
B, T S EAE, v LA BRI RS BRI AR A4 B
AT DAAH B TR A AR B R R

W FRFAEBA > H: MERER T RAERMFNER. X =K R A
H—F B AR B E MM SR, H, BP0 aiR R X =5kRR M E
ZH . WHIRE RS 5 3H B OARRE A XCE R EMIER R, B
ga Rt T — K LA R FIEE RN SR

AR SCARAE & SOk TP 75 LA, T TR T R AR s e R R 4 AR 2 R,
FHAEYE Green etal. (2017), Bl I 52 SCHRI%E 1 7 5 o ) g 55 i 3 B {6l P A0 36 i
Z 1) 38 N a R AR AT RN T, ARG LR N REIRhREAT 70 28 5
BRT. shERT. MERF. ZKETF. BREF. BERsIE 7N RS, 7#
BB X SR S A [F AR VA RS, e Bt SR AT ) SR SR A
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