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Pl S R A XS R BT T
—UEFE Al T f5)

= B TR MEEH FAEa

HE: BRI RLELIERRARL T bk, s RUEEZZNETE T4, @il
Pl AR D R AW IPER T B EIRAE R LG TE T X AAERZ b
A, AR AR — P B R B E P 2015—2021 F 8889 K A B A ih 4> Ik 4
B, EATFAEMBE A FHG IS F, FIEE T 7 b bk o 16 B AT A4 5 7R 78 4 b 30 1 69 % o
B HEAERALHE . BRI, = kg @ A A E XA B RIE BRI,
2 —F AR EHAR G ERIRAR L. MR SPATE, BRELFEIRGRELETE
KT, HARENFHEEAKFRI; ARG A FATe9 I FifiE st 7, FAIRZRBAE
B IR AT su fR LK AR I AR A B 69K A3 K AR 77, AR dR A
SRS EY, ERRAF LT ESEERELH I ERA S LM, L7k
AT A A AT 3%, F i@ AT RR A S L A R R, KA
A B IR IE A R BE A AR AT ) B A B AR I AOR R 4E, P DA ) R E AE
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UTAER, AR AR FAATAUR - SR I K . BEIBRBUA MRS B 5 G im RF S o e,
% HAMBAHE R = S MBI 1 AR A = E R, FEE SRS 2T Bt
SERIRL T TR (B BAISKER, 2025) o 2025 3t ESBRENRR bR
ROV EEERIK] (2024—2035 45) ) $&H,  “hnp@izpisirimng ., RS, 286h R
g IR SegrRe rRp AR ERE ", CECREI ST R R L AE CBEE Ak
Z AT e G A /s 0 N0 | A o5 1: PR ) L 0 e e | A B D R R
SCRRAETD PR, 2023) o PARANAE AL R BB TR E A, POl
W “BEE” Mt (PSS, 2024) , REASNEE LR AR R RS . AR
R R VK AR K AR o SR, R BRI T B AR, R AEE AR . IR,
H R AMVEAS 550 RANEL. RIS BESARRM (Th L%, 2023) , [k, FolEEfETm
I RS e I A A Y R L g9 1 . AR AR R B N E B B0, RS
TR AN SRR N 2RI R AR RS PV R IRHE, X E 2 T
A AR A A RS R R . BN, 2018 FEAEMIERDE S B R G, 2019 Frp B A8 A7 A
B, BB ES DR T 27.5%. 21.6%HM 21.3%", (NAEBIET: 5H50E KT
BB Sk 6.81 123576 (Youetal., 2021) o JEMIEIE M JC T2 Hiy B2 A 3% 6 5
H AR N K B A8 O AT SEHL, L2 (1) P AN S AR I AE AR A7 A R 22 T 12k
FsE AN AS R Z B, i HLAE (8 22 8 RO3H 2 DA S CPI 2548 . AR A s P th B
WA, RRMEEERITHREG O, PR EEB S E8 R, N LAk
A= AR SR, 2R P E SR A A e AR P M D T () RGP RE AR - (R,
ASCCAAERE A, DAARIAE IR R ARl S, R e 5 s AR R R B AL I,
XX T AR P B R A A B B .

A M 70 1 3 A R S A I Y AN B IR S AT RE PR e, R DU SR B A o
i FELE s B HR R ER RS T , 75 XURS Ja PR P &2 S nT e 8 R R (M e 7T (ZEIREE, 2025),
BRI, Al RS Pk S RE T 2 T s A L FIPE R BB e bR . CAMIARM, FHEEEFHE
FEOW TEAE S g B A Bk AL . P A R R AR (BRAKZEANZE FLRG, 2022) , flleR
B R A 4B G B TR s g Raoe . (RN, 2022; Qietal,
2023) o PEARARVEIERT i SRR S AT Ui T SR A S AR RS, SR A
BRI 24K, RN N EPURE A SRR, B RN FE TR S AR

