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Research on the drving mechanism of adoption decision and
income effect of crop—livestock integration for pig farmers

CAO Jing, XU Jiapeng, YAN Zhenyu", CAO Huimin, WANG Fangfang

(College of Economics and Management, Northwest Agriculture and Forestry University, Yangling 712100, China)

Abstract To investigate the decision-making mechanism of farmers’ crop-livestock integration(CLI) behaviors
and enhance their motivation of CLI, based on field surveys of 316 pig farmers in Shaanxi Province, this study
employs a Triple-Hurdle model to empirically examine the factors influencing farmers’ adoption decisions
regarding CLI and evaluates the income effects of this model. The results show that: 1) 90. 5% of farmers are
willing to adopt CLI, but the actual adoption rate are 40. 8%, with an average integration degree of 0. 236.
2) Farmers’ CLI adoption decisions are jointly influenced by economic expectations and environmental
regulations. Economic expectations significantly promote adoption decisions, but the interaction effects between
different types of environmental regulations and economic expectations on adoption decisions vary. 3) The CLI
model has a significant effect on increasing the income of pig farmers. Counterfactual analysis shows that for
farmers who actually adopted CLI, assuming they do not adopt it, their average income would decrease by
4.5%. Conversely, their average income would increase by 6.8%. This study provides theoretical underpinnings
for overcoming the dilemma of farmer adoption of CLI and optimizing policies for agricultural green development.
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Fig. 1 Theoretical analysis framework of pig farmers’ decision-making and income effect of crop-livestock integration
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KW AR B R ARE . N T R
Triple-Hurdle #5& 84 i) 0] U510 P4 | AR BF 52 45 XU fi 4
PO B HE R P R A2 B Ao AR B P R AR
CPE 51 AR 280 B 0 AU D 7 ) 58 2 45 ik (55
3y A3 | PRI ] A 2 9 245 6 5K g I 55 AR B0 D L A 7

MEE R GRI 2 5 GBI 2™ N &
PR R 53R T A . 3 3 A8 B Y E ORI AR

3 ERG5SMH
3.1 @FHH REAFNNFEAMEESRN
R R B 500

A 5% 38 1 44 7 Triple-Hurdle #5559 > 43 #1 48
U T 55 B0 555 R X5 5% 58 b 3R 4 A R 2R g T
iU A I I 2RV N R 0B~ S ]
(R4 BRI AT WS = 2R 58 M 19 52 5.
TRy R 4 LAY 2, DLIR AR I v i A T BL A
76 1F 2 B H 43 A i, X AR & AT T 2 LR
o SR ER, A ZRENT ZBKKE T (VIF)Y
IR T 10106 FH (e KA 1. 47, R 1. 2D, &
W A% ik (] AN A7 A 22 S IR ER PR IR R e Ak, IXURS: f 4

K2 AFMBNEXSWE

Table 2 Definitions and assignments of economic expectations

LI E XL AR TR A ¥ 1H i e 22

Item Definition Variable assignment Mean SD
Tilt % 45 5 B8 U 3 TR B T 4R

EE1 3.035 1.239
w AR AN A
i 3% 2 A BT T AL IS 5 R A Il

EEz oo TR : SEARWA—1 FAMRE—2;—fW=3; 2277 0.929

I o HERRE=4 R =S
FE3 if,nnﬁfﬁiaﬁﬂitﬁﬁﬂﬁ,kmﬁﬂ 1 821 0. 744
EE4 Bl R 45 A 8 A e A 1.973 0. 805
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Table 3 Variable definitions and descriptive statistics

AR i TE XA A R[N b i 22
Variable Definition and assignment Mean SD
Fe 7% JE Adoption willingness WEE RN AL G B=1;5F=0 0.905 0.294

=]

2

2

K Y417 A Adoption behavior

N

T e 45 & T2

S 75 [ R B A 2 AE R O IR R T 52 R R B
7 E=1;/=0
FE B RIE= 0.5+ F & 2% 3 1 IC R L 6D

0.408 0.492

0.236 0.316

Crop-livestock integration” integration degree 0. 5* (il kL H 45 H 1))

2 35 Wi (EE) Economic expectations

EE1-EE4 () 34 {8

2.277 0.916

IR ISR P TR R R R VN

5] 5 MR C(GER)

Guiding environmental regulation

BB =5

4 il 780 PR 85 R ] CTERD

Incentive environmental regulation 9 (I8)

AK=1; AN K E=2; — =3 LM E=4;4E% 3.132 0.881

THEZANBNA LM RSS2

315.19 88.07

24 3t BN ZEOR X B 8 15 Y HE RS AR A ) 5 A A i

29 B R S5 ML CCERD
Constraining environmental regulation

ATER AL HL S8 AR =1 N KRB =2; — k= 3.29 1.317
3 R R =4 58 &% Rl =5

5 Gender FEMEN =0 H=1 0.899 0.302
A Age AR 50.848  10.195
% ¥ E FLJE Education FEZHFHFIR 9.231 3.078
AR it 425 B Risk preference PR IR =15 KB o Sr =25 KBS 4 =3 2.158 0.898
F% 54 242 % Breeding experience DA A 0 7 5 AR R 8.526 12. 819

XF G JE 28 PR 00 T T s AR R =1 M X LR =25

FBE 2 PR Family ”s financial situation

3.304 1.626

— =3 A X B =4 W =5

R A TR R R MR 2 dEE D =1 M 5
=2 — =3 XK L=4;4E % £ =5

[A] Iz 15 (8] Leisure time

57 8l J1 %= Laborers

3.358 1. 446

b A 7= 1) 55 B 1 B 3.18 1.298

R 0 3 AR =15 R =2

#1242 W 2% Social network

3.025 1.267

— i =3; ¥ =4 W E =5

e FE B3 Pig- raising patterns By=1m=2; 0% =3 1.82 0.93
A VEHE B B Cooperative membership ==1;%=0 0.424 0.495

5 58 LB Production scale
Bk 1 B Arable land hm?
Al A Agricultural income

2021 AFAFE R A g RS L Sk

573.149  1426.4
0.411 0.554

FiHE b 5 57 W A WA CHUR 550 4.087 1.715

FE 1% KT I 53 O E 38 A 1R R HE B R ] AR
o A B0 RE AR BE B R 1 W] BB, 7 Probit M1 13
o T OR R T LE R AIMR) |, 3 AR Sy 4tk A
AT RO B I 4387 o 25 R B IMR (1 [ )9
ZHN0.587(P=0. 13D, K548 JF AR % , S A
TEAEREAR BB MR % . [RIAS, Probit [l 9 89 LR £ J7
5 % A1 Double Hurdle £ %4 i) Wald -k J7 & % ¥ ¢
1% 7K b S 3 IE B AR 1% 3% (AR 40 A 2R R 4o

Y 2 4 B 1 n] i, 22 B U I SE A e T SR E
R TP TR 2 SR N TSR R SR A A R RE T AH XS
FEEE G RMAT TR AN 3 . AT RECRW] 3R
BH P 2255 UK BB TE 1A BT, HEoR 0 R S 1Y
FHXTHE SR IG N2 0. 587 A~ FLAL , Fh SR 45 5 ) e B2 A TR
2y 0. 5934~ FuLfy o ZERRM, WU 248 5 i A
JEFRIE P 5 RO IR L S AZ AU SR o AR, I
JE B AT T B R UL A7 AT AR AR 4B T TR 4L

T A Y 2 A5 A 7 AE AR T 455 i 158 ) RUIRE , IMIR S S 25 TR, ok B (S0 19T TMIR B9 A 36 45 2, SR TR 75 A R [T T 25 2
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b F5 45 5 B R TE A 45, G2 1 R BE A B R
JE M E T RN L 5 LU, X R IR 45 A AU
7 5% ) A8 B ORI AR T 9% 5 7 B9 5 24 38
AFEARRIIIME, R4 20, 5] F B A BT
B 1 9 Y 22 T U X SR B R 98 D A B Y
M, A B H T 24 3R GE 0 AR 25 5 R B TR
A7 BEI , 3 2837 18 A 2 0 25 4 v LR A 25 TR
FEAS , DT [ AR HE R 24 B

AR TR, P 2 B B ML e gt T
IR S RN N MR GRIET. MET
Loolb AR A B R 5 SR B, B R 4 A I R 2B N 2
PRER AN IR A AL T RAR 25 H T BUR AR Il
M TR 3B HE ICAS PR TR B R AT
PR A AR . R, R AR 2R 2 U S
U4 Jh 7L A g B Y 5 R Rh IR 45 G R T AR
IRGLS 2P U INE (RS ¥ IR RO E
JEE T U U 4 A TE Sl L A R RO i
SR ANAT Sy ISR T A 2 1) 38 SR BT A O