YW (b R R EHX] (2024—2035 4£) ) | https:/www.gov.cn/zhengee/202504/content_7017469.htm.
RIE (FEFHREESL (20200 ) FRENKETERE.
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TR REE, 2019) o R, PV R RS B Tk ol 8] 145 B = 5 ME,
SEIRANESAS S WAL, R BE N BE AR ML 2 32 AT R FF RIS 2 oA (B A ER e,
2015; BHSRAGFAAZE s 2017) 5 LEAMHIREEAFIR $& 4L RIE 1) BHIR AL 77, It
TEWRE S EIF, WS B 20 1 R R LA R AN PR A At e 1 il
[E AP E TR N FHR . A — 218, 2o @ ESWARIT R SRR Ok
GRE AR, 2023; Stevens and Teal, 2024; KEASE, 2025; REFHRIAR, 2025) , [F
I DY P P BE G 7] B 0 AV L R 7= i = B R o i DA S AR RIS S S i se . (B A
&, 2017; ANKHEE, 2021; sKEAFTEE, 2024) o 2KME, IWAEHAFEAT
SEHEMAE: B, PPN R B S N TN SRS A A 5 i FEAR A R, TG
eI TR S ST T AR A 5 8 A A TR A b AR ) 7 B ) A SRR T () SR IR
PEfAEAh e, BB, PRI VRS R R A FIPE R LS A BB, AR S
R ERE. =, PEERSBAHSANREEAT, PN ESREE, B
FUUNA R EEN B G T, 2 RSO S AE ML I RTHE, T aT ool =
W B S TE I A -

AT RERIIABROTRRAE LA N =AW 35—, TS S0k & 1 KP4
BRI FIAZ O Fe bR, NRFEEE R AR A DL AR AR A I FIPER AL T T A
A2, [N, FETHOSEGR, FEERSDUEDT, RRVRHMEA BT 7L LLZ 6 b
RES HEAMEARGA L, AT R R0 i@t 5oMmE M. ok, BET5
TE ST LA SRR FU P M FEDN 1) B A X AR AV MR 2T, SR N < JRURGE IR 4] 52 s
FAFESR A B BB e R R R T SRR . SR, 458 XS mhah IR P s
fE, WA= EHKE. SARGEEEAKT. BRREEEAE. Higm %KY
ANTT RS PR [ B S AT MM AR AL, s-kh A B FEAENLRIER ST ERA A .
F=, EREEGN PR S AR SER L, TP M BE n) 355 5 A A L ) M e
S, AR YE B SIS KRR BOA S B RS BRI LA 50 S R

= BRSO SRR

(=) Pl R ERS R W FIERIR D

POLBEMN ISR AR VAR EARI B 4 DL b 2 e i fR s ek, B
Ak B e HI A ER I 84T BUE B _E RIS 5 RARE 3750 o R SE L & 5F Hi) (M 4%,
2007) o BAAEFEPL ], EARE AL EE T DL BRI A E R, AR
VL AR A W AL R RS, Horh, AR R E B A B AL IA T,
WRZAR. WX T i R E I A TR A AR 1 3 TR 45 4
MRV BE B BTREE I AR BRI S N RS RSN
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N0 il ol I A0 41 = e 3 1 R N R 0 T | 4 ) S

S VR 7] B S PRI AR A B S S s st G B R (R OB B, DRIUE B ]
REAE UL oy B DR FFASRE LR E KT o EAZESE Lo, 7 BEN [ B & A A TR B Al
B 5 NI RS BE A7) EE T B (TGN, 2022) o —J51i, AR LA a8
APV EEA [ B A PR T O A A T R E I INE I RE T, STt R e EEKCT, [
ANV A2 A A, (BAHAE FIERR, 2015) o —J7H, PRI 55 Rete H
AR TR AN ST BT X B0 S5 KBS HEAT SR BB I BE 77, BETT R T A 5 TR A N o
AVE BRI WS 1)K (CERPRISE, 2022) o BbAh, Aididh 5556k, e 3R
R XS 3 A 2 [ M B 5 ) XU A 52 BE T o ARSI ek 8], A4 5 A S )
BHEFINTTAARE B MR L8R5 3 5, BEN I am O A P A B I RE /0, 4558
HXRARAIRE ST, PREEAMY BTGB AR R ey, tBREVS IR PP RIS, A
Ji%ke L, MLET R ER A, PRI A A AR TR AR ML RE U R A 7 i
TR 2 I FREAE DA S, IRl SRR E (1 SRR BCA LA SR R AR P By . A2
FRAEL Al S 17 2 8 S ATV AL A A T 1 L B R TR0 B8 s AMUBESRTHE R 27 (g
WRENEAE T 7B S IBRAT SR B ROE 1, i b BN il 2 IR B R, AR
T IRIE RO (XIESE, 2019) o FEWITRABERHOLT, b ar s frbs
KIAEAFZ T BIBENL, LA A7 LR A R B T AT (RIS, RS )4 5 TR At it
SN AT B A AL T S TR, Rt e I s . £% BRI
DOEAT S TR R A AR, St M BEN 17 B S R AL BES A2 KU T 52 N S At e
B YD R A 2 B A R ey, IR SRR LA, AR T A FIE .
BE, ASCHR BN W SR .

HI: AEIRGE L P B R S B TR T b k.

(Z) Pl sEY RS XS R Al MR E R AL

G BT CARIE B P B Sl izt e . PR S e k. SeBlfE
B FEIRIRT AN IR — AL, (ERLEHF TR I T A0 RAGE . Al Ay HA
JA B IR SR 55 ke BT FUR R [ A IR IR SR AT A e b L T I SR PR
YIRS A AT LIS, SN ER LR AR A € RSP . AR TR AN R “ i 587
JEYE, XA R . AR, BARHAMERE R E RN, BRI
A i AT RE R ECLMEIAZE . BRI, A FRIEM Hbnshl e 2 4, Jcr
FEIEHIA . BRI, AL BRI B S PR T A TR A R PR LA T B A 0
FRAE VAT VB N B EAT A 2 A IR, M A R 2 T PRI TR B A M 3 52 S8 0
AN A RESE o R IR R A I RFIRELER AL, BRI B IE RENS IS S v
A FRAE AR ) 2 G A BT AIEOR QBT BT, R T AE SRR 5 S XU
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SR HT AR RE JJ A IERE J7 . RIS, PP AR ) R A a3 v B o ol 7 BT TT 37
KT, ST AE RS bl 5 VK S AR g, dETAR A I E AR T

i, POV ) B Gl i PR AR R TR T A A XS R AR R B e AR PR EKE, A
FERT S A B B S I R SRR B, PR A MY AR JE PR v o 1) 2 e R R AN 52 o 2
55, S5 Ao RS RFRAEIBE 77, NI HR MBI . AR IR A2 — PP Bk 5 _E AN
A e AR R, AR IR R AR OB R AR PRI L . AR B PR DL R A T B S i
W7, —H#ANE RS, SAAREY #ORE ATk FEST, ARFREA
I AR A I AR A I S S RS, BRREAE T HTR T i B
NP OBERN A AE P AR SO — 5. i, ARG FRIE AL P AR A R TT RG]
NSEE M5 R SOIE. RAFIARM A=A & 2 S R R e g
NIE,  BES SN AR AE P2 4 RS R B B RN S st g (VS 405%, 20200 o (KEEVH
Sk 1] R R B B9k B 2 AR PR EE, A BT B 1k A AR SRR IR o B 1] e AR DA
FIVSET AR, FRARAR LA RS ph i B DGR . BRI, 2 A BK P22 b A
O\ IR B PR T AR R R B A B B SRR

B, PO A B Gl PR AR R SR A IR QT E B K, AR R R AL Y
BAEShaRL . S B2, FRESERORMIEAT R, B RGBS P4 S 0 m kA 5e
T AV AE AR IR e R AR BT A WA =B N B A & e T, AT HE AL )
Mo POVEEI RS, H B TR A EF RIS TS S, FRRE AL
AR R R PR RO, HESHPTEROR . AV R U A B T2 RFE ek
B CEFHMAE, 202D o EARMEEMTEE RN, PIEEARMAY 2 HOR PR R A
BT PR s R MRS AN R AR R, T Rl FR B RN B T 2 B AR UG Bh T Al A2 v )
IR A =TT 2, WA e e S AR b . BB E, UeEZ AT
A R HE R AR S SRR BRI, ANEII Z (A1 B 25 5 T e AR W [ 8, (RURE
SAIRG T, 2025) 5 MIIAE N SR P A SRR A2 8], PR B —FR3R
R R G| RN R, 38 i Al A s v () A2 = 1 S 1

=, PR R G E I PR AR SR A B SRR K, AR AR SR
B W A AR R E v e A e e it s 5T, IR S IE IR, B sl A
KRR R T, dEMER I . 52 7 B A R BT B K 3 2k
R RTRT 15 & Be 0 B E AL R, £ an B 8 BRKF 58 2RI Al AE b i (R
B HHANTIZAKN- 2B MR ERE S, [ S S B A A A ) A
b SR A R TSR i AIE , AT AE P2 b4 2 TR £ o 5 278 27K T (Henson and Reardon,
2005) o —J7MH, B NERR T AE PR RISRHELL, & SZ AN i e A R
fEtEs 7w, S B AL ERENTIE S RE W, eIz 50
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T h e IR AERF IR IR 98 RS, TSR T k.