TE A ARERY 1 vh, 29 RS ML) B2 7 5% B P B ol
FEAE AL o Y EUN KA HL LR 1 & g8 b

x4 ZFTH FRERFTHFLESRPRKEZI
Table 4 The impact of economic expectations and environmental regulations on crop-livestock integration adoption decisions
B i 2
Model 1 Model 2
ARk — — - o
Varinhle RN RAN MREARE  RMEE  RMGN  RREARE
Adoption Adoption Crop-livestock Adoption Adoption Crop-livestock
willingness behavior integration degree willingness behavior  integration degree
B 0. 587 0.236 0. 593k 0. 940*x*:* 0.285 0. 596
(0.227) (0. 150 (0.057) (0.282) (0. 245 (0.100)
IER —0.002 0. 010 0. 004#*:* —0.003 0. 01 1k 0. 007
(0.002) (0.002) (0.00D) (0.003) (0.002) (0.00D)
i 0.092 1. 157 0. 225%* —0. 341 1. 1455k 0.156
GER
(0.147) (0.172) (0.085 (0.208) (0.189) (0.086)
CER 0.168 0.027 0. 238k 0.297 0.015 0.116%
(0.125 (0.106) (0.048) (0.15D) (0. 110 (0.049
— — — 0. 000 0.002 —0.002%x*
EE*IER
— — — (0. 004> (0.003) (0.001)
— — — — 0. 807 0.010 0.086
EE*GER
— — — (0.226) (0.259 (0.096)
— — — 0.321 0. 398 0. 201 #*x*
EE*CER
— — — (0.187) (0.119 (0.04D
o3 2| R
P B B B B B B
Control variable
—14.265*
— 7. T76%xx —13. 762%*% —2.181*x — 7. 290%xx* —2.507*x
i BT Constant o
(2.092) (1.757) 0.779 (2.180) (1.952) (0. 865)
Log likelihood —46. 582 —185.053 —38.517318 —165. 275
Wald chi2 — 485. 216%xx — 497. 031 %*x*
LR chi2 105, 17#xx — 121. 30%xx —
TE % el o3 R TE 1096 5% AN 126 B/KF B35 365 0o RECY AR IR . T,

Note: *, **_ and *** indicate significance at the 10% , 5% and 1% levels, respectively. Standard errors are in parentheses. The same below.



190 0 LN ES I Y NS S 4

2026 4F 55 31 %

A 24 MR TIE 18 2o 45 A sl o) S8 ™ A% 114 2% i R AR
Y LA PR AP PR S5 I, 57 G T I ALk 53 7 A 54453 2% R XL
B A WA ok B A = S0 B . R AT 2
22 T ) 58 HL TN T IR 45 G R ANAT O TR B R
455 R TR S B OE R 5 3 L A A it
5 22 P WU 2 0] 4776 5035 1 DR IR 20 , 48 7 1 A4
BL i Aey BB 4 3 5 WU AR ™ AR Y L g 7 3L T
YRR, BipIR] 5 A T 37 B8 Y SR 94 52 % o
Pt A2 B 5 T, SR AN A S B, R SR AR PRI RIS
) kk 2 [ 2% 55 3 ) Bk IR e 22 g (e o 1 3R E P
P IR S A R O R (B 5 FRFE P W R E 2 5PIR DL
TR BT RS S HE Y, 7 IEE S N iR
TH 2T 3, 6 7 il 7 5 T 4 U B O R AT
DL R (RN I . B BRI R4 SRR 57 8h
AR FE AL Y PRI 8] A5 30 T e 1k 1 IR B R
MEE . FENIRHE A B TR R R4S &
XU B VA, AT T R 8 I . R ik At 2 4
2R BEA R AR B 5 BORIRBOURA 0 R0
AR . HREZTERDL S RN R A OG, 3%