S0, PP EEIN R B A ST AR IR AL B T i R KT, A TR R B
B TH AR AR R e Ja A AR M B B IR R 77, B9 ALl XSS i B A1
RE7T, BEMSETH AL, b dh 25T 988 B . TR IS I & kel
RPN o 7RI 0] B SR T AR Mbo0] 7 b B S iR R mT LRI R D, RE RS ARG
Al ot B2 A T (A RS, ol et B R 2 R P B AR FEAS AT T SEA R R RERE, XA
AT PV EEN [F) R (0 ik b T B R SR (RS, 2019) o BB IRIE
A A T 37 vt R SR R 0 A A R XU ool 1R85 348 B ol Pty — 5 (B3 RE U
UEFFARNSASE VA B AN, AR THBIE . ik, ASCHR 1 BT FR

H2: PR RSB I S s e A P K. BRI EKCE . &R R
KT TS RO, RIS TR AL I -

ST B3R AT, ASCRGVERRFRIANL R A S TR IEREE LS, Wk 1 PR,

Bl 1 Al N EE SRS RO IR I F
=. isigit

(=) HIEFKIR

A STAS FH I B AU T R R AR — AR B A Ak 38 2 (China Academy for Rural
Development-Qiyan China Agri-research Database, [&#% CCAD) . iX—#fEFEH It & T
A EM SRR, B TE LR, HIE WS THabe 5 1n B &S E8 1A
W ZE U, o H TSRS B A5 R 1 TR e ez — . AW stk 5 CCAD
Kt 12 A e e B AR MY M A 8 Sk A P ROV e 5 R AR RS L AIOUE A R A A
o ACE I LR R R T, RYE LB VE e AR IR A, 3R
FHEE A S 216621 ZARIRIEARME, Fodr 54026 FXARY RS I 55FE4k . A CE—20

-74 -



FRF MUY EEESEREHERIFNE

i e tH7E 2015—2017 £ 5 2018 —2021 “E M ANHr B 208 — IR 5 Eds i 4olk, 1521
8889 FKAMEFRIH AN 14196 MULMME . MBI F, BWHAFEAE S 1 4 ERRABIFEA
BENLX 2 ANALE R Z BB TATEIX, B2 R+ F 7= XER” FIRIE. FEART 2
SR A A A P PN R B R O I S ) AR S M X NP R X . Hod, TR s, R
A AR . = WA WA SHREIH ARG T SRR S ER 84%.
X X I DRI Ho ] AR 77 B ) B A = X, 2 AR i s Hh S s R FE A
X3k BRI S, FEAREDN LB R AR, XA XL, ety
Hh 2 B EE R S e i e S e E A SR L AR . MFTRAT RS, WEFTRE
AR A AL N B R G FHAT I K 9m 5 A ARl . o, 7651 AR 2%
SFONEREFFATI K5 N A3 BB, (5EFEART 86%; ki)~ nRibfE
ok, . MR AR L DL B E B .

(=) =1

1A RBRES, ARBFEAWINERA TR LE . DA SO P B B2
TR Z T, A2 R HARY IV 55 53 IR A B R 2 I E N A IR () 3= 248 hs (P
S, 2023; BB/NERSE, 2024) o filhn, BAGRERSE (2021) RN EETIIHRIAE R PIE
MEEFENES, AU B R E . 200% (2024) RA A &I
A FLESK F R R R R, RN 5 R R RS RN, Ul B Al K e )1
BR5E . ARBURIHR I (2025) MLLENL BRI G BUAE il R b i v 55 B4 FE F 8 A,
I R b SEBR BRI T R A LR, A SE B E R T, Ak
PERRGE . BEAh, A IR FOR U A Al 2 75 7R RS P B T34 BR & a5 B ) ke
(Stevens and Teal, 2024) . MR EFTFER A (Qietal, 2023) DL ERE™
FAY, (Jiang etal., 2023) A il B AV P FIFEHR o