HH 5% B 20 U5 IR D0 A8 B 1) 35 P %o ARl AT ) 4K o 32
A, I A 79y HL o A I 99 55

KANAT N B B, A VR AL B By A 3R A5 2R
2 0 2 X6 35 5E P R SR 85 A SR ANAT AT R )
G AEAE g i AR AL R $8 R (5 B 5
R AR TR R IRES S A M . Fh IR AS
A B BTG A A R B Y AR A I R AR R L TS
LN =BTy Wk N R SR U R e
o #h 2 0045 0 i B IG5 b 3R 4 G B A DG 1 L
ARG HE T F2FH P RNATH . IR G RE B,
I GH RS R A VA 5L B 0y T4 W 52 e i 7 2 A AR
B Bl SRR YR B R R 2 S R Y AR
A A Bl Z B0 AEHE T R R 25 G R ) oK B
B CEE . SRR G B 0y X Fh SR 45 & R 1Y
TH R g B] BB VA PR R U R IS L A MR AR R
B G UK A [ Rk T B 4 A SK R A e sk LA e /b
A4 T RRAIG T R RS S
3.2 RENERE

e 5 o R AR PR e (SR 3D IS N 4R AR =

R5 REHKRE

Table 5 Robustness tests

BRI 3 FER 4
o Model 3 Model 4

A — — — —

Variable Y B F AT N Fh R4 & P E 9 2 F AT N Fh R4 4 FEE
Adoption Adoption Crop-livestock Adoption Adoption Crop-livestock
willingness behavior integration degree willingness behavior integration degree

EE 1.165%* 0. 245 0. 592%xx 0. 586* 0. 260 0. 550

(0.453) (0.152) (0.057) (0.228) (0.153) (0. 056)

IER —0.003 0. 010 0. 004 —0.002 0. 010%* 0. 004

(0.004) (0. 002> (0.001) (0.002) (0.002) (0.001)
GER 0. 140 1. 1455k 0. 224** 0.091 1. 1465 0. 216%*

(0.266) (0.173) (0.085) (0.147) (0.173) (0.081)
CER 0. 286 0.024 0. 238%*xx 0.169 0.024 0. 254

€0.231) (0.106) (0.048) (0.125) (0.107) (0.046)

B i 17 B - o - 0. 001 —0.014 0. 020%*

Arable land (0.021) (0.015) (0.006)

o3 | AR B

#‘;%JXE . & 42 il B 45 il & 42 il EESEl 2 42 il & 45 il

Control variable

—14.295%*x  —13. 889xxx —2.076% — 7. T79%xx —13. 986%* —2.108%*x

B B Constant

WHOR Constant 4 gg6) (1.784) (0.831) (2.093) (1.814) (0.797)

Log ikelihood —46.521 —184.915 —46.579 —179. 487

Wald chi2 — 485. 576%xx* — 531. 072

LR chi2 105. 29 — 105. 17#xx —
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CBEAY 4D F T A 55 3R A BEAY 1 v JEof [ 19 25 SR i 2
M. BT RAMBIEARPIT KA E A,
Logit Fll Probit B BRI b il 7 o PR 4h & & 0 5
L 2Z IH] () % 20 5, B )iz Al Y J2 Tobit B4, 4
I, A 3C 4 A Logit, Probit fl Tobit £ A ¢
Triple-Hurdle f& %Y , HUK , F2F8 7 () Fp 5= 45 B R 0
P S AT AR PR b T AR R /N S AR S A T
B b TR O R Y P M A 1)
HRAPEI T 55 R EEAR — 0, WAk T AR A

R Rk
3.3 BREMESH

PR M B ] 2 52 ) A 3 45 A SR 40 e 3R 1Y o 2 I
o 3% 6 TPARE FRIE ;PR B S R SA{E  AEAS 43Sy TR
M i i) 75 2 2H 0 PR R B ) AN A2 28, 4 A 28 0% 4
I 5% R0 6 75 5 P R 45 G R 40 U SR TN B R i)
SR . 3E 6T LG ER 6 R AU 5 TR AL 6 1Y [a] 5 25
A, e B2 T P03 0 A 5 A0 T T R B s TR] A 2 R
BB SR G e S B Y R

&6 RIREERRRES R

Table 6 Heterogeneity analysis of leisure time

FEAL 5 CP R ) 5 2 20D

Model 5 (Sufficient leisure time)

HER 6 C R B 1] S 2 41

Model 6 CInsufficient leisure time)