TEAS S BEA SCHR G FE A b, A SIS T b A B R K T 2 AR 4 TR TR A IR O $E A5 o
BHART S, A SCUAARMRE IR s AR e A VAR 52 2 ek 1~ S50 R 7K~ R R R A A
WA . BT TR

X, —min_shock,

R = (1

" pre_shock —min_shock,

(D K R, AR ZAEMEIE T G G e, B 2018—2021 4F (1)1
KV X, AAREFEEAN Z AR S0 ¢ RELEAT, DA A R A AE
IR GRS E SR preshock /A AEFEFA A ZARNEIRI T AT 2015—2017 4
IR A, DA S e b 3T P A E K min_shock, RN A S8 IR A A
Wi SZ AR IR R JE 2018 —2021 PUSE R A AR i /ME . IR AL, 4R, =0 B, 4
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FEFRIEARMY A2 AR PR ol 5 ) S SE ST AME S AT, Iy 05 24 0<R, <1,
A TR MY S AR IR SO TR, (B AR 252 pidy AT P340, )
PERAG ZR, =11, A2 AFM R 5 S5 S0 D R B 52 ph i /i (1P 2701,
BA&—EREE: 2R, >1 I, ARIRHEAAEZ AR R a4 E S O b o
AT P20, PR . A SCERTAE S AE R S e bs, HI T 2ERE, JF
R 2T A A A BIVE Fa A T A AR 58

QAR T B . AR TR SR BEN A B S NA L R R . FF
AN KR Z A B AT, RPGFEIITENCLLB], 3 OB 55 B R W BE ]
AR, P, ACETAWTEECERRR “QEEH" SOK, KA KRR ULE T
IEPIWTREAS A2 11578 s P WBEASFRIPATY, Mt F g Ho 1 st ML BE N A B 5

AFEARAMV B VO B RO AR CRET CArsET . e b E R
BAST: FaAESCHER kL U SV R R AR PN T A ELAESCER R “ IRAE
“PEAFRT CEIE” CZIET . e AR ARG RGN ST AR “ RS %
A7 W A NF A ST, ARG AT BT IR, E
SANVZE R RN S o FEMERRE B, ASCRAASE TR Ak A% Ok 55 AT R0
FEAR AL B W SV E S S AR FRIEIA T, PR A A ST ARG L BE 2
R AR BN S VLB AR TR T A, e R A I AR A R
A R SE AR AR AS TR 1 — AN ERE AR, PG 2 b R - I B A B
BE—P I, EREARAAZ ML SS A BT AR A I AR A AR, WAl
PR R R RS AR AZ OS5 A N A T AR R S . R REA, i
b L EE R A R A

3AHE T E o IR RN, AR SC AR PR i o ol 5 A2 T (A SR HR AR AR 9 25 L
HARMNABEALR. BANE, Pl aefrf R GESEE & e f g 85K
P H g e A R R VR RS fE M 5 OB S ROGIE. RIFIARM NG ME S
B Z e EARRNUE; LN FRFA SR T AR & L SOR QU & BT, 3R
BRBE LR KERE SR, Dl adREEREfmELamiE
EHEKT, R R REVERFEA L SES S0 Gl e Ul it AL
1B T W R BT

48 LT ASCER AT LBH. B nier 5 58 & MR R R, X
AR A A — R HIRE ORBOMAHRIG, 2025) o Horr, B AU E SR04,
A B AV SRS IR . B BEVAUE H R Al SRR S IRy, S TR MRS BE
PR LAY A B A B B FETHEL, SR g TR AL, T DA e R Al
RIETEOLIITEbR . B R LA E N S5 B A LETHSE, ) DU R Ak 58 7is
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ERCR, AL 278 A E) A Bt PR BN B ) R G, m) DA 2 ) 6 W 7 1)
T 5 B ORI AR

SEFRHEE. ACKHFETHIR LA ANE Z 5 (PSM-DID) 77256 FE vk [A] 9 45 1
e SEVEREE— 0 AR TR S . EICRC VS Rk b, A XSH DA AL G SR
BE, EEER. FEMTEE. A LRI BLE AT AR & .

F AR B SCRI RS- g Bk 1 s,

1 FETSHENRIBR ST AR
A E A B e E X B i 22
i Fle BB AL R S A P S AR A 0.618 1.359
R ARG A 5 R ) P SR 0.600 1219
RO R | RS AR RGNS £=1, F=0 0.097 0.295
ZRETFEEKFE VA2 EEAEREE (D) 0.001 0.019
p— HARGIHE AT R HEAR LR EE D) 0.094 1.572
FERAEEHKTE R TR REIMEREE (D 0.002 0.045
T mEEEAKE ST ENEE (D 0.005 0.072
B A AL FE = BE (o) 316.665 1198.316
i AR B R Ab s AT/ S B 0.148 0.305
B R BN/ BB 0.625 0.803
VAR AR (D 5393 3.620
M4 AFEM B S (o) 163.566 398.627
VT Fc 35 ‘
Bfoe it AT A A S =1, %5=0 0.268 0.443
AV A REHARAREF: £=1, &H=0 0.016 0.127

VE: BRI LR, B 5 5 LS I RS AT 1% AT . @Al = e o, 7EJ5 4R
S WA AR . @RS, A B B S A 37 58 LK B ol 75 SR MU B 6 A AT 52 43 P
M HE L (R EARZ ) Ml E R AT 1.

(=) $FIEEX

B2 X T 2015 —2021 AR EL = M BEI 7] B 5 1 Ak 5 98 R B A O ) 35 4
M CBAURTERR “PIRAE” D 52 ARSI b o 0 5 A R AT . AT Rk
FEXIRNEASE, BEARYE (1D XoHE, BN E . REELas R, fEARMEE R K
AU 2015—2017 4, PSSl 2 [ AR R K Z R RN . 2018 FFAREINIIE B K 5,
EREARMREAFI R R, BAERRMLE IR RIEEZR, XRFIEMEE NS
ATV FEARF= A T 5o o CESNP 00 v i S5 1 2018 —2021 4F, AEXEFR 5 Mk A 7K T8
AT, TP [ R A AV A R R R AR R KT s T R B 1
ARV . PRZRANY AR R KT A H 2R B, = AR m) R 5 Al A 52 21 XU o
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oy RO PR AN KT 2 TR AE 5 IR R IG &R o ARFE (1) 20 bR 2
3o FHAEER SR B P BE [ B SR T Ak g s

2 RETUHEMEEA Sl SRR A 1 AR Gl R A AT
(M) RE T
NS R A A TR B AV R G ML BRI R B 536 SR RS2, AR SCR AT [
FERNAE AT A 0, BB GTE

R, =aZ xT +a,Con, +v,+c, +¢, (2)

(2) s R, Al 2 AR IR i e Ja -0 ¢ (R Z oA TR Ak 2
BERBGH BN AR o A TRIE AR AR 75 R I R 38 51X A I e Ak e oT
BN O, DAl ALy — R ASBEIS [ AR A AR YE. 255 Lietal. (2016) FISEIE
Beih, AR G NI EH&EINT, T = SERRE0r k25 2017, AZIH i 2R A 1Y)
N TR) A . A SCE I AIE T BEN A1 B & RE AU R S I AN B IR A B, IR R
PP B ) B 5 (8 A VAR T AR SR B MV SR 1) 38 A VAR B2 AR R o e IR R
HIZS . HAZEINZ, < T R 8 a, TP BRI RS X b WIE R BARRE 0T . Con, Jy4i
M JZ T RE I IR IR 22 R, o, NS Con, WIIBIVAREL, W5 f2 il A2 B xt il
PIVERILBREEN . v, AR E SR, ¢ NI TAIE E RN, &, BRI