45 g
Variable RMERE  RWETH MRESRE R B RWFT N RS R
Adoption Adoption Crop-livestock Adoption Adoption Crop-livestock
willingness behavior  integration degree willingness behavior  integration degree
EE 0.262 0.033 0. 598 0.783 0.435 0. 695%**
(0.367) (0. 306> (0.068) (0.494> (0.295) (0.110)
ER 0 0.011** 0. 005%*%* —0.004 0. 016%*%* 0. 004
(0.004> (0.005) (0.001) (0.005) (0.004) (0.003)
GER 0.484 2. 31 1wk 0. 240%x* 0. 094 0. 955k 0.233
(0.284) (0.568) (0.109) (0.285) (0.256) (0. 134>
CER 0.365 —0.354 0. 258k 0.12 0.263 0. 203
(0.217) (0.259) (0.063) (0.259) (0.195) (0.076)
WA ow# oww £ # & # £ # & 4
i HR —11. 115%* 20, 118%*x* —4. 307k —7.580 12. 659 —1.265
Constant (3.916) (4.907) (0.966) (6.932) (3.473) (1.426)
Logl ikelihood —19.836 —69.601 —15.321 —89.273
Wald chi2 — 370. 085%** — 226. 33635
LRchi2 70. 15%%x* — 55. 67k —

3.4 FFELEEX BN

T TIRIR T FRIH P X R IR 25 AR Gl P S A
SRR A RS (B ST A A R o D AR A8 AT T A
TSR Fe R it g 12. 37, %FRE (9 PAE M 0. 001,
X R UIAE 106 19 8 M KOF b, T DL 4 P 58 5 72 R
WA 5 AR L ST B R AR, B3 BE 6 R R 4 G
RGN PRI AR BEAL I AR | A7 7F 1 R 1 A 8 A0 N A
P P8 A 4 m] A AR R 5 B, 1T LA 2 OF 5 2 1 O
R P A M )

BT ESRM, 5 Al 1 T R R 45 G R 91T
XoF S H P IS 5 i 1 ST 2 Ak 3800 45 R Gn 3R 8 BT

TN o TCIE SRl AR A A R A SR 9N 3R I AL 2 R R
GRFEIE TG 2 DR R RN BN RN, KR8
NI By DRl P By DRl TR R RS L g
(ATT) A CATU) 43 5 R 0. 067 F1 0. 087, 2= 5 P ¢
R 56 Y76 190 B 7K | 5 3, U B SR g0 % 45 A A
A MR A . N RRE  E R F
TAE BT % F S BR R R IR A5 A R R IR P
i 5 R SR g4 A 5% 45 6 8 2 Il A KO T B
4.5% X TR Pr AR RN R TR 455 B IR L R
B H R 0 i 5 45 G R X i A KPR R 6,804
HH I 3 — 20 U W] SR 98 i 55 45 5 B 2CRT 3 4R Tk
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Table 7 ESRM model estimation results

HERL 7 Model 7 R 8 Model 8
754 Variable Py e A5 7 # Income effect model
Decision model gy 554 P11 Adopters A R44 754 F* Non-adopters
0.277"
EE — —
(0.138)
. 0.009™
IER — —
(0.002)
GER 0.951™ o o
(0.165)
CER 0.067 o o
’ (0.10D)
o | s B
FEZ £ B B gl
Control variable
H B —12. 349%%x* 1. 175%*:x 1. 382%x*x
Constant (1.683) (0.339 (0.295)
/Ins1
(0.06)
— 0.731%* —
/rl
(0.234)
— — —0. 976%x*
/Ins0
(0.056)
— — 0.603*
/10
(0.324)
] 0. 377%%* — —
Sigma0
(0.021D
Sigmal
(0.019
0.539%%* — —
Rho0
(0.229
0. 624 %% — —
Rhol
(0.143)
LR 12. 37%*x* — —
Log likelihood — 156. 579%** — —

F8 TRLEESRMIRIITHBANZME

Table 8 Impact of crop-livestock integration adoption decision on expected income

KPR Adoption decision Qb B Treatment effects
srem . - — A %
Group R AR ATT ATU Rate of change
Adoption Non-adoption
Sy ke
RO 129 (1)1.498 (in1. 431 0. 067 — 4.5
Adopters
—
ARNFE 187 (i 1. 374 (iv)1. 287 — 0. 087 6.8

Non-adopters
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2) P Ak P 58 B0 T ISR 4 A AR R D SR 45 A A
Kl o PRS2 8 Y B | 5 Tk H ) b 5
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