PO, SEIELER

(—) HEMYILE
ASCIFEHE RIAZE R UNGE 2 P, b BEIN R B S0 R0 IR AE A lb (A B2 A 1 5
FANE LSRR B B2 B I e, HLP VBRI o) B S AN S ATIE B R s KT
X HAG AR IPERI R, Bk HI k. ASCHIRTFILE RS Qietal. (2023) S5SHIERT T
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SEIR AL, RIS MP STt Y FE N [r) S0 HAE e FHA B2 BIRRRAE A o 1 Stevens and
Teal (2024) HIWFFLEEIE I AANINR Z oA PR fm g, Ak i m) 22 otk )
XA IE R, XSRS ERAAEA BN @bt — Pt tr, &I
Tk TR A5 AN — B SR R 22 B P e X B 5 P A B s RIS AR A EAN A
Stevens and Teal (2024) KB 5T 2768 b G b 0 5t N B 2E3EE 4 MY 872 KiBAK
A, AR ER RIS A AT, U E S Al A XS o 7 48 56 P B 5 B g i ik
YRR ANV I FE FE AR, 1A SR AR T W TR AR R o T b B 8889 ZX A& FRFH AV 1Y
P, A E2 CCAD i B i) —FH0ds, AT AN 2 A5 A 55 Gk e i Tk 52 21 XU
Pt AT AR R FE A b B

*2 PN S e AR D AL MR A B E R FLER
- WifmRe A E . FE SN WifdRe A E: SRR
Ei 2 bt M bt
PR A 0.116™* 0.036 0.104™ 0.031
BEPE R 0.294"" 0.030 0.258"" 0.026
B R -0.286"" 0.094 -0.256™ 0.080
B R 0.489" 0.041 0.407"*" 0.034
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Impact of Vertical Supply Chain Integration on the Resilience of
Agriculture-related Enterprises: Taking the Pig Industry as an Example

JI Chen'? XU Zilong'? FU Jiemin®> ZHOU Jichong'*?
(1. School of Public Affairs, Zhejiang University;
2. China Academy for Rural Development, Zhejiang University;
3. Hangzhou United Bank)

Summary: Enhancing the resilience of agriculture-related enterprises is an important foundation for enhancing the resilience of the
agricultural industry and building up China’s strength in agriculture. Improving the resilience of agriculture-related enterprises through vertical
supply chain integration represents an important organizational strategy for enhancing agricultural resilience. Taking the pig industry as an
example, the African swine fever (ASF) shock, a major external shock that severely disrupted production and pig market stability, provided a
quasi-natural experiment to examine how pig enterprises respond to extreme disruptions through organizational adaptation, thereby offering
valuable insights for resilience theory. Therefore, this study employs data from 8889 pig production enterprises from 2015 to 2021 obtained
from the China Academy for Rural Development-Qiyan China Agri-research Database (CCAD) to investigate how vertical supply chain
integration affects the resilience of pig production enterprises and explores the underlying mechanisms.

The empirical results show that firms adopting vertical supply chain integration exhibit stronger resilience after the shock.
These results remain valid after a series of robustness tests. Mechanism analysis indicates that vertical supply chain integration
enhances firm resilience through four channels. Before the shock, it strengthens firms’ capacity to resist and adjust to risks by
improving safe production management and technological innovation management, thereby enabling them to better withstand
initial disruptions. After the shock, it facilitates recovery and growth by improving food quality management and market brand
development, which helps firms regain market share and build long-term consumer trust. These mechanisms jointly enhance firms’
resilience. Together, they form a coherent system that spans pre-shock prevention and post-shock adaptation. This highlights the
multifaceted role of vertical supply chain integration in enhancing resilience. Heterogeneity analysis reveals that both forward and
backward vertical supply chain integration taken by pig production enterprises significantly improve firm resilience, while the
effect of forward integration is stronger, likely due to its direct access to downstream markets and consumer feedback. Additionally,
vertical supply chain integration of pig production enterprises improves resilience across firms of different sizes. Large-scale
enterprises benefit more from forward integration, whereas small and medium-sized pig production enterprises achieve greater
resilience gains through backward integration, as it secures a stable input supply and reduces upstream uncertainty.

Policymakers can further support and encourage pig production enterprises to choose suitable models of vertical supply chain
integration based on their endowments and stage of development, aiming to cope with the impact of the risks. They should support
and encourage these enterprises to enhance corporate resilience through vertical supply chain integration, for instance, by
providing targeted subsidies and technical guidance, and facilitating stable partnerships along the supply chain. Such measures can
help firms better match integration models with their operational realities and long-term development goals, thereby maximizing
the resilience-enhancing effects of vertical supply chain integration.

Keywords: Vertical Supply Chain Integration; Firm Resilience; Pig Industry; Risk Shock
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